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Foreword

Global warming must be limited to 1.5°C to avoid the worst effects of climate crisis.
Yet global emissions continue to increase and the implementation of nationally
determined contributions is not sufficient to keep temperature rise below 1.5 degrees.
It is thus crucial to swiftly implement the Paris Agreement and strengthen the efforts
of all governments and stakeholders in climate action. Finland remains strongly
committed to this work.

The EU has already finalized some elements of its Fit For 55 legislative climate
package that will reduce emissions by at least 57 % by 2030 and help pave the way
to a climate neutral EU by 2050. We continue to work closely to ensure ambitious
outcomes for the remaining elements of the Fit For 55 package.

Finland's obligation under EU legislation was to reduce emissions from the effort-
sharing sector by 16% by 2020 compared to the 2005 emission level. Finland achieved
its 2020 emission reduction target through national measures. Finland’s new effort-
sharing obligation will be to reduce emissions by 50% by 2030. These negotiations are
expected to be finalized before the end of 2022.

And of course, the work does not end there. Finland aims to be climate neutral by
2035. In connection with the reform of the Climate Act in 2022, new emission
reduction targets were included in the Act. These targets were set based on the
recommendation of the Finnish Climate Change Panel. Finland's new national
target is to reduce emissions by 60% by 2030 and to be carbon neutral by 2035. The
Climate Act also establishes a framework for systematic planning and monitoring of
Finland’s climate policy measures.

To achieve these necessary targets, new policy measures need to be introduced and
existing instruments strengthened. Actions necessary to achieve the 2030 emission
reduction targets and the 2035 carbon neutrality target are outlined in three new
plans: the Medium-term Climate Change Policy Plan, National Climate and Energy
Strategy and Climate Plan for the Land Use sector submitted to the Parliament in the
summer of 2022. However, recent preliminary data shows that the carbon removals

in the Land Use Sector might be significantly smaller than expected and consequently
the Climate Plan for the Land Use sector must be re-evaluated in the future.

Participation of stakeholders is a key element of the Finnish climate policy at both
national and international levels. Sectoral low-carbon road maps have been developed
by industries and organisations as a sector-based approach to the national climate
neutrality target in 2035. The Climate Policy Roundtable, set up in 2020, brings all
key stakeholders even more closely together to prepare Finland’s national climate
actions.

Municipalities have taken an active role in climate policy at the local level. Many
Finnish municipalities already have climate targets and the Climate Act will be
supplemented by the end of 2022 to include a new obligation for the municipalities.
In the future, the Act obliges municipalities to draw up climate plans once every four
years, either alone or together with other municipalities in the region.



In Finland, there has been a growing interest towards the interface between science
and policy in the field of climate change. Research funding institutions are developing
innovative approaches to strengthen policy relevant research agendas with an active
interaction with policymaking. The Finnish Climate Change Panel has a formal

role in national climate policy under the Climate Act. The Panel is an independent
multidisciplinary actor that produces recommendations and assessments to inform
policy-making. In addition, Finnish researchers have collaborated actively with the
international research community in the form of joint projects and programmes.

Adaptation to climate change is necessary alongside mitigation. Finland was among
the first countries in the world to draw up a climate change adaptation strategy in
2005. The National Climate Change Adaptation Plan is being revised at the moment
and it will steer adaptation work until 2030. Research and assessments on climate
impacts are instrumental as a basis for adaptation measures. A proper understanding
of the risks and vulnerabilities caused by climate change, both domestically and
globally, is at the core of climate policy.

Finland’s eighth National Communication was prepared in cooperation between
several ministries, the Ministry of the Environment, the Ministry for Foreign Affairs,
the Ministry of Finance, the Ministry of Education and Culture, the Ministry

of Agriculture and Forestry, the Ministry of Transport and Communications,

the Ministry of Economic Affairs and Employment, and the Ministry of the
Interior, and Statistics Finland. Statistics Finland coordinated the preparations

and compiled the National Communication. In addition, many research centers

and expert organisations provided expertise in the preparations, including the
Academy of Finland, the Finnish Environment Institute, the Natural Resources
Institute Finland (Luke), the Finnish Meteorological Institute, VT'T Technical
Research Centre of Finland, the Finnish National Agency for Education, the Energy
Authority, the Finnish Transport Infrastructure Agency, the Finnish Transport and
Communications Agency, the Finnish Institute for Health and Welfare, Finance
Finland and Motiva Oy.

I would like to thank all the experts for their valuable contributions
in preparing this report.

Helsinki 7 December 2022,

Maria Ohisalo

Minister of the Environment and Climate Change
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1 Executive Summary

1.1 National circumstances relevant to
greenhouse gas emissions and removals

Finland is situated at a latitude between 60 and 70 degrees north, with a quarter of the
country extending north of the Arctic Circle. With a total area of 338,400 km?, it is
Europe’s seventh largest country. As a result of the country’s low population density
and geographical extent, the average distances travelled for different purposes can be
quite long. The population of Finland was 5.5 million at the end of 2020. According
to projections, the population will increase to 5.6 million by 2034 due to net migration
but will then decline.

Boreal coniferous forest zone covers nearly all of Finland. Seventy-two per cent of the
total land area is classified as forest land, while only some eight per cent is cropland.
Finland has more than 34,500 km? of inland water systems, which is about 10 per cent
of its total area. Peatlands cover almost a third of the total land area of Finland.

The mean temperature in Finland is several degrees higher than in most other areas

at these latitudes because of the influence of the Baltic Sea, the inland waters, and the
Gulf Stream. There is considerable regional variation in climate: the mean annual
temperature is close to 7 °C in the southwestern archipelago and decreases to below -3
°C in the northern parts of the country.

Finland has an open economy with prominent service and manufacturing sectors.
The main manufacturing industries include metal and its electrical and electronics
subindustry, and the chemical and forest industries. Foreign trade is important, with
exports accounting for about 40 per cent of the gross domestic product (GDP). In
2020, Finland’s GDP fell by 2.3 per cent as the Covid-19 pandemic prevailed, but the
national economy recovered swiftly and reached the pre-pandemic level in 2021.

Total energy consumption was 1,277 PJ (355 TWh) in 2020. Finnish industry used
38 per cent of the country’s total primary energy and 45 per cent of its total electricity.
Finland’s domestic energy sources are wood-based fuels, hydropower, wind power,
waste, peat and heat pumps. Black liquor, the by-product of chemical pulp production,
is currently the most significant renewable energy source in Finland.

Renewable energy has increasingly replaced fossil fuels during the 2010s, which is

the main reason for the decrease in greenhouse gas emissions, even though energy
consumption has grown. In 2020, the share of renewable energy was 44.6 per cent

of total final energy consumption. Moreover, more than half of Finland’s electricity
production was produced with renewable energy sources. Other recent trends in
Finland’s energy production are the ban on the use of hard coal, which will enter into
force in 2029 but will have an effect before then, and the steady increase of wind power
capacity. The EU Emissions Trading System has become a significant factor in the
energy market and in emissions reduction in the EU.

Transport demand and supply are influenced primarily by developments in the
economy, demographic factors, employment patterns and infrastructure provision.
Domestic passenger transport, measured in terms of passenger-kilometres, has
increased by approximately 16 per cent since 1990, with cars accounting for about 86
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per cent of total passenger-kilometres in 2020. Road haulage is the most important
form of transport for domestic goods traffic, whereas three quarters of Finland’s
foreign trade goes by sea. Traffic is becoming more electrified as the number of electric,
hybrid and gas-powered passenger cars has recently increased.

Indoor heating is the biggest source of carbon dioxide (CO,) emissions by houscholds
and within the public and service sectors, although the demand for heating energy

has decreased as winters have become generally milder in recent decades. The use of
district heating and electricity for heating indoor spaces has increased, while the use of

heavy fuel oil and light fuel oil has decreased.

Finland’s industrial structure has changed since the mid-1990s due to the rapid expan-
sion of the metal products industry, especially electronics. Because of their high energy
demand, energy-intensive industries have worked hard to improve their energy efficiency
and have succeeded in growing the volume of industrial output more than final energy
consumption. All pulp mills produce energy in excess of their own requirements.

Climatic conditions, i.e. the short growing season and harsh winters, are a decisive factor
affecting the feasibility of crop production. Cultivation of wheat and oilseed plants is
restricted to southern Finland, whereas barley, oats, grass, and potatoes can be cultivated
in most parts of the country. In many parts of country, livestock farming is the only
profitable form of agricultural production. Nearly 70 per cent of active farms practice crop
production, and 25 per cent have livestock as their main line of farming. The number

of active farms has decreased considerably during the last thirty years, while the average
agricultural area per farm has increased. Agriculture is the most important employer in the
countryside, and alongside forests, is the dominant element of the rural landscape.

Within the EU, the significance of forests for the national economy and society at large

is greatest in Finland. The forest sector contribution has been two to five per cent of
GDP and some 20 per cent of the export of goods. The volume of the growing tree stock
has long been increasing, mainly because of the active and sustainable management of
forests, in which the growth in volume has exceeded harvesting volumes and natural
drain. In 2020, the total use of roundwood in Finland was 78 million m>. The great
majority, that is, 86 per cent, was used in the forest industry, and the rest was used for
energy production. Forests absorb a significant proportion of Finland’s carbon dioxide
emissions. Fluctuating trends in demand for forest industry products and thus in demand
for harvested wood have caused considerable variation in net removals from forest land.

The amount of waste deposited in landfill sites has been significantly reduced

by effective waste regulation. Biodegradable municipal waste has no longer been
deposited in landfills since the prohibition of organic waste in landfill came into force
in 2016. In 2020, 41 per cent of municipal waste was recovered as material, and 58
per cent as energy. Solid municipal waste is responsible for most of the greenhouse gas
emissions from the waste sector.

1.2 Greenhouse gas inventory information,
including information on the national system
and the national registry

In 2020, Finland’s greenhouse gas emissions totalled 47.8 million tonnes of
carbon dioxide equivalent (million tonnes CO, eq.). Total emissions in 2020 were

1 Executive Summary
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approximately 33 per cent (23.4 million tonnes) below the 1990 emissions level
(Table 1.1). Compared to 2019, emissions were approximately nine per cent, i.e. 5.0
million tonnes, lower. Finland’s annual greenhouse gas emissions varied considerably
from 1990 to 2020 due to changes in electricity imports and the production of fossil-
fuel-based condensing power. In addition, emissions are influenced each year by the
economic situation in the country’s energy intensive industries, weather conditions,
and the volumes of energy produced using renewable energy sources.

The energy sector is the most significant source of greenhouse gas emissions in
Finland and is therefore the key driver behind the trend in emissions. The energy
sector includes emissions from fuels used to generate energy, including fuel used
in transport and the fugitive emissions related to the production, distribution

and consumption of fuels. In 2020, the energy sector accounted for 72 per cent of
Finland’s total greenhouse gas emissions. The share of transport in energy-related
emissions was more than 30 per cent in 2020.

The second largest source of emissions after the energy sector was the agricultural
sector, with a share of approximately 14 per cent of the total emissions. Emissions
from industrial processes and product use amounted to approximately 11 per cent.
Emissions from industrial processes refer to emissions that result from the use of raw
materials in industrial processes. Emissions from the waste sector amounted to four
per cent of total emissions. The contribution of indirect CO, emissions from the
atmospheric oxidation of CH4 and NMVOC:s to the greenhouse gas emissions is
small — about 0.1 per cent of total greenhouse gas emissions in Finland. The land use,
land-use change, and forestry (LULUCEF) sector in Finland was a net sink throughout
the 1990 to 2020 reporting period. The net sink has varied from approximately 13 to
49 per cent of the annual sum of emissions from other sectors, i.e. the total emissions
without LULUCF between 1990 and 2020.

Greenhouse gas inventory system

According to the Government resolution of 30 January 2003 on the organisation of
climate policy activities of Government authorities, Statistics Finland assumed the
responsibilities of the national entity for Finland’s greenhouse gas inventory from the
beginning of 2005. In 2015, the role of Statistics Finland as the national entity was
enforced by the Climate Change Act. Statistics Finland has overall responsibility for
compiling and finalising inventory reports and submitting them to the Secretariat

of the UNFCCC and the European Commission. It bears the responsibility for the
general administration and quality management of the inventory and communicating
with the UNFCCC, coordinating participation in the reviews, and publishing and
archiving the inventory results.

In Finland, the national system is established on a permanent footing, and it guides the
development of emissions calculation in the manner required by the Kyoto Protocol.
The national system is based on laws and regulations concerning Statistics Finland,
agreements between the inventory unit and expert organisations on the production of
emissions and removal estimates, and related documentation!. Statistics Finland approves
the inventory before the submissions to the UNFCCC and EU. The draft inventory
submission to the EU on 15 January is presented to the advisory board, and before

1 Inaddition to Statistics Finland, Finland’s inventory system includes the Finnish
Environment Institute (SYKE) and Natural Resources Institute Finland (Luke) expert

organisations as well as purchased services from VI'T (VTT Technical Research Centre
of Finland Ltd).
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Table 1.1

Greenhouse gas emissions (+) and removals (-) by sector, 1990, 1995, 2000, 2005 and 2010 to 2020 (million tonnes CO, eq.)

Sector Base year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Mt CO, eq.
Energy 534 534 553 537 H37 602 528 475 481 443 406 433 409 4241 389 343
Industrial processes and product use’ 5.3 53 4.9 52 5.6 4.8 4.7 4.6 4.4 4.2 4.4 47 4.6 4.6 4.4 41
F gases 0.1 0.1 0.2 0.7 1.2 1.4 1.4 1.4 1.4 1.3 1.3 1.2 1.1 1.1 1.0 1.0
Agriculture 7.5 7.5 6.7 6.6 6.5 6.7 6.5 6.4 6.5 6.6 6.6 6.7 6.6 6.5 6.6 6.6
Waste 4.7 4.7 4.6 3.8 2.8 2.6 2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.8 1.7
Indirect CO,-emissions? 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
TOTAL (exl. LULUCF3) 2 7M12 78 702 699 757 679 624 628 586 550 579 551 56.2 528 4738
TOTAL (exl. LULUCF and indirect CO, emissions) 710 710 716 701 69.8 756 678 623 627 585 550 579 551 56.1 527 417
LULUCF3 -134 -134 -132 -150 -205 -21.7 -220 -246 -183 -209 -188 -177 -163 -74 -136 -173

1 excluding F gases

2 indirect CO, emissions from NMVOC and CH, from fugitive emissions, industrial processes and product use

3 Land use, land-use change and forestry

(Note: Due to rounding, the sum of subtotals does not necessarily equal to total figures.)

1
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submitting the final inventory to the UNFCCC on 15 April, the national inventory
report is sent to the inter-ministerial network on climate policy issues for comment.

National registry

The EU Emissions Trading Scheme (EU ETS) began in January 2005 and is
mandatory for specific industries in the EU. The EU ETS and wider international
emissions trading under the Kyoto Protocol have operated parallel to one another since
2008. Both emissions trading schemes are underpinned by a system of electronically
linked national registries, which are intended to keep track of national and
international transactions involving EU allowances and Kyoto units.

Every EU Member State has been required to establish a national registry for the EU
ETS and for emissions trading under the Kyoto Protocol. National registries must
meet the technical and functional specifications issued by the European Commission

and the UNFCCC Secretariat.

The Consolidated System of EU registries (Union Registry) has been in operation
since 2012. The changes to the national registry, which have occurred since the
last National Communication report are summarized in Table 3.4 of the Chapter
3. In Finland, the Energy Authority is the competent authority and the registry
administrator for the national emissions trading registry.

1.3 Policies and measures

Policy framework and policy making process

Finland’s climate policy is based on international agreements: the UNFCCC; the Kyoto
Protocol; and the Paris Agreement. The common policies of the European Union,

such as the EU Climate and Energy Packages for 2020 and 2030, play a key role in

the implementation of the above international agreements. At national level, Finland’s
climate policy is defined in government policies and programmes, and since 2003,
ministerial working groups have steered strategic work. In addition, national energy and
climate strategies have been prepared since 2001 to implement international and EU
commitments, as well as national targets, and to define sectoral policies and measures.

The Climate Change Act lays down provisions on climate change policy planning and
the related monitoring and sets the national climate objectives. The Act was reformed
in 2022 and now includes new emissions reduction targets: 60 per cent by 2030 and
80 per cent by 2040 compared to the 1990 levels. At the same time, the 2050 target
was tightened from 80 per cent to at least 90 per cent, aiming for 95 per cent, by 2050.
The reformed Act also includes, the 2035 carbon neutrality target, which was set in
the Programme of Prime Minister Sanna Marin’s Government in 2019.

The Finnish Government and Parliament make the most important decisions
concerning climate policy. Parliament approves Finland’s international commitments
and decides on their implementation according to the constitution. The Ministry of
the Environment bears the administrative responsibility for the climate negotiations.
The Ministry of Economic Affairs and Employment coordinates the energy and
climate strategy work. Municipal authorities also have a significant role in climate
policy and emission reductions, for example due to their responsibilities in land-use
and traffic planning, energy efficiency and waste management.

1 Executive Summary
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The Finnish Climate Change Panel, which was nominated for the first time in 2011,
strengthens the interaction between research and policymaking. Other stakeholders,
including industrial and environmental non-governmental organisations (NGOs),
research institutes and labour unions, can present their views on climate policy at the
Climate Policy Roundtable and the Ministry of the Environment’s Climate Arena. A
new type of cooperation was initiated in 2019-2021 when 13 sectors and industrial
branch organisations produced their own sector-specific roadmaps to low-carbon
operation with the support of the Ministry of Economic Affairs and Employment.

Under the UNFCCC, the EU and its Member States committed to achieving a

joint quantified economy-wide greenhouse gas emissions reduction target of 20 per
cent below the 1990 level by 2020 (“the Cancun pledge”). The commitment was
implemented internally in the EU through EU legislation in the 2020 EU Climate and
Energy Package and by individual binding annual limitation targets for the Member
States for emissions not covered by the EU Emission Trading System (EU ETS). The
EU overachieved its reduction target under the Convention, which means that its
Member States also fulfilled their emissions reduction obligations.

Finland’s emissions reduction target for the second commitment period of the Kyoto
Protocol was defined based on its emissions reduction obligation under the EU’s
Effort Sharing Decision concerning emissions not covered by the EU ETS. In addition,
Finland was responsible for the emissions and removals from the LULUCF activities.
According to greenhouse gas inventory data, Finland is meeting its emissions reduction
commitments for 2013 to 2020. The fulfilment of commitments is ensured after
international reviews and the so-called true-up period during 2022 to 2024.

The EU’s current emissions reduction target in its joint nationally determined
contribution under the Paris Agreement has been raised to of at least 55 per cent by 2030
from the 1990 level. The previous target of 40 per cent was considered insufficient for
achieving the EU’s carbon neutrality target for 2050. The details of the effort sharing
between the Member States, including Finland, are currently being negotiated.

Finland regularly prepares strategies on energy and climate policy. In 2022, three
Government Reports were submitted to Parliament, namely the National Climate

and Energy Strategy, the Medium-Term Climate Change Policy Plan and the Climate
Plan for the Land-Use Sector. The National Climate and Energy Strategy outlines the
policy measures by which Finland will meet the EU’s climate and energy commitments
for 2030 and achieve the targets set in the Climate Change Act for 2030 and 2035.
The Medium-Term Climate Change Policy Plan specifies the key measures for
achieving the binding emissions reduction targets in the effort sharing sector by 2030.
The purpose of the Climate Plan for the Land-Use Sector is to promote the reduction
of emissions from land use, forestry, and agriculture, the strengthening of carbon
sequestration and carbon storage, and adaptation to climate change in accordance with
the Sustainable Development Goals. Most new policies and measures reported in this
National Communication are outlined in the above-mentioned Government Reports.

Sectoral policies and measures

A vast majority of the policies and measures reported in the Eight National
Communication are already adopted or implemented; they are in other words existing
measures. Planned or additional measures are mainly reported for the transport sector,
international bunkers, agriculture and F-gases (see Chapter 4).
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The main policies and measures in the energy sector include the EU Emissions Trading
System (EU ETS), promoting renewable energy sources and energy conservation
measures. The EU ETS is an EU-wide domestic measure, while renewable energy

and energy efficiency are promoted by various national measures such as investment
subsidies, taxation, regulation, energy efficiency audits and agreements and information
measures. Finland is phasing out coal in the energy sector by prohibiting its use from
May 2029. To accelerate the coal phase-out, a special incentive package to support
replacement investments was introduced for energy utilities that undertook to give

up the use of coal already by 2025. To reduce greenhouse gas emissions from light fuel
oil, an obligation to blend bioliquids with light fuel oil used for heating buildings and
for machinery was approved in 2019 and tightened in 2022. The share of biofuel oil
increases annually until 2030, from which the share should be 30 per cent. The measures
that are estimated to have the largest climate change mitigation impact are promotion of
wind power (11.1 million tonnes CO, eq. mitigation impact in 2030), Energy Efficiency
Agreements (9.5 million tonnes CO, eq. in 2030), promotion of wood chips (8.1
million tonnes CO, eq. in 2030) and the building regulations for new buildings (6.2
million tonnes CO, eq. in 2030).

In the transport sector, a Government Resolution on the Roadmap for Fossil-Free
Transport was adopted in 2021. The policy measures can be grouped into following
themes: 1) Replacing fossil fuels with alternative transport fuels; 2) improving the
energy efficiency of vehicles; and 3) improving the energy efficiency of the transport
system. The share of biofuels in road transport will be increased to 34 per cent

in 2030. Finland also continues to subsidise electric and gas vehicles and related
infrastructure and to promote the use of biogas in transport. For the following
measures of the Roadmap for Fossil-Free Transport (2021), the additional emission
reduction effect, i.e. in relation to the previous projection, will be around 0.3 million
tonnes CO, eq. in 2030 for replacing fossil fuels with alternative transport fuels, 0.4
million tonnes CO, eq. for improving the energy efficiency of vehicles and 0.1 million
tonnes CO, eq. for improving the transport system’s energy efficiency.

As a member of the European Union, Finland is implementing the EU Emissions
Trading System for aviation. Aviation has been included in the EU ETS since 2012 and
covers today all intra-European Economic Area flights. Other policies and measures to
mitigate emissions from international bunkers include implementing the measures of
the International Maritime Organization (IMO) and the International Civil Aviation
Organisation (ICAO). Furthermore, in 2021, the Government made Resolutions

on reducing greenhouse gas emissions from aviation, as well as maritime and inland
waterway transport. The Government Resolutions include measures to reduce
greenhouse gas emissions through alternative fuels, energy efficiency, and pricing,

Measures for reducing CO, emissions from industrial processes are the EU ETS,
investment grants for low-carbon technology and lowering of electricity tax in order
to promote electrification. For F-gases, EU regulations constitute the most significant
emission reduction measure. In total, the existing measures are estimated to cut F-gas
emissions with 3.2 million tonnes CO, eq. in 2030.

Within the agricultural sector, the agri-environment-climate measures are part of

the Rural Development Programme for Mainland Finland and the EU’s Common
Agricultural Policy. Agri-environment payments are essential tools for promoting

sustainable development in agriculture, and in previous years, some 85 per cent of
Finnish farmers have committed themselves to the agri-environment scheme.
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The Climate Plan for the Land Use Sector specifies how climate emissions from the
land use, land-use change and forestry sector can be reduced, and carbon sinks and
reservoirs strengthened. The most important policy measures include legislation,

the National Forest Strategy 2025, financial support and extensive public forestry
organisations, which promote sustainable forest management, including maintaining
the forest carbon sink. The targeted annual net impact for the new climate measures in
the land-use sector is at least three million tonnes CO, eq. by 2035.

The general reform of waste legislation that was conducted in 2021 provides the basis for
more effective waste management with respect to recycling and reuse, enhanced separate
collection of waste, reduction of waste generation, and further reduced landfilling of
organic waste, all contributing to reduced greenhouse gas emissions. The National Waste
Plan for 2027 that was approved in 2022 includes both a plan to reduce the volume and
harmfulness of waste and a waste management plan. The estimated total mitigation
impact of waste management measures is 4.1 million tonnes of CO, eq. in 2030.

Finland strives to implement its climate policies in such a way that the social,
environmental and economic impacts on other countries, and on developing countries
in particular, are minimised. The Eight National Communication provides updated
information on how to minimise adverse impacts.

1.4 Projections and total effect of policies
and measures

With measures and with additional measures projections

The “with measures” (WM) and “with additional measures” (WAM) projections are
based on data produced for Finland’s latest National Energy and Climate Strategy, the
Medium-term Climate Change Policy Plan and the Climate Plan for the Land Use
Sector. These reports were prepared in 2022 and policies and measures that have been
implemented by July 2022 are included in the WM projection. The WAM projection
considers policies and measures that are planned but not implemented before 1 August
2022 in addition to the WM projection.

Contrary to the population forecast used in the projections for the Seventh National
Communication, the forecast, used in the projections, estimated that the population
will increase only slightly from the current 5.53 million (2020) to 5.57 million in
2030 and will start slowly decreasing in 2031. The average size of houscholds will also
decrease slightly, while the number of households is expected to grow from 2.7 million
to almost 2.9 million.

The projections consider the Covid-19 pandemic and its assumed effects on the
economy. However, the energy crisis following Russia’s unprovoked and unjustified
invasion of Ukraine has not been included in the projections, as most of the modelling
work was conducted before February 2022. For the LULUCEF sector, the most recent
results from the national forest inventory on a decline in tree growth were not yet
available when the latest annual greenhouse gas inventory submission and the WM
projection for the LULUCEF sector were prepared. Thus, the estimates of carbon
removals in the LULUCEF sector will be re-evaluated in future.

Economic growth is expected to recover during 2021, but remains modest at first
before picking up later in the 2020s. As the shrinking working-age population cannot
generate new growth through labour input, economic growth mainly depends
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on technological development and investment. By 2030, the projections expect
technological development to generate growth of about 10 per cent compared to 2019
and about 20 per cent by 2040. Growth through capital is about half this. The average
GDP growth rate is about 1.5 per cent.

Most of the measures included in the WAM projection of the Seventh National
Communication have been implemented and are now part of the WM projection.
The most significant of these are the group of measures promoting emissions-free and
energy-efficient road transport, ban on the energy use of hard coal, measures phasing
out oil heating, and several new measures in agriculture, LULUCF and machinery.
The WAM projection includes only a few measures additional to the WM projection
such as the estimated impact of planned future measures regarding F-gases and in the
agricultural and transport sectors.

The WM projection estimates that the total greenhouse gas emissions (without
LULUCEF) will be 30 and 25 million tonnes CO, eq. in 2030 and 2035, respectively,
which equal to reductions of 58 and 65 per cent compared to the 1990 base year. In the
WAM projection, the estimated total emissions are 29 and 24 million tonnes for the same
years. According to the projections, Finland is on track to achieve the current EU 2030
target for the emissions not included in the EU Emission Trading System.

Total effect of policies and measures

The aggregated estimates for the greenhouse gas reduction impacts on individual
WM policies and measures are 25 and 50 million tonnes CO, eq. for 2020 and

2030 (without LULUCEF) respectively. The WAM measures will increasingly reduce
greenhouse gas emissions in the 2020s, reaching an additional annual reduction of
approximately 0.8 million tonnes CO, eq. in 2030. The small addition of the planned
measures results from the fact that most of the previously planned measures (WAM
measures) are now labelled as implemented or adopted measures (WM measures).
New planned measures are currently in the development stage, and decisions on their
implementation will be taken in the coming years.

Figure 1.1 shows Finland’s greenhouse gas emissions in the WM projections in the last
four national climate and energy strategies, i.e. strategies from 2005, 2008, 2013, and
2016, as well as in this reporting. The WM projections in the national climate and
energy strategies projected significantly higher emissions for 2020 than those reported
in the latest greenhouse gas inventory and in the projections of this reporting. This
suggests that the additional measures implemented in the 2010s have had a substantial
impact on total emissions.

The total effect of implementing additional measures can be seen in the emission
development trend after 2015, which levelled off in the 2013 and 2016 projections,
whereas it continued to increase in the projections from 2005 and 2008. In turn, the
WM projection of this reporting points clearly downwards.
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Figure 1.1

Greenhouse gas emissions according to the most recent inventory for 1990 to
2020 and in the WM projections of the climate and energy strategies published
in 2005, 2008, 2013, and 2016 until 2020 and 2030 respectively, and the WM
projection from this reporting.
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For comparison purposes, the WM projections from 2005 and 2008 can be considered
reasonable WOM (Without Measures) projection substitutes, even though they already
include some mitigation measures. The gap between the projections for 2005 to 2008
and the projection of this reporting is up to 40 million tonnes CO, eq. in 2020. By
2030, the gap would presumably increase to at least 60 million tonnes CO, eq. if the old
projections had extended that far into the future. This is well in line with the bottom-up
estimation of the total effect of policies and measures considering that not every single
measure has been assessed and included in the estimation. The bottom-up approach
gives 50 million tonnes CO, eq. emissions reduction in 2030, which, when added to the
emissions of the WAM projection, would result in an emission level of at least 79 million
tonnes CO, eq. in 2030 for a WOM projection.

1.5 Vulnerability assessment, climate change
impacts and adaptation measures

Climate modelling, projections and scenarios for Finland

The average temperature change in Finland is expected to be 2.7 °C by mid-century
and 3.7 °C by the end of the twenty-first century under the SSP2-RCP4.5 scenario
representing moderate emissions. This is about 1.6 to 1.8 times higher than global
mean warming. The projected increase in annual precipitation is about 11 per cent

under SSP2-4.5.

Climate change is expected to result in longer and more frequent heatwaves and dimin-
ishing severe cold spells; intensifying heavy rain events in summer; an increasing number
of days with precipitation in winter; a shortening snow season and decreasing duration
and depth of soil frost, particularly in snow-free areas like roads and airports. Compared
with the projections prepared with a model ensemble used in NC7, the summer
temperature projections are about 0.7 °C higher at the end of the century.

Vulnerability, risks and climate change impacts

Finland has a long history of climate change impact and risk research, especially
in natural resource sectors. The risk of pests and diseases and resulting losses are

increasing in forestry, agriculture, and fisheries.
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In recent years, there has been an increasing focus on human health research. The most
notable health risk is related to the increasing frequency and duration of heatwaves,
which threaten to increase future heat-related mortality and morbidity in Finland.
The ageing population, increasing number of people living alone, low prevalence of air
conditioning, and urbanisation further amplify the effect of heat. However, in global
comparison, the health risk in Finland is low.

A recent study concluded that climate change could be expected to have slightly
negative effects on the Finnish economy as a whole, expressed as a percentage change
in gross domestic product (GDP) over the period between 2020 and 2070. Higher
greenhouse gas emissions led to a larger percentage change in GDP.

The preparation of the second national adaptation plan in 2021 to 2022 included an
up-to-date assessment of risks and vulnerabilities from three different perspectives: 1) a
national risk and vulnerability assessment focusing on sectorial and cross-sectorial risks
and vulnerabilities; 2) regional vulnerabilities; and 3) national and local institutional
vulnerabilities.

Domestic adaptation policies and strategies

In 2014, Finland adopted the National Climate Change Adaptation Plan 2022, which
describes the current national adaptation policy framework. A revised adaptation plan
was prepared in 2022 and will steer adaptation work until 2030.

Since 2015, national adaptation planning has been stipulated as part of Finland’s
Climate Act. The act, revised in 2022, requires that the National Adaptation Plan will
be adopted every other electoral period (essentially every eight years), and that it will
be evaluated mid-term. The Ministry of Agriculture and Forestry is responsible for
coordinating national adaption overall policy, and each ministry has the responsibility
to ensure and follow up its implementation within their own areas of responsibility.

Several administrative branches have developed adaptation action plans. The Ministry
of Social Affairs and Health adopted a plan in 2021, the Ministry of Agriculture and
Forestry and the Ministry of Defence are updating or developing their plans, and the
Ministry of the Environment has already had several rounds of adaptation planning.
Furthermore, adaptation has been integrated into broader climate and environmental
policy programmes in certain sectors, including transport and communication.

The Ministry of Agriculture and Forestry coordinates the development of national
guidelines for drought risk management. In the built environment sector, the Land
Use and Building Act state that the national land-use guidelines must be considered in
regional planning, municipal land use planning, and the operations of authorities. A
reform of the Land Use and Planning Act is currently ongoing, and adaptation is one
of its main aims. The Finnish Nature Conservation Act, revised in 2022, strengthens
the link between climate change adaptation and biodiversity measures.

The financial industry considers climate change in its operations and as part of its risk
management activities. The government does not provide any permanent compensation
damage schemes in relation to hydro-meteorological events.

Climate resilience is one of the cross-cutting objectives of Finland’s international
development policy and development cooperation. The integration of the cross-cutting
objectives in all development cooperation activities is a binding obligation, either through
mainstreaming or targeted action.
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Monitoring and evaluation framework

Since 2015, the implementation of the National Adaptation Plan (NAP) 2022 has been
supported and monitored by a Monitoring Group for Climate Change Adaptation. The
group has representatives from relevant ministries and other authorities, regional and local
actors, research institutes, expert organisations in the fire and rescue services, and financial
services. Annual monitoring of the NAP has focused on tracking the progress of the
actions included in the plan. Between 2018 and 2019, a mid-term evaluation was carried
out to assess progress in the implementation of the National Adaptation Plan. In the lead
up to updating the plan, a final evaluation was carried out between 2021 and 2022.

Progress and outcomes of adaptation actions

Climate change impacts and risks are receiving increasing attention in all administrative
sectors. This is evident in references to climate change in the development of regulation
and other policies. The National Adaptation Plan 2022 has positively contributed to
goal setting and increasing general awareness of the need for adaptation. However, the
sectors have progressed at a different pace in terms of actions and guidelines that will
tangibly strengthen the adaptive capacity. Advances have been made in sectors in which
weather and climate fluctuations have long been relevant for normal operations such as
construction, infrastructure maintenance, and water management. In other fields such
as game management, fisheries and healthcare, climate change has only recently gained
attention as a phenomenon that requires tangible action.

1.6 Financial, technological
and capacity-building support

Finland’s international cooperation and actions are grounded in the Paris Agreement
on Climate Change and the goals of the 2030 Agenda for Sustainable Development.

It is based on the development needs defined by the partner countries and their

own development plans. Finland’s contribution to international climate finance

is channelled as part of financing allocated for development cooperation. The
integration of climate change has been one of the cross-cutting objectives of Finland’s
development policy and development cooperation since 2012. Finland aims to provide
long-term support for climate change mitigation and adaptation, development that is
low in emissions and climate-resilient, and biodiversity protection.

The total international climate finance allocations were EUR 147 million in 2019 and
EUR 131 million in 2020 (Annex 2, Tables 7). Total climate finance allocations are
increasing, although there was a slight decrease in 2020 compared to the record figure
in 2019. The division between mitigation and adaptation support varies according to
year, but Finland aims for balance. In 2019, the division was 64 per cent for mitigation
and 36 per cent for adaptation, and in 2020, 59 per cent for mitigation and 41 per cent
for adaptation. There has been a significant increase since the baseline figure for overall
Finnish climate funding (as grants) in 2009, which was EUR 26.8 million.

Besides providing funds to the operating entities of the financial mechanism of the
UNEFCCC, Finland provides support through bilateral, regional and other multilateral
channels. Funding is directed at both climate change mitigation and adaptation. In
addition to grant funding, Finland uses investment-based and loan-based funding

to effectively accelerate private-sector investment in climate solutions. Research,
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cooperation with universities, and inter-institutional cooperation are also supported.
Most Finnish climate finance is provided through multilateral channels.

Finland’s development cooperation especially supports the least developed, fragile

or conflict-prone countries, taking into account situations where climate change

and other serious development challenges slow the achievement of sustainable
development goals. The priority for Finland’s climate finance is to support the least
developed countries (LDC) and small island developing states (SIDS), as they are
particularly vulnerable to the impacts of climate change. In 2020, contributions were
made e.g. to the Least Developed Countries Fund and to the Climate Risks and Early
Warning Systems Initiative, supporting primarily LDCs and SIDS.

The private sector plays a significant role in promoting climate action in developing
countries as a developer of new technologies, developer and implementer of projects,
and financier. The role of the private sector is particularly important in climate
mitigation, which requires more innovative, scalable and commercially viable
renewable energy and energy efficiency solutions, as well as other ways to avoid and
mitigate GHG emissions. Finland therefore offers different types of funding and
services for the private sector on climate, ranging from large-scale climate investments
to small grants that help develop climate projects and get them started. Private sector
projects in developing countries are being supported by the Finnish Fund for Industrial
Cooperation Ltd (Finnfund), for example.

Finland has specific programmes and financial arrangements for transferring
environmentally sound technology to developing countries (examples in Annex 2,
Tables 8 and 9). These activities comprise the transfer of both “soft” technology
such as capacity building, creating information networks, and enhancing training
and research and “hard” technology, that is, technology to control greenhouse gas
emissions and for adaptation measures.

Meteorological cooperation is one of the priority areas of Finland’s development
cooperation and an important part of Finland’s adaptation finance. This cooperation
includes weather observation infrastructure and equipment, weather forecasting and
warning systems and software, technical assistance and capacity building, delivered
by private- and public-sector actors and civil society organisations to develop weather,
climate, and early warning services. Finland is a global leader in weather observation
technology and systems. Over the years, Finland has transferred technology related to
weather observation and climate services through bilateral and regional cooperation
and concessional credit arrangements. In addition, Finland is one of the world leaders
as a donor in supporting the capacity building of non-Annex I partner countries’
national meteorological and hydrological services (NMHS), an example of the
capacity-building support Finland offers.

1.7 Research and systematic observation

The state of climate-related research, its funding and its relationship with international
cooperation is well established in Finland. The funding for climate-related research has
been growing through several public policy instruments and private institutions. The
Academy of Finland’s and Strategic Research Council’s (SRC) funding for climate-
change-related research totalled EUR 175 million in the most recent five year period
from 2017 to 2021, which indicated a significant increase compared to the EUR 95
million of the previous four-year period from 2013 to 2016.
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The Academy of Finland has three ongoing research programmes (Climate Change
and Health 2020 to 2023, Value Academy Programme on industrial green chemistry
2020 to 2023, and BioFuture 2017 to 2025) related to climate and energy and special
funding for system-level research into climate change and adaptation (2021 to 2024).
In addition, the Strategic Research Council has several climate-related programmes
that have funded many large consortia, in which research institutes, universities and
other actors, including the private sector, join forces in dealing with mitigation and
adaptation. In addition, the recovery and resilience plan boosted additional funding
for research and development related to the green transition.

Finland has a strong standing in research on climate process and climate system

studies, climate modelling and prediction, and paleoclimatology, as well as systematic
observations, including atmospheric, ocean, cryosphere, and terrestrial observation
systems. Recently, an increasing number of studies has assessed climate change problems
from a transdisciplinary perspective and integrated socioeconomic aspects. The arising
themes have included energy transitions, the just transition, financial themes, the circular
economy and the interrelation between biodiversity and climate change. The interactions
between mitigation and adaptation actions are also increasingly recognised.

The Active Open science policy is a tool to overcome barriers to the free and open
international exchange of data and information. Universities, state research institutes
and other important higher education institutions and organisations have taken several
initiatives to improve the openness of science and research. For example, missions of the
“Declaration for Open Science and Research 2020 to 2025 ”seek to promote openness
as a fundamental value throughout the research community, strengthen the societal
knowledge base and innovation, and improve the quality of scientific research outputs
and the educational resources based on them, and the impact of research outputs
throughout society. In addition, Open Access (OA) has steadily gained ground in
Finland. In 2020, more than 70 per cent of peer-reviewed scientific articles written in
Finland were OA publications. Several other initiatives such as “The Year of Research-
Based Knowledge” launched by the Ministry of Education and Culture, the Academy
of Finland, and the Federation of Finnish Learned Societies in 2021 and “Sofi — Science
Advice Initiative of Finland” (2019 to 2021) have promoted and advanced science policy
dialogues on climate mitigation and adaptation.

Finland has also been active at the international level in relation to climate-related research
as a co-founder or contributor. In the Finnish context, Nordic and Arctic cooperation

has had long traditions and retains its important role. In addition, Finland has continued
to finance and operate capacity-building programmes around the world in climate
observations and research and higher education relevant to climate change mitigation

and adaptation, meteorology, and the sustainable management of forests, water and

other natural resources. The programmes have increased the endogenous capacities and
capabilities of developing countries to tackle these issues through improved technological
means and human resources. More than 70 organisations in 25 developing countries have
benefitted from capacity building provided by their Finnish counterparts.

1.8 Education, training and public awareness

Climate change is incorporated into the Government’s education and public
awareness policies and practices. These policies and practices are under continuous
development. Education policies are the responsibility of the Ministry of Education
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and Culture. Training and public awareness policies are considered in several sectors
and by many actors.

Climate change issues are included in basic education and upper secondary level
education as overarching values and as part of sustainable development education.
The present National Core Curriculum for Basic Education was given by the Finnish
National Agency for Education in 2014. With this curriculum, sustainability is is the
overarching task of basic education and is strongly embedded in all elements of the
core curriculum. The new National Core Curriculum for Upper Secondary Schools
(2019) also highlights several sustainability and climate issues. Students aged 16 to
19 should be familiar with the main aspects of the ecological, economic, social, and
cultural dimensions of sustainable development and be able and willing to act in
support of sustainable development in their own lives.

Universities provide climate change education as part of various degree programmes,
including environmental studies, environmental technology, chemistry, chemical
technology, and energy technology. Some universities also offer postgraduate studies in
climate change. Teaching related to climate change is closely tied to research in this field.
Universities, universities of applied sciences and several training institutes also provide
continuing education programmes and vocational training in climate change and related
issues, e.g. energy efficiency and environmental technology, for individuals and companies.

Many higher education and research institutions in Finland provide international training
and cooperate with similar and government institutions in developing countries to support
institutional development. The training of experts from developing countries in managing
forests and other natural resources is an integral part of the agricultural and forest science
programmes at the University of Helsinki. In the Faculty of Science and Forestry at the
University of Eastern Finland, six out of 12 master’s degree programmes are directly
targeted the sustainable use of natural resources and climate change mitigation. During the
last decade, these programmes, which partner programmes in other countries’ universities,
have trained more than 100 experts, representing more than 50 nationalities.

Communication about climate change is performed by several ministries and
government research organisations, each within the sphere of their own tasks and
responsibilities. Since 2010, the Ministry of the Environment has had the official
responsibility for coordinating the cooperation on climate change communications.
The steering group for climate change communications was appointed for its fourth
term in 2022.

Several climate change information best practices are provided as free web-based material.
As an example, Climateguide.fi is a national web portal which aims to increase awareness
of climate change by providing scientific background information on various aspects

of climate change and to support society and citizens in mitigating climate change and
adapting to it by presenting tangible means for mitigation and adaptation.

The municipalities play a decisive role as intermediators of information regarding
attitudes towards climate issues and enabling changes in people’s lifestyles. Many
municipalities are committed to reducing their greenhouse gas emissions and
encouraging citizens to contribute to combating climate change. A growing number of
NGOs also have climate-related activities. NGOs and movements have also combined
to conduct climate-change- or energy-related campaigns, some of which have received

broad publicity.
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National circumstances relevant
to greenhouse gas emissions
and removals

This chapter describes the national circumstances
relevant to Finnish greenhouse gas emissions and
removals. Government structure as well as population,
geographical and climate profiles are illustrated.
Thereafter, the characteristics and development of the
economy, energy supply and consumption, transport,
industry, building stock, urban structure, waste,
agriculture and forestry are described.



2 National circumstances relevant
to greenhouse gas emissions
and removals

21 Government structure

Finland is a representative democracy, with 200 members of Parliament
elected every four years. The tasks of the Finnish Parliament include passing
laws and approving national budgets. The head of state is the President of the
Republic, who is elected for a period of six years and may serve a maximum of
two consecutive terms. The President of the Republic directs foreign policy in
cooperation with the Government, deciding, for example, on whether to join
or withdraw from international organisations and on the signing, ratification,
and entry into force of international conventions. In its narrower sense, the
Government refers to the Cabinet, which runs the 12 ministries. The Prime
Minister directs the activities of the Government and oversees the preparation
and consideration of matters within the Government’s mandate. Each ministry
is responsible for the preparation of issues within its mandate and for the proper
functioning of the departments and agencies within its administrative domain.
The Government must enjoy the confidence of Parliament. It implements
parliamentary decisions, presents legislative proposals to Parliament, directs
state administrative activities, and represents Finland in the European Union.

Matters related to the United Nations Framework Convention on Climate
Change (UNFCCC) fall within the administrative responsibility of the
Ministry of the Environment, which acts as the national focal point for the

UNFCCC.

More information about the institutional framework of Finland’s climate
policy is presented in Section 4.2.

2.2 Population profile

The population of Finland was 5.5 million at the end of 2020. It increased
by an annual average of 0.39 per cent between 1990 and 1999, by 0.35 per
cent between 2000 and 2009 and by 0.30 per cent between 2010 and 2020.
The population density averages 18 inhabitants per km?* but ranges from two

inhabitants per km? in Lapland in northern Finland to 187 inhabitants per km?

in the south of the country in the Helsinki-Uusimaa region (Figure 2.1). The
country’s low population density and geographical extent mean long distances
can be travelled for different purposes.

Many rural communities have a declining population, particularly in northern
and eastern Finland. The urban population made up 72 per cent of the total

2 National circumstances relevant to greenhouse gas emissions and removals

26



population in 2020. The corresponding figure in 1990 was 63 per cent of a
total population of 5.0 million. Internal migration from rural to urban areas
was strong in the mid and late 1990s, when urban municipalities gained

more than 10,000 migrations. Internal net migration to urban municipalities
declined in the early 2000s but has increased steadily since, reaching an average
0f 9,000 internal migrations between 2015 and 2019. However, internal net
migration to urban municipalities decreased to 5,000 in 2020.

Figure 2.1
Population density in Finland, 1 January 2021
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Net migration to Finland increased steadily during the late 1990s and the
2000s. In 1994, the migration gain for Finland was about 3,000; in 2006, it
reached more than 10,000 migrations. Between 2010 and 2020, net migration
to Finland ranged between 12,000 and 18,000.

The number of one-person households has increased and the average
household size has decreased. There was a total of 2.8 million households at
the end of 2020. Forty-five per cent of households, or 1.3 million, consisted
of only one person. The average size of a household was two people. In 1970,
the average household size was still three people. Finland’s current average
household size is low compared with other countries.

The population is ageing. In 2020, the proportion of people aged over 65 was
29.2 per cent; in 1990, it was 13.5 per cent. This trend will accelerate in the
coming years and decades. Life expectancy has risen rapidly during the past 30
years. At present, baby girls may expect to reach the age of 84.6, and baby boys
the age of 79.0. The proportion of elderly people of the total population is
increasing due to declining mortality rates and therefore longer life expectancy.
Despite this trend, population growth has slowed down, and it is expected

that the natural increase in population will decrease in the coming decades.
According to population projections made by Statistics Finland in the autumn
of 2021, it is estimated that the Finnish population will increase to 5.6 million
by 2034 due to net migration gain but will then decline if fertility rates and
amount of net migration remains at the current observed level in the future. By
2040, it is estimated that more than a quarter of Finland’s population will be 65
years old or over (Figure 2.2).

Figure 2.2
Population profile for 1990 to 2040 (1990 to 2020 actual, 2021 to 2040
projected)
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2.3 Geographical profile

Finland is situated at a latitude between 60 and 70 degrees north, with a
quarter of the country extending north of the Arctic Circle (Figure 2.3). In the
west and south, Finland has a long coastline with numerous islands along the
Baltic Sea coast. With a total area of 338,400 km?, it is Europe’s seventh largest
country. The land boundary with Sweden is 614 km long, with Norway 736
km long and with Russia 1,340 km long.

Finland lies between the Scandinavian mountains and northern Russian plains.
Its terrain is a varying mosaic of low hills, broad valleys and flat, low-lying
plains, with higher fells in the north. The landscape is a mixture of forests,
lakes and mires. Much of the country is a gently undulating plateau of mostly
ancient bedrock. Nearly all of Finland is situated in the boreal coniferous forest
zone, and 72 per cent of the total land area is classified as forest land, while
only some eight per cent of it is cropland. Finland has more than 34,300 km?
of inland water systems, which is about 10 per cent of its total area. There are
some 190,000 lakes and 180,000 islands, with almost half the latter along the
Baltic Sea coast.

Figure 2.3
Finland’s location
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The Baltic Sea is the second largest brackish water basin in the world in terms of
water volume. The water of the Baltic Sea is a mixture of ocean water and fresh
water brought in by numerous rivers. The salinity of the surface water in the
southern Baltic Sea is as high as 20 per mille, but in the northern reaches it drops
to six per mille. Eutrophication is a severe problem affecting the Baltic Sea. It is
the consequence of more than a century of nutrient loading caused by human
activity (settlements, industry, agriculture, and forestry) in the Baltic Sea region.

Changes in land use since 1990 are shown in Table 2.1. The area of settlements
has increased by 15 per cent, and that of grassland has decreased by nine per
cent, whereas changes in areas of other land use categories have been small, one

per cent or less (Table 2.1).

Table 2.1

Land use in 1990 and 2020

Land use classification ! 1990 (km2) 2020 (km2?) Change, %
Forest land 221,090 218,493 -1.2
Cropland 24,719 25,017 1.2
Grassland 2,663 2,427 -8.9
Wetlands 30,070 29,777 -1.0
Settlements 12,235 15,058 23.1
Other land 13,139 13,104 -0.3
Total 303,916 303,875

Inland waters 34,518 34,560

Total with inland waters 338,435 338,435

1 The classification is based on the 2006 IPCC Guidelines for National Greenhouse Gas Inventories:
Vol.4. Agriculture, Forestry and Other land Use

Source: National Resources Institute Finland (Luke), Greenhouse Gas Inventory team

Box 2.1
Peatlands

Peatlands cover almost one third of the total land area in Finland,
approximately 9.1 million hectares. Regional differences in coverage are
considerable. The majority of the peatlands are located in the north, while
only seven per cent are in southern Finland.

In Finland, two-thirds of the peatlands i.e. six million hectares is forest land
of which over 70 per cent has been drained. Approximately 0.3 million
hectares, three per cent of peatland is in agricultural use, i.e. cropland. Most
of the drainage for forestry and agriculture has occurred in southern and
central Finland.

The area of protected peatlands is approximately 1.3 million hectares, which
is 14 per cent of peatlands. They consist mainly of areas under the national
mire protection programme, areas in national parks and nature reserves, and
old-growth forest conservation programme and wilderness areas. The total
area of undrained peatlands is approximately four million hectares.

Peatland forests represent a significant share of the carbon sink of forests
thanks to the increasing growing stock of trees. Undrained peatlands are
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carbon accumulating ecosystems in the long term. Depending on weather
conditions, a particular peatland can vary on a year-to-year basis from a net
sink to a net source of emissions. It is estimated that since the last ice age,
peatlands have accumulated some 5,400 million tonnes of carbon, forming
the largest soil carbon stock in Finland.

Approximately 67,000 hectares, 0.7 per cent of the surface area of
peatlands, were in active peat production in 2020. Peat is used both as
energy source and as horticultural, environmental and animal bedding
peat. In recent years peat has accounted for approximately four per cent
of Finland’s energy production. On the other hand, peat-based growing
medium is important for the greenhouse production as well as for the
production of tree seedlings. According to revised Environmental Protection
Act! the peat extraction must be situated to peatlands that have been
drained or whose natural state has otherwise been significantly changed in
a way that does not cause damage to a nationally or regionally significant
nature value.

In 2012, the Finnish Government approved a resolution on the sustainable
and responsible use and protection of mires and peatlands. The decision
directs human activities to peatlands that have been drained or whose
natural state has otherwise been significantly changed. It is used to
implement sectoral policies and measures for sustainable and responsible
use of mires and peatlands and it is used to improve the status of the
existing network of protected peatlands.

The Mire Conservation Group (2012-2015) identified the most valuable mires
nationally in terms of their natural value, which would complement best the
current network of conservation areas. By 2020, around 44,000 hectares
state-owned and private mire land both in Southern and Northern Finland
were protected based on the proposal of the Mire Conservation Group.

Ongoing Helmi Habitats Programme continues the work of the Mire
Conservation Group, aiming to protect at least 60,000 hectares mires by
2030. The implementation of the programme started in 2020, and in 2020 to
2021 almost 12,000 hectares both state-owned and private mire land were
protected. In addition, the Helmi Habitats Programme aims to restore about
60,000 hectares of drained mires.

1 527/2014

2.4 Climate profile

The climate of Finland displays features of both maritime and continental
climates, depending on the direction of airflow. Considering its northern
location, the mean temperature in Finland is several degrees higher than in
most other areas at these latitudes, i.e. Siberia, northern Canada, most of
Alaska, and southern Greenland. The temperature is higher because of the
Baltic Sea, due to the inland waters and above all, as a result of the airflows
from the Atlantic Ocean, which are warmed by the Gulf Stream.
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The mean annual temperature is close to 7 °C in the southwestern
archipelago of Finland, decreasing towards the northeast. The 0 °C mean
limit is slightly north of the Arctic Circle. Temperature differences between
regions are greatest in January, when the difference between southern and
northern Finland is an average of approximately 10 °C. In June and July, it is
closer to 5 °C.

Finland enjoys long periods of daylight around midsummer, when the length of
the day, including twilight, reaches 22 hours even at the latitude of the capital,
Helsinki. North of the Arctic Circle (66.5°N), it remains light throughout the
night at this time of year, as the sun does not descend below the horizon. In

the far north, there is a period around midsummer of more than two months
during which the sun never sets. Conversely, in winter, the northernmost
region has two months of uninterrupted darkness.

The Finnish climate is characterised by irregular precipitation, and there are
typically rapid changes in the weather. The mean annual precipitation in
southern and central Finland is usually between 600 and 750 mm, except near
the coast, where it is slightly lower. In northern Finland, annual precipitation is
approximately 450 to 650 mm.

The seasonal variation in precipitation is quite similar throughout the
country, with the driest months February, March, and April. Precipitation
then gradually increases until July and August, or until September and
October on the coast, after which it decreases towards the winter and spring.
Daily precipitation of 40 mm occurs in a certain location on average once
every five years. During an average year, more than half the days have some
precipitation, except near the coastal regions. Even in southern Finland, some
20 per cent of annual precipitation falls in the form of snow, which remains
on the ground for about three to four months. In Lapland, 35 to 50 per cent
of the annual precipitation falls as snow, and it remains on the ground for six
to seven months. The lakes freeze over in October in Lapland and in early
December in southern Finland. During severe winters, the Baltic Sea may
freeze over almost completely, but during mild winters, it remains open for
the most part, except for the Bothnian Bay and the eastern part of the Gulf
of Finland. However, during the very mildest winters, even the Bothnian Bay
does not freeze over completely.

The most common wind direction (around 20 per cent) is from the south or
southwest. The average wind speed is three to four m/s inland; it is slightly
higher on the coast and five to seven m/s in maritime regions. Damage due

to storms and strong winds occurs most often during the autumn and winter,
but also during the summer in connection with thunderstorms. Cloud cover is
especially abundant in the autumn and winter, increasing from the northwest
towards the southeast. The long-term average for the monthly cloud cover
ranges from approximately 50 per cent in May to June to about 80 per cent in
September to November.
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The average annual temperature has increased since the beginning of the 20th
century by about two degrees Celsius (Figure 2.4). The increase has been
greatest in the winter and spring, but even in the summer and autumn, the
temperature has increased by almost 1.5 °C. Most of the warming has taken
place since the 1980s, and the new climatological normal period between 1991
and 2020 was approximately 0.6 °C warmer than the previous period between
1981 and 2010, and almost 1.3 °C warmer than the period between 1961

and 1990. Nevertheless, considerable temperature fluctuations occur between
individual years, particularly in winter.

Figure 2.4

Annual mean temperature in Finland from 1900 to 2021, presented in
anomalies (°C) relative to the reference period 1991 to 2020. The black line
represents the 10-year moving average.
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Source: Finnish Meteorological Institute

The average annual precipitation level shows significant variations from year to
year (Figure 2.5). Long-term changes in the precipitation level are thus mainly
obscured by the natural variability, but years with above-normal precipitation
levels have recently occurred more often than in the 1960s and 1970s. More-
over, the countrywide average precipitation level was almost 10 per cent higher
between 1991 and 2020 than between 1961 and 1990. Precipitation has

increased mainly in the winter.
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Figure 2.5
Annual mean precipitation in Finland, 1961 to 2021, presented as anomalies
(%) for the reference period 1991 to 2020 in terms of mean precipitation
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2.5 Economy

Finland has an open economy with prominent service and manufacturing sectors
(Figure 2.6). As a member of the European Union and euro area, Finland’s
economy is integrated with the economies of other EU countries. The main
manufacturing industries include the metal, electrical and electronics, chemical
and forest industries. Foreign trade is important, with exports accounting for
approximately 40 per cent of the gross domestic product (GDP). The cold
climate, energy intensive industry structure and long distances have led to a
relatively high energy intensity and per capita greenhouse gas emissions.

Figure 2.6
Structural change in the Finnish economy between 1860 and 2020
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2 National circumstances relevant to greenhouse gas emissions and removals

34



For several decades, the Finnish economy was characterised by rapid growth
combined with vulnerability to international cyclical fluctuations. Finland
went through severe economic recessions in the early 1990s and again between
2008 and 2009 (Figure 2.7). The economy recovered rapidly after the first
recession. During the 2008 to 2009 recession, the Finnish economy contracted
by 10 per cent in the peak-to-trough period. By 2017, the Finnish economy
had recovered from the recession that began in 2008.

In 2018 and 2019, GDP growth was modest. In 2020, the volume of Finland’s
GDP fell by 2.3 per cent as the Covid-19 pandemic prevailed but grew by 3.5
per cent the following year. The output of the national economy stood at EUR
43,440 in 2019, 43,032 in 2020, and 45,644 in 20212. The national economy
reached the pre-pandemic level in 2021. However, it is predicted that average
GDP growth will remain moderate in the next few years because of a predicted
decline in exports and manufacturing output due to economic sanctions
imposed against Russia and declining growth in private consumption as a result
of increases in consumer prices.

In 2020, net national income declined 1.3 per cent in real terms, which was
significantly less than the decline in gross domestic product. The volume of
investments decreased by one per cent, but aggregate demand in the economy
was mainly maintained by consumption. The volume of total consumption
contracted by three per cent from the previous year. However, net national
income grew by 4.3 per cent in 2021.

Figure 2.7
Finnish gross domestic product 1975 to 2020 (at 2015 prices)
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2 Economic variables for 2021 are preliminary estimates published by the Annual National
Accounts at Statistics Finland.
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Finland’s exports have recovered slowly from the recession of 2008 (Figure
2.8) and have yet to reach 2007 levels. Recovery has been slow particularly in
the information and communication technology (ICT), forestry, and metal
sectors. The slow recovery reflects falling demand for many products Finnish
firms produce for the global market. To some extent, this development reflects
a normalisation of the ICT sector’s performance, following a lengthy boom
before the 2008 recession.

The volume of exports of goods was 46 million tonnes in 2020, and the

total value was EUR 57.3 billion, reflecting a decrease due to the Covid-19
pandemic (Figure 2.8). Machinery and equipment, forest and chemical
industry products and metals and metal products have been the most
significant groups of exported goods in recent years. More than half the total
value is exported to the EU countries. The total value of exports of services was
EUR 25.4 billion in 2020. Telecommunications, computer and information
services are the largest item among exported services. The export of services has
shown an increasing trend in recent years, except for 2020, when the Covid-19
pandemic decreased the export of travel and transport services especially. The
degree of refining in exported goods is higher than in imported goods.

Figure 2.8
Finnish imports, exports, and trade balance of goods, 1990 to 2020
(at 2015 prices)
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Finland imported nearly 55 million tonnes of goods in 2020. The total value
of imported goods was EUR 59.4 billion with a visible decline due to the
Covid-19 pandemic (Figure 2.8). Industrial products represented some 80

per cent of the total value, with products of the chemical and electrical and
electronics industries and vehicles the most significant groups of goods. For
import of services, the most significant item was other business services. The
import of services has usually exceeded the export of services in recent years;
this was also the case in 2020, when the value of imports of services (EUR 27.8
billion) was greater than that of exports (25.4 EUR billion).
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2.6 Energy
2.6.1 Energy supply and consumption

The energy-intensive basic industries, cold climate and long distances underline
the significance of energy for the wellbeing of Finland’s inhabitants and the
country’s competitiveness. Until the 1960s, Finland’s energy policy relied on
the electricity produced by hydropower stations and the extensive use of wood,
after which the use of fossil fuels started to increase. The rapid increase levelled
off after the oil crisis and with the advent of nuclear power (Figure 2.9).
Renewable energy has increasingly replaced fossil fuels during the 2010s and is
the main reason for the decreased greenhouse gas emissions despite the growth
in energy consumption.

The use of fossil fuels and peat in energy production causes CO, emissions (see
also Section 3.2.1). Nevertheless, the CO, emissions from fuel combustion per
total primary energy supply are lower than in most other European countries. This
is due to the high share of non-fossil energy sources in power and heat production,
i.e. hydro, nuclear, and biomass sources (Table 2.2). Finland’s share of renewable
energy (43 per cent) in gross final energy consumption in 2019 was the second
highest in the EU and continued at the same level in 2020 (44.6 per cent).

Table 2.2

Total energy consumption by sources in 2020

2020 Quantity (TJ) Share of total energy

consumption (%)

Wood fuels 355,404 27.8
Oil (fossil) 268,085 21
Qil (bio) 16,756 1.3
Nuclear energy 243,864 19.1
Coal 70,363 55
Natural gas 74,586 5.8
Peat 43,116 3.4
Net imports of electricity 53,917 4.2
Hydropower 56,410 4.4
Wind power 28,577 2.2
Heat pumps 23,723 19
Others (bio) 21,606 1.7
Others (fossil) 11,440 0.9
Others 9,391 0.8
Total 1,277,238 100

Source: Statistics Finland, Energy supply and consumption

For several decades, both total energy consumption and electricity consumption
were increasing, and they reached their peak values in 2006. Demand rose more
than GDP until 1994. Thereafter, both the energy intensity and the electricity
intensity of the economy have decreased. The decrease reflects the structural
change within the economy from basic industry towards services and less energy-
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intensive industry. Furthermore, increased energy efficiency has contributed to
the positive development of energy intensity.

Figure 2.9
Total energy consumption, 1970 to 2020
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Total energy consumption

In 2020, total energy consumption was 1,277 PJ (355 TWh) (Table 2.2).
Consumption fell by six per cent from the previous year due to both the
Covid-19 pandemic and the exceptionally warm weather. The consumption
of fossil fuels and peat dropped in total by 10 per cent compared to 2019,
and their share of total energy consumption decreased to 37 per cent. The
consumption of hard coal declined by 34 per cent and that of peat by 24 per
cent. The ban on the use of hard coal for energy production, which will enter
into force in 2029, is already affecting the use of hard coal.

In 1990, the share of renewable energy in total energy consumption was just 18
per cent, after which it has grown steadily. The growth of the share of renewable
energy of total energy consumption has been the overall trend during the 2010s.
Renewable energy has replaced the use of fossil fuels. In 2020, the share of
renewable energy continued to grow, being 44.6 per cent of total final energy
consumption in 2020 (i.e. 39.3 per cent of total energy consumption). Finland
significantly exceeded the national target of 38 per cent of total final energy
consumption by 2020 set in the EU’s Renewable Energy Directive. In 2010, an
extensive national package of specific targets concerning different renewable
energy sources was launched to achieve the target. The package promoted the
use of forest chips and other wood-based energy in particular, alongside wind
power, the use of transport bio-fuels, and increased utilisation of heat pumps.
Since 2010, measures have been strengthened and adjusted when required.

3 Coalincludes hard coal and coke, blast furnace gas, coke oven gas, and until 1994, town

gas.
4 Other energy includes reaction heat of industry and hydrogen.
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Policy measures promoting wind power have been highly successful, resulting
in a viable industry and wind power being built in the 2020s fully on a market
basis and without economic subsidies. Thanks to investment grants and tax
support, the fastest relative growth can be seen in solar energy, even though the
absolute amounts remain modest.

In 2020, wood fuels accounted for 28 per cent of total energy consumption,
and they were the most used energy source in Finland from 2012 during

the period from 1990 to 2020 (Figure 2.10). Their consumption fell by

six per cent due to the warm weather and decreased production of energy-
intensive industries in 2020. A major share of wood fuels is derived from the
by-products of the forest industry, including black liquor derived from the
pulp-making process and bark, sawdust, and other industrial wood residues.
Logging residues or other low value biomass from silvicultural and harvesting
operations are also used for energy generation. The share of black liquor from
the consumption of wood fuels was 44 per cent in 2020.

Concerning fossil fuels, Finland depends on imports. Finland’s domestic
energy sources are wood-based fuels, hydropower, wind power, waste, peat and
heat pumps. Its energy dependence, calculated as the proportion of imported
net energy in the total primary energy supply (TPES), was 42 per cent in 2020.
In reality, Finland relies more on imports than this energy dependency figure
indicates, as the indicator considers nuclear energy to be domestic.

Figure 2.10

Total consumption of energy from renewable sources, 1970 to 2020
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Electricity supply

In 2020, the volume of electricity used in Finland amounted to 81.6 TWh.
Compared to the previous year, the use diminished by five per cent. In
2020, the production of electricity in Finland amounted to 66.6 TWh.
This consisted of combined heat and power production (27 per cent), both
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in connection with district heat production and by industry for its own

use, nuclear power (34 per cent), hydropower (24 per cent), conventional
condensing power (three per cent), wind power (12 per cent) and solar power
(0.3 per cent) (Figure 2.11).

In 2020, more than half Finland’s electricity production was produced with
renewable energy sources for the first time in around 50 years. The production
of electricity with renewable fuels amounted to 10.9 TWh, of which 6.0 TWh
were produced with black liquor and 4.3 TWh with other wood-based fuels.

Of total electricity consumption, 18 per cent (15 TWh) was accounted for

by net imports of electricity from the Nordic countries, Russia and Estonia

in 2020. Net imports contracted by 25 per cent from the previous year. Net
imports vary considerably from year to year, mainly due to variations in
hydropower production in the Nordic countries. Between 1990 and 2020,
maximum net imports were 20.4 TWh (in 2017), while minimum net imports
were 3.7 TWh (1996). When the availability of hydropower in the Nordic
electricity market is scarce, Finland’s net imports of electricity decrease. During
such years, Finland has generated additional electricity using coal- and peat-
fired power plants, which has resulted in higher CO, emissions for the years

in question. However, in recent years, the share of electricity generation with
conventional condensing power has declined, because the availability of wind
power has grown (Figure 2.11). Installed wind power capacity has increased
steadily in Finland since 1990 as a result of the Government’s support
measures. While Finland’s wind power capacity was only about 1 MW in 1992,
at the end of 2020, Finland’s wind power capacity was 2.6 GW.

Figure 2.11
Electricity supply by production mode, 1970 to 2020 TWh
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District and industrial heat production

In 2020, the production of both district (35.1 TWh) and industrial heat (51.1
TWh) decreased by eight per cent from the previous year. Sixty-three per

cent (54.7 TWh) of the production of district heat and industrial heat was
produced with renewable fuels and 28 per cent (24.4 TWh) with fossil fuels
and peat.

The reason for the decline in the production of district heat was the
exceptionally warm year and winter in 2020. Most district heat was produced
with wood fuels (38 per cent). The utilisation of excess heat with flue gas
scrubbers and heat pumps has grown significantly in recent years, being 13
per cent in 2020. Although the use of peat in the production of district heat
decreased from the previous year, it retained its position as the third most
important source of energy for district heat production with a share of 13
per cent. In Finland, 57 per cent of district heat production is obtained in
combined heat and power (CHP) generation. The share has diminished
recently compared to previous years. Combined heat and power production
(CHP) provides opportunities for the cost-effective use of renewables, both
by industrial producers and at district heating plants. The amount of energy
Finland saves annually through CHP approximately corresponds to a tenth
of all primary energy used in the country compared with the same amount of
electricity and heat produced separately.

The decline in the production of industrial heat in 2020 was affected by the
lower production of the energy-intensive forest industry, which is one of the
biggest users of industrial heat. The forest industry uses its own fuels like black
liquor and other wood fuels in the production of industrial heat. Fifty-four per
cent of heat produced for the needs of manufacturing came from black liquor>.

Final energy consumption

In 2020, final energy consumption fell by 6.5 per cent from the previous year,
totalling 288 GWh (1,036 PJ). Most energy was consumed in manufacturing,
whose share in final energy consumption was 46 per cent (Figure 2.12). Space
heating accounted for 25 per cent, and transport for 16 per cent, of final energy
consumption, while the share of energy used for other purposes was 12 per cent.

In 2020, energy use in manufacturing decreased by seven per cent, being 133
TWh (480 PJ). Manufacturing was spared the worst Covid-19-related damage,
because the long delivery cycles of the investment-commodity- intensive export
industry boosted production. In 2020, record warm weather saw a decreased
need for heating, and household energy consumption fell by seven per cent
from the previous year. Reduced transport saw a decrease in the use of energy
in transport by seven per cent in 2020.

5 In the chemical, forest and metal industries, part of the use of heat is considered direct fuel
use in the statistics and is thus not visible in the production figures for industrial heat.
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Figure 2.12
Total energy consumption and final energy consumption by sector, 1970 to
2020

PJ

1,600
1,400
1,200
1,000
800
600
400

M Conversion and
transmission losses
m Others
I Transport
200 m Space heating
0 M Industry

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Source: Statistics Finland, Energy supply and consumption

2.6.2 Energy market

The Finnish electricity market was opened gradually to competition with the
enactment of the Electricity Market Act in 1995. Since the autumn of 1998,
it has been possible for all electricity consumers, including households, to
invite tenders for their electricity purchases. The electricity generation sector
is characterised by a large number of actors. The total number of companies
producing electricity is around 150, and there are around 400 production
plants. To serve Finland’s 3.3 million electricity customers, there are currently
about 70 retail suppliers.

The Finnish electricity wholesale market is part of the coupled European
power market. For more than a decade, Finland has formed an integrated
wholesale electricity market with Denmark, Norway, and Sweden, and in

the 2010s, Estonia, Latvia and Lithuania joined the common market. Since
2014, the Nordic and Baltic power market has been price coupled with the
continental electricity markets. Physical day-ahead and intra-day trading takes
place in the Nord Pool power exchange and the EPEX Spot power change that
started operations in Finland in June 2020. The formulation of area prices and
the allocation of cross-border capacity between Finland and the other countries
are managed by implicit auctions in the power exchange’s day-ahead market. In
2020, 45.2 TWh electricity was sold and 59.0 TWh bought, in the economic
area of Finland. Electricity is also traded on the Over-the-Counter-Market and
directly between the buyer and the seller.

The transmission system operator, Fingrid Oyj, is responsible for managing
the national power balance and ensuring that the transmission system is
maintained and used in a technically appropriate manner. With the other
Nordic system operators, Fingrid is responsible for safeguarding the necessary
reserves for the operation of the power system.
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The natural gas market in Finland was opened to competition at the beginning
0f 2020 after the Balticconnector pipeline from Finland to Estonia was
commissioned. Finland has since been part of the Finnish-Baltic gas market

and since the commissioning of the GIPL pipeline on 1 May 2022, the Finnish-
Baltic area has also had a gas pipeline connection with the Central European gas
network. Now it is possible for all gas consumers to choose their gas supplier

in Finland. However, when choosing a gas supplier other than the incumbent,

a remotely readable gas meter is required. A total of 20.7 TWh of natural

gas was consumed in 2020. The largest natural gas user groups are the energy
companies, the pulp and paper industry and the chemical industry; together,
they use approximately 90 per cent of the gas. There are about 20 natural gas
retail suppliers and approximately 29,000 retail customers. The majority of retail
customers use gas only for cooking, and the share of the retail supply is small.

A long-term objective is to increase the alternatives for the supply of natural
gas. This is important for the safeguarding of both the security of supply of
natural gas and the functioning of the market. Until the end of 2019, natural
gas was imported only from Russia. The commissioning of the Balticconnector
pipeline has provided additional sources for natural gas. It enables the Finnish
market actors and gas users to import gas via Klaipeda LNG terminal in
Lithuania and to use In¢ukalns underground gas storage in Latvia. In 2020,
about a third of gas was imported via the Balticconnector pipeline. In addition,
Finland has two oft-grid LNG terminals in Tornio and Pori, serving mainly
industrial customers in those regions. A grid-connected LNG terminal in
Hamina will be commissioned in the autumn of 2022. After the Russian
invasion of Ukraine, the Government commissioned the gas transmission
system operator, Gasgrid Finland Oy, to negotiate and rent a floating FSRU
LNG terminal in April 2022 with the Estonian transmission system operator.

Emissions trading within the EU is a market-based instrument for reducing
emissions in the energy sector. The EU emissions trading system applies to
large industrial installations and installations with a total rated thermal input
exceeding 20 megawatts and to flights within the European Economic Area
(EEA). In Finland, the system also applies to district heating plants with a
generating capacity of 20 megawatts and to smaller combustion installations
connected to the same district heating network. Any installation covered by
the emissions trading system needs an emissions permit. In Finland, around
600 installations need a permit.

2.7 Transport

Transport demand and supply are influenced primarily by developments in
the economy, demographic factors, employment patterns and infrastructure
provision. Increased access to high-speed transport has increased the
commuting distance between work and home.
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The Finnish transport network consists of roads, rail transport, waterways,
and the air traffic infrastructure, the main elements of which form part of the
EU’s Trans-European Networks. The Finnish road network has approximately
78,000 km of public roads. In addition, there are 350,000 km of smaller private
roads, many of which are used for forestry purposes. Finland has about 933 km
of motorways and 136 km of semi-motorways. The rail network amounts to a

total of 5,918 km, of which 3,349 km is electrified.

Three quarters of Finland’s foreign trade goes by sea, most of it from the
country’s principal ports. Most of Finland’s many ports and harbours are small,
and traffic flows vary considerably. Icebreakers play an important role, with
eight responsible for assisting freighters and passenger ships access the 27 ports
and harbours kept open all year round. In a normal winter, the harbours in the
Bothnian Bay require icebreakers for half the year, while in the Gulf of Finland,
they are needed for about three months.

Finland has a network of 24 airports, of which 20 are maintained by Finavia
(formerly the Civil Aviation Administration). Approximately 95 per cent of
the country’s international air traffic operates via Helsinki Vantaa Airport.

2.71 Passenger transport

Domestic passenger transport, measured in terms of passenger-kilometres,

has increased by approximately 16 per cent since 1990. Cars account for
approximately 86 per cent of the total passenger-kilometres. In 2020, the
number of passenger-kilometres travelled by car was 25 per cent greater, and
the number of passenger-kilometres by public transport was 20 per cent smaller
compared to 1990 (Figure 2.13). The passenger-kilometres volumes in public
transport were 30 per cent smaller in 2020, the first year of the Covid-19
pandemic, compared to the previous year. The decline was 78 per cent in air
travel, 42 per cent in rail travel and 14 per cent in bus travel. Greenhouse gas
emission trends in the transport sector are presented in Section 3.2.1.

The number of electric passenger cars in traffic has increased rapidly in recent
years in Finland. The share of new passenger car registrations of alternative
propulsion increased by 20 per cent between 2019 and 2020. An especially
significant change happened in the number of full electric passenger cars
registered in 2020, an increase of 124 per cent from the previous year. At the
end of 2020, there were 45,260 plug-in hybrid electric cars in traffic and 9,697

all-electric cars.
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Figure 2.13
Development of passenger-kilometres in domestic transport, 1990 to 2020*
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2.7.2 Freight transport

The number of freight tonne-kilometres in inland Finland per capita in 2020
was about 1.4 times as big as the number of freight tonne-kilometres in the EU,
mainly because of the long distances and industrial structure. Heavy industries
such as timber, pulp and paper, and metal and engineering have traditionally
played a prominent role in the Finnish economy, and these industries all need
transport for their raw materials and products.

Road haulage is the most important form of transport for domestic goods
traffic (Figure 2.14). More than 66 per cent of all freight is transported by
road, while rail transport accounts for 26 per cent of all transport, and inland
waterways for just under eight per cent. The volume of domestic air freight has
declined sharply during the 215¢ century, and air transport’s share in domestic
goods transport is almost negligible.

Figure 2.14
Tonne-kilometres in domestic goods transport, 1990 to 2020
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Almost 92 per cent of overseas freight travels by sea, while approximately
six per cent travels by road. Air freight is almost negligible in terms of
tonnes, whereas in terms of value, it accounts for more than nine per cent
of all transport. Products with a high added value, such as electronics, are
transported by air.

2.8 Industry

The main manufacturing industries include metal, chemical and forest
industries. The rapid expansion of the metal products industry, especially
electronics, has changed the traditional industrial structure starting from the
mid-1990s (Figure 2.15). The share of electrical and electronic products of the
total output of the metal industry has grown considerably from nine per cent
in 1990 to 30 per cent in 2020. The increase in the technology intensity of the
country’s manufacturing sector has been strong.

The value of the output of industry was around 84 billion in 2020, the first
year of the Covid-19 pandemic, whereas it was 77 billion in 2015. The value
fell by 9.7 per cent from the previous year, which is notably more than what the
average year to year fluctuation, two per cent, has been during the last decade.

In 2020, the metal industry accounted for 45 per cent in total value of sold
output of manufacturing industries. The chemical industry accounted for 19
per cent, the forest industry 17 per cent, and the food industry 11 per cent.
Proportional contribution of the industries has not undergone notable changes
in the past decade. Total industry accounted for 20 per cent of the GDP in
2020 (25 per cent in 1990).

Figure 2.15
Output of manufacturing industries by sector, 1975 to 2020 (at 2015 prices)
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The value of sold industrial output of the metal industry, has grown over six
per cent from 2015 to 2020. The Covid-19 pandemic affecting, the value of
the metal industrial output diminished by six per cent in 2020. The annual
change in volume of the metal industry from 2019 to 2020 however was 3.8
per cent, and especially the volume of manufacturing electronic products
grew clearly generating an almost seven per cent change in the value of sold
industrial output 2020.

The value of the sold output of the chemical industry has grown 22 per cent
from 2015 to 2020. In 2020, the Covid-19 pandemic had a particular effect
on the value of the output of the chemical industry, which contracted over
twenty per cent.

The value added produced by forestry and the forest industries, one of
Finland’s traditional industrial sectors, diminished by 10 per cent to 7.7

billion in 2020, comprising 3.8 per cent of the total value added of the

national economy. The forest industry has undergone structural change as
manufacturers have downsized their capacity in certain paper segments. In
general, paper production has declined, while paperboard production has
shown an opposite trend. The volume of exported pulp has doubled from 2001
to 2020. In general, the trend in industrial output at constant prices is fairly
similar to that of the GDP. In the chemical industry, especially in oil refining,
the production of renewable fuels is growing.

In 2020 a total of 45 mines and quarries were operating in Finland. The yearly
volume of mining has increased from around 30 million tonnes in 2001,

to 115 million tonnes in 2020. The increase is mainly caused by few open

pit operations. From 2015 to 2020, mining and quarrying products have
accounted for a small, one to two per cent portion of the total sold output of
total industry.

In 2020, Finnish industry used 38 per cent of the country’s total primary
energy and 45 per cent of its total electricity (Figure 2.12). In 2020 the most
significant energy sources of the final energy consumption by the industrial
sector were biomass (40 per cent), purchased electricity (21 per cent),
purchased heat (10 per cent), and oil (10 per cent). Over the last ten years the
share of biomass as an energy source has risen significantly, while the share of

oil and heat have decreased (Figure 2.16).
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Figure 2.16
Energy use in manufacturing by source in 2010 and 2020
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The forest industry uses more energy than any other industrial sub-sector (59 per
cent), followed by the chemical industry (17 per cent) and the manufacturing of
basic metals (13 per cent) (Figure 2.17). A considerable number of the energy-
intensive industries are export oriented. More than 90 per cent of paper and
board production is exported and the share of exports is also high in the basic
metal industry and in the chemical industry’s products.

Figure 2.17
Energy use in manufacturing by industry in 2020
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Because of their high energy demand, energy-intensive industries have worked
hard to improve their energy efficiency. For example, between 1990 and 2020
industrial output increased by over 58 per cent (measured in terms of value
added in 2015 prices), while the final consumption of energy rose by only
about 17 per cent. In other word, the overall intensity fell by a quarter. All
pulp mills produce energy in excess of their own requirements. Currently, the
by-product of chemical pulp production, black liquor, is the most significant
renewable energy source in Finland. Forest industry side streams (bark,
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sawdust, wood chips) are also used elsewhere, especially in district heating. At
many industrial sites, the heat left over from the pulping process is channeled
to the municipal district heating network. Yet, in their search for higher profit
margins, industrial installations have increasingly outsourced their electricity
generation to the open electricity market.

2.9 Building stock

Finland’s largest cities are in the southern and western parts of the country,
and the size of settlements tends to decrease towards the northern and eastern
parts of the country. Outside the relatively few larger towns and cities, Finland
is a land of small towns and rural communities. Most of the economically
important cities are on river estuaries along the coast or inland at the
intersections of the various lake systems.

In 2020, the total heated building area amounted to 505 million m>
Residential buildings accounted for 63 per cent of the area, while office,
commercial, public and industrial buildings made up 36 per cent of the area.
The remainder consisted of free-time residences, agricultural buildings and
other small outbuildings. There were a total of 3,157,671 dwellings, of which
38 per cent were one-dwelling and two-dwelling houses, 13 per cent terraced

houses, 47 per cent dwellings in blocks of flats and two per cent other buildings
in 2020.

The number of dwellings increased by 42 per cent between 1990 and 2020. In
addition to this increase in the number, there has previously also been a gradual
increase in the average size of dwellings. In 1990, the average residential floor
space per dwelling was 74 m*; by 2015, it had increased by six square meters

to 80 m”. From 2015 to 2020, the average residential floor space per dwelling
remained nearly the same. The figure for residential floor space per person
grew by more than the figure per dwelling. In 1970, the residential floor space
per person was 19 m?; by 1990, it had increased to 31 m®. By 2020, it had
increased to 41 m* On average, Finns spent 25 per cent of their disposable
income on housing in 2020, including energy costs. There have been no radical
changes in the share of income spent on housing in recent decades.

The building stock is fairly new, with more than 50 per cent of all buildings
having been constructed since 1970. More than 98 per cent of dwellings have
flush toilets, and more than 99 per cent have a sewer and running water. In
2020, a total of 35,800 new dwellings was completed.

2.9.1 Energy use for indoor heating

Because of the country’s northern location, a great deal of energy is used for
indoor heating in Finland. The total area of heated buildings increased by some
50 per cent between 1995 and 2020. The heating of indoor spaces consumes
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roughly two thirds of the energy consumed in houscholds. It is the biggest
source of CO, emissions by household, as well as within the public and service
sectors (see also Section 3.2.1).

The composition of energy sources used for heating changed significantly
between 1990 and 2020 (Figure 2.18). As the share of district heating in the
heating of indoor spaces has increased with an increase in the use of electricity
in heating, there has been a shift in heating-related greenhouse gas emissions
from the accounting under the EU Effort Sharing Decision to the EU Emissions
Trading System. The use of heavy fuel oil has decreased by 90 per cent and the
use of light fuel oil by 60 per cent. At the same time, energy obtained from
natural gas has increased 40 per cent. Light fuel oil has lost some of its market
share to electric heating and later also to heat pumps in detached houses.

The use of electricity in heating has doubled (Figure 2.18). In addition to
electric heaters, this category contains the electricity used by heat pumps, as
well as secondary electric heating. Heating with heat pumps has become more
common. The share of heating energy produced by heat pumps was only one
per cent in 1990, but in 2020, their share was nine per cent. The increase in the
use of heat pumps is due to economic and environmental reasons, as well as to
advances in technology. Small-scale combustion of wood has increased by 31
per cent since 1990. It is often used as a secondary heating system, but it is also
used as the principal heating source in rural areas.

Figure 2.18
Energy sources for heating residential, commercial, and public buildings
in 1990 and 2020
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District heating has also increased considerably, by 39 per cent. The district
heating network now covers most areas with a cost-effective potential. The
share of district heating was 40 per cent of the total heating energy in 2020.
District heating is the primary heating system in blocks of flats, and half the
country’s total building stock relies on it. A wide range of fuels is used to
produce district heat (Figure 2.19). Shares of coal and oil in the production of
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district heat have decreased in recent decades. Peat, an indigenous fuel, is used
especially in inland areas.

Combined heat and power (CHP) accounts for more than 65 per cent of
the total heat produced in district heating, i.e. practically all the potential
for CHP has been exploited. CHP improves efficiency, especially compared
with separate condensing power production. CHP is also an efficient way to
decrease CO, emissions from energy production.

The share of renewable energy sources in the production of district heating has
increased considerably (Figure 2.19). Government and industry efforts have
helped increase the use of wood fuels, mostly in the form of by-products from
forestry and the forest industry, such as chips made of harvesting residues and

black liquor.
Figure 2.19
Fuels in district heating production in 2000 and 2020
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In recent decades, demand for heating energy has decreased. According to the
Finnish Meteorological Institute, winters especially have become generally
milder. The figure for heating degree days (HDD) is a quantitative index,
designed to reflect the demand for the amount of energy needed to heat a
building; it is calculated using a 17 °C indoor temperature as the base. The
HDD has decreased from a S-year average of 4,700 in Helsinki, in southern
Finland, to 3,200 per year from 1981 to 2020. In Oulu, in northern Finland,
the corresponding decrease was 5,900 to 4,200.

In addition, energy conservation in heating has been aided considerably
by technical advances in insulation and window designs, as well as by
developments in combined heat and power (CHP) production, district
heating, heat recovery and air-conditioning and ventilation systems.
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2.9.2 Urban structure

The regional development in Finland has been characterised by increasing
differences between regions. Population growth and new jobs have
concentrated mainly on a few big growing urban regions, principally Helsinki,
Tampere, Turku, Ouly, Jyvaskyld and Kuopio. Growth has occurred due

to migration, immigration, and large shares of young fertile age groups.

Most middle-sized and small urban centres have cither kept the number of
population or have been suffering from population decline since 2010. In the
rural areas close to the urban areas population grew in the beginning of the
2000’s but has turned to decline since. Population decline has also worsened in
the rural heartland areas from 2000 to 2020. In sparsely populated rural areas
population has declined approximately 1.5 per cent per year for a long time.

Urbanization has accelerated in Finland since 2000. Share of population living
in the urban regions has increased from 64 per cent in 2000 to 73 per cent in
2020 and share of workplaces in the urban regions from 73 per cent to 80 per
cent. Pre-pandemic population and workplace growth centered to fewer urban
regions than previously. The Covid-19 pandemic resulted in a period of more
balanced regional growth when several municipalities that previously suffered
net migration loss, gained positive net migration for the first time in a long
time. Population projections estimate the population to peak in Finland in
2030’s due to ageing population, low fertility, and relatively low immigration
level. In the future, urbanization continues but slows down. Population growth
will concentrate on the four biggest urban regions.

Finland became urbanized relatively late, and the urbanisation process is still
continuing. The share of the population in densely built-up areas (urban areas
and rural localities) has risen continuously, and these areas accounted for 87

per cent of the population in 2021. There are 712 built-up areas covering
approximately 2.3 per cent of the land area in 2021. In 2000, the corresponding
proportion was 1.8 per cent. The population density in these built-up areas was
683 inhabitants per km” in 2021. Density has declined by 70 inhabitants per
km? since 2000 as the lower density fringes of these built-up areas have grown.
However, in some of the biggest urban regions, the density has started to rise
slightly in the main urban area particularly after 2010. Approximately 65 per cent
of the inhabitants of all urban areas live in neighbourhoods with a population
density of more than 20 inhabitants per hectare. The percentage has declined
until 2011 but increased after that by 1.4 per cent. Approximately 72 per cent of
the inhabitants of urban areas live in pedestrian or transit zones, and 28 per cent
in car-dependent zones in 2020. Compared with the other Nordic and European
countries, the population density of these built-up areas is still quite low. It is less
than half the population density of comparable areas in Sweden or Norway.

Often there is no distinct boundary between urban and rural areas, as in many
cases there are some tight restrictions on construction close to urban areas.
This has led to a dispersed and fragmented urban structure. Urban areas have
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typically expanded inexorably outwards, leading to the creation of unstructured,
low-density built-up areas. These low-density districts of built-up areas outside
the urban plan cover 35 per cent of the land surface of the country’s urban areas
— even in the main growth centers. Low-density development causes problems
in terms of arranging services, maintaining infrastructure and planning urban
form. Many of the households in these areas need more than one car to manage
their daily lives (commuting, school trips, acquiring services, and engaging in
free-time activities). Despite the expansion of low-density areas, the share of
population living in low-density areas and scattered settlements within urban
regions has declined by 2.6 per cent since 2000.

Figure 2.20a
Share of commuting directed towards urban areas, 2000
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Figure 2.20b
Share of commuting directed towards urban areas, 2020
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The average amount of kilometers travelled daily has increased due to the
sprawl of residential areas, but also because of increased commuting distances
and service-related mobility. Particularly retail trade has concentrated into
bigger units, which are partly located on the fringe of urban areas.

The improvement of transport infrastructure has enabled people to travel
longer trips to work than before. Commuting areas of cities have expanded
significantly. This development can be seen in Figures 2.20a and 2.20b, which
show the development in commuting to urban areas from 2000 to 2020.
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The average distance to work has risen only moderately from 1990 to 2020
(Figure 2.21). The opportunities to use sustainable means of transport in
commuting depend on the commuting distance and the location of both the
home and the workplace in relation to public transport services. There are

big differences between urban areas in the availability of sustainable options
in commuting trips. The share of commuting trips, where sustainable means
of transport are available, ranges between 46 and 80 in urban areas of urban
regions. In most regions, the share declined until 2018 and a small increase has
taken place since.

Figure 2.21
Average daily commuting distance, 1990 to 2020
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2.10 Agriculture

Farming in Finland is possible as a result of the warming effect of the Gulf
Stream, which results in temperatures three to four degrees higher than would
otherwise be expected at these latitudes. As Finland is nearly 1,100 kilometres
long from north to south, there are considerable regional variations in the
climate. Rainfall in the growing period is 370 mm on average in southern
Finland and 260 mm on average in northern Finland. The thermal growing
season (the period with an average daily temperature of more than +5 °C)
varies from six months in the south to four months in the north. The growing
season in Finland is too short for many cultivars grown elsewhere, and frost-
resistant varieties have therefore been developed. Because of the short growing
season, the yield levels of field crop species are considerably lower in Finland
than in central Europe. The harsh winters also reduce productivity, as they
restrict the cultivation of winter cereals.

Climatic conditions are a decisive factor affecting the feasibility of crop
production. Cultivation of wheat and oilseed plants is restricted to southern

2 National circumstances relevant to greenhouse gas emissions and removals

55



Finland, whereas barley, oats, grass and potatoes can be cultivated in most parts
of the country. In many parts of Finland, livestock farming, especially dairy
farming, is the only profitable form of agricultural production.

Finnish agriculture is based on family farms. In 2020, private persons owned 86
per cent of farms, while heirs and family companies owned 11 per cent of farms
and other companies and entities about three per cent of farms.

Between 1990 and 2020, the number of active farms fell from 130,000 to
45,600. At the same time, the average utilised agricultural area increased from
17 to 50 hectares. The total cultivated area has remained at almost the same
level since 1990, but the shares of cultivated crops have varied somewhat over
the years. The main change has been a shift from annual to perennial crops —
mainly by decreasing the area cultivated for cereals by approximately 1.7 km?,
while the cultivation area of fodder grasses has increased by approximately 1 km?
in three decades. The share of grassland crops was 38 per cent of the cultivated
area, while the share of barley was 22 per cent, oats 17 per cent and wheat 10 per
cent in 2020. In 2020, the utilised agricultural area was 22,700 km?. Structural
changes in agriculture among other factors have also led to a reduction in
greenhouse gas emissions from the agriculture sector (see Section 3.2.3).

Nearly 70 per cent of active farms practise crop production as their main line
of farming, and only 25 per cent have livestock as their main line of farming
(Figure 2.22). Livestock production has undergone a structural change.
Compared to 1990, beef production has decreased; poultry production has
increased its relative share. The number of dairy cows decreased in this period
from 490,000 to 260,000. Dairy production is the main production line of
animal husbandry, with 12 per cent of all farms having it as their main line
of farming. Approximately seven per cent of farms have beef production

or combined dairy and beef production as the main production line.
Approximately one per cent of farms specialise in pig husbandry, and one per
cent in poultry husbandry. The share of other production lines (sheep, goat
and horse husbandry) is approximately four per cent. The remaining four per
cent of farms have mixed production, i.e. they have no dominant product.
About eleven per cent of all farms are organic.

In 2020, agriculture, forestry, hunting and fishing together accounted for

2.8 per cent of Finland’s gross domestic product (GDP). The economic
significance of the total food chain is much greater than this percentage alone
indicates. Transport and processing increase the role of food materials in the
national economy considerably. Agriculture is the most important employer
in the countryside, and alongside forests, is the dominant element of the rural
landscape.

As a member of the EU, Finland follows the Common Agricultural Policy
(CAP). The CAP is nationally implemented and aims to develop the
agricultural production of the European Union in a balanced way, while taking
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the environment, climate and animal welfare into account. An important aim
of the CAP is also to promote the vitality of rural areas.

Figure 2.22
Number of farms by production sector, 2010 to 2020
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211 Forestry

According to the national classification, forestry land covers 26 million hectares,
or 77 per cent of the total area, including inland waters, in 2020. Land classified
as forestry land consists of the subcategories of forest land, poorly productive
land and unproductive land. Of the total forestry land area, 22.6 million hectares
are classified as productive or poorly productive forest land according to the
national definition, which is based on annual tree growth. The area of forest
land according to the national greenhouse gas inventory is 21.8 million hectares,
because the inventory uses a definition based on FAO’s definition.

Within the EU, the significance of forests for the national economy and society
at large is greatest in Finland. The forest sector contribution has been two to
five per cent of Gross Domestic Product and some 20 per cent of the export of
goods (18 per cent in 2020).

Approximately twenty indigenous tree species grow in Finland. The most
common are the Scots pine (Pinus silvestris), Norway spruce (Picea abies) and
silver and pubescent birches (Betula pendula and B. pubescens). Usually, two
or three tree species dominate a forest stand. More than one half the forest land
area consists of mixed stands.

Sustainable forest management is the basis of Finland’s forest policy. The aim
is to ensure welfare founded on the use of forests and the diversity of forest
nature. Policy measures include the Forest Act and other legislation, Finland’s
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National Forest Strategy 2025 (2014), financing and public forestry extension
organisations (see Section 4.3.5: National forest legislation and programmes).

Finnish forests are managed sustainably. About a fifth of forests are regenerated
naturally, while the rest are generated artificially using indigenous tree

species with local provenance. According to the Forest Act, measures for the
establishment of a new seedling stand must be completed within three years of
the end of felling. Natural regeneration is based on seeding from trees already
growing on the site, usually by leaving a number of seed trees standing at the
time of felling. In forest cultivation with seedlings and seeds, a new stand is
established on a clear-felled area, which accounts for approximately 100,000
hectares annually. Every year, 150 million seedlings are planted in forests.

The total volume of Finland’s forest stock amounts to 2,506 million m3
according to the results of the ongoing 13t national forest inventory. The
growing stock volume has been increasing for a long time, mainly because of
the active and sustainable management of forests, in which the growth in forest
volume has exceeded harvesting volumes and natural drain (Figure 2.23).

Figure 2.23
Total roundwood removals in harvests, annual increment and drain of growing
stock 1940 to 2020
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In 2020, the total drain was 83.5 million m®, while the total increment of the
growing stock was 103.5 million m’. The total drain includes cutting removals,
harvesting losses and natural mortality. Of the total area undergoing felling
annually, thinning accounts for roughly three quarters, while other cutting, e.g.
clear felling and seed and shelter wood felling, accounts for the rest.

The growing stock has increased by 65 per cent in the last 40 years. Pine has
contributed most to the increase due to the large number of rapid growth
young stands. The draining of mires in the 1960s and 1970s has also improved
the growing conditions for trees in peatlands. This has also added to the
increase in the growing stock.
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More than 50 per cent of Finland’s forests are owned by private individuals, 35
per cent by the state, about seven per cent by private companies and the rest by
other owners (in 2020). The average size of a forest holding owned by private
individuals is small, approximately 30.5 hectares, averaged over holdings with
a minimum size of two hectares. About 11 per cent of Finns are forest owners,
i.e. 620,000 Finns with 344,000 forest holdings of at least two hectares of
forest land in 2016. Forest management associations provide forest owners
with advisory services in forest management and felling.

Earnings for wood production of non-industrial private forestry owners,
organisations and companies whose primary line of business was other than
wood production, averaged EUR 1.9 billion calculated as annual stumpage
earnings. Investments in wood production, i.e. costs from silvicultural
practices such as forest regeneration and young stand management, represent
77 per cent of the total average annual costs of EUR 280 million between
2015 and 2020. Some three quarters of the costs of silvicultural practices

are financed by the owners, and the rest is covered by state subsidies. Some
90 per cent of Finland’s forests are certified according to the national
Programme for the Endorsement of Forest Certification (PEFC) standard or
Forest Stewardship Council standard.

In 2020, the total use of round wood (raw, unmanufactured timber) in Finland
was 78.3 million m’. The great majority, that is, 86 per cent (67.1 million

m?), was used in the forest industry, and 11.3 million m® was used for energy
production (Figure 2.24).

Forests (trees and soil) absorb a significant proportion of Finland’s carbon
dioxide (CO,) emissions. Fluctuating trends in forestry activity have caused
considerable variation in net removals from forest land (see Section 3.2.4). The
forest land sink varied between 14.6 (in 2018) and 47.2 (in 2009) million tonnes
CO, eq. during the period between 1990 and 2020, equalling 26 and 70 per
cent of Finland’s total emissions without the LULUCEF sector for the years in
question.

In recent decades, forest protection and biodiversity in managed forests have
received special attention. Numerous protection programmes and decisions
have contributed to a threefold increase in the area of protected forests over the

last 30 years.
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Figure 2.24
Total roundwood consumption 1940 to 2020
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Thirteen per cent of the forest area (productive and poorly productive forest
land), or 2.9 million hectares, is protected or in restricted forestry use. Most
of this, 2.3 million hectares, is in northern Finland, where the protected areas
together account for 20 per cent of the forest area. In southern Finland, the
protected area is approximately 0.6 million hectares, which is five per cent of
the forest area. Some 75 per cent (2.2 million hectares) of the areas that are
protected or in restricted forestry use are completely excluded from felling, i.c.
under strict conservation.

The National Forest Strategy 2025 and national policies on nature and
biodiversity conservation are mutually supportive and coherent. The Forest
Biodiversity Programme for southern Finland from 2008 to 2025 (METSO)
targets both private and state-owned land. It combines the protection

and commercial use of forests. The funding used for the programme was
approximately EUR 120.8 million between 2019 and 2021. A new tool for
halting loss of biodiversity in Finland is the Helmi programme (2021 to 2030).
The main objective of the Helmi programme is to take a comprehensive view
of habitats and the necessary restoration and management measures. Actions
are carried out both within and outside protected areas. The participation of
landowners is voluntary.

212 Waste

The amount of waste deposited in landfill sites has been significantly reduced
by effective waste regulation. Finland’s waste policy aims to prevent waste,
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increase reuse and recycling and reduce landfilling and the environmental
impact of various forms of waste management.

Almost 116 million tonnes of waste was generated in Finland in 2020, which
was nearly the same amount of waste as in the previous year. The largest
quantities of waste came from mining and quarrying and construction and
manufacturing, and they were primarily of mineral origin. The amount of
mineral waste was nearly 105 million tonnes, or 90 per cent of all waste. The
amount of wood waste was 3 million tonnes.

The rest of the waste in the total waste figure is mixed waste, which comprises
the solid municipal waste generated by households and services. The amount
of solid municipal waste generated in Finland in 2020 was 3.3 million tonnes.
Though accounting for only 2.7 per cent of the country’s total waste, this solid
municipal waste is responsible for most of the greenhouse gas emissions from
the waste sector (see also Section 3.2.6). The quantity of municipal waste has
been between 2.4 and 3.3 million tonnes per year in Finland since 2000. Total
municipal waste generation was 596 kg per capita in Finland 2020, slightly
more than the EU average of 505 kg.

The manufacturing industry generated more than 9 million tonnes of waste in
2020. The largest quantities of manufacturing waste were waste wood, mineral
waste from the basic metal industry and the chemical industry. In 2020, the
waste recovery rate was more than 95 per cent, i.e. 113 million tonnes of waste
was recovered; altogether, 11.7 million tonnes of waste was recovered as material
and 6.2 million tonnes as energy. The latter figure comprises nearly half of wood
waste (almost 2.7 million tonnes). Wood waste was especially comprehensively
recovered as material in addition to the high energy recovery rate.

Table 2.3

Waste generation by source and waste category in 2020

2020 Chemical Wood Mineral Other Total
waste waste waste waste!

Amount of waste, 1,000 tonnes

Mining and quarrying 0 0 87,194 0 87,194
Electricity, gas, steam, and air-conditioning 3 1 848 105 957
supply
Water supply; sewerage, waste 44 16 241 826 1,127
management and remediation activities
Construction 0 273 12,453 963 13,689
Manufacturing 369 2,743 4,182 2,211 9,505
Households and services 42 103 1 3,376 3,522
Total 458 3,135 104,919 7,483 115,995
1 Metallic waste, paper and cardboad, animal and vetegal waste, household and mixed waste, sludges,
other waste

Source: Statistics Finland
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In 2020, more than 95 per cent of all municipal waste was recovered as material
(41 per cent) or energy (58 per cent) (Figure 2.25). Biowaste recycling doubled
from 2006 to 2015, mainly due to improved sorting and the separate collection
of municipal waste and the extension of treatment to anaerobic digestion. The
amount of separately collected biodegradable waste has increased slightly every
year since 2015. In 2020, 494 tonnes of biodegradable waste was collected,

six per cent more than in 2019. According to the Finnish Forest Industries
Federation, almost 94 per cent of all paper waste (e.g. newspapers, printed
paper and cardboard) consumed in Finland in 2020 was recovered; the
European-wide paper recycling rate in 2020 was about 74 per cent.

At the end of the 1990s, almost 65 per cent of all municipal waste was
disposed of in landfills. The proportion of municipal waste sent to landfills
has decreased every year since 2002 as a result of the increased waste recovery
rate. In 2002, the proportion of municipal waste disposed of in landfills was
62 per cent, and in 2015, it amounted to 11 per cent, or 315 thousand tonnes.
Due to the landfill prohibition of organic waste that came into force in 2016,
biodegradable municipal waste has no longer been deposited at landfills. The
share of landfill disposal of municipal waste in 2020 was about 20 thousand
tonnes, or less than one per cent of the total amount of municipal waste.

The share of waste incineration has increased considerably in the last

two decades. Initially, in the early 1990s, the focus of waste policy was on

waste prevention and recycling. Waste incineration has started to become

more important in municipal waste management, and there have been

many investments in waste incineration plants since 2006. The amount of
incinerated municipal waste has more than doubled since 2010. In 2020,

a total of nine waste incineration plants were in operation. In 2015, 48 per

cent of the total amount of municipal waste was incinerated, and in 2020,
approximately 56 per cent of municipal waste was incinerated. All waste
incineration plants produce heat and electricity for municipalities and industry.

Figure 2.25
Municipal solid waste treatment in Finland, 1998 to 2020
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Greenhouse gas inventory
iInformation, including

the national system

and the national registry

This chapter describes Finnish greenhouse gas emissions
and their development in 1990-2020 by sector. Thereafter,
it outlines how the national greenhouse gas inventory is
compiled, including a description of the national system,
and how the high quality of the inventory is guaranteed.
Finally, the national registry and its functioning are explained.



3 Greenhouse gas inventory
information, including the national
system and the national registry

3.1 Total greenhouse gas emissions and trends

In 2020, Finland’s greenhouse gas emissions totalled 47.8 million tonnes of carbon
dioxide equivalent (million tonnes CO, eq.). The total emissions in 2020 were
approximately 33 per cent (23.4 million tonnes) below the 1990 emissions level.
Compared to 2019, the emissions were approximately 9 per cent, i.e. 5.0 million
tonnes, lower. Finland’s annual greenhouse gas emissions varied considerably from
1990 to 2020 due to changes in electricity imports and the production of fossil-
fuel-based condensing power. In addition, emissions are influenced each year

by the economic situation in the country’s energy intensive industries, weather
conditions and the volumes of energy produced using renewable energy sources.

The emission trends by sector are presented in Figure 3.1 and described in
detail in Section 3.2. Please see Annex 1 of this communication and Finland’s
latest National Inventory Report (2022) for more information.

The energy sector is the most significant source of greenhouse gas emissions

in Finland and is therefore the key driver behind the trend in emissions. The
energy sector includes emissions from fuels used to generate energy, including
fuel used in transport and the fugitive emissions related to the production,
distribution and consumption of fuels. In 2020, the energy sector accounted for
72 per cent of Finland’s total greenhouse gas emissions (Figure 3.2). The second
largest source of emissions was agriculture sector, with a share of approximately
14 per cent. Emissions from industrial processes and product use amounted to
approximately 11 per cent. Emissions from industrial processes refer to sector
emissions that result from the use of raw materials in industrial processes.
Emissions from the waste sector amounted to four per cent of total emissions.
The contribution of indirect CO, emissions from atmospheric oxidation of
CH, and NMVOC:s to the greenhouse gas emissions is small, about 0.1 per

cent of total greenhouse gas emissions in Finland.

The land use, land-use change, and forestry (LULUCEF) sector in Finland was

a net sink throughout the 1990 to 2020 reporting period, because greenhouse
gas removals in the sector exceeded emissions. The net sink has varied from
approximately 13 to 49 per cent of the annual sum of emissions from other
sectors, i.e. the total emissions without LULUCF between 1990 and 2020.
The most important components of the forest sink are the tree biomass growth
and biomass removed from forests due to felling. Based on the National Forest
Inventory (NFI), the increment of growing stock has increased since 1990 from
78 million m3 to 103 million m3. There is less fluctuation between years in the
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estimated tree biomass growth, contrary to the harvest rates. In 2020, the total
drain was 83 million m3.

For the LULUCEF sector, the most recent results on a decline in tree growth were
not yet available when the latest annual greenhouse gas inventory submission and
the WM projection for the LULUCEF sector were prepared. Results from the first
three years (2019—2021) of the current, ongoing 13th national forest inventory
showed that the annual increment of the growing stock, i.e. tree growth, has
declined compared to the previous, 12th national forest inventory (2014—2018).
A lower tree growth indicates lower removals in the forest land, and may also
mean a smaller carbon sink in the LULUCEF sector. Estimates of carbon removals
in the LULUCEF sector will be re-evaluated in future.

Figure 3.1

Greenhouse gas emissions and removals in Finland by reporting sector (million
tonnes CO, eq.) and total net CO, equivalent emissions

(emissions plus removals). Emissions are positive and removals negative
quantities.
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Figure 3.2
The composition of Finnish greenhouse gas emissions in 2020 (LULUCF sector
excluded).*
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The most important greenhouse gas in Finland is carbon dioxide. The share
of CO, emissions in total greenhouse gas emissions has varied from 79 per
cent to 85 per cent. In absolute terms, CO, emissions are 19.4 million tonnes
(i.e. 34 per cent) smaller than in 1990. The majority (89 per cent) of the CO,
emissions originates from energy production based on the combustion of
fossil fuels and peat. The CO, emissions from wood combustion are reported
as a memo item in the CTF tables but are not included in the total national
emissions, because they are reported as a loss from woody biomass stock in the
LULUCEF sector. The amount of energy-related CO, emissions has fluctuated
greatly according to the economic trend, the energy supply structure (including
electricity imports and exports) and climate conditions (Figure 3.3).

Methane emissions (CHJ) have decreased by 43 per cent from the 1990 level. This
is mainly due to the improvements in the waste sector and reduced emissions from
animal husbandry in the agricultural sector. The majority of methane emissions
originated from the waste and agricultural sectors in 2020. The production and
use of energy also generate methane and nitrous oxide emissions.

Emissions of nitrous oxide (N,O) have also decreased by 26 per cent since
1990; the greatest decline occurred in 2009, when the implementation of

a N, O abatement technology in nitric acid production significantly reduced
emissions. Another reason for the decrease of N,O emissions is the reduced
nitrogen fertilisation of agricultural fields. The majority of nitrous oxide
emissions originated from agriculture.

F gas emissions (HFC, PFC, SE) increased considerably between 1990 and
2008. A key driver of the trend was the substitution of ozone-depleting substances
(ODS) by F gases in many applications. During the 2010s, F gas

emissions have started to decline due to decreased leakage rates and the
replacement of high-GWP HFC refrigerants with alternative low-GWP
non-HFC refrigerants in many applications.

Figure 3.3
Relative development of greenhouse gas emissions by main category relative
to the 1990 level (1990=100 per cent)
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The overall trend in greenhouse gas emissions relative to Finland’s gross
domestic product (GDP) has been declining (Figure 3.4), although annual
variations have been large. In the early 1990s, the GHG/GDP ratio rose almost
15 per cent above the 1990 level. This was largely due to the recession, which
led to a steeper fall in GDP than in emissions. In 2020, the GHG/GDP ratio
was almost 58 per cent below the 1990 level, indicating that the greenhouse gas
intensity of the economy has decreased.

Figure 3.4

Greenhouse gas emissions relative to GDP, 1990 to 2020, excluding

the LULUCF sector
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More detailed information on emission trends by sector and gas can be found
in the CRF Reporter Summary tables for 1990 to 2020 on emission trends
included in Annex 1 of this communication and in Finland’s latest National
Inventory Report (2022).

3.2 Greenhouse gas emissions by sector

3.21 Energy

Overview of the sector

The energy sector is the main source of greenhouse gas emissions in Finland. In
2020, the sector contributed 72 per cent to total national emissions, totalling
34.6 million tonnes CO, eq. (Figure 3.2). Energy sector emissions can be
divided into emissions resulting from fossil fuel combustion and fugitive
emissions from fuels. Most of the emissions originate from fuel combustion,
which reflects the high energy intensity of the Finnish industry, the extensive
consumption of fuels during the long heating period, and the energy consumed
for transport in this relatively large and sparsely inhabited country. Fugitive
emissions make up only 0.3 per cent of the sector’s total emissions.

Energy-related emissions vary greatly from year to year (Figure 3.5), mainly following
the economic trend, the structure of the energy supply and climatic conditions.
Compared with 1990, the emissions in the energy sector in 2020 were about 36 per
cent lower. In 2020, emissions in the energy sector were about 12 per cent lower than
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in the previous year and approximately half the emission level in 2003, the year of
the greatest emissions from the energy sector between 1990 and 2020.

The energy industries (mainly electricity and district heat production) caused
approximately 38 per cent (13.1 million tonnes CO, eq.) of the total emissions
in the energy sector in 2020. Emissions from the energy industries were 31 per
cent lower in 2020 than in 1990. Manufacturing industries and construction
produce a great deal of energy for their own use. Their share of energy-related
emissions was around 18 per cent in 2020 (6.2 million tonnes CO, eq.).
These emissions have declined by 53 per cent since 1990. The main reasons
for this trend are the increased use of biofuels, i.e. black liquor a by-product

of pulp industry, in the forest industry and the outsourcing of power plants
from the manufacturing industries to energy industries. Share of biomass as

a source of energy has significantly grown in the public electricity and heat
production as well as in manufacturing industries and construction between
1990 and 2020 (Figure 3.6). See also Section 2.6 for trends in energy sources.
Emissions from the residential sector have decreased by 67 per cent and from
commercial sectors by 57 per cent compared with 1990 levels. The decrease is
mainly due to the substitution of direct oil heating with district heating and
electricity. The share of transport of energy-related emissions was more than
30 per cent in 2020. Emissions from transport have decreased by 14 per cent
since 1990 and seven per cent since 2019. There was a decline of seven per cent
in transport fuels activity data, mainly due to the Covid-19 pandemic, which
explained the decrease in emissions. Since 2015, the diesel bioshare has varied
annually, causing fluctuations in the annual emissions of road transport.

Figure 3.5
Greenhouse gas emissions in the energy sector, 1990 to 2020
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Figure 3.6

Fuel combustion in public electricity and heat production, manufacturing
industries and construction, as well as in sub-sector of manufacturing
industries, that is pulp and paper industry
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* Fuel combustion in the pulp and paper industry is included in the manufacturing industry too.

Description and interpretation of energy emission trends

The important drivers in the energy sector’s greenhouse emissions trend have been
the changes in the amount of imported electricity and in the production of energy
with fossil-fuel-based condensing power, as well as growth in the consumption

of renewable energy (Figures 3.7 and 3.8). The availability of hydropower in the
Nordic electricity market has significantly influenced the electricity supply structure
and hence the emissions from fuel combustion during the time series. If the annual
precipitation in the Nordic countries is lower than usual, hydropower will be in
short supply and Finland’s net imports of electricity will decrease. During such years,
Finland has generated additional electricity using coal- and peat-fired power plants,
resulting in higher CO, emissions from corresponding years. During recent years,
the share of conventional condensing power in electricity generation has declined as
the share of wind power has grown. In addition, the allowance price in EU ETS has
risen, which is accelerating the replacement of fossil fuels with renewable energy.

Total energy consumption in 2020 amounted to 1.28 million terajoules (T7J).
The trends in the energy sector driving greenhouse gas emissions are described
in Section 2.6. In 2020, the energy sector’s emissions were about 36 per cent
below the 1990 level and half the emission level in 2003, which was the year of
the greatest emissions from the energy sector between 1990 and 2020. At the
end of the 1990s, total energy consumption increased, but emissions changed
very little. The reasons for this were the increased use of wood fuels, nuclear
energy, and net imports of electricity, which reduced the condensing power
production and thus emissions. Net imports of electricity declined at the
beginning of the 2000s, and energy sector emissions were at their peak in 2003.
In 1990, the share of renewable energy in total energy consumption was just 18
per cent, since when it has grown steadily. The share of renewable energy sources
from the final energy consumption grew to 44.6 per cent in 2020. In addition,
the net import of electricity has been at a high level since 2012 (Figures 3.7 and
3.8). The increased use of renewable energy sources compared to the situation
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in 1990 has increasingly replaced fossil fuels and is the main reason for the
decreased emissions despite the growth in energy consumption.

The ban on the use of hard coal for energy production, which will enter into force in
2029, is already decreasing coal consumption. For example, the total consumption
of coal, which in addition to hard coal, includes coke and blast furnace and coke
oven gas used by manufacturing, decreased by 23 per cent between 2019 and 2020.
See Section 2.6 for further information on trends in energy.

Figure 3.7

Development of total energy consumption by energy source (PJ) and energy
sector greenhouse gas emissions (million tonnes CO, eq.) in Finland, 1990 to
20201

1600 PJ Emissions , Mt CO5 eq. 120

1,400

B Net imports of
electricity

_ - -
=S m B N R e . - ma
. _==Fm I 'II ELEEF PRl E 100 m\Wood fuels and
I'IIIII LI I ”””””” other biomass
=SaEEEs | ._-_.- B Hydro and
-.....
[ |

1,200

wind power
B Nuclear energy
M Others
W Peat
H Coal
M QOil (fossil part)
M Natural gas
== GHG emissions
from fuel combustion

1990 1995 2000 2005 2010 2015 2020

Figure 3.8
Development of the energy sector’s emissions, net imports of electricity, and
total and renewable energy consumption, 1990 to 2020
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Transport

In 2020, the greenhouse gas emissions from transport amounted to 10.4 million
tonnes CO, equivalent. Compared to 2019, emissions decreased by seven per
cent in 2020. A decline of seven per cent in transport fuels activity data, due
mainly to the Covid-19 pandemic, explains the decrease in emissions. The share

1 Coalincludes hard coal and coke, blast furnace gas, coke oven gas, and until 1994, town gas.
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of the transport sector of the total greenhouse gas emissions was approximately
17 per cent (12.1 million tonnes CO,) in 1990 and 22 per cent (10.4 million
tonnes CO,) in 2020. Road transport is the most important emission source in
the transport category (Figure 3.9). Road transport emissions were 9.9 million
tonnes (CO, eq.) in 2020; this was 95 per cent of the transport emissions and
21 per cent of the total emissions.

CO, emissions from transport decreased considerably in the early 1990s due to
the economic depression. Since 2008, emissions have fluctuated due to many
simultaneous different factors, both societal and legislative. The Covid-19
pandemic since 2020 have decreased kilometrage and thus emissions as well
(Figure 3.10). The fuel consumption of cars has been decreasing due to the

CO, limits set for car manufacturers by the EU. A tax reform for cars in Finland
caused a dramatic transition from petrol to diesel cars, which decreased CO,
emissions in 2009. In the 2010s, the bioshare of diesel oil has varied annually and
caused fluctuations in annual emissions. Finland’s biofuel legislation allows the
distributors to fulfil the bioshare obligation flexibly in advance.

Figure 3.9
Emissions from transport by subcategory (million tonnes CO, eq.), 1990 to 2020
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Figure 3.10
Development of GDP and fuel consumption, kilometrage and CO, emissions
in road transport, 1990 to 2020
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3.2.2 Industrial processes and product use

Greenhouse gas emissions from industrial processes and product use
contributed 11 per cent to the total greenhouse gas emissions in Finland in
2020, totalling 5.1 million tonnes CO, eq. The most important greenhouse
gas emission sources of industrial processes and product use in 2020 were
CO, eq. emissions from iron and steel, hydrogen and cement production with
3.6, 1.9, and 1.2 per cent shares of total national greenhouse gas emissions
respectively. CO, emissions were also generated to produce lime, glass,
phosphoric acid, zinc, copper and nickel, as well as in the use of limestone,
dolomite, soda ash, lubricant, paraffin vax and urea-based catalyst. Small
amounts of methane (CH,) were generated in coke production in the iron
and steel industry, in ethylene production (fugitive emissions) and from
lubricant use. Nitrous oxide (N,O) emissions were generated to produce
nitric acid and from product use. Indirect CO, emissions from CHy and
NMVOC (non-methane volatile organic compounds) emissions are reported
as aggregated in national totals.

Fluorinated greenhouse gases, or F gases, are reported under industrial
processes. They are used to replace ozone-depleting substances (ODS) in
refrigeration and cooling devices, as well as in air conditioning devices and
aerosols, and they accounted for 2.1 per cent of total national greenhouse

gas emissions and 19 per cent of the greenhouse gas emissions of industrial
processes and other product use in 2020. The reporting categories of emissions
from the sources of industrial processes in the national greenhouse gas
inventory are presented in Figure 3.11.

Figure 3.11
Reporting categories of emissions from industrial process sources in
the national greenhouse gas inventory
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The emissions resulting from industrial processes and product use are mostly
affected by changes in production output, as they depend on the use of raw
materials and production volumes, but the implementation of technical
abatement measures in nitric acid production in 2008 resulted in a significant
reduction in emissions (Figure 3.12). In the period from 1990 to 2020, the
largest relative change occurred in F gas emissions, which at first increased
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rapidly but have now begun to decrease (Figure 3.13) due to decreased leakage
rates and the replacement of high-GWP HFC refrigerants with alternative
low-GWP non-HFC refrigerants in many applications.

Total emissions of industrial processes and product use were five per cent (0.3
million tonnes CO, eq.) smaller in 2020 than in 1990. At the beginning of the
time series, some production plants were closed and this caused a rapid decrease in
emissions. After this, the production outputs and emissions increased and reached
the level of 1990 in 1996. The increase in emissions continued until 2009, when
they decreased rapidly due to the economic downturn as the demand for industrial
products diminished. The implementation of N, O abatement technology
happened at the same time, which is why the emissions stayed at a lower level, even
though production started to increase after the recession in 2010.

Figure 3.12
Greenhouse gas emissions from industrial processes, 1990 to 2020
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Figure 3.13
F gas emissions, 1990 to 2020
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CO, emissions were five per cent greater in 2020 than in 1990. The reasons
are the increased production of steel and hydrogen and the use of limestone
and dolomite. Methane emissions were 74 per cent lower in 2020 than in
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1990. Nitrous oxide emissions fluctuated between 1990 and 2020: first, there
was a rapid decrease due to the closing of a nitric acid production plan; then
a slow increase of emissions. The second rapid decrease that started in 2009
originated from the implementation of a new N,O abatement technology in
nitric acid production and the decreased demand of fertilisers. Since 1990,
nitrous oxide emissions have decreased by 1.4 million tonnes CO, eq. (85 per
cent). F gas emissions in 2020 were 19-fold compared to 1990.

3.2.3 Agriculture

Emissions from the agriculture sector were approximately 6.6 million tonnes
CO, eq. in 2020. Agricultural emissions reported in the agricultural sector
include methane (CH,) emissions from the enteric fermentation of domestic
livestock, manure management and crop residue burning, and nitrous oxide
(N,O) emissions from manure management and direct and indirect N,O
emissions from agricultural soils and crop residue burning. CO, emissions
from liming and urea fertilisation are also included. Emissions from the
agricultural activity are also reported in the energy and LULUCEF sectors in the
greenhouse gas inventory (Figure 3.14).

The agricultural sector accounted for approximately 14 per cent of Finland’s
total greenhouse gas emissions in 2020. In 2020, methane emissions from
enteric fermentation were 32 per cent, methane emissions from manure
management seven per cent, nitrous oxide emissions from manure management
four per cent and nitrous oxide emissions from agricultural managed soils 54
per cent of total agricultural emissions. Liming and the application of urea
comprise three per cent of emissions; the share of field burning of agricultural
crop residues totals 0.03 per cent.

Figure 3.14
Agricultural sources of emissions and their reporting in the CRF categories in
the national greenhouse gas inventory
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Cattle generate most of the CH, emissions from enteric fermentation, but
emissions generated by horses, pigs, sheep, goats, fur animals and reindeer are
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also reported. Most of the N,O emissions from the agriculture sector are direct
and indirect N,O emissions from agricultural soils.

Emissions in the agriculture sector decreased by about 13 per cent during the
1990 to 2020 period (Figure 3.15). The most important factor behind the
decrease is a reduction in the use of synthetic nitrogen fertilisers of 39 per cent
between 1990 and 2020, which significantly reduced greenhouse gas emissions.
Total N,O emissions from agricultural soils were six per cent lower in 2020
than the 1990 level. The area of cultivated organic soils increased during the
1990 to 2020 period, which has also seen increased nitrous oxide emissions
from agricultural soils. The decrease in CO, emissions from liming due to
reduced use of lime is also significant.

Figure 3.15
Greenhouse gas emissions from agriculture, 1990 to 2020~
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* Field burning of agricultural residues and urea application are not discernible, because their emissions
range from 0.001 to 0.005 million tonnes each.

Since 1995, EU membership has resulted in changes in the economic structure
of agriculture in Finland. The number of farms has decreased, average farm size
has increased, and livestock numbers have decreased. For example, the number
of cattle declined by more than a third between 1995 and 2020. The decline
has slowed down over the last ten years. The decrease in cattle numbers over
the time series has been counterbalanced by an increase in emission factors

for enteric fermentation due to increased animal weights, growth and milk
production. Emissions from enteric fermentation were 14 per cent lower in

2020 than in 1990.

Total emissions from manure management increased by 10 per cent between
1990 and 2020. The fluctuation in the emissions from manure management

is related to both changes in animal numbers, which depend largely on
agricultural policy, and changes in the distribution of the manure management
systems. Direct nitrous oxide emissions from manure management first
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decreased and then increased in the time series. Cattle numbers have decreased,
which explains the decreasing trend in manure management. However,
nitrogen excretion figures increased over time for many animals, including
cattle. The share of cattle slurry with a crust has also increased over time,
increasing direct emissions from slurry. Methane emissions from manure
management have increased by 21 per cent since 1990. This is due to an
increase in the number of animals kept in slurry-based systems.

Some inter-annual variability can be detected in agricultural sector emissions.
This is mainly caused by fluctuations in activity data between years due to
changes in animal numbers and in the manufacture and import of lime for
agriculture. Changes in animal numbers are largely affected by agricultural
policy and subsidies, and they particularly affect methane and nitrous oxide
emissions from manure management. Emissions from manure management
are also affected by the distribution of manure managed in different manure
management systems, which varies depending on the animal species. Nitrous
oxide emissions from managed soils are affected by the quantity of synthetic
fertilisers used annually, animal numbers and crop yields of cultivated crops, for
example, which may have a large variation between years.

3.2.4 Land use, land-use change and forestry

Finland reports both greenhouse gas emissions and removals in the LULUCF
sector. Removals refer to the absorption of CO, from the atmosphere by
carbon sinks such as plant biomass or soil.

Changes in carbon stocks in six land-use categories covering the whole of
Finland are reported in this sector. In accordance with the IPCC guidelines,
the changes in different carbon pools, which include above- and below-
ground biomass, dead wood, litter and soil, are reported for each category. In
addition, carbon stock changes of harvested wood products and emissions
originating from various sources are reported in this sector, including CHy
and N, O emissions from drained organic forest soils and managed wetlands
such as peat extraction areas, emissions from the burning of biomass (forest
fires and controlled burning), emissions from nitrogen fertilisation of forest
land and N, O emissions resulting from loss of soil organic matter. Emissions
and removals are not reported for unmanaged wetlands and other land.

In 2020, the LULUCEF sector as a whole acted as a CO, sink for —17.3 million
tonnes CO, eq. This sum of removals and emissions, i.e. carbon stock changes
and greenhouse gas emissions, in 2020 was 29 per cent larger than it was in
1990. For forest land, the largest sink was tree biomass, with —27.8 million
tonnes CO, of net removals in 2020. Mineral soils on forest land were a sink
of —5.2 million tonnes of CO,, whereas organic forest soils were a source of 3.8
million tonnes of CO,. Other emission sources in the forest land category are
methane and nitrogen oxide emission from drained organic forest lands

(2.6 million tonnes CO, eq.), nitrogen fertilisation (0.04 million tonnes CO,
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¢q.) and biomass burning in forest fires and in controlled burning (0.004
million tonnes CO, eq. in 2020).

The high fluctuation in net biomass removals in the forest land category during
the 1990 to 2020 period is mainly caused by the changes in the international
market for forest industry products, which affects the amount of domestic
commercial roundwood felling. In 2018, total roundwood removals reached
78 million m3, the highest in statistical history. Roundwood removals in 2020,
69 million m3, remained at a high level compared to the historical levels. The
other significant factor affecting the trend in forest land sink is the increase

in the annual volume increment. Forest growth has increased steadily since
1990 because of factors such as the large proportion of young forest at a strong
growth phase and silvicultural measures. The annual growing stock increment
was 77.7 million m3, based on the 8th National Forest Inventory (NFI)
(measured 1986 to 1994) and 107.8 million m3, based on the NFI12 (2014 to
2018). The rapid increase in the increment in the 1980s and 1990s has levelled
out according to the last inventory measurements. (See Section 3.1 on the
latest results from the national forest inventory).

Although the LULUCEF sector has been a significant net carbon sink, it also
produces significant emissions. The largest emissions come from drained
organic soils of forests and croplands. Other emission sources in the LULUCF
sector include grasslands, peat production areas, forest fires and nitrogen
fertilisation of forests. The trend in emissions and removals from the different
land-use categories and Harvested Wood Products pool reported in the
LULUCEF sector is presented in Figure 3.16.

Figure 3.16
Net emissions and removals in the LULUCF sector by land-use category
and harvested wood products pool, million tonnes CO, eq.
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Harvested wood products

The Harvested Wood Products (HWP) pool was a net sink of 1.3 million
tonnes of CO, in 2020. HWP has been a net sink for the whole reported time
series, except in 2009. The annual fluctuations in the time series are generally
due to changes in the economic situation and the demand for wood products.
Factors behind the HWP carbon stock changes in 2020, such as strikes, the
closure of some paper machines and decreased demand for harvested wood

products because of the Covid-19 pandemic are described in more detail in
Finland’s National Inventory Report 2022 to the UNFCCC.

HWP is reported as a carbon stock change in production-based HWP stocks
originating from wood harvested in Finland divided into two categories: HWP
produced and consumed domestically; and HWP produced and exported.
HWP comprises solid wood products (sawn wood and wood panels) and paper
products (wood pulp). The production quantity of pulp was used as a proxy for
paper and paperboard production. In Finland, 98.7 per cent of wood pulp is
used for paper and paperboard production, and 1.3 per cent (part of dissolving
wood pulp) for textile and hygiene products, which are exported (percentages
are for 2013). Wood pulp production for purposes other than paper and
paperboard started mainly in 2012. The annual change of HWP in domestic
solid waste disposal sites (SWDS) is not calculated.

3.2.5 Reporting under Article 3, paragraphs 3 and 4
of the Kyoto Protocol

Under Article 3, paragraph 3 of the Kyoto Protocol, Finland reports
emissions and removals from afforestation/reforestation (AR) and
deforestation (D) activities, and under Article 3, paragraph 4, from forest
management (FM). The reporting and accounting of these activities are
mandatory for the second commitment period (CP) of the Kyoto Protocol.
Finland had also elected forest management as a voluntary activity for the
first commitment period. Finland has not elected other voluntary activities
under Article 3, paragraph 4 for the second commitment period, as was the
case in the first commitment period.

Net emissions from Article 3.3 activities, i.e. afforestation, reforestation, and
deforestation, were 2.8 million tonnes of CO, eq. in 2020. Afforestation and
reforestation resulted in a net removal of 0.6 million tonnes of CO, eq., while
deforestation produced a net emission of 3.4 million tonnes of CO, eq. The
area subject to AR was approximately 212,000 ha at the end of 2020. The area
deforested was approximately 473,000 ha, of which 2,300 ha has been reforested.

Net removals as a result of forest management under Article 3.4 were 34.8
million tonnes of CO, eq. in 2020, including the carbon stock change in the
Harvested Wood Products pool. Accounting for the KP LULUCEF activities
for the second commitment period is presented in Table 3.1.
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Table 3.1
Summary of emissions (+) and removals (=) in tonnes CO, eq for 2013 to 2020 relevant for accounting under
the second commitment period of the Kyoto Protocol*

2013 2014 2015 2016 2017 2018 2019 2020  2013-2020
Finland's assigned amount for the second commitment period 240,544,599
Total national emissions 62,784,046 58,602,565 55,025,810 57,923,441 55,109,448 56,178,737 52,788,022 47,782,251
ETS emissions without aviation 31,365,840 28,653,801 25,371,154 27,147,677 25,058,970 26,169,997 23,241,865 19,576,138
CO, emissions from aviation 180,143 181,754 178,920 181,827 189,505 210,353 205,701 86,017
Non-ETS emissions?) 31,238,063 29,767,010 29,475,736 30,593,937 29,860,973 29,798,387 29,340,456 28,120,096
Non-ETS emissions as cumulative percentage
of the assigned amount 13% 25% 38% 50% 63% 75% 87% 99%
Sum of Non-ETS emissions 2013-2019 238,194,658
Article 3.3 net emissions to be subtracted from
the assigned amount? 3,587,485 3,337,762 3,359,836 3,210,995 3,065,656 3,018,433 3,474,088 2,809,177
Sum of Article 3.3 net emissions 2013-2019, to be subtracted
from the assigned amount 25,863,432
Article 3.4 net removals (Forest Management, FIM) —47,335,049 —46,089,720 —41,400,742 38,782,812 —35,735,041 —26,169,406 —31,938,319 —34,799,603
Finland's FMRL3) (annual reference) —20,466,000 —20,466,000 —20,466,000 —20,466,000 —20,466,000 —20,466,000 —20,466,000 —20,466,000
Technical correction to the FMRL -9,198,000 -9,198,000 -9,198,000 -9,198,000 -9,198,000 -9,198,000 -9,198,000 -9,198,000
FM net removals minus FMRL and its technical correction -17,671,049 —16,425,720 11,736,742 9,118,812 6,071,041 3,494,594 -2274319 -5135,603
Sum of FM net removals minus FMRL and its technical correction
2013-2019 —64,938,691
FM cap? —19,978,041
Estimate of net addition to the assigned amount from
Article 3.42 for the entire commitment period 19,978,041

1) The emissions corresponding to the emission level allocated to Finland in the joint fulfiment agreement by the EU, its Member States and Iceland

2) Finland has chosen end of commitment period accounting for Articles 3.3 and 3.4 wherefore any additions or subtractions to the assigned amount
will be done at the end of the commitment period

3) FMRL= Forest Management Reference Level

4) FM cap is —19,978,041 tonnes CO, eq for the whole second commitment period.

* Table does not include AAU units from the previous commitment period or CER and ERU units from the use of market-based Kyoto mechanisms that could be used to fulfill the commitment for
the second commitment period.



The emissions and removals from ARD land vary between years, depending on
the timing and quantity of the land-use changes, which vary depending on the
economy. Interannual variation in the total CO, removals from FM is mainly
due to variations in the amount of felling, which has a direct impact on the
quantity of the biomass sink. In addition, the changes in soil carbon stock vary
according to the variation in the carbon stocks of living biomass, as well as in
the amount of carbon in logging residue inputs.

3.2.6 Waste

Methane (CH) emissions from landfills and CH, and N,O emissions from
composting and wastewater treatment are reported under the waste sector
(Figure 3.17). Greenhouse gas emissions from the combustion of waste are
reported fully in the energy sector, as waste incineration without energy
recovery is almost non-existent. Waste sector emissions amounted to 1.7
million tonnes CO, eq. in 2020, which accounts for approximately four per
cent of Finland’s total emissions.

Figure 3.17
Reporting categories of emissions from waste handling in the national
greenhouse gas inventory
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1.Energy sector A.3b Road Transport
(waste collection and transportation)

CH, emissions from landfills are the most important greenhouse gas emissions
in the waste sector. Solid waste disposal on land contributes 80 per cent,
wastewater treatment about 14 per cent and biological treatment (composting
and anaerobic digestion) seven per cent of the sector’s total emissions.
Compared to 2019, emissions decreased by three per cent in 2020, and since
1990, these emissions have decreased by 63 per cent. A new Waste Act? entered
into force in 1994, which has led to a reduction in methane emissions from
landfill sites (Figure 3.18). The Waste Act has reduced the volume of waste
deposited at landfills by promoting recycling and reuse, as well as the energy
use of waste materials. The great increase in the amounts of recovered methane
at the beginning of 2000 is a result of the regulations of landfill gas recovery
(Council of State Decree on Landfills3). The amount of recovered methane

in recent years has decreased due to the great decrease in the waste amounts to
landfills after the ban of organic waste deposits at landfills. The recession of the
early 1990s also reduced consumption and waste volumes.

2 1072/1993
3 861/1997

3 Greenhouse gas inventory information, including
the national system and the national registry

82



Figure 3.18

Methane emissions from solid waste disposal on land. The figure also shows
the amount of methane generated (emission without recovery) at solid waste
disposal sites
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Emissions from wastewater treatment have also been successfully reduced by
20 per cent compared with 1990. For example, the reduction in emissions

has been affected by the increasingly efficient treatment of wastewater (also

in sparsely populated areas), as well as a lower nitrogen burden released

from industrial wastewaters into waterbodies. Emissions from composting
have more than doubled since 1990, being six per cent of the waste sector’s
emissions in 2020. The reason is the increased composting of waste, especially
in semi-urban areas, due to separate collection of organic waste. Emissions
from anaerobic digestion have also increased significantly in recent years for
the same reason as the increase in emissions from composting. Yet this emission
source is very small, being 0.6 per cent of the waste sector’s emissions in 2020.

3.3 Greenhouse gas inventory system, under
Article 5, paragraph 1, of the Kyoto Protocol

3.3.1 Institutional, legal and procedural arrangements

According to the Government resolution of 30 January 2003 on the
organisation of climate policy activities of Government authorities, Statistics
Finland assumed the responsibilities of the national entity for Finland’s
greenhouse gas inventory from the beginning of 2005. In 2015, the role of
Statistics Finland as the national entity was enforced through the adoption of

the Climate Change Act4

In Finland, the national system is established on a permanent footing, and
it guides the development of emissions calculation in the manner required
by the Kyoto Protocol. The national system is based on laws and regulations
concerning Statistics Finland, agreements between the inventory unit and

4 609/2015 and 423/2022
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expert organisations on the production of emission and removal estimates and
related documentation. Statistics Finland also has agreements on cooperation
and support for the expert organisations participating in Finland’s national
system with relevant ministries. The national system is designed and operated
to ensure the transparency, consistency, comparability, completeness,

accuracy and timeliness of greenhouse gas emission inventories. The quality
requirements are fulfilled by consistently implementing the inventory quality
management procedures. The national system for the greenhouse gas inventory
in Finland is presented in Figure 3.19.

The contact person for the national entity and its designated representative
with overall responsibility for the national inventory at Statistics Finland is
Ms Pia Forsell, FI-00022 Statistics Finland, tel. +358-29-551 2937,

email pia.forsell@stat.fi

Figure 3.19
The National System for the Greenhouse Gas Inventory in Finland

Finland’s National Greenhouse Gas Inventory System,
~ based on the Statistics Act, the Climate Change Act, ~
protocols, agreements and contracts
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Statistics Finland as the national entity for the inventory

In Statistics Finland’s activity as the national entity for the greenhouse gas
inventory, the Statistics Finland Act> and the Statistics Act® are applied.

Statistics Finland defines the placement of the inventory functions in its
working order. The advisory board of the greenhouse gas inventory established
by Statistics Finland ensures collaboration and information exchange in issues

S 48/1992 and its amendment 901/2002
6 280/2004 and its amendment 361/2013
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related to the reporting of greenhouse gas emissions under the UNFCCC and
the Kyoto Protocol. The advisory board reviews planned and implemented
changes in the inventory and the achieved quality. It approves changes to the
division of tasks between the expert organisations preparing the inventory. In
addition, the advisory board promotes research and review projects related to
the development of the inventory and reporting. It also gives recommendations
on participation in international cooperation in this area (UNFCCC, IPCC,
and EU). The advisory board is composed of representatives from the expert
organisations and the responsible Government ministries.

Statistics Finland oversees the compilation of the national emission inventory
and its quality management in the manner intended in the Kyoto Protocol.
In addition, Statistics Finland calculates the estimates for the energy and
industrial processes (except for F gases: HFCs, PFCs and SF) sectors. As the
national entity, Statistics Finland also bears the responsibility for the general
administration of the inventory and communication with the UNFCCC and
the EU Commission, coordinates the review of the inventory and publishes
and archives the inventory results.

Statistics Finland has access to data collected for administrative purposes.
Hence, by law, Statistics Finland has access to data collected under the EU
ETS, the regulation on fluorinated gases, the European Pollutant Release and
Transfer Register (E-PRTR) and energy statistics regulation. Access to EU
ETS data is also ensured through the agreement between Statistics Finland and
the Energy Authority. The EU ETS data and data collected under the energy
statistics regulation are significant data sources and used both directly and/

or for verification in inventory compilation. The use of the E-PRTR and data
collected under the regulation on fluorinated greenhouse gases play a much
more limited role in the inventory preparation.

Statistics Finland approves the inventory before the submissions to the
UNFCCC and EU. The draft inventory submission to the EU on 15 January
is presented to the advisory board, and before submitting the final inventory
to UNFCCC on 15 April, the national inventory report is sent to the inter-
ministerial network on climate policy issues for comment.

Responsibilities of the expert organisations

In addition to Statistics Finland, Finland’s inventory system includes the
Finnish Environment Institute and Natural Resources Institute Finland
(Luke) expert organisations. Statistics Finland also acquires parts of the
inventory as purchased services from VI'T (VTT Technical Research Centre
of Finland Ltd).
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Table 3.2
Responsibility areas by expert organisation

Area Organisations

CRF 1.A. Stationary sources Statistics Finland
fuel combustion in point sources, such as
power plants, heating boilers, industrial
combustion plants and processes

CRF 1.A. Mobile sources (transport and off-road Statistics Finland, VTT Technical Research
machinery) Centre of Finland Ltd (as a purchased service),
Finavia (inventory years 1990 to 2010)
CRF 1.A. Other fuel combustion (agriculture, Statistics Finland
households, services, public sector, etc.)
CRF 1.B. Fugitive emissions from energy production  Statistics Finland
and distribution
CRF 2. Emissions from industrial processes and Statistics Finland
product use
CRF 2. Emissions of F gases Finnish Environment Institute (SYKE)
CRF 3. Emissions from agriculture Natural Resources Institute Finland (Luke)
CRF 4. Emissions from land use, land-use change  Natural Resources Institute Finland (Luke)
and forestry
CRF 5. Emissions from waste Finnish Environment Institute (SYKE)
Indirect CO,  Non-methane volatile organic compounds,  Finnish Environment Institute (SYKE)
NMVOC

KP(LULUCF)  Activities under Article 3, paragraphs 3 Natural Resources Institute Finland (Luke)
and 4 of the Kyoto Protocol (ARD and FM)

Until 2009, Finavia (formerly the Civil Aviation Administration) provided
emission data on aviation to the inventory. In 2010, Finavia’s status in Finland’s
inventory system changed. Finavia is no longer performing the calculations.
Statistics Finland has taken over this task and has been responsible for the
calculations since 2010. Finavia continues to support Statistics Finland in the
task by providing Statistics Finland with expert advice.

The agreements between Statistics Finland and the expert organisations define
the division of responsibilities (sectors/categories covered) and tasks related to
uncertainty and key category analyses, QA/QC and reviews. They also specity
the procedures and schedules for the annual inventory process coordinated by

Statistics Finland. The responsibilities for estimating and reporting emissions/

removals from different sectors/categories of the different expert organisations
are based on established practices for the preparation and compilation of

the greenhouse gas emission inventory. The scope of these responsibilities is

presented in Table 3.2.

All the participating organisations are represented in the inventory working
group set up to support the process of producing annual inventories and

the fulfilment of reporting requirements. The working group advances
collaboration and communication between the inventory unit and the experts
producing the estimates for the different reporting sectors and ensures the
implementation of the inventory’s QA/QC and verification process.
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The role of responsible ministries

and the Energy Authority in the national system

The resources of the national system for the participating expert organisations
are channelled through the relevant ministries” performance management
(Ministry of the Environment and Ministry of Agriculture and Forestry). In
addition, other ministries participating in the preparation of the climate policy
advance the data collected in the management of public administration duties in
their administrative branch so that they can be used in the emission inventory.

In accordance with the Government resolution, the ministries produce the data
needed for international reporting on the contents, enforcement and effects

of the climate strategy. Statistics Finland assists in the technical preparation

of policy reporting. Statistics Finland also technically compiles the National
Communications and the biennial reports under the UNFCCC. Separate
agreements have been made on the division of responsibilities and cooperation
between Statistics Finland and the ministries.

The Energy Authority is the National Emissions Trading Authority in Finland
and supervises the monitoring and reporting of the emission data under the
European Emissions Trading System (EU ETS) and international emissions
trading under the Kyoto Protocol. Statistics Finland and the Energy Authority
concluded an agreement in 2006 on collaboration between the national
inventory system and registry, including a division of the responsibilities related
to reporting. The most recent update to the agreement was made in 2018.

The Energy Authority provides the necessary information on emission
reduction units, certified emission reductions, temporary certified emission
reductions, long-term certified emission reductions and assigned amount
units and removals units for annual inventory submissions in accordance with
the guidelines for preparation of information under Article 7 of the Kyoto
Protocol. This reporting is done using so-called standard electronic tables
(SEF) and documentation provided in the National Inventory Report or made
publicly available on the website of the Energy Authority.

3.3.2 Annual inventory process

The annual inventory process set out in Figure 3.20 illustrates at a general level
how the inventory is produced within the national system. The quality of the
output is ensured by inventory experts during compilation and reporting. The
quality control and quality assurance elements are integrated into the inventory
production system, which means that each stage of the inventory process
includes relevant procedures for quality management (see also Section 3.3.3).

The methodologies, collection of activity data, and choice of emission factors
are consistent with the guidance in the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories and the IPCC 2013 Supplementary Methods and
Good Practice Guidance Arising from the Kyoto Protocol.
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Figure 3.20
Inventory and QA/QC process of the inventory

Inventory principles / Quality objectives:
Continuous improvement — Transparency — Consistency —
Comparability — Completeness — Accuracy — Timeliness

4.Conclusions and 1.Inventory and quality
improvement planning
—Reporting —Setting quality objectives
—Conclusions —Elaboration of QA/QC
and future actions and verification plan
Continuous
improvement
3.Inventory evaluation 2.Inventory preparation
—QA and verification —Implementing QC
—Quiality meetings / checks (QC)
quality desk review —Documenting and
—Reviews by international archiving of
expert review teams the inventory material

Advanced and country-specific approaches (Tier 2 and Tier 3 methods) are
used wherever possible, as these are designed to produce more accurate emission
estimates than the basic (Tier 1) methods. Detailed activity data are used for
most categories, and the emission factors and other parameters are based on
national research and other data. For large point sources within the energy and
industrial processes sectors, the estimates are based on plant and process-specific
data. The Compliance Monitoring Data System YLVA, used by the Centres

for Economic Development, Transport and the Environment for processing
and monitoring environmental permits, is the central data source for plant and
process-specific data. Detailed descriptions of the methodologies used can be
found in the sector-specific chapters of the National Inventory Report.

Statistics Finland conducts a Tier 2 key category analysis annually prior to
submitting inventory information to the EC. The Tier 2 methodology uses
category-specific uncertainty analyses. The analysis covers all the sources and
sinks of the inventory.

The key category analysis functions as a screening exercise. The result is a
shortlist (20+) of the subcategories that are the most important in terms of
the level and trend of the emissions. This list forms the basis for discussions
with the sectoral experts on the quality of the estimates and possible needs

for improvement to the calculation methodology. The results of the key
category analysis are included annually in the national inventory report and
the common reporting tables. This information is archived following Statistics
Finland’s archival practices.

Recalculations are made to implement methodological improvements in the
inventory, including changes in activity data and emission factors, or to include
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new source or sink categories within the inventory or to correct identified
errors, omissions, overlaps, or inconsistencies within the time series.

Greenhouse gas inventory recalculations are based on an annual evaluation of
the inventory’s preparation and improvement needs, including input from the
QA/QC activities. The driving forces when applying the recalculations are
the need to implement the guidance given in the IPCC Guidelines and the
recommendations in the UNFCCC and EU inventory reviews.

Statistics Finland coordinates the development of the inventory. Each
organisation participating in the inventory preparation process bears the
primary responsibility for developing its own sector. The advisory board
discusses and promotes the horizontal development projects and resources
needed for development work.

Inventory development needs and projects that require additional resources
are identified at bilateral quality meetings between the inventory unit and

the participating organisations. Statistics Finland keeps a record of the
development needs and planned or proposed improvement measures and

uses this information to compile an annual inventory improvement plan.
Methodological changes are discussed and evaluated by the advisory board and
approved by the inventory unit at Statistics Finland before being implemented.

Any changes made are documented in the CRF tables and in the National
Inventory Report in accordance with the UNFCCC reporting guidelines.
Changes in methodologies are implemented for the whole time series.

Finland has undertaken several research programmes and projects to improve
the quality of the country-specific emission factors and other parameters, as
well as the methods used in the greenhouse gas inventory (see also Chapter 8,
Section 8.2.4). The results have been disseminated through articles in scientific
journals and presentations at various national workshops and seminars, for
example. Some of the research results have also been used by the IPCC in

the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, the
[PCC Emission Factor Database, the 2013 Supplement to the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories: Wetlands’ and 2019
Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas

Inventories, for example.

3.3.3 Quality management

The objective of Finland’s GHG inventory system is to produce high-quality
GHG inventories, which means that the structure of the national system (i.e.
all institutional, legal and procedural arrangements) for estimating greenhouse
gas emissions and removals, and the content of the inventory submissions (i.c.
outputs, products) comply with the requirements and principles.
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The starting point for accomplishing a high-quality GHG inventory is
consideration of the expectations and requirements directed at the inventory.
The quality requirements set for the annual inventories — transparency,
consistency, comparability, completeness, accuracy, timeliness and continuous
improvement — are fulfilled by implementing the QA/QC process consistently
in conjunction with the inventory process (Figure 3.20). The quality control
and quality assurance elements are integrated into the inventory production
system, which means that each stage of the inventory process includes relevant
procedures for quality management.

The inventory process consists of four main stages: planning, preparation,
evaluation and improvement (Plan-Do-Check-Act (PDCA) cycle) and
aims for continuous improvement. A clear set of documents is produced on
the different work phases of the inventory. The documentation ensures the
transparency of the inventory: it enables external evaluation of the inventory
and its replication where necessary.

Statistics Finland has the overall responsibility for the GHG inventory in
Finland, including the responsibility for coordinating the quality management
measures at national level. The quality coordinator steers and facilitates the
quality assurance and quality control (QA/QC) and verification process

and elaborates the QA/QC and verification plan. The expert organisations
contributing to the production of emission or removal estimates are responsible
for the quality of their own inventory calculations. Experts on each inventory
sector implement and document the QA/QC and verification procedures.

The inventory planning stage includes the setting of quality objectives and
elaboration of the QA/QC and verification plan for the coming inventory
preparation, compilation and reporting work. In addition, a schedule

of the coming inventory round is prepared and presented to the expert
organisations. The timetable includes deadlines for QC checks of the
inventory compilation and draft meeting schedules of the inventory working
group and advisory board.

The setting of quality objectives is based on the inventory principles. Quality
objectives (Table 3.3) are specified statements about the quality level that is
aimed at the inventory preparation regarding the inventory principles.
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Table 3.3
The quality objectives regarding all calculation sectors for the inventory

Quality objectives

1. Continuous improvement
1.1. Treatment of review feedback is systematic
1.2. Improvements promised in the National Inventory Report (NIR) are carried out
1.3. Improvement of the inventory is systematic
1.4. Inventory quality control (QC) procedures meet the requirements
1.5. Inventory quality assurance (QA) is appropriate and sufficient
1.6. Verification of the inventory meet the requirements
1.7. Known uncertainties of the inventory are taken into consideration when planning
the improvement needs

2. Transparency
2.1. Archiving of the inventory is systematic and complete
2.2. Internal documentation of calculations supports emission and removal estimates
2.3. CRF tables and the National Inventory Report (NIR) include transparent and appropriate
descriptions of emission and removal estimates and of their preparation

3. Consistency
3.1. The time series are consistent
3.2. Data have been used in a consistent manner in the inventory

4. Comparability
4.1. The methodologies and formats used in the inventory meet comparability requirements
5. Completeness
5.1. The inventory covers all the emission sources, sinks, gases and geographic areas
6. Accuracy
6.1. Emissions and removals are not systematically over- or underestimated
6.2. Calculation is correct
6.3. Inventory uncertainties are estimated
7. Timeliness
7.1. High-quality inventory reports reach their receivers (EU/UNFCCC) within the set time

The objectives aim to be appropriate and realistic considering the available
resources and other conditions in the operating environment.

The quality objectives and the planned general and category-specific QA/QC
and verification procedures regarding all sectors are set in the QA/QC plan.
This is a document that specifies the actions, schedules and responsibilities to
attain the quality objectives and provide confidence in the Finnish national
system’s capability of delivering high-quality inventories. The QA/QC plan is
written in Finnish and updated annually. It consists of instructions and a QA/
QC form. The instructions include descriptions of quality objectives, general
and category-specific inventory QC checks, information on quality assurance
and verification, schedules and responsible parties. The QA/QC form
addresses the actions to be taken at each stage of the inventory preparation.
Sectoral experts enter into the form the QA/QC and verification procedures
performed and their results. Discussions in the bilateral quality meetings or
feedback given during the quality desk reviews are based on the information
documented in these forms. The QA/QC plan is available in the shared
workspace of the inventory and archived according to the inventory unit’s
archive formation plan.
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The general and category-specific QC procedures are performed by the experts
during inventory calculation and compilation according to the QA/QC and
verification plan.

The QC procedures used in Finland’s GHG inventory comply with the 2006
[PCC Guidelines. General inventory QC checks (2006 IPCC Guidelines, Vol
1, Chapter 6, Table 6.1) include routine checks of the integrity, correctness
and completeness of the data, identification of errors and deficiencies, and
documentation and archiving of the inventory data and quality control actions.
Category-specific QC checks, including reviews of the activity data, emission
factors and methods, are applied on a case-by-case basis, focusing on key
categories and on categories in which significant methodological changes or
data revisions have occurred.

The QA reviews are performed after the implementation of QC procedures
concerning the finalised inventory. The QA system comprises reviews and
audits to assess the quality of the inventory and the inventory preparation and
reporting process to determine the conformity of the procedures taken and to
identify areas where improvements could be made.

Specific QA actions differ in their viewpoints and timing. The actions include
basic reviews of the draft report, quality meetings or quality desk reviews,
internal and external audits, peer reviews, EU MMR comparisons, and

UNFCCC and EU inventory reviews.

In addition, emission and activity data are verified by comparing them with
other available data compiled independently of the GHG inventory system.
These include measurement and research projects and programmes initiated
to support the inventory system or for other purposes, but which produce
information relevant to the inventory preparation.

The ultimate aim of the QA/QC process is to ensure the quality of the
inventory and to contribute to its improvement. At the improvement stage
of the QA/QC process, conclusions are drawn based on the realised QA/
QC measures taken and their results, as well as UNFCCC and EU review
feedback and uncertainty analysis where relevant. In addition, the inventory
unit and experts performing the inventory calculations follow the development
of the sector. When technologies and practices change, or new activity or
research data become available, they evaluate the need for improvements
and recalculations to improve the inventory. The methodological changes
are communicated to the advisory board for evaluation and approved by the
inventory unit before being adopted in production (see also Section 3.3.2).
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3.4 National registry

This section of the National Communication summarises the national registry
of Finland, which is part of the Union registry. More information is included
in the National Inventory Reports of Finland.

The national registry of the EU and its Member States is maintained as a single
European Union registry, operated by the European Commission, Directorate-
General for Climate Action, BE-1049 Brussels, Belgium. At the same time,
and with a view to increasing efficiency in the operations of their respective
national registries, the EU Member States who are also Parties to the Kyoto
Protocol plus Iceland, Liechtenstein and Norway decided to operate their
registries in a consolidated manner in accordance with all relevant decisions
applicable to the establishment of Party registries - in particular Decision 13/

CMP.1 and Decision 24/CP.8.

The consolidated platform which implements the national registries in a
consolidated manner (including the registry of the EU) is called the Union
registry and was developed with the new EU registry on the basis of the
following modalities:

— Each Party retains its organisation designated as its registry administrator to
maintain the national registry of that Party and remains responsible for all
the obligations of Parties that are to be fulfilled through registries;

— Each Kyoto unit issued by the Parties in such a consolidated system is issued
by one of the constituent Parties and continues to carry the Party of origin
identifier in its unique serial number;

— Each Party retains its own set of national accounts as required by paragraph
21 of the Annex to Decision 15/CMP.1. Each account within a national
registry keeps a unique account number comprising the identifier of
the Party and a unique number within the Party where the account is
maintained;

— Kyoto transactions continue to be forwarded to and checked by the
UNFCCC Independent Transaction Log (ITL), which remains responsible
for verifying the accuracy and validity of those transactions;

— 'The transaction log and registries continue to reconcile their data with each
other in order to ensure data consistency and facilitate the automated checks

of the ITL;

— 'The requirements of paragraphs 44 to 48 of the Annex to Decision 13/
CMP.1 concerning making non-confidential information accessible to the
public is fulfilled by each Party through a publicly available web page hosted
by the Union registry;
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— All registries reside on a consolidated IT platform sharing the same
infrastructure technologies. The chosen architecture implements modalities
to ensure that the consolidated national registries are uniquely identifiable,
protected and distinguishable from each other.

The changes to the national registry of Finland which have occurred since

the last National Communication report are summarized in Table 3.4. For
other parts, the description of the functions of the national registry and

its conformity with the Data Exchange Standards (DES) under the Kyoto
Protocol, reported in Finland’s 7th National Communication, Chapter

3.4, remains valid. Changes to the national registry since the 7th National
Communication have been reported annually in Finland’s National Inventory

Reports to the UNFCCC.

Table 3.4
Changes to the Union registry, including changes to Finland’s national registry,
since publication of the NC7

Reporting item Description

15/CMP.1 annex II.E paragraph 32.(a) No change has occurred to the administrator of the national
Change of name or contact registry of Finland, which is:

Energy Authority

rekisteri@energiavirasto.fi

Address and phone number are available at homepage
https://energiavirasto.fi/en/contact-informationt
The address of the Energy Authority changed during the reported

period.
15/CMP.1 annex II.E paragraph 32.(b) | There was a change in the cooperation arrangement during
Change regarding cooperation the reported period as the United Kingdom of Great Britain and
arrangement Northern Ireland no longer operate their registry in a consolidated

manner within the Consolidated System of EU registries.

15/CMP.1 annex II.E paragraph 32.(c) | The registry has been updated to version 13.5.2.
Change to database structure or the

capacity of national regisiry Some changes were applied to the database during the reported

period. No change was required to the application backup plan
or to the disaster recovery plan.

No change to the capacity of the national registry occurred

during the reported period.
15/CMP.1 annex II.E paragraph 32.(d) Each release of the registry is subject to both regression testing
Change regarding conformance to and tests related to new functionality. These tests also include
technical standards thorough testing against the Data Exchange Standards (DES) and

are carried out prior to the relevant major release of the version
to Production. No other change in the registry’s conformance to
the technical standards occurred for the reported period.

15/CMP.1 annex II.E paragraph 32.(¢) | No change of discrepancies procedures occurred during the
Change to discrepancies procedures reported period.

15/CMP.1 annex II.E paragraph 32.(f) The mandatory use of soft tokens for authentication and
Change regarding security signature was introduced for the registry end users during the
reported period.
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Reporting item

Description

15/CMP.1 annex II.E paragraph 32.(g)
Change to list of publicly available
information

Publicly available information is provided via the Union registry
homepage for the Finnish registry
(https://ets-reqistry.webgate.ec.europa.eu/euregistry/Fl/public/
reports/publicReports.xhtml) and via the web page of the Energy
Authority (https://energiavirasto.fi:8443/en/emissions-trading-
registry#public_information).

15/CMP.1 annex II.E paragraph 32.(h)
Change of Internet address

The registry internet address changed during the reported
period. The URL is
https://unionregistry.ec.europa.eu/euregistry/Fl/index.xhtml.

15/CMP.1 annex II.E paragraph 32.())
Change regarding data integrity
measures

No change of data integrity measures occurred during the
reported period.

15/CMP.1 annex II.E paragraph 32.())
Change regarding test results

No change occurred during the reported period.
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Policies and measures

This chapter describes the Finnish climate policy
framework, the policy-making process and domestic
and regional legislative arrangements and procedures
for climate policy implementation under the UNFCCC,
the Kyoto Protocol and the Paris Agreement. These
are followed by a description of the national climate
and energy strategies and plans for meeting the related
targets. The policies and measures planned, adopted
and implemented to achieve the emission reduction
commitments under international agreements and the
ambitious national goal of carbon neutrality by 2035
are presented by sector. Also, taxation and subsidies,
use of Kyoto mechanisms and the effect of policies and
measures on long-term trends are discussed. The end
of the chapter examines mitigation benefits other than
greenhouse gas reduction and minimising adverse effects
in other countries.



4 Policies and measures

41 Climate policy framework in Finland

Effective climate change policies require global collaboration and actions.
Finland’s climate policy is therefore based on international agreements: the
UNFCCC; the Kyoto Protocol; and the Paris Agreement. This chapter
describes the Finnish climate policy framework, the policy-making process and
domestic and regional programmes, legislative arrangements and procedures
for climate policy implementation under the UNFCCC, the Kyoto Protocol
and the Paris Agreement. The common policies of the European Union,

such as the EU 2030 Climate and Energy Package, play a key role in the
implementation of the above international agreements. At national level,
Finland’s climate policy is defined in government policies and programmes,
and since 2003, ministerial working groups have steered strategic work. In
addition, national energy and climate strategies have been prepared since 2001
to implement international and EU commitments, as well as national targets,
and to define sectoral policies and measures.

411 Climate Act

The new Climate Act (423/2022) entered into force on 1 July 2022. The
previous Climate Change Act, the first in Finland, was adopted in 2015. The
Act sets out several plans that aim to reduce greenhouse gas emissions and
adapt to climate change in Finland. It also obliges the central government
authorities to monitor the trends in emissions and achievement of climate
targets and report on them to Parliament.

The 2035 carbon neutrality target, which was set in the Programme of Prime
Minister Sanna Marin’s Government in 2019, was included in the reform of
the Act. In addition, new emissions reduction targets for 2030 and 2040 were
included in the Act, and the previous emissions reduction target of 80 per cent
by 2050 was updated. The new targets are 60 per cent by 2030, 80 per cent by
2040, and at least 90 per cent, aiming for 95 per cent, by 2050 compared to
1990 levels.

The scope of the Act was also extended to cover the land-use, land-use change,
and forestry (LULUCF) sector, and a target for the strengthening of carbon
sinks was added. The planning system for national climate policy under the
Climate Act was also reformed by including a new climate programme for the
land-use sector.

4.1.2 UNFCCC and Kyoto Protocol
Under the UNFCCC, the EU and its Member States committed to achieving

ajoint quantified economy-wide greenhouse gas emissions reduction target
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of 20 per cent below the 1990 level by 2020 (“the Cancun pledge”). It is
therefore a joint pledge with no separate targets for Member States under the
Convention. The UK remained part of the joint EU 2020 target with the 27
EU Member States.

The EU has jointly committed to its UNFCCC target and implemented it
internally through EU legislation in the 2020 EU Climate and Energy Package.
In this package, the EU introduced a clear approach to achieving the 20 per
cent reduction in total GHG emissions from 1990 levels by dividing the effort
between the sectors covered by the EU Emissions Trading System (EU ETYS)
and the sectors under the Effort Sharing Decision (ESD)!. Binding national
targets were set for Member States under the Effort Sharing Decision. The
achievement of EU internal compliance under the 2020 Climate and Energy
Package, including the national targets under the ESD, is not subject to the
UNFCCC assessment of the EU’s joint commitment under the Convention.

The EU and its Member States played their part in the joint commitment

as follows. Emissions from categories covered by the EU Emissions Trading
System (EU ETS) were to be reduced by 21 per cent by 2020 from their

2005 level, and emissions not covered by the EU ETS were to be cut by
approximately 10 per cent from the 2005 level by 2020 within the EU as
awhole. The EU ETS emissions reduction commitment was an EU-level
commitment, and Member State specific caps were not defined for the EU ETS
emissions reductions (for more information, see Section 4.1.3 below).

The EU substantially overachieved its reduction target under the
Convention, which means that its Member States and the United Kingdom
also fulfilled their emissions reduction obligations. As stated in the 2022 EU
GHG inventory submission to the UNFCCC, the total GHG emissions,
excluding LULUCEF and including international aviation, decreased by 34
per cent in the EU-27 + UK compared to the 1990 base year, or 1.94 billion
tonnes of CO, equivalent.

The EU's Effort Sharing Decision defined Finland’s reduction obligation

for the sources not covered by the EU ETS as 16 per cent of the 2005
emissions. This reduction obligation was determined in CO, equivalent
(eq.) tonnes in the Commission Decision?, and adjusted in the Commission
Implementing Decision3 to take changes in the coverage of the EU Emissions
Trading System from 2013 onwards into account. For Finland, these annual
adjustments increased the reduction commitment by 2020 by approximately
five percentage units.

1 2009/406/EC
2 2013/163/EU
3 2013/634/EU
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The Kyoto Protocol was amended with new quantified emission limitation and
reduction commitments for the second commitment period, 2013 to 2020,
which continue the commitments established for the first period. Finland’s
emissions reduction target for the second commitment period of the Kyoto
Protocol was defined based on its emissions reduction obligation under the
ESD described above. This target amounted to 240,544,599 tonnes of CO,

eq. and covered only non-ETS emissions. In addition, Finland was responsible
for the emissions and removals from the LULUCEF activities as defined in
Decision 2/CMP.7 during the second commitment period.

Based on the inventory data, the cumulative emissions of the Effort sharing sector
during the entire commitment period were 238.2 Mt CO, eq. The additional
burden from the emissions and removals from the LULUCF activities as defined
in Decision 2/CMP.7 is 5.9 Mt CO, eq. Finland must therefore use additional
emission units transferred from the previous Kyoto Protocol commitment period
or acquired from the Clean Development Mechanism or Joint Implementation.
Finland has enough such additional units at its disposal. The fulfilment of the
commitment will be confirmed between 2022 and 2024 after international
reviews and the True-Up Period. A description of the first commitment period of
the Kyoto Protocol can be found in the 7th national communication.

Articles 3.3 and 3.4 of the Kyoto Protocol

Articles 3.3 and 3.4 of the Kyoto Protocol concern emissions and removals
from land-use, land-use change and forestry (LULUCF) activities. Article 3.3
activities (afforestation, reforestation and deforestation) are based on land-use
changes, and reporting these activities is mandatory for the Annex I Parties.
Under Article 3.4, the selection of activities (forest management, cropland
management, grazing land management and revegetation) was voluntary for
Parties during the first commitment period. During the second commitment
period, forest management (FM) became mandatory. Finland had already
elected to apply FM in the first commitment period but did not select other
voluntary activities for either commitment period. The accounting for the
emissions and removals under Article 3, Paragraphs 3 and 4 was to be done at
the end of the first commitment period and will also be done for the second
commitment period.

Based on an initial study by the Natural Resources Institute (Luke), Article 3.3
activities were estimated to cause net emissions for the 2013 to 2020 period
because of the conversion of forest land to other land uses, as well as low carbon
sequestration rates in areas afforested or reforested since 1990. During the
second commitment period of 2013 to 2020, the net emissions from the Article
3.3 activities, i.c. afforestation, reforestation and deforestation were an average
of 3.2 million tonnes CO, eq. per year. Average net removals from afforestation
and reforestation were 0.6 million tonnes CO, eq. per year, including carbon
stock changes in harvested wood products from afforestation/reforestation
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areas. Net emissions from deforestation were an average of 3.8 million tonnes
CO, eq. per year. Land-use change from forest land to other land uses is
difficult to avoid in a country where forests cover 72 per cent of the land area.
Most of the change is driven by settlements and infrastructure (e.g. roads and
transmission lines), as well as agriculture. The emissions under Article 3.3, in
total 25.9 million tonnes for the whole commitment period, will be subtracted
from Finland’s assigned amount at the end of the commitment period.

The FM net sink, i.e. the sum of emissions and removals during the second
commitment period, was 37.8 million tonnes CO, eq. per year. These net
removals for FM include the net removals by harvested wood products, which
were an average of 13.7 million tonnes per year. Net removals from forest
management vary significantly from year to year based on the demand for
forest industry products driven by the overall economic situation.

The net emissions from FM will be compared to the reference level established
for Finland (=20.466 million tonnes CO, eq.) in decision 2/CMP.2, adjusted
by the technical correction (=9.1980 million tonnes CO, eq. in Finland’s latest
inventory submission). A higher sink will result in RMU units that can be
used to meet the reductions target; a lower sink will mean the subtraction of
assigned amount units equal to the difference between FM and reference level
removals. Additional RMU units can be received only up to a value of 3.5 per
cent of the 1990 national total emissions without the LULUCF sector (FM
cap). Finland’s cap value for the FM sink is =19.978 million tonnes CO, eq. At
the end of the second commitment period, the sum of net removals from forest
management exceeding the FM reference level and its technical correction

was 64.9 million tonnes CO, eq.4, which was greater than the FM cap. In
total, net emissions from the Article 3.3. exceeded the maximum that could

be accounted for from the forest management of Article 3.4., i.e. the forest
management cap, by 5.9 million tonnes CO, eq., which will be subtracted
from Finland’s assigned amount.

The KP LULUCF accounting will be confirmed after the review and the
True-Up Period at the end of 2023 or in 2024. Detailed information on Kyoto
Protocol activities under Articles 3.3 and 3.4 is presented in Finland’s latest
National Inventory Report under the UNFCCC and the Kyoto Protocol.

41.3 Legislation on the Kyoto Mechanisms

An administrative framework for participating in the Joint Implementation
(JI) and Clean Development Mechanism (CDM) project activities and
emissions trading under the Kyoto Protocol (Articles 6, 12 and 17) is provided
by the Act on the Use of the Kyoto Mechanisms.5 Decrees on JI® and the

4 Also taking the reduction for one year into account when net removals were smaller than
the forest management reference level and its technical correction

5 109/2007
6 91372007
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CDM include guidance on the content of the applications for project
approvals and on authorisation for entities to participate in the projects.

The Ministry of the Environment decides whether to authorise legal entities to
prepare for and participate in a JI project, and it approves the JI projects. The
Ministry of the Environment may also participate in international emissions
trading on behalf of the State. The Ministry for Foreign Affairs authorises
preparations for and participation in CDM projects and approves the projects.

The Ministry of the Environment is the holder of the national account for
Kyoto units and makes decisions regarding the transfer of units to and from
national account. The Energy Authority is the competent authority for
emissions trading and the administrator of the national emissions trading
registry (see the section on the national registry in Chapter 3).

41.4 The Paris Agreement

The Paris Agreement was adopted in December 2015 and entered into force
in November 2016. The EU ratified the agreement in October. The Finnish
national ratification was completed in November 2016.

The Paris Climate Change Agreement is an international, legally binding
agreement on climate change. It aims to limit the rise in global average
temperature to well below 2 °C relative to pre-industrial levels and to pursue

efforts by which warming could be limited to below 1.5 °C.

The Paris Agreement does not include any quantitative emissions reduction
obligations, but the Parties commit to the preparation, communication,
maintenance, and achievement of their successive national goals concerning
emissions. The Parties are obliged to prepare their national contributions every
five years, and the most recent goal must always be more ambitious than the
previous one. Progress in relation to the objectives is to be reviewed every five
years. The first global review, or “stocktake”, will take place in 2023.

The EU’s joint nationally determined contribution under the Agreement

is to reduce greenhouse gas emissions by at least 55 per cent by 2030 from
the 1990 level. The details of the effort sharing between the Member States,
including Finland, are currently being negotiated. More information on the
negotiations and the associated policy framework beyond 2020 is presented
in the next section.

41.5 Climate policy of the European Union

EU legislation and policy programmes have a major effect on Finland’s
greenhouse gas emissions.

7 915/2007
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In 2007, the EU heads of state or government agreed on targets to combat
climate change through a commitment to reduce greenhouse gas emissions
by 20 per cent by 2020 from the emission level in 1990 (see also Section
4.1.2). In the long term, or by 2050, the guideline target involved a
reduction of emissions by 80 to 95 per cent. The EU 2020 Climate and
Energy Package constituted the framework for the EU’s climate policy for
the 2013 to 2020 period.

To achieve the 2020 emissions reduction target, the EU Member States adopted
a binding renewable energy target prescribing that at least 20 per cent of the EU’s
gross final energy consumption and 10 per cent of the final energy consumed in
the transport sector must come from renewable energy sources by 2020.

According to the EU 2020 Climate and Energy Package, emissions from
sectors not included in the EU ETS - such as transport, housing, agriculture
and waste — had to be cut by approximately 10 per cent from the 2005 level

by 2020 within the EU as a whole. The Effort Sharing Decision (ESD)8
established binding annual greenhouse gas emissions targets for Member States
for the 2013 to 2020 period.

Finland’s target under the ESD is presented in detail in Table 4.1. The table
also includes the emissions from non-ET'S sectors from 2013 to 2020.

Table 4.1
Finland’s target path for non-ETS emissions in accordance with the EU Effort
Sharing Decision and corresponding emissions for 2013 to 2020

2013 2014 2015 2016 2017 2018 2019 2020 sum

(2013-2020)

Finland’s annual emission allocations 31.8 31.3 30.8 30.3 302 296 291 285 241559
Non-ETS emissions! 31.6 301 299 314 301 299 296 281 240.727
Distance from the target? -02 -11 -09 1.0 -01 03 06 -04 —-0.832

1 Due to the annual implementation of the EU ESD, the emissions used for assessing compliance are not
updated after the compliance assessment. The emissions may therefore differ from the most recent in-
ventory data.

2 Distance from the target is expressed as a negative number when actual emissions are below annual
emission allocations.

As Table 4.1 shows, Finland met its emissions reduction commitments under
the EU Effort Sharing Decision concerning the entire period from 2013 to
2020.

The 2020 Climate and Energy Package also required Finland to increase its use
of renewable energy sources to 38 per cent of final energy consumption by 2020
and the share of biofuels in gasoline and diesel to 10 per cent by 2020. Finland
has already reached these targets as well.

8 2009/406/EC
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The EU also has a regulation on F gases?, covering key applications in which

F gases are used. The current regulation applies from 1 January 2015. The
regulation limits the total amount of the most important F gases that can be
placed on the EU market from 2015 onwards and phases them down in steps to

a fifth 0of 2014 sales in 2030. In addition, the regulation bans the use of F gases

in many types of equipment where less harmful alternatives are widely available,
such as supermarkets, air conditioning, foams and aerosols, and imposes measures
for preventing emissions of F gases from existing equipment by requiring checks,
proper servicing and recovery of the gases at the end of the equipment’s life. With
the current F gas Regulation, the EU’s F gas emissions will be cut by two thirds by
2030 compared with 2014 levels. In 2022, a revision of the F gas regulation was
initiated. It is expected that the steps and timetable of the phase-down of certain
F gases will be significantly tightened, new bans will be introduced and the
containment of F gas emissions will be improved. The proposed new measures
are expected to equate to additional emissions savings of 40 million tonnes CO,
eq. by 2030 and 310 million tonnes CO, eq. by 2050 at the European level.

The policy framework for the period beyond 2020 is partly prepared and
partly still in preparation in the EU. According to the European Council
conclusions in 2014, the EU is committed to reducing total greenhouse gas
emissions by at least 40 per cent by 2030 compared to 1990. The reduction
target from the 2005 levels in the emissions trading sector is 43 per cent, and
in the non-emissions trading sector, it is 30 per cent. The share of renewable
energy (of final energy consumption) in the EU was set to 32 per cent, and the
target of energy efficiency was revised to 32.5 per cent in connection with the
revision of Renewable Energy and Energy Efficiency Directives in 2018.

In addition to the reform of the EU’s emissions trading system (ETS) and the
Effort Sharing on non-ETS emissions, for the first time the land-use, land-use
change and forestry sector is also included in the EU’s climate policy package.
In the Effort Sharing Regulation, Finland’s target for emissions reductions

in 2030 compared to the 2005 level is 39 per cent. The legislative package
includes flexibility mechanisms that allow Member States to achieve their
targets in cost-effectively.

To achieve and implement the EU’s 2030 Climate and Energy Package, as well
as the Energy Union targets, in November 2016, the Commission submitted
the Clean Energy Package, which included eight legislative proposals, a new
eco-design working plan, and several communications and reports, all related
to the clean energy transition. The Energy Union policy programme aims to
provide EU citizens with reasonably priced, secure and sustainable energy.

In 2019, the Commission submitted a communication describing the

European Green Deal, which included a target of carbon neutrality by 2050.

9 2014/517/EU
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The target itself is already in the EU’s binding legislation, but more detailed
laws are still in preparation.

In 2020, the Commission presented its proposal to tighten the 2030 emissions
target so that the new reduction in the EU’s total emissions would be at least

55 per cent by 2030 compared to the 1990 level. The rationale is that the
previous target is inadequate for achieving the carbon neutrality target by 2050.
The Commission therefore submitted the preliminary Fit for 55 legislative
climate package, which lays out measures for how to achieve the stricter 55

per cent reduction. For example, the current ETS would be expanded to
maritime transport, and a new emissions trading system would be established
for ground transport and space heating. Emissions reduction targets for the
ETS and effort sharing sectors would be stricter (61 and 40 per cent compared
to 2005 respectively), as well as the previously mentioned targets of the share of
renewables and energy efficiency (40 and 36 to 39 per cent respectively).

It is also noteworthy that the Commission has the power to initiate an
infringement proceeding against a Member State that fails to fulfil its
commitments and obligations under EU law.

4.2 Climate policymaking process in Finland

4.21 Government and the role of ministries

The Government and Parliament make the most important decisions
concerning climate policy. Usually, the President of the Republic directs
foreign policy in cooperation with the Government and thus approves
Finland’s international commitments and decides on their implementation
according to the constitution. However, some major decisions also require
approval from Parliament (also see Chapter 2). Parliament also actively
participates in the debate on how EU decisions are implemented nationally.
The Ministerial Committee on European Union Affairs discusses and
decides on Finland’s positions on EU and international climate policy issues.
Finland participates in the international climate negotiations as part of the
European Union and therefore follows the EU’s common positions.

The Ministry of the Environment bears the responsibility for coordinating
the preparatory work for the climate negotiations and is the national focal
point for the UNFCCC. Preparatory work for the climate negotiations is
carried out in several ministries.

Since 2003, every Finnish government has appointed ministerial working
groups responsible for energy and climate policy, with representatives
from all government parties. These ministerial working groups have been
responsible for preparing and updating the national strategies on energy
and climate policy. The ministerial working group has a network of
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officials acting as its preparatory body, comprising representatives from the
Ministry of Economic Affairs and Employment, the Ministry of Transport
and Communications, the Ministry of Agriculture and Forestry, the
Ministry of Education and Culture, the Ministry for Foreign Affairs, the
Prime Minister’s Office, the Ministry of Finance, and the Ministry of the
Environment. The network of officials is led by the Ministry of Economic
Affairs and Employment, which oversees the overall coordination of the

strategy work. The current strategy on energy and climate policy, which was
updated in 2022, is described in Section 4.3.1.

In Finland, climate policy is increasingly being integrated with the decision-
making processes in energy production, transport, agriculture, forestry and
land use and other planning. For example, both the transport sector and the
land-use sectors have their own climate policy programmes.

The new Climate Change Act that entered into force on 1 July 2022 lays down
provisions on climate change policy planning and the related monitoring and
sets the national climate objectives. The act also imposes obligations on the
authorities. According to the new Climate Change Act, the rights of the Sdmi
people must be taken into account, and negotiations with the Sami Parliament
must be conducted in the processes to prepare climate change policy plans. The
act also includes provisions on the duties of a multidisciplinary expert body,
Finland’s Climate Change Panel, in support of the planning of climate policy.

Procedures included in the Climate Change Act enable annual assessment of
the implementation of the Kyoto Protocol and of the progress in meeting the
national emission reduction commitments. Also, the European Commission
monitors annually that the EU Member States, including Finland, are in
compliance with their emission reductions targets, in accordance with
Decisions 406/2009/EU and 2018/84210. The legislation concerning the EU
ETS, including compliance in the ETS sector, is harmonized across the EU.
Finland has not established specific national rules for taking action against
domestic non-compliance with emission reduction because such rules are
established in the EU legislation (see the 4th Biennial Report of the European
Union, Section 4.2.2 for the period of 2013-2020).

Finland was also one of the first countries to prepare a national climate
adaptation strategy (NAS) in 2005. The strategy was evaluated in 2013 and
superseded by the National Climate Change Adaptation Plan 2022 (NAP)
in 2014. In 2022, a final evaluation of the NAP2022 was completed, and
preparation of the new National Adaptation Plan 2030 was underway (more
on national adaptation policy in Chapter 6).

Climate and energy policies and measures are also considered in the context
of the promotion of the sustainable development. Society’s Commitment to

10 https://eur-lex.curopa.cu/legal-content/FI/TXT/
PDF/?uri=CELEX:32018R0842&from=EN
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Sustainability!!l, was updated by the National Commission on Sustainable
Development in 2016. With this commitment, the public sector and certain
other actors pledge to promote sustainable development in all their work

and operations. The commitment was later updated to respond to the new
global agenda for sustainable development, the UN Agenda 2030. In 2020,
the Government presented its latest report on the implementation of the UN
Agenda 2030 for Sustainable Development to Parliament. The aim is a carbon
neutral, resource-wise and competent Finland.

In reporting on policies and measures, including their implementation and
effects on emissions, and projections to the European Commission and to the
UNEFCCC, the Ministry of Economic Affairs and Employment is responsible
for the overall coordination and compilation of information from different
sectors. The sectoral ministries are responsible for the projections and impact
assessments concerning their own field. Several expert organisations assist in
acquiring data and in the assessments of policies and measures and modelling
sector-specific projections. The network of officials gives the final approval of
the national communication.

The latest reporting requirements in the energy and climate sector

were updated in connection with reforming the Climate Change Act in
2022. This act contains provisions on climate policy plans on which the
Government will issue a report to Parliament. The Government’s annual
climate change report is coordinated by the Ministry of the Environment and
all relevant ministries are involved in the work. The annual report informs
Parliament on the achievement of climate targets and the impact of the
measures taken. The first annual climate change report was issued in 2019.
The Finnish Government’s annual report to Parliament reports the progress
of agreed measures in the energy sector.

The recent EU regulation on the Governance of the Energy Union and
Climate Change Actions requires every EU Member State to regularly
prepare an integrated national energy and climate plan (NECP) and

a Long-Term Strategy (LTS) for low-carbon development. Finland
submitted its first NECP to the EU in 2019 and its first LTS in 2020. The
regulation also includes an obligation to biennially prepare the national
energy and climate plan progress report (NECPR). The first report will be
submitted in March 2023.

Statistics Finland is the national entity responsible for compiling the Finnish
greenhouse gas inventory. Statistics Finland publishes the greenhouse

gas inventory data three times every year. The publications include
information on monitoring progress with Finland’s commitments to reduce
its greenhouse gas emissions under the EU and the Kyoto Protocol. The
Finnish Environment Institute (SYKE), Natural Resources Institute Finland

11 http://www.ym.fi/en-US/The_environment/Sustainable_development
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(Luke) and the VTT Technical Research Centre of Finland participate

in the inventory preparation as part of the national system. The national
system under Article 5, paragraph 1 of the Kyoto protocol and the inventory
preparation process are described in Chapter 3.

The Energy Authority is the competent authority and the registry
administrator for the national emissions trading registry under the Kyoto
Protocol and the EU ETS (also see Chapter 3). The institutional arrangements
related to climate policy and its implementation in Finland are described in

Figure 4.1.

Figure 4.1
Institutional arrangements related to climate policy and its implementation
in Finland

International Climate Policy
Government, Parliament
Ministerial Committee on EU Affairs
Relevant ministries,
chaired by Prime minister

|

4.2.2 The Finnish Climate Change Panel

The Finnish Climate Change Panell? was nominated by the Ministry of the
Environment for the first time in December 2011. The initially 12-member
Panel was tasked to strengthen the interaction between research and
policymaking. The Panel’s members represent different branches of science
from educational to atmospheric sciences. The Panel has published reports on

12 https://www.ilmastopaneeli.fi/en/
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several topics relevant to climate policymaking, such as the Climate Change
Act, a pathway for reducing net emission in Finland, climate education,
adaptation to climate change, and the social acceptability of climate action.

The legal basis for the Finnish Climate Change Panel was established when

the Climate Change Act came into force in the summer of 2015. The Panel

is appointed as an independent body to support climate policy planning and
decision making. The Government nominated the current 15-member Panel in
December 2019 for a term of four years.

The Panel provides scientific advice for policymaking. The policy advisory role
of the Panel has become stronger and more visible. The Panel gives its opinion
on climate policy plans and produces reports to support the preparation and
implementation of climate policy and legislation in Finland. Panellists have
been invited to comment the National Climate and Energy strategy, the
Medium-Term Climate Change Policy plan, and the Climate Plan for the
Land-Use Sector.

4.2.3 Other stakeholders

The Climate Arena of the Ministry of the Environment is a network

for other ministries and stakeholders (e.g. industrial and environmental
non-governmental organisations (NGOs), research institutes, and labour
unions), in which they can present their views concerning issues related to
climate policy.

NGOs, including environmental, business, social, and research organisations,
participate in various governmental working groups, seminars and official
delegations. Industrial enterprises and the general public also play a major
role in providing information and views for the decision-making process. The
Ministry of the Environment also organises regular stakeholder meetings in
advance of all major UNFCCC negotiations.

The Climate Policy Roundtable, established in 2020, brings all key
stakeholders together to prepare Finland’s national climate actions. It is a
network for trade unions, municipalities, scientists, industrial sectors, interest
groups, young people, and NGOs. The Climate Policy Roundtable does not
make decisions; instead, it supports the national processes in preparing and
implementing climate policy. The Roundtable meets five to seven times a year.

In April 2021, an online Citizens’ Jury was convened to deliberate on climate
actions planned by the Finnish government to reach its targets in reducing
Finland’s emissions. The jury was commissioned by the Climate Policy
Roundtable with the Ministry of the Environment, and it was implemented
by researchers from the University of Turku. This was the first nationwide
deliberative mini-public event on climate issues in Finland. The results were
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used for the preparation of the most recent Medium-Term Climate Change
Policy Plan.

The Government Programme for 2019 to 2023 states that sectoral low-carbon
roadmaps will be prepared to provide a more detailed picture of the scale and
cost of the measures required for the transition to a low-carbon society. The
work started in cooperation with major companies, advocacy organisations,
and other organisations in 2019, coordinated by the Ministry of Economic
Affairs and Employment. A total of 13 sectors prepared their own roadmap.
The ministry published a report summarising the main results of the sectoral
roadmaps in 2020. The report was published in English!3 in 2021. The report
includes summaries of the published roadmaps, the project’s key conclusions, a
description of the work process and estimates of further work. It also explores
how the roadmaps will be utilised in climate and energy work for a low-carbon
Finland. The roadmaps will be updated where applicable in 2023 in accordance
with the National Climate and Energy Strategy.

The Government Programme for 2019 to 2023 includes a climate programme
for the LULUCEF sector. The work of this programme is regularly reported

to a steering body which is led by the Secretary General of the Ministry of
Agriculture and Forestry and includes government officials and a broad base
of stakeholders. This steering body has also steered the work of the Catch the

Carbon programme (see Section 8.2.1 for Catch the Carbon programme).

The implementation of the National Adaptation Plan is supported by a broad-
based Monitoring Group chaired by the Ministry of Agriculture and Forestry.
It brings together representatives of several government ministries, sector
agencies, research institutions, local and regional administrations, and other
relevant actors (see also Chapter 6).

4.2.4 Public access to information

The right of access to information in official documents is a basic civil right
protected by the Finnish constitution. Under the constitution, everyone has
access to documents in the public domain. Documents in the possession of
the authorities belong to the public domain unless access to them has been
specifically restricted by an act.

The Act on the Openness of Government Activities!4 ensures everyone has the
right to information on the activities of public officials. Access to documents

is the main principle, and secrecy is an exception. Up-to-date legislation on
climate and energy is publicly accessible through the Finlex online database

of legislative and other judicial information of Finland. Finlex is owned by
Finland's Ministry of Justice.

13 https://julkaisut.valtioneuvosto.fi/handle/10024/162851
14 621/1999
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4.2.5 Regions and municipalities

Municipalities and regions play an important role, as Finland aims to be
carbon neutral by 2035. Local and regional authorities can reduce their direct
greenhouse gas emissions in many ways and minimise their carbon footprint.
The local and regional authorities can also support and accelerate emissions
reduction measures made by residents, companies, communities, and other
regional and local stakeholders.

There is a wide range of informational, economic and voluntary or agreement-
based instruments and tools local and regional authorities can utilise when
pronouncing on and accelerating climate work in their own regions and
municipalities across Finland. Climate budgeting is a valuable tool for
municipalities aiming for carbon neutrality. Several municipalities in Finland
have included climate investments in their budgeting. Tampere was the first
Finnish city to introduce a climate budget in 2019. About 230 million euros
was budgeted for climate investments in the city’s economic plan for the years

2021-2024.

The new Climate Act (423/2022) entered into force on 1 July 2022. The
Ministry of the Environment has prepared a proposal supplementing the
Climate Act. In future, the Act will oblige municipalities to draw up climate
plans. Municipalities should prepare a climate plan that will set out an
objective to reduce greenhouse gas emissions in the municipality and measures
to reduce greenhouse gas emissions. Government grants will be awarded to
municipalities for the preparation of the climate plans. The Government has
decided to allocate EUR 2,631 million per year for the preparation of climate

plans in municipalities.

Municipalities have several means of expediting and promoting the climate
work of their stakeholders, such as norms, obligations, financial means or
communications, service design, cooperation, and partnerships. Within their
own municipality, local governments are responsible for zoning, land use,
transport planning, ownership steering of their own energy companies, choices
between alternative heating systems for buildings and public procurement
within their own territories.

The Finnish municipalities are active in a diverse set of networks that
constitute an important part of local climate action, providing crucial peer
support and knowledge sharing. There are several different types of regional,
national and international networks that have varied cooperation and ways

of working. Regional networks are based on the coordination of climate

work at different governance levels or on the pooling of resources for smaller
municipalities. The agreements concerning land use, housing, and transport
are concluded by the State of Finland with the largest urban regions. The
purpose of the agreements is to facilitate and support the cooperation between
municipalities in urban regions and between municipalities and the State in
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guidance related to the urban structure and coordination of land use, housing
and transport. Although these agreements were originally made to solve other
societal issues, they are also an essential tool covering the climate impacts of
urban regional development.

Of the national networks, Hinku (Towards Carbon Neutral Municipalities) and
Energy Efficiency Agreements represent older and larger networks, while the
Climate Leadership Coalition (CLC) is a more recent and business-orientated
network. The Hinku network brings together municipalities, businesses, and
experts to create and carry out solutions to reduce greenhouse gas emissions. The
Hinku criteria refer to the measures and policies municipalities have adopted

to combat climate change. The municipalities in the network are committed to
an 80 per cent reduction in greenhouse gas emissions from 2007 levels by 2030.
There are 86 municipality members in the network, with a total of 2,265,000
inhabitants (42 per cent of the Finnish population).

Finland is committed to strict targets to improve energy efficiency. Energy
Efficiency Agreements, chosen in cooperation by the Government and
industrial/municipal associations, are a tool for fulfilling the EU energy
efficiency obligations set for Finland, without resorting to legislation or other
coercive measures. More than 120 municipalities and joint municipal authorities
are committed to the energy efficiency targets set in the agreements. The parties
to the agreements report annually on the energy efficiency measures they have
taken and other activities aimed at improving energy efficiency.

The Climate Leadership Coalition is the largest non-profit climate business
network in Europe. Six cities and several municipality-owned companies have
joined the network.

Local Governments for Sustainability, the Covenant of Mayors, and Eurocities
are international networks in which there are several municipality members
from Finland. The larger cities are also active in other international urban
climate networks, based on their own international strategies.

Finnish Sustainable Communities (FISU) aims for carbon neutrality, zero waste,
and globally sustainable consumption. Integrating climate and other relevant
goals at the municipal level brings synergies to local actors and businesses. The
development of new types of cooperation is central in FISU actions.

At the regional level, the most important organisations for promoting climate
work are the 18 Regional Councils (RCs) and 15 Centres for Economic
Development, Transport, and the Environment (ELY Centres). The Regional
Councils are responsible for compiling a Regional Land-Use Plan, which
defines the principles of urban structure and the use of areas needed for specific
purposes. All Regional Councils have included climate and energy issues

in their strategies — either as separate climate strategy documents (climate
roadmaps) or as a theme in comprehensive regional strategies.
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The ELY Centres are responsible for the regional implementation and
development tasks of national climate policy, for example, the four climate
change policy plans. In recent years, ELY Centres have put more emphasis on
climate change and circular economy issues. The first version of a roadmap to
reduce ELY Centres’ carbon footprint and to maximise their carbon handprint,
i.e. their positive impact on regional stakeholders” mitigation measures for

climate change, was published in 2021.

4.3 Strategies and plans

4.3.1 National energy and climate strategies

The Government Programme of Prime Minister Marin sets ambitious energy
and climate targets, of which the most ambitious is Finland’s national objective
to be a carbon neutral society by 2035. National and EU-level legislation sets
other energy and climate targets and commitments for 2030 and 2050 as well.
In addition to the EU, certain international goals come from the UNFCCC,
Paris Agreement and Kyoto Protocol , for example. The Government regularly
prepares strategies and plans for achieving these energy and climate targets.

In 2020, Finland submitted its Long-Term Strategy to the EU and UN in
accordance with the Implementing Regulation Act 2018/1999. The strategy

includes Finland’s latest national target, which is to achieve carbon neutrality
by 2035. It is discussed further in Section 4.3.2.

Finland has prepared six national strategies on energy and climate policy,
which were completed and submitted to Parliament as a Government Reports
in 2001, 2005, 2008, 2013, 2016 and 2022, respectively. The focus of the 2008
and 2013 strategies was on policy measures for achieving the 2020 energy and
climate targets. The 2016 strategy — National Energy and Climate Strategy for
2030 - outlined the actions enabling Finland to attain the targets specified in
the Government Programme of former Prime Minister Sipild (May 2015) and
in the EU for 2030, and to systematically set the course for achieving an 80 to
95 per cent reduction in greenhouse gas emissions by 2050.

The latest strategy, called “Carbon Neutral Finland 2035 — National Climate
and Energy Strategy’, sets out the key starting points and objectives of the
Government Programme goals, including the EU 2030 targets and national
carbon neutrality target by 2035. It then assesses the adequacy of current
measures for meeting the targets (the base scenario) and additional measures by
which its targets can be attained (the policy scenario). The strategy also refers

to the latest Medium-Term Climate Change Policy Plan, which specifies the

key measures for achieving the binding emissions reduction targets in the effort
sharing sector by 2030, and to the Climate Change Plan for the Land-Use Sector.
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With minor exceptions, Finland is phasing out the use of coal in the energy
sector. The share of transport biofuels will be increased to 34 per cent (of

the fuel energy content), and an obligation to blend light fuel oil used in
machinery and heating with 30 per cent of bioliquids will be introduced.
Finland will continue to subsidise electric and gas vehicles and promote the
use of biogas in transport. The minimum aim in the strategy was to have
750,000 electric and 130,000 gas-powered vehicles on the roads in 2030. The
electricity market will be developed at the regional and European levels. The
flexibility of electricity demand and supply and in general, system-level energy
efficiency, will be improved. A continuously strong focus will be kept on the
national Energy aid scheme, which funds energy projects based on new energy
technologies.

With the additional measures outlined in the strategy, the share of renewable
energy in primary consumption is expected to increase to approximately 50 per
cent, and the self-sufficiency in energy to more than 50 per cent by 2030. Most
of this is attributed to biomass and wind power, including offshore wind. The
national carbon neutrality target by 2035 appears possible to achieve, but much
depends on individual companies’ timing in investing in reducing process-
related emissions, as well as the kind of carbon sink levels the LULUCF

sector will be able to sustain. Due to the high carbon prices in the EU’s

ETS, the target of halving the use of energy peat set out in the Government
Programme by 2030 will be achieved well in advance. The greatest non-ET'S
sector reductions in emissions will be achieved in the transport sector, which

is also the foundation of the latest Medium-Term Climate Change Policy Plan
prepared in 2022.

The relevant ministries are responsible for implementing the measures set out
in the National Climate and Energy Strategy and for their monitoring and
evaluation. In some cases, this responsibility has been delegated to specialised
government entities such as Motiva Oy, an entirely state-owned sustainable
development company in Finland that promotes the efficient and sustainable
use of energy and materials.

An example of sectoral climate policy progress reports are the summaries on

the impact of energy efficiency agreements published on the internet! by
Motiva Oy.

As a member of the European Union, Finland has reporting obligations to the
EU concerning policies and measures and projections. The requirements are
set by the EU Monitoring Mechanism Regulation!¢. The biennial report on
policies and measures and projections has been compiled in cooperation with
the Ministry of Economic Affairs and Employment (responsible for the overall

15 https://energiatehokkuussopimukset2017-2025.fi/tulokset/sopimusten-tulokset-
yvhteensa/ (Energy Efficiency Agreements 2017 to 2025, Results; platform only in
Finnish)

16 2013/525/EU
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coordination), the Ministry of the Environment, the Ministry of Transport
and Communications, the Ministry of Agriculture and Forestry, the Ministry
of Finance, Statistics Finland, the Finnish Environment Institute (SYKE), state

owned sustainable development company Motiva Oy, and Natural Resources
Institute Finland (Luke).

In the Government’s annual report to Parliament, mitigation measures and
emissions development are evaluated at a general level. Other energy and
climate reporting activities include an annual report to Parliament on the
implementation of the Medium-Term Climate Policy Plan and reporting once

per government term on the national adaptation plan constructed based on the
Finnish Climate Change Act.l”

4.3.2 Long-Term Strategy (LTS)

In 2020, Finland submitted its Long-Term Strategy (LTS) to the UN and EU.
It replaces the former Energy and Climate Roadmap 2050, published in 2014.
The preparation of an LTS is stipulated in Article 4, Paragraph 19 of the Paris
Agreement under the UNFCCC and in Regulation (EU) 2018/1999 of the
European Parliament and of the Council on the Governance of the Energy
Union and Climate Action, also known as the “Governance Regulation”. It was
the first strategy to take Finland’s carbon neutrality target into account before
the latest National Climate and Energy Strategy in 2022.

Finland’s Long-Term Strategy lays out scenarios and impact assessments
concerning the national carbon neutrality target set for 2035 and
developments in greenhouse gas emissions and removals by 2050. The strategy
explores the following three scenarios. Alongside the reference scenario
depicting the development achievable with current policy measures at that
time, known as the “With Existing Measures” (WEM) scenario, the strategy
presents two alternative low-emission scenarios, known as the “Continuous
Growth” and “Savings” scenarios. The Continuous Growth and Savings
scenarios describe alternative pathways for achieving the emissions reduction
target at that time set by Finland (or by the European Union, if stricter)

for 2050. The Long-Term Strategy does not consider the transition to a
low-emission society from the perspective of regional or social justice; instead,
its underlying calculations are based on the premise that emissions reduction
costs will be minimised across the country. Nor does the Long-Term Strategy
identify the sectors to which emissions reductions should be allocated; nor

do the impact assessments derived from the scenarios include any quantitative
analysis of the concrete measures or political decisions that would be required
to achieve the carbon neutrality target or the 2050 targets considered here.

17 609/2015
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With existing measures (WEM), carbon neutrality will not be achieved until
2050 — and even then, only with land-use net sinks at about 30 Mt CO, eq. per
year. Conversely, the Continuous Growth and Savings scenarios will achieve
carbon neutrality in 2035, but this will require substantial emissions reductions
over the 2030 to 2035 period, while also keeping the size of forest carbon

sinks at a reasonable level. The measures decided by the Government and their
impact on emissions are described in the latest National Climate and Energy
Strategy, prepared in 2022.

Going forward, Finland will prepare a new complementary national Long-
Term Strategy in accordance with the requirements set out in the Climate
Change Act. The new strategy will be submitted to Parliament by the end of
2025 at the latest.

4.3.3 Medium-Term Climate Change Policy Plan

The Climate Change Act contains a provision on a climate change policy
planning system that includes a Medium-Term Climate Change Policy Plan
adopted by the Government once every government term. The Medium-

Term Climate Change Policy Plan will include an action plan that contains
measures for the reduction of anthropogenic greenhouse gas emissions and

the mitigation of climate change in the effort sharing sector (sectors outside
emissions trading) and projections of greenhouse gas emissions and the effects
of policy measures on the emissions. The preparation of the Plan is coordinated
by the Ministry of the Environment, and all the relevant ministries are involved
in the work. The Annual Climate report, which is submitted to Parliament
every year, contains information on the implementation of the policy measures
contained in the Medium-Term Climate Change Policy Plan.

The second Medium-Term Climate Change Policy Plan was finalised during
2022. Alongside the National Climate and Energy Strategy and the Climate
Plan for the Land-Use Sector, this plan implements the climate policy
objectives of the Government Programme. It specifies and complements the
emissions reduction measures outlined in the National Climate and Energy
Strategy and the Climate Plan for the Land-Use Sector. It also examines
links between different sectors and crosscutting themes such as the role of
consumption and regional climate action. The plan takes the energy policy
measures included in the strategy and the measures included in the Climate
Plan for the Land-Use Sector into account, because they will have an impact on
the development of the total emissions.

The Medium-Term Climate Policy plan was updated to meet the increasingly
stringent EU obligations for 2030 and the Government’s target to achieve
carbon neutrality by 2035. The plan sets a target for reducing greenhouse gas
(GHG) emissions 50 per cent in the effort sharing sector by 2030 compared
to the 2005 level. It also determines the measures for achieving the target.
The target is based on the European Union’s (EU) 2030 target of reducing
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emissions by at least 55 per cent compared with 1990 levels and is in line with
Finland’s long-term climate goal. As the existing measures are insufficient to
achieve the 2030 EU target and the national target to be climate neutral by
2035, the plan identifies a range of additional measures. The greatest emissions
reduction potential is identified in the transport sector. The plan also includes
measures to reduce emissions in the agriculture, waste, and machinery sectors,
as well as emissions from building-specific heating and F gas emissions.

A wide range of citizens and stakeholder groups was heard during the
preparation of the Medium-Term Climate Change Policy Plan. The plan
is based on the principle that carbon neutrality should be achieved as cost-
effectively and fairly as possible.

4.3.4 Climate Plan for the Land Use Sector

The Climate Plan for the Land Use Sector (LULUCF) was prepared from
2021 to 2022 for the first time, and it will be one of the key elements of the
planning system under the revised Climate Change Act. In line with the UN
Framework Convention on Climate Change and the Paris Climate Change

Agreement, the land use sector comprises land use, land-use change, and
forestry (LULUCEF).

The preparation of the Plan was coordinated by a working group, which
included members from the Ministry of Agriculture and Forestry and other
relevant ministries, as well as two experts from the Finnish Climate Change
Panel. The key principle in the preparation was to reach the climate targets

as cost-effectively, fairly and justly as possible. The Plan was preceded by an
analysis of the most effective climate measures in the LULUCEF sector and
complemented by an environmental impact assessment, as well as an analysis
of the cost-effectiveness of the proposed measures. The Plan was prepared in a
participatory manner.

The purpose of the Plan is to promote the reduction of emissions from land
use, forestry, and agriculture, the strengthening of carbon sequestration and
carbon storage, and adaptation to climate change in accordance with the
Sustainable Development Goals. The annual net impact, i.e. decrease in the
emissions and increase in the removals, for which the additional climate
measures in the land-use sector aim is at least three million tonnes of carbon

dioxide equivalent by 2035.

Some measures were implemented already during the preparation of the Plan.
Such measures include new ownership policy guidelines for the State Forest
Enterprise Metsihallitus for 2020 to 2024, the act on fixed-term support for
afforestation, and the act on fixed-term support for fertilisation of forests with
wood ash. The Plan also includes measures targeting land-use changes, carbon
dioxide emissions from agricultural land, the management of peatland forests,
the promotion of carbon markets, as well as long-lived wood products and

4 Policies and measures

117



construction, and several crosscutting measures. The annual climate change
report will contain information on the implementation of the policy measures
included in the Climate Plan for the Land Use Sector. Links to the Medium-
Term Climate Change Policy Plan and Climate and Energy Strategy were
considered in the preparation process.

4.3.5 National forest legislation and programmes

The sustainable management of forests in Finland is based on legislation, high-
level scientific knowledge, and good practices. Maintaining the forest carbon
sink is part of sustainable forest management, and it has also been required

as a means of conforming to the forest management reference level (-19.300
million tonnes CO,18) set for Finland for the second commitment period of
the Kyoto Protocol (2013 to 2020).

The means for steering the use of forests include legislation, Finland’s National
Forest Strategy 2025, financing, and public forestry extension organisations.

Forest legislation is the most important forest policy means for ensuring
sustainable forestry. The key acts include the Forest Act!? and the Act on the
Financing of Sustainable Forestry.?0 There is also legislation dealing with the
prevention of forest damage and the trade in forest reproductive material, timber
measurement, jointly owned forests, and organisations in the forestry sector.
Forest legislation ensured that the implementation of the KP LULUCEF activities,
Le. Activities under 3.3 and 3.4 of the Kyoto Protocol were carried out taking
into account sustainable use of natural resources and conservation of biodiversity.

The Forest Act sets requirements for the regeneration and conservation of
certain key habitats. For example, a new seedling stand must be established
within three years of the end of felling. The Forest Act is complemented by
guidelines for good forest management and silviculture, which have been
compiled and promoted by public forestry extension organisations. The
current law allows for more diversified management methods such as uneven
aged forest management. The amendments to the Forest Act increase the
freedom of choice of forest owners in managing their own forest property,
improve the profitability of forestry and operating conditions of the wood-
producing industry, and enhance the biodiversity of forests. Best Practices
for Sustainable Forest Management in Finland are continuously updated to
reflect the most recent scientific knowledge and societal values among the
key stakeholders, as well as the main targets set by the Finnish national forest
policy. The development work related to the Best Practices is financed by the
Ministry of Agriculture and Forestry.

18 Assuming instantancous oxidation for harvest wood products (HWP), (-20.466 million
tonnes CO, eq. with HWP)

19 1093/1996 (amendment 1085/2013)
20 1093/1996
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The Government Report on Forest Policy 2050 was adopted in 2014. The
report, conducted in a participatory process, outlines a long-term vision and
strategic objectives for the management of forests and the main measures to be
taken. The vision of the Forest Policy Report, sustainable forest management
is a source of growing welfare, stresses the diverse welfare derived from forests
and the fact that the utilisation of forests offers solutions to the needs of
people and society. Based on the Forest Policy 2050, Finland’s National Forest
Strategy (NFS)21, adopted by the Government in February 2015, specifies

the main objectives for forest-based business and activities until 2025. The
strategy was updated in 2019. The NES describes the priorities and measures
for the development of forest-based business and activities, on which the
Government will focus as part of the sector’s joint development. The strategy is
implemented by key projects.

According to the current NFES, climate change mitigation and adaptation in
forests are supported by diversifying forest management. Forests’ viability, i.c.
growth and health, will be maintained and enhanced through active forest
management. Over the long term, forest management techniques must be
adapted to new and changing climate conditions. Timely and careful forest
management can improve both the growth and the resistance of growing stock
to damage, while safeguarding the ecosystem services of forests and producing
wood biomass sustainably. Forests as a carbon sink have been a significant
means of mitigating climate change in Finland.

The NFS is implemented and monitored in broad cooperation between the
public and private sectors. The Ministry of Agriculture and Forestry, supported
by the Forest Council, has the overall responsibility for the programme. The
Forest Council includes representatives from different administrative sectors,
industries, NGOs and specialist organisations. For more information on the
national measures of the NFP, see Section 4.5.6. A new NFS until 2035 is
currently being prepared (2022).

The NES is also implemented through Regional Forest Programmes, in
which the special regional characteristics are duly considered. Regarding

the contribution to the conservation of biodiversity and the sustainable use
of natural resources, the most important instruments are section 10 of the
Forest Act (on preserving diversity and habitats of special importance) and
the policies and measures outlined in the Forest Biodiversity Programme for
Southern Finland 2014 to 2025 (the METSO programme), both of which
are integral parts of the range of instruments in the NES to protect biological
diversity in the future.

The METSO programme is being implemented jointly by the Ministry of
Agriculture and Forestry and the Ministry of the Environment. In southern
Finland, 72 per cent of forests are owned by private persons. METSO therefore

21  https://mmm.fi/en/nfs

4 Policies and measures

119


https://mmm.fi/en/nfs

targets both private and state-owned land. It covers the protection and
commercial use of forests. The aim is to halt the decline in forest habitats and
species and to establish stable and favourable conditions for forest biodiversity
in southern Finland. The programme is being implemented through
ecologically efficient, voluntary, and cost-effective means. A Government
decision-in-principle in 2014 sets goals for METSO up to 2025 that 96,000
ha of private and 13,000 ha of state-owned forests will be conserved on a
permanent or temporary basis.

The new Helmi programme is a key tool for halting biodiversity loss in
Finland. The programme (2021 to 2030) is a joint programme of the
Ministry of the Environment and the Ministry of Agriculture and Forestry,
implemented together by the administrative branches of both ministries and
municipal authorities and organisations. Actions are carried out both within
and outside protected areas. The participation of landowners is voluntary.

The main objective of the Helmi programme is to take a comprehensive view of
habitats and the necessary restoration and management measures in collaboration
between numerous stakeholders. Restoration and management actions are
targeted to specific areas and sites to maximise their impact on biodiversity.

The SOTKA project of the Ministry of Agriculture and Forestry is part of
the Helmi programme. In this project, wetlands and a network of resting areas
for birds are built, mires and catchments are restored and small carnivores are
captured.

Forestry is a significant income source for forest owners and provides benefits
to society at large. Private and public organisations provide guidance and
consultation services for forest owners. The provision of these services was
liberalised by a new act on forest management associations.?? A private forest
owner may also receive assistance from the State for forest management

and improvement work. State support encourages measures with long-term
impacts. Managing the natural environment in commercial forests is promoted
through environmental support and forest nature management projects.
Public funding for forestry is based on the Act on the Financing of Sustainable
Forestry, which is under preparation in 2022.

Environmental aid may be granted for additional costs and income losses due to
preservation and management of habitats of special value. The State also finances
forest nature management projects. The works to be designed and implemented
in these projects are defined in further detail in the legislation. Most of the

forest nature management projects have special regional importance. Apart

from habitats of special value, the projects may concern landscape management,
preventing damage to waters and the restoration of ditched areas.

22 534/1998 (amendment 1090/2013)
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4.4  Sectoral policies and measures

Finnish regulations, policies, and measures are strongly affected by the
increasing number of directives, policies, and measures of the EU. This chapter
provides information on the most important policies and measures related to
the reduction of greenhouse gas emissions. Both existing and planned measures
are described. The mitigation actions, or policies and measures, and their
effects are listed in tables and described by sector in the sections below.

Finland is continuously seeking to improve the information on the effects of
the policies and measures. For some individual measures, Finland has been
unable to provide quantified estimates on the impacts on national emissions.
These are marked with the notation key NE (not estimated) in the tables.
There are various reasons why it has not been possible to make the estimates,
such as complexity and the overlaps with other measures (for example, the EU
ETS), the measure is still in a phase in which the details of implementation
are unknown (for example, recently decided agricultural measures such as new
types of animal feed additives), the policy or measure targets heterogenous
groups and/or many actors with different responses to the measure, or where
the quantification of the effect is difficult (for example, measures providing
customer advice and information).

For measures targeting F gas emissions and measures in the waste sector, only
aggregate impact estimates of the policies and measures are provided to avoid
double counting and improve the accuracy of the estimated effects. The impacts
of the individual measures are marked with IE (included elsewhere) in the
tables, and the aggregated estimates are provided for the group of measures.

The notation Partly IE, partly included elsewhere, is used in the table for the
emissions reduction impact of the investment aid for new energy technology
demonstration projects. The emissions reduction has not been estimated
separately for this measure because of the wide scope of possible projects being
supported. The impact may partly be covered already by the emissions reduction
figures for the measures promoting different renewable energy sources. In other
words, the total emissions reduction figures for the renewable energy measures
are presumably somewhat on the low side. The energy sector policies and
measures are split under three headings. Section 4.4.1 presents all energy sector
policies and measures except those targeted for the transport sector. Policies and
measures in the transport sector are presented in Sections 4.4.2 and 4.4.3.

4.41 Energy

Policies and measures in the WM projection

The general objective of Finland’s energy policy is to ensure energy security

at competitive prices and with the lowest possible environmental impacts.
Finland uses a diversity of energy sources, over about half of which are domestic
(energy for transport not included) are domestic. The major trend is a steady
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increase both absolutely and in relative terms in the use of renewable energy.
Direct governmental intervention to guide the choice of energy sources is rare
in Finland. However, economic instruments, i.e. taxation and subsidies, are

used to improve energy efficiency and to promote the development of domestic
energy sources such as biomass, hydro, wind and solar. For example, new wind
power projects established between 2011 and 2017 were eligible for substantial
subsidies in the form of a feed-in tarift scheme. The feed-in tariff was also granted
to biomass power plants until the end of 2018. The energy market has since
undergone and is still undergoing a significant turning point in the investment
climate. It is illustrated by the ongoing boom in new wind power projects,
which have become profitable without subsidies, for example. In addition to
actual energy taxes, the EU ETS acts as sort of tax on carbon, which directs new
investments from fossil fuels to renewables. In addition, the recent disruption to
the global energy market because of Russia’s attack on Ukraine has accelerated
the structural changes even further by underlining the need to advance domestic
renewables from the energy security angle.

Within the energy sector, the greenhouse gas emissions are in practice reduced
in two ways: 1) the primary energy consumption is reduced by cutting the end
use or increasing the conversion efficiency in power plants; 2) fuels and energy
use are shifted to alternatives with less emissions.

The main policies and measures in the energy sector include the EU Emissions
Trading System (ETS), energy taxation, an increase in renewable energy, and
energy conservation measures.

The EU ETS is an EU-wide domestic measure, while renewable energy sources
are supported by various national measures: investment grants, taxation,
support for research, and feed-in tariffs.

Energy conservation measures concern all sectors of the economy. Energy
efficiency agreements, i.c. a voluntary scheme for industry and municipalities,
have proved to be efficient measures along with taxes and subsidies. For both new
and existing buildings, building codes and regulations play an important role.

The policies and measures included in the WM projection for the energy
sector are described in more detail in the following sections. A list summarising
the policies and measures can be found in Table 4.2 at the end of this section.
Energy taxation and tax-related subsidies are described in Section 4.6.

EU Emissions Trading System

The EU ETS continues to be the most important economic policy instrument
for reducing emissions in the EU and its Member States. Under the system,
emissions are limited under an EU-wide cap, which sets the maximum amount
of emissions for all operators obliged to participate in the system. The system
is divided into periods for which the emissions reduction target and the
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representative cap are established. In addition, more significant rule changes
usually take place as the period changes.

The EU ET covers operators from power production, industrial processes and
aviation limited to flights within the European Economic Area. The covered
GHG gases are CO, and N, O and PFC emissions from certain industries.
EU-wide, some 11,000 installations are included in the EU ETS. There are around
600 installations in Finland. Greenhouse gas emissions in the emission trading
sector and non-emissions trading sector from 2005 to 2020 are presented in Table
4.3. At the beginning 0f 2020, the EU ET'S was linked with Switzerland’s trading

system, allowing more flexibility for the use of allowances for both entities.

Over the years, the EU ETS has undergone several reforms such as increasingly
harmonised EU-wide rules, more ambitious emissions reduction targets, the
introduction of auctioning as the primary allocation method and the establish-
ment of the Market Stability Reserve (MSR), a mechanism that aims to decrease
the allowance surplus in the market and improve its resilience to future recessions.

During Phase 4, that is, between 2021 and 2030, 57 per cent of allowances
are allocated in auctions, and the rest is granted directly to installations as free
allocation. Most Member States, including Finland, auction their allowance
shares in joint auctions organised by the European Energy Exchange (EEX).
During Phase 3, Finland’s appointed auctioneer, the Energy Authority,
accounted for a total EUR 1.10 billion of state revenues.

All sectors except electricity production and carbon capture, transport, and
storage are entitled to apply for a free allocation. Sectors considered to have
the highest risk of carbon leakage will continue to receive full free allocation;
sectors considered to be less exposed will get 30 per cent compared to their
demand. Starting from 2026, free allocation will gradually phase out for the
less exposed sectors, with the exception of district heating.

Table 4.3

Greenhouse gas emissions in the emissions trading (ETS) sector and non-
emissions trading sector in Finland in 2005, 2010, 2015 and 2020, million
tonnes CO, eq. The ETS figures do not include emissions from aviation

in the EU ETS as their coverage under the trading scheme is not consistent
with the national greenhouse gas inventory. Total national emissions

(also for 1990) and emissions from domestic aviation are also presented.

1990 2005 2010 2015 2020

ETS NA 355 419 25.4 19.6
of which energy NA 29.6 37.3 21.5 16.0
industrial processes NA 3.6 4.0 3.9 3.6
Non-ETS NA 34.2 33.6 29.5 28.1
CO, emissions from domestic civil aviation NA 0.3 0.2 0.2 0.1
Total 71.18 69.9 75.7 55.0 47.8

Due to a statistical difference between the greenhouse gas inventory and ETS data, sums may not add up.

Scope of the EU ETS in trading period from 2013 to 2020 has been used.
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Phasing out coal

Finland has committed to phasing out coal in the energy sector. Achieving
this consists of two measures. One is setting a deadline by law; the other is an
additional financial incentive to act sooner.

In 2019, a law?3 prohibiting the use of coal in energy production from 1 May
2029 was enforced. The prohibition was estimated to reduce the use of coal by
3 TWh compared to market-based development without the prohibition. The
avoided greenhouse gas emissions equal 0.65 million tonnes of CO,.

To accelerate the coal phase-out, a special incentive package to support
replacement investments was introduced for those energy utilities that
undertook to give up the use of coal already by 2025.

The Ministry of Economic Affairs and Employment opened a call for investment
subsidies for projects accelerating the replacement of coal in energy production.
In 2021, almost EUR 23 million was granted for this purpose in the energy aid
mandate. The aid was granted to projects that promoted the production or use
of renewable energy, energy saving, or more efficient generation and energy use.
Priority was given to projects based on technologies other than combustion.
After these projects, the priority was given to combined heat and power produc-
tion before separate heat production. Novelty and the demonstration potential
of the projects was also considered. After these projects are completed by 2025 at
the latest, coal will be virtually out of the fuel mix used in the energy sector.

Low-carbon roadmaps

The Government Programmes in 2019 stated that sector-specific roadmaps
to low-carbon operation would be prepared in cooperation with the sector’s
operators. The roadmaps would be used to achieve a better understanding of
the scale, costs, and conditions of the required actions.

A total of 13 sectors produced their own roadmaps in coordinated
cooperation. In addition, a bioenergy association and one labour organisation
published reports to contribute to the roadmap project. A separate Roadmap
to fossil-free transport (Government resolution on reducing domestic
transport’s greenhouse gas emissions) was also adopted in 2021. The sectors
had independent control over the drafting and execution of their roadmaps

— the guiding principle was that each sector would know their field best. The
sectors coordinated the production of their roadmaps internally by engaging
with and listening to different operators at different stages of the process.
The Ministry of Economic Affairs and Employment (MEAE) supported the
sectors by coordinating the whole project, offering guidance, and arranging
regular discussions and seminars. Low-carbon road maps were prepared for the
following sectors 24:

23 416/2019
24 https://www.climate2035.fi/
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— Agriculture

— Bioenergy industry

— Chemical industry

— Commerce

- Construction industry
— Energy industry

- Food industry

— Forest industry

— Hospitality industry
— Logistics and transport
— Property owners and developers
— Sawmill industry

— Technology industries
— Textile industry

Typically, the roadmaps include a comprehensive description of the current
situation, an evaluation of emissions-reducing technologies and measures, and
an estimate of achievable reductions. The roadmaps also use scenario analysis
to assess coming developments. The scenarios include a baseline that depicts
the effect of the current operating environment, and nearly all roadmaps
included one or two low-carbon scenarios.

The roadmaps show potential for significant reductions in greenhouse gas
emissions in different sectors. The results of the roadmap project was used

as a direct input for the Government’s climate and energy strategy, and many
other government plans related to energy and climate policy. Furthermore, the
roadmaps will guide the allocation of RDI investments and the preparation of
sustainable recovery measures, for example.

Energy efficiency

The Finnish economy is relatively energy-intensive, which has led to fairly
high per capita greenhouse gas emissions. Because energy use is efficient by
international comparison, the high energy and emission intensities can be
explained by structural factors. While the industrial structure has shifted
significantly towards less energy-intensive industries, Finland still has a
considerable number of energy-intensive industries.

The need for space heating, measured by average heating degree-days, is one of
the largest in the world. In addition, the relatively large geographical area and
sparse population are factors that increase energy intensity.

In terms of the efficiency of energy use and improving energy efficiency,
Finland is among the world’s leading countries. Co-generation of heat and
electricity, the broad coverage of energy efficiency agreements (the first
agreement period started as early as 1997; the third period, 2017 to 2025, is
currently ongoing), and the systematic implementation of energy audits since
the early 1990s are good examples of successful energy efficiency measures.

4 Policies and measures

125



Energy Efficiency Directive

The Energy Efficiency Directive (EED) made the energy audits mandatory
for big companies. The EED has been implemented mainly with the Energy
Efficiency Law?5, which entered into force at the beginning of 2015.

Energy efficiency requirements have designated the public sector as liable
for setting an example in promoting energy conservation. Other focus areas
include the development of an energy-efficient community structure and
enhancement of energy efficiency in the heating of buildings, transport,
household use, agriculture, industry, and the entire service sector.

Most energy saving measures are based on EU-wide solutions, regulations
and recommendations. Public financing is targeted, inter alia, at research
and development activities and enhancement of competences, whereas fiscal
solutions emphasise motivating energy savings while ensuring the conditions
needed for industry to operate solidly.

For the subsidised energy audit programme, the realised annual CO, emissions
reductions will decline and are estimated to be 0.37 million tonnes in 2020,
and 0.11 million tonnes in 2040. In contrast, the realised annual CO,
emissions reduction related to mandatory energy audits is estimated to grow,
being 0.13 million tonnes in 2020 and 0.31 million tonnes in 2040. The great
majority of the emissions reductions, around 95 per cent, is estimated to occur
in the emissions trading sector due to the large share of electricity and district
heat in energy savings. Buildings’ energy use is discussed below in a separate
section of this chapter.

Voluntary energy efficiency agreements

Voluntary Energy Efficiency Agreements2® have played a central role since

1997 in increasing energy efficiency. They cover industries, private services,

and municipalities, as well as oil-heated buildings. The agreements have played

a central role in implementing both national energy policy and EU energy
efficiency obligations. The role of the agreements has been especially important
in achieving Finland’s binding cumulative energy savings target under EED
Article 7. Based on the implemented measures during the agreement period from
2008 to 2016, and the current period from 2017 to 2025, the annual savings in
force were about 18.3 TWh of heat and fuels and 5 TWh of electricity at the end
0f 2020. Energy Efficiency Agreements accounted for well over 60 per cent of the
total energy consumption in Finland at the end of 2020.

The estimated annual CO, emissions reductions achieved by the Energy
Efficiency Agreement was 7.7 million tonnes in 2020, and will be 9.7 million

25 1429/2014

26 https://energiatchokkuussopimukset2017-2025.fi/ (in Finnish, limited content in English
hetps://energiatchokkuussopimukset2017-2025.fi/en/)
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tonnes in 2040. Most of the emissions reductions, well over 95 per cent, are
expected to occur in the emissions trading sector due to the large share of
electricity and district heat in energy savings. The estimates reported for 2040

are calculated based on assumptions that the current agreement period from
2017 to 2025 will continue.

In 2010, an energy efficiency agreement was also launched in the agricultural
sector under the Ministry of Agriculture and Forestry. The agreement was
updated in 2016 for the period from 2016 to 2020. The new agreement is
under preparation. Farms have received energy advice in the scope of the Farm
Energy Programme (2010 to 2015) the Rural Development Programme for
Mainland Finland (2016 to 2020) and the CAP transitional period 2021 to
2022. Energy efficiency measures in agriculture are farm re-parcelling to reduce
energy use in farm traffic, support fresh grain silos where energy use for drying
of grain is avoided, and support investments in unheated cattle buildings and
heat recovery from pig slurry. The new CAP 2023 to 2027 period begins in

January 2023, and it includes similar measures.

Renewable energy

Finland is one of the world’s leading users of renewable energy sources,
especially bioenergy. The most important renewable energy sources include
bioenergy — wood and wood-based fuels and especially the side-products of
the forest industry — hydropower, wind power, ground and air heat pump
energy and solar energy. In 2020, the share of renewable energy sources
increased to 44.6 per cent of final energy consumption. Finland has agreed
statistical transfers with Belgium in the fulfilment of binding renewable energy
obligations set by the European Union. When considering statistical transfers,
the share of renewable energy sources in 2020 was 43.9 per cent of final energy
consumption.

The most significant part of the renewable energy supply comes from biomass,
especially from the side-products of the forest industry. The remainder of

the renewable energy supply comes mainly from hydro and wind power.

The capacity of onshore wind power is rapidly becoming market based. The
National Energy and Climate Strategy outlines actions to further increase the
share of renewable energy. In 2019, Finland set a target in its integrated energy
and climate plan of a 51 per cent share for Finland’s national contribution to
the European Union’s jointtarget of 32 per cent of renewable energy in 2030.

Policies and measures in the field of renewable energy focus on promoting
renewable energy production from various renewable sources (e.g. wind
power, wood chips, solar, biogas and bioliquids) and promoting new energy
technology demonstration projects.

The sliding feed-in premium system for the production of electricity from
renewable energy sources came into force in 2011. The aid scheme concerns
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government support for electricity production based on wind power, biogas
and wood fuels. There is also a separate premium scheme for forest chip use
(instead of peat and coal) for CHP plants. The sliding feed-in premium is paid
for a maximum of 12 years per plant. The premium level slides according to
the average electricity price, average emission allowance price, or tax on peat,
depending on the energy source. New plants are not approved for the sliding
feed-in premium system. The feed-in premium scheme has been replaced by a
technology neutral premium scheme based on tendering.

In May 2018, Parliament approved the amendment to the act on production
aid for electricity from renewable energy sources, which laid down provisions
for the new premium system. The premium system is based on a competitive
tendering process, and investments in different renewable energy sources
compete so that the cost-effectiveness target is considered. Tendering for 1.4
TWh of renewable electricity took place in December 2018. No new tendering
rounds are being planned.

In total, 2,300 MVA of wind power has been approved for the feed-in tariff
scheme, and all the winners of the 1.4 TWh tendering process for the premium
system were wind power projects. Currently, onshore wind farms have already
been developed and built without public financing. Finland’s first offshore
wind farm was granted a EUR 20 million investment subsidy in 2014 and was
completed in 2017. It has a total capacity of 42 MW. This project aimed to
demonstrate wind power technologies suitable for winter conditions in the
Baltic Sea area where ice conditions can be very challenging due to pack ice. In

2020, the wind power production in Finland was 7.9 TWh.

The Energy Aid (investment subsidy, annual budget approximately EUR 40
million) is targeted at the commercialisation of new technologies, the non-ETS
sector (including plants producing advanced biofuels for transport), and
non-ETS electricity and heat production (i.e. small-scale production). The aid
can be up to 30 per cent of eligible costs for mature technologies and up to 40 per
cent for new technology projects. However, the realised aid levels are typically
much lower. Moreover, the objective is that the aid for different technologies

will be phased out as the technology develops, the costs are reduced, and the
competitiveness improves. Farms can also apply for investment aid for energy
production plants such as bioenergy boilers or solar PV from another scheme.

The key aim of energy aid is to promote the development of innovative
solutions for replacing the energy system with a low-carbon alternative in the
long term. Energy aid can be granted for investment and investigation projects
that promote:

1) the production or use of renewable energy, which in turn promotes new
technology and its commercial utilisation, involves investments in a
new plant, or is a replacement investment that significantly increases the
production volumes of renewable energy, or that allows the achievement of
another positive energy impact that complies with the goal;
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2) energy savings or increase the efficiency of energy generation or use;
3) otherwise replacing the energy system with a low carbon one.

Energy aid is discretionary, and priority is given to projects involving new
technology.

Since 2019, a separate investment aid budget and call for large-scale energy
technology demonstration projects has also been available. For example,

in 2021, EUR 90 million was granted to large-scale energy technology
demonstration projects. The investment aid is intended for future energy
solutions to meet national and EU targets for 2030. The categories of projects
they support are renewable biofuels for transport, other than combustion-
based heat production and other large-scale demonstration projects involving
new technology. The objective of the scheme is to promote nationally and
internationally replicable solutions based on new energy technologies.

Other measures that have been implemented to promote renewable energy
include an electricity tax exemption for small-scale production, information
measures, and in terms of wind power, the development of land-use planning.

The effect on emissions has been estimated based on the assumption that

wind power reduces the need to produce electricity mainly in condensing
power plants using fossil fuels and peat (for more information on the
IMPAKTT calculation tool used to estimate the emissions reduction impacts
of renewables, see Section 5.8.3). Using a marginal emission coefficient of 600
t CO,/GWHh, the promotion of wind power will reduce the emissions in 2020
by 4.8 million tonnes CO, and in 2030 by 11.1 million tonnes CO, (see Table
4.2). The reduction will occur entirely in the ETS sector. The estimate includes
the impact of all policies and measures promoting wind power (including the
impact of the feed-in tariff).

Increasing the use of forest chips in multi-fuel boilers is the most central and
cost-effective way of increasing the use of renewable energy in the generation
of power and heat. The use of forest chips will replace the use of other fuels
(mainly peat) in heat and power production and heating oil on farms. The

estimated emissions reduction achieved due to the use of forest chips was 5.5
million tonnes CO, in 2020 and will be 8.1 million tonnes CO, in 2030.

Energy taxation provides an incentive for the use of forest chips and forest
industry by-products in CHP production and building-specific heat
production. The objective is that most forest-based energy will continue to

be produced on market terms from the sidestreams of other wood use. Plenty
of wood material is produced in forestry management operations and timber
harvesting that is unsuitable as raw material for wood processing. By means

of various policy measures, this forest biomass will be channelled to replace
fossil fuels in heating, CHP production and transport. The use of wood-based
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fuels will not be promoted by means of an aid scheme if the use of these fuels is
profitable without any aid.

Wind power is promoted by reducing barriers for wind power investment and
enabling new demonstration projects for offshore wind power. The historic use
of and WM projection for renewable energy in Finland is shown in Figure 4.2

and Table 4.4.

Figure 4.2
Historic development and WM projection for renewable energy, TWh
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Table 4.4
Historic development and WM projection for renewable energy, TWh
WM Projection

2010 2015 2020 2025 2030 2035
Black liquor 37.7 39.5 43.9 46.5 48.5 50.5
Wood fuels used in industry and 32.3 36.2 39.1 51.1 52.5 49.8
energy production
Small-scale combustion of wood 19.2 16.2 15.7 14.1 12.1 11.3
Hydropower 12.7 16.6 15.7 14.3 14.4 14.5
Heat pumps 2.9 4.8 6.6 10.3 12.6 14.5
Wind power 0.3 2.3 7.9 20.0 23.2 30.5
Biofuels for transport 1.6 5.8 4.7 11.6 114 8.8
Recovered fuel (bio-fraction) 1.7 3.2 3.8 6.3 55 5.7
Other renewables 15 1.6 2.2 3.2 8.7 9.3
Total 109.9 126.3 139.6 177.4 188.7 195.0

Renewable energy policies and measures for the transport sector are described
in Section 4.5.2.

Energy use in residential and other buildings

Policies and measures for buildings and housing aim to improve energy
efficiency, making energy use in buildings smarter, reducing ETS and non-ETS
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emissions, and increasing the use of renewable energy sources. Policy measures
include standard-setting, economic instruments, the dissemination of
information, and education and research. Measures are targeted both at new
buildings and the existing building stock, including the use and maintenance
of the building stock. In addition to policy measures in the building sector,
energy use is affected by the EU emissions trading system ET'S via changes in
the prices of heat and electricity.

Figure 4.4 shows the predicted development of emissions caused by space
heating, according to which emissions will decrease sharply by 2050. CO,
emissions from the use of energy in buildings are mainly covered by the EU ETS.
District heating is the source of about half of all space heating in Finland. Most
district heating production falls within the sphere of the EU ETS. The total space
heating energy used in residential, commercial and public buildings was 70 TWh
in 2020 (24 per cent of the total end use of energy in Finland). Slightly less than
28 TWh of the space heating belonged to the non-ETS sector in 2020.

Finland has some specific conditions in the heating and cooling of buildings.
The most common heating source in Finland in 2020 was district heating

(40 per cent of heat energy use). The second most common heating source

in Finland in 2020 was electricity (22 per cent). The share of small-scale
combustion of wood in heating energy consumption was 20 per cent. The
number of heat pumps is increasing rapidly, especially in detached housing, and
the share of heat energy use was nine per cent in 2020. The use of natural gas
in building-level heating systems is practically non-existent in Finland, but oil
boilers were still quite popular in 2020 (eight per cent). Demand for cooling
remains low in Finland, but it is expected to increase due to climate change
(Figure 4.3). The Directive on the Energy Performance of Buildings (EPBD)
aims to reduce CO, emissions by improving the energy efficiency of buildings.
The directive was implemented in Finland by a regulation that came into force
at the beginning of 2008. This legislation on the energy efficiency of buildings
includes the following:

— Act on Energy Certification of Buildings

— 'The Ministry of the Environment Decree on Energy Certification of
Buildings

— Act on inspection of air conditioning systems

— Amendments to the Land Use and Building Act, which was expanded to
cover energy efficiency requirements and details on how energy efhciency

should be calculated.

The minimum requirements for thermal insulation and ventilation in new
buildings have been set by the National Building Code since 1976. The energy
efficiency requirements were tightened by 30 per cent compared to earlier
requirements (2003) in December 2008 due to the implementation of the
EPBD. The requirements were further tightened (by 20 per cent) in March
2011 due to the implementation of the Directive on the Energy Performance
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of Buildings (Recast). The building regulation came into force in July 2012,
and it is based on the overall energy consumption, which considers, among
other things, air conditioning, cooling, lighting and heating, washing water,
and heating energy. The regulation favours the utilisation of district heating
and renewable energy in defining the overall energy performance of a
building. Moreover, due to the implementation of the Directive on the Energy
Performance of Buildings, EPBD, the regulation for the energy efficiency of
the existing building stock was given in February 2013, and this Ministry of
the Environment Decree on improving the energy performance of buildings
undergoing renovation or alteration came into force in June 2013. Due to the
implementation of the EPBD, energy regulations were again revised in 2017,
and nearly zero-energy regulations for new buildings were given, and new
regulations entered into force, on 1 January 2018.

The Ministry of the Environment is responsible for legislation and guidelines
for energy performance certificates, energy performance certificate templates,
and other instructions concerning the issuance of certificates. All new
buildings need an energy certificate when applying for the building permit.
For existing buildings, energy performance certificates are needed when

the building (or part of it, for example, an apartment) is sold or rented.

The Housing Finance and Development Centre of Finland (ARA) is the
administrative authority ensuring the quality of certificates and the qualified
experts, and the appropriate preparation and use of the certificates.

The regulation for the energy performance of new buildings entails about 6.2

million tonnes of annual emissions reductions of CO, by 2030. Almost all the
emissions reduction will take place in the EU ETS sector through the reduced
use of electricity and district heat.

Based on the amendment to the decree of the national building code for
sewage and freshwater systems, water measurement instruments became
compulsory in new apartment buildings at the beginning of 2011. The aim
was to reduce the consumption of water and the need to heat it. The water
measurement instruments provide information on the use of water in each
apartment and ensure invoicing is done according to actual water use, which
provides a direct price signal for inhabitants. The requirement was expanded
into the existing building stock in 2013 in the case of pipe and plumbing
system repairs subject to a building permit.

Information provision and the campaigns supported by the Government seek
to influence the behaviour of building users and owners. Currently, activities
exist for giving internet-based informational guidance, e.g. in repair, energy
efficiency, and building maintenance issues.

Finland submitted its Long-Term Renovation Strategy (LTRS) to the EU in
2020. It follows the EPBD 2018/844/EU revision and covers the 2020 existing
building stock. The main goals of the Finnish strategy are to decrease the
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energy use of the existing building stock by 51 per cent by 2050 and the related
CO, emissions by 92 per cent by 2050. The factors affecting the decrease of
energy use and emissions are climate change, removals of buildings from the
building stock, retrofitting and building maintenance, the change of heating
sources in buildings, and decreasing the emission intensity of electricity and
heating production. The improvements of energy performance in renovations
and alterations, the phase-out of oil use in heating and related policies, as well
as retrofitting subsidies are policy measures supporting the Finnish LTRS.

Figure 4.3
Heating and cooling use of buildings by building type, TWh
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Figure 4.4
Heating and cooling energy use CO, emissions (million tonnes CO,)

MtCOs,

W Electricity
m District heating
M House-specific heating

N with fossil fuels
2020 2030 2040 2050

O =4 N W > 00 OO N 0 ©

Source: Finland’s renovation building strategy 2020-2050

Due to the implementation of the Directive on the Energy Performance of
Buildings (Recast), the regulation for the energy efficiency of the existing
building stock was put into effect on 27 February 2013. It is estimated that
the emissions reductions due to improvements in energy performance in
renovations and alterations will be 1.03 million tonnes CO, annually in
2030. Most of the emissions reductions will take place in the EU ETS sector.
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However, there are expected non-ETS emissions reductions from oil fuel boiler
replacements, especially in detached houses.

Energy subsidies for retrofitting started in Finland as a new policy measure in
2020, and the subsidies have been decided until 2023. The subsidies are aimed
at energy efficiency improvements in the housing sector. The estimated annual
impact of the energy subsidies for retrofitting is 0.38 million tonnes of CO,.
The new subsidy is a subsidy for renewing the district heating equipment of
residential buildings to be suitable for low-temperature district heating. The
grant is available in 2022 and 2023. No methods or data to assess the impact of
renewing the district heating equipment.

To reduce greenhouse gas emissions from light fuel oil, an obligation to
blend bioliquids with light fuel oil used for heating buildings was approved
by Parliament in February 2019. According to the Act on the Promotion of
the Use of Biofuel Oil, the proportion of biofuel oil in the light fuel oil used
for heating and machinery must be at least 3 per cent in 2021 and increasing
thereafter by one per cent per year to at least 10 per cent in 2028. However,
it is intended to tighten the obligation to distribute biofuel oil, and the
proposed changes will be presented by the Government in the autumn of
2022. According to the stricter obligation, the share of biofuel oil should
increase annually by 4.6 per cent from 2025 until 2030, from which the share
of biofuel oil in heating should be 30 per cent. The effects of promoting the
use of bioliquids on greenhouse gas emissions in heating buildings have been
calculated in accordance with the stricter obligation — assuming that from

2030, the share of bioliquids in light fuel oil will be 30 per cent.

A commitment to phase out oil heating in the public sector is included in
the Medium-Term Climate Change Policy Plan. Two new policy measures
for phasing out oil heating started in 2020. The first subsidy system is for
phasing out oil heating in detached houses, and the other subsidy system is
for buildings owned by municipalities. The annual impact with the grants
available in the budget is estimated be 0.22 million tonnes of CO,. In 2022,
the phase-out of fossil gas heating was included in the subsidy systems.

Finland has decided to take measures of advice as an alternative to obligatory
inspections of heating and air conditioning systems laid down in articles 14
and 15 of the EPBD. The coordinating advice programme (advice forum) will
cover almost all buildings and gather actors in energy efficiency agreements

in the building sector. The annual impact is estimated to be 0.015 million
tonnes CO,. This measure is not included in the WM projection, as there is no
detailed information on the impact of the measure on the energy balance.

The emission impacts of building-related policy measures have been evaluated
using EKOREM and POLIREM calculation models (see Section 5.8.3) and
information on the emission coefficients for district heating and electricity.
These models calculate heat and energy consumption and the resulting
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greenhouse gas emissions of the building stock. The impacts of policy
measures are evaluated by modifying the energy efficiency of the building
elements (EKOREM) or specific consumptions of energy (POLIREM), or
the distribution of heating systems. The energy savings are converted into
emissions reductions with an average emission coefficient in the case of district
heating (190 kg CO,/MWh) and a mean marginal emission coefficient in the
case of electricity (600 kg CO,/MWh).

Machinery

There are several existing measures for reducing CO, emissions from non-road
mobile machinery. Under Act 418/2019, which entered into force in 2019, the
biofuel distribution obligation for light fuel oil stands at 3 per cent in 2021 and
will rise to 10 per cent by 2028, leading to reduction of CO, emissions from
non-road mobile machinery as well. According to the government proposal,
the distribution obligation of biofuel oil in light fuel oil will be increased to 30
per cent by 2030. It is planned this will enter into force in the autumn of 2022.

The accounting criteria for taxation on heating fuel were revised at the
beginning of 2019 to include fuel life cycle emissions in carbon dioxide
emissions. At the same time, tax on light fuel oil was raised by about 2 per cent.
From the beginning of 2021, tax on light fuel oil was further raised to EUR 2.7
per megawatt-hour, which is an increase of nearly 11 per cent. The tax increases
will affect the price of — and therefore demand for — machinery fuels.

In October 2019, the Ministry of the Environment and the Association

of Finnish Technical Traders signed a Green Deal on non-road mobile
machinery to increase the percentage of low-emission machinery. Through
voluntary commitments made under this agreement, those operating in the
sector will aim to increase the supply of fully electric and other low-emission
non-road mobile machinery and encourage its wider use. In September
2020, the Ministry of the Environment, Senate Properties, and the Cities of
Espoo, Helsinki, Turku, and Vantaa signed a voluntary Green Deal to reduce
emissions on construction sites. As part of the implementation of the voluntary
Green Deals Motiva created in 2021, a training package for non-road
mobile machinery with funding and coordination from the Ministry of the
Environment. The training package is freely available for operators in the
non-road mobile machinery sector.

The conversion of tractors to use biogas is supported as an environmental
investment through agricultural investment subsidies. Subsidies are available
for modifications to enable biogas use and for the equipment involved, but
not for purchasing the tractor itself. Modifications of diesel engines and
accessory purchases to convert tractors and other agricultural machinery to use
biogas are eligible for a subsidy as environmental improvement measures. The
subsidy covers 35 per cent of eligible costs, including costs of the purchase and
installation of new equipment.
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Municipal climate change solutions programme

The emissions of municipalities in the effort sharing sector decreased by 19
per cent between 2005 and 2020. This quite modest reduction in emissions
relative to the carbon neutrality target shows that further action is still needed
to promote climate work in municipalities. The municipal climate change
solutions programme of the Ministry of the Environment boosts climate work
in Finnish municipalities and regions. The aim is to accelerate climate work
of municipalities and regions in a way that is fast, cost-effective, and widely
accepted. The programme finances municipalities’ and regions’ own climate
projects and national solutions that support their climate work. At the end

of 2021, the programme had funded a total of 118 projects to strengthen
municipal and regional climate work throughout Finland. Furthermore, 20
new local and regional projects received funding for climate and circular
economy projects in 2022. The programme has a wide variety of measures
supporting energy efficiency activities and emissions reductions, e.g. in housing
and transport.

Customer energy advice

One main aim of the Action Plan for Energy Services?” in the Energy
Efficiency Agreement scheme and Energy Efficiency Agreement for oil-heated
buildings?8 is to enhance their customer energy use. Energy advice actions
have been running since the first agreement period starting in 1997. Customer
energy advice is also one of the policy measures notified for Energy Efficiency
Directive (EED) article 7 implementation in Finland. When calculating
energy savings for these behavioural measures based on advice services, only
conservative one-year energy savings lifetime has been considered. Annual
estimated energy savings are constantly around one terawatt hour per year, and
the CO, emissions reduction is about 0.4 million tonnes per year.

In parallel with customer advice related to voluntary Energy Efficiency
Agreements, the Ministry of Economic Affairs and Employment has been
building an energy advice infrastructure for consumers since 2010. In 2014,
this responsibility was transferred to the Energy Authority. Motiva Oy, a
hundred per cent state-owned sustainable development company in Finland,
is the national coordination centre for consumer energy advice. In parallel
with field activities in projects, coordination activities have been carried out to
strengthen internet, telephone and email advisory services and develop advisor
training, communications, marketing, and monitoring and evaluation. Energy
advisory services enable consumers to rationalise how they use energy, while
they also learn about the opportunities offered by renewable energy sources.

27 https://energiatehokkuussopimukset2017-2025.fi/wp-content/uploads/2020/02/
Company-Accession-Document-Action-Plan-for-Energy-Services.pdf
28 https://energiatehokkuussopimukset2017-2025.fi/wp-content/uploads/2020/02/

Energy-Efficiency-Agreement-2017-2025-on-the-Distribution-of-Liquid-Heating-Fuels-
H%C3%96YL%C3%84-IV.pdf
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Besides, in 2018, the Energy Authority commenced strengthening of regional
advice services as part of the Energy Authority’s programme on regional energy
and climate work. The main goal of the regional energy advice service is to
increase awareness of energy efficiency and renewable energy. In addition to
consumers, the target groups are municipalities and small and medium-sized
enterprises. To avoid double counting, impacts on consumer advice activities
are not assessed separately from customer advice services related to voluntary
Energy Efficiency Agreements, as these actions overlap and support each other.

Policies and measures in the WAM projection

Additional measures planned for the energy sector are:
— Improving energy efficiency and promoting the use of alternative fuels in
machinery

Machinery

Some of the planned additional measures for reducing emissions from
non-road mobile machinery are extensions to current policy actions, and

some are entirely new. Voluntary commitments through Green Deals on zero-
emission worksites and non-road mobile machinery will be maintained and
expanded. Actions that would promote the attainment of the sector’s emissions
reduction targets are the inclusion of new machinery classes in the non-road
mobile machinery Green Deal and introducing new operators to the zero-
emission worksite Green Deal. The aim is to further develop and expand the
training project initiated in 2021 in line with the sector’s trends.

The Government launched an analysis, assessment and research activity project
in September 2021 to investigate political steering mechanisms for reducing
emissions from non-road mobile machinery. The results of the investigation
will be published in 2022, followed by an assessment of the necessary further
measures. The Government is exploring the possibility of introducing
procurement support for electric and biogas-powered tractors and other
non-road mobile machinery. There is also a continuous effort to improve the
knowledge base of emissions calculations from non-road mobile machinery.

The impact of the additional machinery measures on greenhouse gas reduction
have yet to be assessed. The measures are thus not included in the overall
WAM projection.

Summary of policies and measures.

A summary of the policies and measures in the energy sector is presented in

Table 4.2.

4 Policies and measures

137



Table 4.2

Policies and measures according to the WM (marked with *) and WAM projections in the energy sector (excluding transport)

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035
* Implementation of the Reduction of GHG CO,, |Economic, |Implemented | The objective of the implementation of the 2005 Ministry of NE NE NE NE
emission trade system in emissions (Energy, N,O | Regulatory ETS in Finland is reduction of greenhouse Economic
Finland Industrial processes), gas emissions in the emission trading sector. Affairs and
Increase in renewable National implementation in Finland is carried Employment
energy, Efficiency out with national act of emission trade
improvement in (311/2011) and decrees which are given under
industrial end-use that act.
sectors
* Energy taxation Switch to less carbon- | CO,, | Fiscal Implemented | The current tax structure and tax rates 2021 Ministry of NE NE NE NE
intensive fuels, CHy, according to the Act on Excise Duty on Liquid Finance
Efficiency improvement | N,O Fuels (1472/1994) and the Act on Excise Duty
in industrial end-use on Electricity and Certain Fuels (1260/1996).
sectors, Efficiency
improvements of
vehicles, Low carbon
fuels/electric cars
Municipal climate change Efficiency improvements | CO,, | Regulatory |Implemented | Promotes, accelerates and influences the 2018 Ministry of the NE NE NE NE
solution programme of buildings and in CHy, climate work of municipalities and regions. Environment
services, Modal shift | N,O
to public transport or
non-motorized transport,
Improved transport
infrastructure
* Promoting wind power Increase in renewable | CO, | Economic, |Implemented | Measures implemented since 1996 include 1996 Ministry of 4,763| 8,934 11,140| 11,708
energy Fiscal, investment subsidies for wind power plants, Economic
Regulatory, electricity tax subsidies, feed-in tariff (since Affairs and
Planning 2011), information measures, support for Employment,
land-use planning and adjustment of land use Ministry of the
and building act, technology neutral feed-in Environment,
premium scheme (auction organised in 2018). Regional
councils,
Municipalities
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Table 4.2 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035
* Promoting solar power Increase in renewable | CO, | Fiscal, Implemented | Solar electricity self-consumers exempted from | 2015 Ministry of 131 287 906| 1,444
energy Economic, grid fees and electricity taxes up to 100 kVA Economic
Information system size or 800 MWh yearly production, Affairs and
investment subsidies for municipalities, Employment,
companies and farms, household tax deduction Ministry of
from solar system installation work and Finance,
information measures. Ministry of
Agriculture and
Forestry
* Promoting wood chips Increase in renewable | CO, | Economic, |Implemented | Measures implemented since 1992 include 1992 Ministry of 5547 8,017 8,098 7,675
energy Fiscal, investment subsidies for heat and power Economic
Information production plants using forest chips, subsidies Affairs and
for harvesting of forest chips, electricity Employment,
tax subsidies, feed-in tariff and information Ministry of
measures. Acriculture and
Forestry
* Promoting biogas in Increase in renewable | CO,, |Economic, |Implemented | Measures implemented since 1997 include 1997 Ministry of 108 130 137 156
electricity and heat production energy, Enhanced CH, |Fiscal, investment subsidies, electricity tax subsidies Economic
CH, collection and Regulatory and feed-in tariff. Affairs and
use, Improved waste Employment,
treatment technologies Ministry of the
Environment,
Ministry of
Agriculture and
Forestry
* Promoting the use of Low carbon fuels CO,, |Fiscal, Adopted An obligation to blend bioliquids in light fuel oil | 2022 Ministry of 0 150 620 590
bioliquids in machinery CH, | Regulatory used in machinery will be increased to 30 % Economic
by 2030. According to current legislation the Affairs and
blending obligation is 10 % 2028 onwards. Employment
* Phasing out coal in energy | Switch to less carbon- | CO, | Regulatory, |Implemented | Legislation prohibits use of coal in energy 2019 Ministry of NE NE 650 400
production intensive fuels Economy production from 1 May 2029. The act takes Economic
into account aspects related to the security of Affairs and
energy supply and emergencies. Investment aid Employment
for projects that rapidly phase out the use of
coal energy.
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Table 4.2 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020 2025 2030 2035
* Promoting new energy Increase in renewable | CO, | Economic  |Implemented | Investment aid for new energy technology 2019 Ministry of Partly | Partly| Partly| Partly
technology projects energy demonstration projects. Economic IE IE IE IE
Affairs and
Employment
* Act on Ecodesign and Efficiency improvement |CO, | Regulatory |Implemented | Improvement of energy efficiency of energy- 2009 Ministry of NE| 3,585 3,611 3,519
Energy Labelling of appliances using products by minimum efficiency Economic
requirements Affairs and
Employment,
The Energy
Authority
* Energy Audit Programme | Efficiency improvements| CO, | Economic, | Implemented | Subsidized energy audits for non-SMEs in 1992 Ministry of 372 152 92 93
of buildings, Efficiency Information, industry and in public and private services. Economic
improvement in Voluntary/ Harmonized audit models. Qualification system Affairs and
services/tertiary sector, negotiated for auditors. Quality control and monitoring of Employment,
Efficiency improvement agreements audits. the Energy
in industrial end-use Authority
sectors
* Energy Efficiency Efficiency improvements | CO, | Fiscal, Implemented | This measure covers Energy Efficient 1997 Ministry of 7,720 8,470 9,538| 9,617
Agreements 1997-2007, of buildings, Efficiency Voluntary/ Agreements in industry, energy sector, Economic
2008-2016 and 2017-2025 | improvement in negotiated municipalities, private services, property and Affairs and
(Voluntary energy efficiency | services/tertiary sector, agreements building sector. Employment,
agreements) Efficiency improvement Ministry of the
in industrial end-use Environment,
sectors, Efficiency The Energy
improvement in Authority
the energy and
transformation sector
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Table 4.2 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 20200 2025 2030 2035
* Energy Efficiency Efficiency improvements | CO, | Information, |Implemented | In the Energy Efficiency Agreement for 1997 Ministry of 389 393 386 385
Agreements/Customer energy| of buildings, Efficiency Voluntary/ Industries in the Action Plan for Energy Services Economic
advice improvement of negotiated and in the Energy Efficiency Agreement for oil Affairs and
appliances agreements heated buildings one main aim is to enhance Employment,
also efficient energy use of the contracting Ministry of the
parties’ customers. Customer energy advice Environment,
includes both general information via different The Energy
channels as well personal internet, telephone Authority
and e-mail advisory services etc. This work is in
parallel supported by the national and regional
energy advice services for consumers which
has been ongoing since 2010 (on regional
level since 2018).
* Mandatory Energy Audits | Efficiency improvement | CO,  Regulatory, |Implemented | Mandatory Energy Audits for big companies 2015 Ministry of 130 232 293 306
in the energy and Information (non-SMES) required by EU Energy Efficiency Economic
transformation sector, Directive. These audits are not subsided. Affairs and
Efficiency improvement Employment,
in industrial end-use the Energy
sectors, Efficiency Authority
improvements of
buildings, Efficiency
improvement in
services/tertiary sector
* Fresh grain silos (no energy | Energy efficiency in CO, |Economic  |Implemented |Support to gresh grain silos (drying of grain 2008 Ministry of 5 6 8 7
used for drying) agricultural sector avoided) Agriculture and
Forestry
* Energy efficiency of Energy efficiency in CO, |Economic  |Implemented | Support to investments to unheated cattle 2008 Ministry of 3 3 1 0
unheated cattle buildings and | agricultural sector buildings and heat recovery from pig slurry Agriculture and
heat recovery in pig farms Forestry
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Table 4.2 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of impl_e- entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035
* Farm reparcelling to cut Energy efficiency in CO, |Economic  |Implemented | Support to farm reparcelling leading to reduced | 1995 Ministry of 27 42 57 72
down energy use agricultural sector farm traffic Agriculture and
Forestry

* Farm Energy Programme | Energy efficiency in CO, |Economic, |Implemented | Subsidies for the preparation of Farm Energy | 2010 Ministry of 4 5 5 4
and energy advice to the agricultural sector Information Plans and for other energy advice. Agriculture and
farms Forestry
* Act on energy certificates | Efficiency improvements| CO, | Information |Implemented | Houseowners are obliged to provide information 2008 Ministry of the NE NE NE NE
for buildings of buildings on energy efficiency Environment
* Building regulations (2003, | Efficiency improvements| CO, | Regulatory | Expired Provides minimum standards for new buildings | 2003 Ministry of the | 3,432 4,559 | 5,687 | 6,814
2008, 2010) of buildings Environment
* Renewed Building Efficiency improvements | CO, | Regulatory | Expired/ Provides minimum standards for new buildings,| 2012 Ministry of the 222 371 520 670
regulations (2012, 2017) of buildings implemented | from 2012 switch to full energy based Environment

calculation. The new regulations came into

force in 2017 and the previous regulations

expired, but the effects are still being evaluated

with full energy based calculation.
* Information dissemination | Efficiency improvements| CO, | Information |Implemented | New energy regulations and other energy use | 2001 Ministry of the NE NE NE NE
and campaigns targeted to | of buildings, Demand related matters, retrofitting, renovating and Environment,
residents and other users of | management/reduction maintaining buildings have been disseminated The dedicated
buildings to both professionals and consumers through state owned

versatile means like seminars, building fair company

events, presentations, articles and webpages. Motiva
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Table 4.2 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 20200 2025 2030 2035

* Subsidies for energy Efficiency improvements| CO, | Economic | Implemented | Dedicated subsidies for improving energy 2007 Ministry of the | 323 323 323 326
efficiency in buildings (single | of buildings efficiency and promoting the use of renewable Environment,
houses, residential apartment energy Ministry of
houses and row houses) Finance
* Nearly zero-energy Efficiency improvements | CO, | Regulatory | Implemented | Regulations for new buildings. A definition of a | 2018 Ministry of the NE NE NE NE
regulation of buildings nearly zero-energy building and the demand to Environment,

build all new buildings according to the nearly A number of

zero-energy building requirements were added companies/

to the Land use and building act in 2016 (in businesses/

force January 2017). Accordingly, The Ministry industrial

of the Environment gave a decree on energy associations

efficiency for new buildings in 2017. The

decree deals also with building extensions.
* Revision of the Land Use | Efficiency improvements| CO, | Regulatory, |Implemented | Specific provisions demanding energy and 2013 Ministry of the NE NE NE NE
and Building Act of buildings Information resource efficiency in the renovation of Environment,
(EV 123/2012 vp — buildings, possibility of detailed specification by Municipalities
HE 81/2012 vp) decree and building regulations
* Minimum standards Efficiency improvements | CO, | Regulatory | Implemented | Ministry of the Environment Decree (4/2013, | 2013 Ministry of the 394 701| 1,027 1,365
for improving the energy of buildings amendment 2/2017) provides minimum Environment
performance of buildings standards for improving energy performance of
undergoing renovation or buildings in renovations and alterations
alteration.
* Decree on water Efficiency improvements | CO, | Information, | Implemented | Provides information on the use of water in 2011 Ministry of the 33 51 86 NE
measurement instruments | of buildings, Demand Economic each apartment and allows billing that is based Environment

management/reduction on the water consumption. The flat-specific

invoicing reduces water consumption and the

amount of the energy needed to heat the water.
* Long term planned real Efficiency improvements | CO, | Information | Implemented | Provide information for appropriate use of 2000 Ministry of the NE NE NE NE
estate maintenance of buildings the buildings and the proper adjustment Environment

and settings of heating, ventilation and

air conditioning equipment, as well as

maintenance and repair plans
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Table 4.2 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035

* Promoting the use of Reduction of GHG CO, | Regulatory, |Implemented | An obligation to blend bioliquids in light fuel oil | 2019 Ministry of 0 70 200 120
bioliquids in heating of emissions, Increase in Fiscal used for heating of buildings will be increased Economic
buildings renewable energy to 30% by 2030. According to current Affairs and

legislation blending obligation is 10% from Employment

2028 onwards.
* Subsidies to replace Reduction of GHG CO, |Economic  |Implemented | The aim of the grant is to accelerate the 2020 Ministry of the NE 174 174 174
fossil oil and gas heating in | emissions abandonment of fossil oil and gas heating Environment
detached housing system and transition to other heating systems

in detached houses. Available budget for grants

is ca. EUR 28.7 million in 2020, 34.4 million in

2021 and 68.9 million in 2022.
* Commitment to phase out | Reduction of GHG CO, | Other, Implemented | Commitment to phase out oil heating in central | 2021 Ministry of the 0 130 130 130
oil heating in the public sector emissions Voluntary/ government premises and encouraging all Environment

negotiated public-sector operators to do the same
agreements

* Subsidies to replace oil and | Reduction of GHG CO, |Economic  |Implemented | The aim of the grant is to accelerate the 2020 Ministry of the NE 48 48 48
gas heating in municipality | emissions abandonment of fossil oil and gas heating Environment
owned buildings system and transition to other heating systems

in buildings owned by municipalities. Available

budget for grants in 2020 is ca. EUR 14.9

million and in 2022 EUR 9.9 million.
* Subsidies for retrofitting in | Efficiency improvements| CO,  Economic | Implemented | The aim is to improve the energy performance | 2020 Ministry of the NE 380 380 380
housing of buildings of existing residential houses on a higher Environment

level than the energy regulations require and
increase the production and use of renewable
energy in a building. The aim is also to increase
the number of nearly zero-energy buildings in
renovation. Available budget for grants in 2020,
2021 and 2022 is EUR 138 million in total.
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Table 4.2 continued

Name of policy or measure/
mitigation action

Objective and/or activity
affected

GHG(s)
affect-
ed

Type of
instrument

Status of
implementation

Brief description

Start year
of imple-
mentation

Implementing
entity or entities

Estimate of mitigation impact in

kilotonnes CO, equivalent

2020

2025

2030

2035

* Advice to users on heating
and air-conditioning systems

Efficiency improvements
of buildings

co,

Voluntary/
negotiated
agreements

Implemented

Energy performance of heating and air-
conditioning systems are improved by means
of coordinated advisory and communication
activities for a broad target group based

on extensive advice and communication
carried out in Finland to promote the energy
performance of systems. The measure is an
alternative to the inspections required in EPBD
(2018/844/EV), articles 14—15.

2020

Ministry of the
Environment

NE

15

15

15

* Land-use planning

Demand management/
reduction (Energy,
Transport)

C0,

Regulatory,
Planning

Implemented

General guidance for land use planning is
based on law (Land Use and Building Act).
Regional and municipal planning are directed
by national land use guidelines. Land use
planning creates the preconditions for a sound
and vital residential and living environment and
supports the regional availability of services
and transport. Finland’s land use planning
system, as defined in the legislation, gives
municipalities a high degree of autonomy

in local land use planning and thus also
possibilities to influence climate change
mitigation.

2009

Ministry of the
Environment,
Regional
councils,
Municipalities

NE

NE

NE

NE

Improving energy effiency
and promoting the use of
alternative fuels in machinery

Efficiency improvement
of appliances, Low
carbon fuels

CO,,
CH,

Information,
Fiscal, Other

Planned

Promoting the use of biogas in machinery,
increasing the share of energy-efficient

and low emission machinery through public
procurement, promoting the energy-efficient
use of machinery through information and
training, EU-level measures.

2022 and
later

Ministry of the
Environment

NE

240

NE

NE = not estimated
|E = included elsewhere
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4.4.2 Transport

Policies and measures in the WM projection

This chapter focuses on measures related to road transport, although the
biofuels distribution obligation also slightly reduces emissions from recrea-
tional boats. Measures related to maritime and air transport are described in
Chapter 4.4.3, as they mainly concern international transport and bunker

fuel emissions. In the WM and WAM projections, the maritime and aviation
emissions are, nonetheless, reported in accordance with the CRF-classification
of the greenhouse gas inventory.

By 2030, Finland will reduce emissions from domestic transport (without
domestic aviation) by at least 50 per cent compared to the 2005 level. The aim
is to achieve an entirely fossil-free transport sector by 2045. The measures also
contribute to achieving the EU’s Effort Sharing Decision target.

In line with the Government Programme, the Ministry of Transport and
Communications has prepared a Roadmap for fossil-free transport to reduce
greenhouse gas emissions from transport?”. The Government resolution on the
reduction of greenhouse gas emissions in domestic transport, i.e. the Roadmap
to fossil-free transport, was completed in May 2021. It formed the basis for
planning and sizing the emissions reduction measures for transport in the new
Medium-Term Climate Change Policy Plan. The Roadmap includes three
phases. In the first, a wide range of aids and incentives to promote emissions-
free transport will be implemented. For example, these are the inclusion of
biogas and electro-fuels in the distribution obligation legislation, various aids
related to the procurement and distribution infrastructure of electric and gas
vehicles, support for promoting walking, cycling, and public transport services,
transport infrastructure maintenance, and digitalisation in logistics. In the
second phase, more measures will be added. More information is needed on
their effects on emissions before new decisions on measures can be taken. The
possible measures include raising the level of obligations in the distribution
obligation act, increasing remote work, promoting both combined transport
operations in freight transport and digital solutions for transport, and
promoting transport services. In the third phase, once the progress of EU-level
measures and the impacts of all the measures of phases 1 and 2 are known, the
Government will assess and decide on the possible need for additional national
measures in the transport sector. Phase three of the Roadmap is conditional.

The WM projection describes the likely evolution of GHG emissions from
road transport according to the best information available, and it includes all
measures for which there is a decision by August 2022 (a financing decision

on measures requiring funding, or which are otherwise likely to occur). In
addition, the projection includes assumptions about the effects of remote work,

29 Publications of the Ministry of Transport and Communications 2021:19
hetp://urn.fi/URN:ISBN:978-952-243-604-7
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HCT transport, and digitalisation in logistics, although they are not actual
measures. The WM projection contains the following themes, under which
there are several measures: 1) Replacing fossil fuels with alternative transport
fuels; 2) improving the energy efficiency of vehicles; and 3) improving the
energy efficiency of the transport system.

Replacing fossil fuels with alternative transport fuels

The main measures under this theme included in the WM projection are the
Biofuels distribution obligation and the Inclusion of biogas and electrofuels in
distribution obligation.

The amendment to the national Act on promoting the use of biofuels in
transport3? came into force on 1 January 2011. Under the Act, the annual
minimum share of biofuels, measured from the total energy content of petrol,
diesel and biofuels delivered for consumption, had to be six per cent in 2011
to 2014 and then gradually rise to 20 per cent in 2020. The energy content
of second-generation biofuels, i.e. biofuels produced, for example, from waste
material, was considered as double its actual energy content when calculating
the share of biofuels for the distribution obligation.

The level of ambition was raised with the amendment to the national Act that
came into force on 1 April 2019. Under the Act, the annual minimum share of
biofuels, measured from the total energy content of petrol, diesel and biofuels
delivered for consumption, must be 18 per cent in 2021 and gradually rise to

30 per cent in 2029. There is also a subtarget for advanced biofuels, starting
from two per cent in 2021 and rising to 10 per cent in 2030. Advanced biofuels
are produced from feedstock listed in Annex IX Part A of the EU’s Renewable
Energy Directive (RED II, recast)3!. After this amendment, there will no longer
be double counting of second-generation biofuels in the distribution obligation.

The national Act on promoting the use of biofuels in transport was amended
in the spring of 2021 to transpose the EU’s Renewable energy directive
requirements (RED II, recast)32 for the transport sector to national legislation.
The amendment came into force on 30 June 2021. These requirements include
limitations to the shares of food- and feed-based biofuels, biofuels produced
from used cooking oil and category 1 and category 2 animal fats and biofuels
with a high indirect land-use change-risk. Besides the RED II requirements,
the amendment included biomethane and renewable liquid and gaseous
transport fuels of non-biological origin in the distribution obligation. The
annual minimum share of advanced biofuels and biogas produced from the
feedstock listed in Part A of Annex IX of the Renewable Energy Directive

and renewable liquid and gaseous transport fuels of non-biological origin

30 446/2007
31 (EU)2018/2001
32 (EU)2018/2001
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must be two per cent in 2021 and rise to 10 per cent in 2030. The legislation
has been applied to biogas since 2022 and will be applied to renewable liquid
and gaseous transport fuels of non-biological origin from 2023. The name
of the act changed to the Act on promoting the use of renewable fuels in the
transport sector.

The national Act on promoting the use of renewable fuels in the transport
sector was recently amended again so that the annual minimum share of
biofuels would be temporarily lowered to 12 per cent during 2022. This
amendment was made because of rising fuel prices. The amendment came into
force on 8 July 2022. It is also planned to temporarily lower the obligation for
the following year; the annual minimum share of biofuels would be 13.5 per
cent in 2023. It is planned to raise the obligation on the annual minimum share
of renewable fuels in transport to 34 per cent in 2030. These amendments to
the national Act on promoting the use of renewable fuels in transport have
been prepared and are expected to come into force on 1 January 2023.

The measure of biofuel distribution obligation achieved an estimated
reduction of 1.2 million tonnes of CO, in transport-related greenhouse gas
emissions in 2020. It is expected that biofuels will account for 34 per cent (no
double counting) of all fuels consumed in transport in 2030. This means that

fossil fuels equating to emissions of an estimated 3.1 million tonnes of CO,
will be replaced by biofuels in 2030.

The WM projection includes new annual distribution obligation percentages
for biofuels for 2022 to 2030, which are 12, 13.5, 28, 29, 29, 30, 31, 32, and

34 per cent (from 2030). The share of biofuels (biogas, biodiesel, electro-
fuels) in consumption increases, and the share of fossil fuels (natural gas, diesel,
gasoline) in consumption decreases. Biogas and electro-fuels must be included
in the distribution obligation in accordance with the Act33 during 2022 to
2050. The bio-share of transport gas will increase by 5 percentage points per
year until the share reaches the 99 per cent level. Biogas replaces biodiesel in
tulfilling the distribution obligation: biogas consumption increases, and the
corresponding amount of energy decreases from the consumption of biodiesel.

The WM projection estimates that the emissions reduction effects of the
increased distribution obligation percentage for biofuels and the inclusion of

biogas will total around 0.33 million tonnes CO, eq. in 2030.

Improving the energy efficiency of vehicles

The main measures under this theme included in the WM projection are (1)
CO, emissions performance standards for new passenger cars and new light
commercial vehicles, (2) a purchase subsidy for electric passenger cars, (3) a
conversion subsidy for passenger cars, (4) a purchase subsidy for electric or

33 446/2007
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gas-powered light commercial vehicles, and (5) a purchase subsidy for electric
or gas-powered heavy-duty vehicles. The vehicle taxation as well as for example
support for charging and distribution infrastructures are important measures,
but the emissions reduction effects of these measures are difficult to separate
from that of other measures and therefore has not been assessed separately.

The regulation of the European Parliament and of the Council3# setting
binding CO, emissions performance standards for new passenger cars
entered into force in 2009. The objective of the regulation was to establish
manufacturer-specific emission performance standards for new passenger
cars registered in the EU. The amended Regulation setting CO, emission
performance standards for new passenger cars and new light commercial
vehicles?> (2019) sets new EU fleetwide CO, emissions targets for 2025
and 2030, for both newly registered passenger cars and light commercial
vehicles. These targets are defined as a percentage reduction from the 2021
starting points: for cars, a 15 per cent reduction from 2025 and a 37.5 per
cent reduction from 2030 on, and for light commercial vehicles a 15 per cent
reduction from 2025 and a 31 per cent reduction from 2030.

The WM projection includes the CO, emission targets in accordance with the
EU’s Fit for 55 proposal, i.e. the CO, emission declared by the manufacturer
for new passenger cars should be 55 per cent less in 2030 and 100 per cent less
in 2035 than in 2021. The corresponding reductions are 50 per cent and 100
per cent for new light commercial vehicles. In addition, the EU’s Fit for 55
proposal to revise the 2014 directive on the Alternative Fuels Infrastructure
(AFIR) for the construction of electric car charging stations and hydrogen
refuelling stations is considered.

In Finland, the tax on passenger vehicles consists of several elements
differentiated according to vehicle-specific emissions (CO, g/km). Initially, at
the first registration, a one-time tax (“car tax”) is paid. The car tax rate for new
passenger cars and light commercial vehicles powered entirely by electricity or
hydrogen is 0 for vehicles introduced since October 2021. The highest tax rate
(48.9 per cent) using the WLTP method applies to cars with CO, emissions
exceeding 360 g/km.

Furthermore, the basic part of the vehicle tax, which is paid annually, is also
differentiated according to the CO, emissions of each vehicle, as with the
registration tax. This basic part of the emissions-based vehicle tax is EUR 0.15
to 1.80 per day, depending on the car’s specific CO, emissions. Vehicle tax is
collected from the period when it is declared that the vehicle will be used in
traffic, or from a period of 365 days if it has been declared that the vehicle has
been taken out of traffic. However, for zero-emission vehicles, the amount of
tax is now also affected by the date of introduction in traffic. If such a vehicle

34 2009/443/EU
35 2019/631/EU, adopted in 2019 and applied since 1 January 2020
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was used in traffic for the first time on or after 1 October 2021, the amount of

basic tax levied per day will be the lowest amount of tax in the tax table plus
EUR 0.178.

The second part of the annual tax is based on the type of fuel the cars uses.
Petrol-fuelled cars have no additional tax. Cars fuelled with diesel, methane,
or electricity have an additional annual tax (fuel fee) that is relative to the mass
of the car (“mass in running order”), but not to the specific CO, emission rate
itself. However, the CO, rate and vehicle mass have a certain correlation.

In addition, some changes were implemented in the taxation of fringe benefits
from the beginning of 2021. The taxable value of the company car benefit for
fully electric vehicles has been reduced by EUR 170 per month for 2021 to
2025. Employer-provided charging of electric vehicles is exempted for 2021

to 2025. Employer-subsidised commuter tickets are tax-free up to EUR 3,400
of the taxable value per year, and employer-provided bicycles are tax-free up to
EUR 1,200 of taxable value per year. The tax relief for low-emission cars, which
applies to company cars with carbon dioxide emissions (WLTP) between 1 and
100 g/km, went into effect from 2022. The amount of the deduction from the
taxable value of the company car benefit is EUR 85 per month, which equates
to half the rateable value of fully electric cars of 170 EUR/month. All company
cars below the emissions limit will receive a discount, regardless of their
propulsion power. The emissions reduction effects of vehicle taxation measures
are difficult to separate from that of other measures and have therefore not
been assessed separately.

Vehicles” energy efficiency is also promoted by different purchase subsidies.
The Act on periodic support for the purchase of an alternative propulsion
vehicle or conversion of a vehicle to alternative propulsion will be effective
between 1.1.2022 and 31.12.20263¢. As of 2018, and currently until 31
December 2022, people who are either buying a new electric car or signing a
long-term lease agreement for an electric car may receive a EUR 2,000 purchase
subsidy from the Finnish government. For the same period, a conversion
subsidy can be obtained for converting a petrol-fuelled passenger car for use
with gas or ethanol. The conversion subsidy amounts to EUR 1,000 if the car is
converted for use with gas and to EUR 200 if the car is converted for use with
ethanol. Nearly 9,000 electric car purchase subsidies were granted between
2018 and 2021, amounting to roughly 18 million euros. A total of nearly EUR
1.7 million of conversion subsidies was granted between 2018 and 2021 to
approximately 5,600 ethanol vehicles and 500 gas vehicles. Electric cars became
increasingly popular between 2018 and 2021, and for the first time, more than
10,000 new fully electric cars were registered in Finland in 2021. Many factors
are driving this development, and the purchase subsidy has certainly played a
role in accelerating demand for low-emission vehicles.

36 1289/2021 and Government proposal HE 171/2022 vp for its amendme
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The Government also promotes the use of alternative transport fuels by
supporting the construction of public charging point infrastructure for electric
cars and for renewable hydrogen and biogas distribution stations until 202537
Between 2018 and 2021, a total of about EUR 15 million was spent on
investment subsidies. In addition, vehicles’ energy efficiency is promoted by the
support designed for housing companies’ charging point infrastructure. A total
of EUR 31,5 million was reserved for the recharging infrastructure aid in the
period 2018-2021. The aid has been very popular.

The purchase of a new electric- or gas-powered light commercial vehicle or
lorry or electric trailer may also receive financial support from the Transport
and Communications Agency Traficom. The amount of aid is between EUR
2,000 and EUR 50,000, depending on the size and the propulsion method of
the vehicle. In the 2022 budgets, an appropriation of EUR 4.5 million has been
allocated to the purchasing subsidies for vans. In addition, the Government

has proposed an additional appropriation of EUR 1.5 million for 2023. A

total of EUR 6 million was reserved for the subsidies for the lorries in the
period 2020-2022. In addition, the Government has proposed an additional
appropriation of EUR 1 million for heavy goods vehicles for 2023.

Finland has been active in providing people with more information about

the CO, emissions and energy efficiency of passenger cars. Examples of this
include the Car Calculator38 published by the Finnish Climate Change
Panel, which is designed to support a consumer’s car purchase decisions and
displays the cumulative full-life cycle greenhouse gas emissions and costs of
different propulsion alternatives. Purchase subsidies and scrapping bonuses
have been the subject of much communication and have been of great interest
to consumers. The Finnish Transport and Communications Agency Traficom
has published a Guidance3? on the creation of an energy label for cars, as well
as an information campaign for alternative power sources#0. Motiva publishes
information on sustainable choices along with a Choosing a Car website#!.

In addition, a Green Deal model for car dealerships was concluded in 2018,
directing them to present low-emission vehicle alternatives to customers.

The method for measuring emissions from new passenger cars has changed from
the NEDC (New European Driving Cycle) method to the WLTP (Worldwide
Harmonised Light Vehicle Test Procedure) method. During the 2008 to 2018

37 Government Decree on infrastructure support for electric transport, biogas, and
renewable hydrogen between 2022 and 2025 (178/2022) hteps://finlex.fi/fi/laki/
alkup/2022/20220178

38 https://www.ilmastopaneeli.fi/autokalkulaattori/

39 https://www.traficom.fi/sites/default/files/media/regulation/Ohje_Kulutus-%20
ja%20p%C3%A4%C3%A4st%C3%B6tietojen%20esitt%C3%A4minen%20
henkil%C3%B6autoja%20myyt%C3%A4essa.pdf

40 https://www.traficom.fi/fi/ajavaihtochtoa (only in Finnish)

41 https://www.motiva.fi/ratkaisut/kestava liikenne ja liikkuminen/nain_liikut
viisaasti/valitse_auto_viisaasti (in Finnish)
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period, the average CO, emissions (NEDC) of new cars decreased by 28 per
cent. The average CO, emissions of new cars in 2021 was 103.2 g/km (WLTP).
It decreased by 26 per cent between 2019 and 2021. A total of some 98,500 new

cars were sold in 2021, of which 31 per cent were electric cars.

The WM projection estimates that the emissions reduction effects of
improving the energy efficiency of cars and light commercial vehicles will total
around 0.21 million tonnes CO, eq. in 2030, and 0.6 million tonnes CO, eq.
in 2035. The estimate includes the impact of new CO, emission performance
standards for new passenger cars and light commercial vehicles and the AFIR

proposal.

In addition to passenger cars and light commercial vehicles, the energy
efficiency of heavy-duty vehicles is expected to further improve. The EU
Regulation®2 setting CO, emissions standards for heavy-duty vehicles entered
into force on 14 August 2019. These first EU-wide CO, emissions standards
for heavy-duty vehicles set targets for reducing the average emissions from new
lorries for 2025 and 2030. The targets are expressed as a percentage reduction
of emissions compared to the EU average in the reference period (1 July 2019
to 30 June 2020), and from 2025, the target is a 15 per cent reduction. From
2030, the target is a 30 per cent reduction.

A Car Scrapping Premium campaign took place in 2020 and 202143. The State
paid a scrapping premium of between EUR 1,000 and 2,000, depending on

the power source of the car to be purchased. The premium could also be used
for buying an electric bicycle, a seasonal ticket for public transport services,

or a mobility service including public transport, in which case the maximum
sum was EUR 1,000. A scrapping premium of EUR 2,000 was awarded for
purchasing a new flex-fuel car, i.e. a high blend ethanol car, a gas-fuelled
vehicle, a full-electric vehicle, or a rechargeable hybrid with maximum
emissions of 95 grams per kilometre, and EUR 1,000 for purchasing a car with
maximum CO, emissions of 120 grams per kilometre. A total of a little more
than 6,500 scrapping premiums was granted, the majority (71 per cent) of
which was used for purchasing an electrically assisted bicycle. This new interest
in electrically assisted bicycles was a welcome surprise and tangible proof of the
popularity of this relatively new mode of transport. The share of new vehicles
of the amount of subsidies granted was a little over a quarter, whereas only a
few per cent of the subsidies was used for public transport tickets. A total of
eight million euros was allocated for the scrapping premiums.

Measures of vehicle fleet renewal create a so-called slow change in the
development of road transport: the change accumulates over the years, as the
vehicle fleet rebuilds towards zero emissions. With an increasing proportion
of energy consumption in road transport being electricity and hydrogen, the
emissions impact of fossil fuel substitution measures is reduced. Measures are

42 2019/1242/EU
43 839/2020
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mutually supportive — the distribution of biofuels will create precise emissions
reductions over the next 10 to 20 years, during which the vehicle fleet will

be renewed, and the importance of the biofuel distribution obligation as an
emissions reduction measure will decrease.

The stricter new CO, emission performance standards for new passenger cars
and light commercial vehicles and the recharging and refuelling infrastructure
to be built with the AFIR proposal will result in the largest GHG emissions
reduction in the WM projection under this theme. The emissions reduction
effect will increase in time, as the share of zero-emission vehicles in the fleet
increases, especially after 2035. The impact of the purchase subsidy for electric
passenger cars is the most significant of all purchase subsidies. The effect will

peak in 2030 (—19 ke CO, eq.), followed by a steady decline.

The incentivising of various procurers to invest in environmentally friendly
vehicles has been promoted since the EC Clean Vehicles Directive**(CVD)
entered into force. The revised Clean Vehicles Directive*> promotes clean
mobility solutions in public procurement tenders, providing a boost to demand
and further deployment of low- and zero-emission vehicles. The Directive sets
minimum procurement targets for the share of both light-duty vehicles and heavy-
duty vehicles like lorries and buses. The Directive strongly promotes electricity,
although biofuels, i.e. biogas or renewable diesel, are also accepted, especially at

an early stage. Adopted in 2019, the revised Directive is implemented nationally
by the Act on environmental and energy efficiency requirements in vehicle and
transport services*6, which entered into force in August 2021, and it places
obligations on local and central government to ensure a certain proportion of zero
and low-emission vehicles in public procurement processes. For example, the Act
applies to the procurement of vehicles and transport services in relation to school
transport, waste collection, local bus transport, and transport reimbursed by the
Social Insurance Institution of Finland.

The WM projection estimates that the emissions reduction effects of the new
measures improving the energy efficiency of vehicles described above will total
around 0.41 million tonnes CO, eq. in 2030.

Improving the energy efficiency of the transport system

The main measures or phenomena under this theme included in the WM
projection are: (1) the investment programme for walking and cycling; (2)
urban transport system plans; (3) remote work; and (4) High Capacity
Transport (HCT) and digitalisation in logistics.

Finland is a sparsely populated country, which is why cars will be a vital means
of transport both now and in the future. Fortunately, especially in urban areas

44 2009/33/EC
45 2019/1161/EU
46 740/2021
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and inter-urban transport, there are also alternatives to cars, such as public
transport, shared transport, walking and cycling. Goods transport can also be
made more efficient or moved from roads to rail or waterways. The objective
of the Roadmap to fossil-free transport4” is that the vehicle-kilometres of
passenger cars will no longer increase in the 2020s. If people’s mobility needs
continue to increase, the aim is that this growth in urban areas and inter-urban
transport will be directed towards sustainable modes of transport. This would
represent an increase of about 10 per cent growth in the traffic performance of
each sustainable mode of transport in 2030. For individual households in rural
areas, car vehicle-kilometres may continue to increase, but as the population
concentrates in urban areas, the combined vehicle-kilometres of households
throughout the country should remain at the 2019 level.

Improving the energy efficiency of the transport system can be achieved
through measures such as promoting walking, cycling and public transport, as
well as transport and land-use coordination. Energy efficiency in the transport
sector can also be improved by enabling and developing new mobility

services and shared mobility. Intelligent transport and the use of information
technology (I'T) will help improve both traffic safety and fluency, as well as
achieving the environmental targets in the transport sector. It will also create
significant business opportunities for companies.

A Programme for the Promotion of Walking and Cycling and a Government
Resolution to promote walking and cycling were adopted in 2018. The
resolution and the programme include ten sets of measures aiming to increase
the number of walking and cycling trips by 30 per cent by 2030. At least half
of this increase should come from replacing car journeys. An entirely new
measure in the programme is a joint Investment Programme by the State

and municipalities to improve the conditions for walking and cycling within
cities’ street networks. To launch the investment programme, a total of EUR 7
million has been allocated for 2018 to 2019, EUR 31.5 million for 2020, EUR
22.4 million for 2021, and an estimated EUR 6.5 to 11 million for 2022.

There is an annual state subsidy of EUR 12.25 million for large urban areas

(4 areas) and EUR 8.625 million for medium-sized urban areas (10 areas) to
support local public transport. In addition, there is separate EUR 20 million
climate-based funding for the competent authorities for public transport. The
funding will support low-emission public transport and increase the modal share
of public transport. The main part of the climate-based funding is allocated to
large urban areas and cities. Due to the Covid-19 pandemic, there was additional
state funding for the competent authorities to ensure the level of public transport
services. The additional state funding was approximately EUR 220 million
between 2020 and 2021. In general, public transport is regulated with the
requirements of the EU’s PSO regulation. The competent public authorities
organise public transport in their area if there is no market-oriented transport.

47 Roadmap to fossil-free transport; heep://urn.fi/URN:ISBN:978-952-243-604-7
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The popularity of public transport, walking, and cycling is also promoted
through Mobility Management. Mobility Management is a broad conceprt,

the objective of which is to reduce dependence on private cars. The aim is to
offer better information about alternative transport modes and services, and to
promote public transport, cycling, walking, carpooling and car sharing. Mobility
Management activities at the city or regional level are supported through an
annual appropriation of approximately EUR 0.6 million from the Government.
Cities, regions and non-profit organisations can apply for this funding every year.
Around 30 to 35 projects have been funded annually since 2012.

The aim of the Mobility-as-a-Service (MaaS) concept is to improve the service
level of transport by combining public and private transport services. The entity
includes both existing services that have already been established, such as public
transport and taxis, and new services that are still under development or becoming
established, such as shared-use cars or peer rental. With respect to a positive
impact, it is essential that Maa$ solutions mainly reduce the vehicle-kilometres of
cars and enable an increase in the proportion of public transport modes. 8

Measures related to improving the efficiency of the transport system have
been developed in connection with the preparation of the National Transport
System Plan (Traffic12)%. The Plan is drawn up for a period of 12 years (2021
to 2032) and will be updated each Government term. The National Transport
System Plan addresses the overall transport system, and its objectives are
associated with sustainability, accessibility, and efficiency. Measures promoting
the integration of different mobility services and new services will be specified
in more detail as part of the preparation and implementation of the National
Transport System Plan. The objective of the plan is that opportunities to
choose more sustainable modes of mobility will improve, particularly in

urban areas. In urban areas and inter-urban transport, there needs to be a
systematic shift from the current car-centric system to a sustainable mobility
system. Under a sustainable mobility system, mobility and transport needs

are managed by utilising and combining various transport modes and services.
Digitalisation and transport-related information are key. Automation can

also help achieve transport emissions reduction targets by improving the
competitiveness and attractiveness of public transport, for example.

The development of new service models and the revolution of the transport
market has been promoted by the introduction of a unified regulatory act (Act
on Transport Services>?). The Act will provide a better response to user needs,
facilitate companies” access to the market and promote the interoperability

of different parts of the system. At the same time, the deployment of new
technologies, digitalisation, and new business concepts is encouraged. The

48 Roadmap to fossil-free transport; Publications of the Ministry of Transport and
Communications 2020:19; pages 38-39

49 The National Transport System Plan for 2021 to 2032; Publications of the Finnish
Government 2021:77; http://urn.fi/URN:ISBN:978-952-383-804-8
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Act envisages that essential data on transport services will be made open,
laying down provisions for the interoperability of different ticket and payment
systems, to facilitate combinations of different transport services. The Act
brings together transport market legislation and creates preconditions for the
digitalisation of transport. Digitalisation of transport services in large urban
areas was promoted through an annual EUR 3.5 million government subsidy
between 2018 and 2022. This has especially supported the development of
ticketing and payment systems.

Improving the energy efficiency of the transport system is also promoted by
coordinating transport and land use in urban areas and in transport system
planning, e.g. through land-use, housing and transport agreements (MAL
agreements). Agreements are made between the State and municipalities of
the biggest city regions. The aim is to build carbon neutral urban regions and
increase the proportion of sustainable means of transport.

It is assumed that driving kilometres will decrease when the same mass can
be transported with fewer vehicles. It is assumed that the vehicle-kilometre
reduction will change linearly between 2022 and 2030 and remain constant
after 2030, as enabling HCT>! transports requires infrastructure investment
such as extensions of intersection areas to suit large combinations. HCT
transports have therefore presumably yet to achieve the full potential. It

is assumed that digitalisation will contribute to the full potential of HCT
transport by increasing operational efficiency, transport smoothness, and
optimisation. The impact of digitalisation on emissions is estimated to

be small in the short term, but the effect will increase in the longer term.
However, Finland is a small country, and the volume of transports may be
insufficient to introduce digitalisation cost-effectively. HCT transports and
digitalisation are expected to support each other and potentially overlap in
terms of impacts, and their impact reductions have therefore been assessed
together in the WM projection.

HCT transport and digitalisation in logistics will result in the largest green-
house gas emissions reduction in the WM projection under this theme. The
WM projection estimates that the emissions reduction effects of improving
the transport system’s energy efficiency will total around 0.081 million tonnes

CO; eq. in 2030.

51 High Capacity Transport
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Policies and measures in the WAM projection

Table 4.6 sets out the main policies and measures included in the WAM projec-
tion for the transport sector. The WAM projection includes the measures that
had not been decided or financed by August 2022 or were uncertain for other
reasons. It contains the following themes, under which there are several measures:
(1) replacing fossil fuels with alternative transport fuels (additional measure);

(2) improving the energy efficiency of vehicles (additional measure); and (3)
improving the energy efficiency of the transport system (additional measure).

Replacing fossil fuels with alternative transport fuels

(additional measure)

In the longer term, renewable or zero-emission fuels and power sources such as
electricity, biofuels, and electro-fuels must replace all fossil fuels in transport.

In the WAM projection, the idea is to end the sale of fossil transport fuels for
domestic transport in 2045. If fossil fuels continue to be used in transport in
2045, the objective of fossil-free transport cannot be realised.>2 The WAM
projection includes annual distribution obligation percentages for biofuels for
2031 to 2045, which are: 35, 36, 37, 38, 40, 46, 52, 58, 64, 70, 76, 82, 88, 94, and
100 per cent from 2045.

Of all the measures in the WAM projection, increasing the biofuel distribution
obligation to 100 per cent will result in the largest reduction in greenhouse gas
emissions of all the measures considered in the WAM projection. The WAM
projection estimates that the emissions reduction effects of replacing fossil fuels
with alternative transport fuels (additional measure) will total around 0.089
million tonnes CO, eq. in 2031, peaking at approximately 2.8 million tonnes

CO, eq. in 2045.

Improving the energy efficiency of vehicles (additional measure)

The main measures under this theme included in the WAM projection are
new CO, emissions standards for heavy-duty vehicles and a new scrapping
premium campaign.

In its Work Programme for 2022, the European Commission plans to review
the CO, emissions standards for heavy-duty vehicles and establish a legislative
framework for the harmonised measurement of transport and logistics
emissions to support the transition to zero-emission mobility. It is planned

to publish the proposal for the review of the CO, emissions standards for
heavy-duty vehicles at the end of 202253. The reduction in CO, emissions of
heavy-duty vehicles with the tightening of standards creates significant GHG

emissions reductions. The estimated emissions reduction effect will increase

52 Roadmap to fossil-free transport; Publications of the Ministry of Transport and
Communications 2020:19; page 49

53 COM (2021) 645 final, page 4
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until 2035 (0.16 million tonnes CO, eq. in 2035), after which the effect will
decrease, although the level of uncertainty about this measure is relatively high.

Thus far, three scrappage premium campaigns have been implemented in Finland.
Scrappage premium campaigns should occasionally be repeated to enhance
functionality. If necessary, the terms of the campaign should be amended so

that the criteria for the cars to be supported reflect the changing situation in the
car market as much as possible. Petrol and diesel cars will have to be eliminated
altogether in the long term, and support for them will no longer be appropriate
closer to 2030.54 The WAM projection assumes that anyone scrapping their

car (model year 2010 or older) in 2023 will receive a scrapping premium when
purchasing a new low-emission car (gas car, <95 g/km charging hybrid, full
electric, or <120 g/km other internal combustion engine car), public transport
season ticket or electric-assisted bicycle. The greenhouse gas emissions reduction
effect of the scrappage premium campaign is greatest immediately during and
after the implementation of the measure (0.015 million tonnes CO, eq. in 2023),
although the reduction effect at the level of support studied is moderate. No
decision on the new scrappage premium campaign has so far been taken, meaning
it will have to be taken separately.

The WAM projection estimates that the emissions reduction effects of
improving the energy efficiency of vehicles (additional measure) will total
around 0.16 million tonnes CO, eq. in 2035 and decrease thereafter.

Improving the energy efficiency of the transport system
(additional measure)

The main measures under this theme included in the WAM projection are

(1) the Mobility-as-a-Service concept (full potential); (2) the combination

of urban transport system plans (rest of the potential), increase in the State
funding to public transport for large and medium-sized urban areas, and the
increase in the state funding for Mobility Management; (3) the Investment
Programme for walking and cycling (full potential); and (4) the EU Emissions
Trading System for road transport.

In June 2021, the European Commission published a large legislative package
that proposed the establishment of a separate emissions trading system for
emissions from road transport. The new emissions trading system would
operate alongside the existing one. In Finland, the new emissions trading
would cover the emissions from fossil fuels used in road transport>>. The EU
Emissions trading for road transport was included in the theme of Improving the
energy efficiency of the transport system, as its effect on the calculation model
was to reduce vehicle-kilometres. It could also be transposed to the theme of

54 Roadmap to fossil-free transport; Publications of the Ministry of Transport and
Communications 2020:19; page 27

55 Medium-Term Climate Change Policy Plan — Towards a carbon neutral society in 2035;
Publications of the Ministry of the Environment 2022, p. 103
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Improving the energy efficiency of vehicles if the impact of emissions trading

on the vehicle fleet was modelled. The emissions reduction effect of emissions
trading will be greatest in the years immediately following the implementation
of the measure. The impact will be reduced in line with other vehicle-kilometre
reduction measures, while the share of zero-emission vehicles in the vehicle

fleet increases. The uncertainty created by the synergies towards the emissions
reduction effect of emissions trading will be lowest until 2035 and will increase
thereafter, as with the measures in question. According to an estimate included in
the WAM projection, the impact of the new emissions trading for road transport
will be greatest in 2026 (approximately —0.25 million tonnes CO, eq.) and
decrease thereafter.

The aim of the Mobility-as-a-Service concept is to improve the service level of
transport by combining public and private transport services. The core purpose
of MaaS$ is to provide user-friendly, reliable, affordable, and competitive door-
to-door mobility services to reduce the need for use of a privately owned car and
thus reduce passenger car kilometres. The environmental impact of promoting
mobility services will depend on how they are implemented. According to an
estimate included in the WAM projection, the impact of Maa$S will be greatest in
2030 (approximately —0.029 million tonnes CO, eq.) and decrease thereafter.

Under the "Transport system planning and sustainable transport subsidies
theme, there are three measures for which emissions reductions must be jointly
assessed. These three measures aiming to reduce passenger car kilometres were
combined, as all of them were insufficient to calculate the individual impact
of the measures. However, the measures have sufficient background data
overlaps and similarities to be combined and thought of as mutually supportive
measures. In the development of sustainable transport, it is important to pay
attention to the fact that the development conditions depend on cooperation
between many different parties and operators. For example, sustainable
transport can be promoted through MALS5% agreements or other contractual
procedures, as well as urban transport system plans and related funding.

First, for the urban transport system plans, it was estimated>” that 15 per cent
of activities for promoting sustainable transport in urban areas by 2030 had
taken place between 2020 and 2022. A similar rough estimate can also be used
for the estimated CO, reduction related to the measure.

Second, a measure to increase the allocation of existing public transport support
for large and medium-sized urban areas beyond 2024 was included in the projec-
tion. By increasing the subsidies for public transport, preparations can be made
for increasing passenger volumes, especially in large and medium-sized urban
areas, where the emissions reduction potential of public transport is greatest. The

56 Land-use, housingand transport agreements made between the State and municipalities
of the biggest city regions.

57 The Finnish Transport and Communications Agency Traficom’s impact assessment
(1.7.2022).
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funding levels for public transport after 2025 to 2032 will be further specified as
part of the preparation and implementation of the Traffic12 plan.58

Third, sustainable transport can be supported by Mobility Management.
Currently, between EUR 0.6 and EUR 0.9 million per year is spent on central
government transfers for mobility management. It is proposed to increase the
budget for state transfers to municipalities and non-profit organisations to
EUR 2.5 million per year. In addition, the grant should be extended to private
employers to manage workplace mobility.>?

State funding will also be directed through the investment programme

for projects that improve the conditions and attractiveness of walking and
cycling and thus increase the number of walking and cycling trips and their
contribution to modes of transport. Between 2022 and 2024, the State will
direct EUR 30 million/year for the investment programme for walking

and cycling. At least EUR 10 million/year of funding will be allocated to
improving the conditions of walking and cycling infrastructure on highways
and traffic nodes. Funding would therefore amount to EUR 40/year, or a total
of EUR 120 million in 2022 to 2024, of which EUR 79.5 million would be
additional funding. The subsidy levels after 2024 will be decided as part of the
implementation of the Traffic12 plan.

The greenhouse gas emissions reduction effect of measures aimed at reducing
passenger car kilometres will be greatest in the 2020s and 2030s and will
begin to decline as the number of zero-emission vehicles in the vehicle fleet
increases. The transport system plans in urban areas and the state funding of
public transport have the greatest emissions reduction potential of these three
measures. The emissions reduction impact of the Investment Programme

for walking and cycling is moderate at a relatively low level of funding. The
uncertainty created by the synergies towards the emissions reduction effect
of these measures will be low until 2035, after which the uncertainty will
increase significantly by all measures. The uncertainty is likely to be increased
by different orders of magnitude of the effects of the different measures.

The biofuel distribution obligation, which has a relatively high impact on
emissions, will have a stronger impact from 2035.

The WAM projection estimates that the emissions reduction effects of
improving the transport system’s energy efficiency (additional measure) will
peak at around 0.31 million tonnes CO, eq. in 2026 and decrease thereafter.

Summary of policies and measures

A summary of the policies and measures in the transport sector is presented in

Table 4.5.

58 Roadmap to fossil-free transport; Publications of the Ministry of Transport and
Communications 2020:19; page 46.

59 Roadmap to fossil-free transport; Publications of the Ministry of Transport and
Communications 2020:19; page 34,
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Table 4.5

Policies and measures according to the WM (marked with *) and WAM projections in the transport sector

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035
* Promoting the use of biofuels in | Low carbon fuels CO, |Regulatory |Implemented | The annual minimum share of biofuels in road | 2019 Ministry of 1,201| 2,509 2,689 2,129
the transport sector transport delivered for consumption shall be Economic
18% in 2021 rising gradually to 30% in 2029. Affairs and
Employment
* Promoting the use of biofuels | Low carbon fuels CO, |Regulatory |Implemented, | This measure changes the level of biofuel 2020 Ministry of 0 555 399 340
in the transport sector, amending changes shares in the distribution obligation legislation. Economic
minimum levels adopted The minimum share for 2022 is temporarily Affairs and
lowered to 12%. Also the share for 2023 is Employment,
proposed to be temporarily lowered due to Ministry of
high fuel prices. In order to compensate for Finance
the decreased emission reductions, obligation
levels for 2024 to 2029 are proposed to be
increased. In addition, the 2030 distribution
obligation is proposed to be increased to 34%.
* Inclusion of biogas and Low carbon fuels CO, | Regulatory, |Adopted Compliant fuels in the distribution obligation 2022 Ministry of 0| —44"| —671 -96"
electrofuels in the distribution Fiscal legislation will be extended to include biogas Economic
obligation legislation from 2022 and renewable liquid and gaseous Affairs and
transport fuels of non-biological origin from Employment,
2023. Ministry of
Finance
* Car tax Efficiency improvements | CO, | Fiscal Implemented | This measure includes tax rates as 1967 Ministry of IE IE IE IE
of vehicles the situations is 1.1.2020 according to Finance
Car Tax Act (1482/1994).
*Vehicle tax Efficiency improvements | CO, | Fiscal Implemented | This measure includes tax rates as 1966 Ministry of IE IE IE IE
of vehicles the situations is 1.1.2020 according Finance
to Vehicle Tax Act (1281/2003).
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Table 4.5 continued

Name of policy or measure/ Objective and/or activity | GHG(Ss) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020 2025, 2030 2035
Temporary reductions of taxable | Efficiency improvements | CO, | Fiscal Implemented | Taxable value of company-car benefit for zero | 2021 Ministry of 0 NE NE  NE
values of company-car benefit of vehicles, Electric cars emission cars is reduced by EUR 170 per Finance
for battery electric vehicles and month. Employer-provided charging of electric
employer-provided charging of vehicles in workplace or in public charging
electric vehicles point is exempted.
Changes to taxable values of Modal shift to public CO, | Fiscal Implemented | From 2021 onwards employer-provided 2021 Ministry of 0 NE NE NE
employer-provided commuter transport or non- commuting ticket is tax-free up to EUR 3,400 Finance
tickets and bicycles motorized transport and taxable value of bicycle is tax-free up
to EUR 1,200.
* Purchase subsidy for electric Efficiency improvements | CO, | Regulatory, |Implemented | The support for electric passanger cars will 2018 Ministry of NE 17 19 16
passanger cars of vehicles, Low carbon economic increase the use of electricity instead of petrol Transport and
fuels/electric cars and diesel. Communica-
tions, Ministry
of Finance
* Conversion subsidy for Efficiency improvements| CO, | Regulatory, |Implemented | The support for converting petrol or diesel 2018 Ministry of NE| 410 =21 -1
passanger cars of vehicles, Low carbon economic engine car for use with gas or ethanol will Economic
fuels/electric cars decrease the use of fossil fuels. Affairs and
Employment,
Ministry of
Finance
* Purchase subsidy for electric Efficiency improvements | CO, | Regulatory, | Implemented | The support for electric or gas powered light 2022 Ministry of 0 4 4 2
or gas-powered light commercial | of vehicles, Low carbon economic commercial vehicles will increase the use of Transport and
vehicles fuels/electric cars electricity and gas instead of petrol and diesel. Communica-
tions, Ministry
of Finance
* Purchase subsidy for electric or | Efficiency improvements| CO, | Regulatory, |Implemented | The support for electric or gas powered trucks | 2022 Ministry of 0 9 5 2
gas-powered heavy duty vehicles | of vehicles, Low carbon economic will increase the use of electricity and gas Transport and
fuels/electric cars instead of petrol and diesel. Communica-
tions, Ministry
of Finance
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Table 4.5 continued

Name of policy or measure/ Objective and/or activity | GHG(Ss) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020 2025, 2030 2035
* €O, emission performance Efficiency improvements | CO, | Regulatory | Implemented/ | CO, limit values according to the EU Fit for 55 | 2022 Ministry of 0 411 210 604
standards for new passenger cars | of vehicles, Low carbon Planned proposal, by which the CO, emissions of new Transport and
and for new light commercial fuels/electric cars passenger cars reported by the manufacturer Communica-
vehicles incl. AFIR (Alternative should be —55% less in 2030 and —100% tions, Ministry
Fuels Infrastructure Regulation) less in 2035 than in 2021. The corresponding of Economic
reductions are —50% and —100% for light Affairs and
commercial vehicles. The infrastructure of Employment,
electric car charging stations and hydrogen Ministry of
filling stations according to the EU Fit for 55 Finance
AFIR proposal.
* HCT transports and digitalisation  Demand management/ | CO, | Regulatory |Implemented/ | The Regulation on the HCT (High Capacity 2022 Ministry of 0 30 60 55
in logistics reduction Planned Transport) vehicle combinations for road Transport and
transport (1257/1992) was amended and Communica-
entered into force in 2019 increasing the tions
maximum length of combination to 34.5
metres. This will decrease kilometres driven
when the same mass can be transported with
fewer vehicles.
* Urban transport system plans | Demand management/ | CO, | Voluntary/ | Implemented/ | The aim is to reduce the number of solo car 2023 Ministry of 0 6 13 10
reduction, modal shift to negotiated | Planned journeys and to halt the increase in the vehicle- Transport and
public transport or non- agreements, kilometres in urban areas regardless of a Communica-
motorized transport planning, growing population by promoting the conditions tions
economic for walking, cycling, public transport and new
travel services, especially in urban areas.
* The investment programme for | Demand management/ | CO, | Voluntary/ | Implemented/ | The aim is to enhance the requirements 2023 Ministry of 0 4 8 6
walking and cycling reduction, modal shift to negotiated | Planned necessary for walking and cycling in Finland’s Transport and
public transport or non- agreements, municipalities, support the reduction of GHG- Communica-
motorized transport planning, emissions in traffic and promote public health. tions, Ministry
economic The investment programme promotes the the of Finance
target set for walking and cycling in 2030, i.e a
30% increase in the amount of travel.
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Table 4.5 continued

Name of policy or measure/ Objective and/or activity | GHG(Ss) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020 2025, 2030 2035
* Improved regulation of the Demand management/ |CO, | Regulatory, |Implemented | Strenghtening of available policy instruments | 2000 Ministry of the NE NE NE  NE
development of major retail reduction Planning in land use and building act to avoid disruptive Environment,
centres land use development and increased Regional
transportation needs due to construction councils,
of retail centres based on private car Municipalities
transportation
* Other miscellanious changes Efficiency improvements | CO, | Regulatory, |Implemented/ | Changes in vehicle taxation, charging and Ministry of NE 101 175 222
of vehicles economic, | Planned distribution infrastructure subsidies, market- Transport and
fiscal, other based changes in new registrations and driving Communica-
power of imported used cars. tions, Ministry
of Finance
Biofuel distribution obligation Low carbon fuels/ CO, | Regulatory | Planned Increasing the obligation to biofuel distribution | 2031 Ministry of 0 0 0 447
100 per cent in 2045 electric cars to 100 per cent from 2030 by 2045. Economic
Consumption of bio-based and other fuels Affairs and
classified as renewable will increase and Employment,
the share of fossil fuels in consumption will Ministry of
decrease and completely cease in 2045. Finance
CO, emissions performance Efficiency improvements | CO, | Regulatory | Planned The proportion of first registered zero-emission | 2023 Ministry of 0 18 91 157
standards for new heavy duty of vehicles, Low carbon electric and hydrogen-powered heavy duty Economic
vehicles fuels/electric cars vehicles among all first registrations will Affairs and
increase until 2030 so that the average CO, Employment,
value of all first registrations is 30% less than Ministry of
the average in Finland in 2021. After 2030, the Finance
situation will remain constant.
Scrapping premium campaign Efficiency improvements | CO, | Regulatory, |Planned New premium for scrapping car (model year 2023 Ministry of 0 10 5 2
of vehicles, Low carbon economic 2010 or older) in 2023 for purchasing a new Transport and
fuels/electric cars low emission car (gas car, <95 g/km charging Communica-
hybrid, full electric or <120 g/km other internal tions, Ministry
combustion engine car), public transport of Finance
season ticket or electric-assisted bicycle.
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Table 4.5 continued

Name of policy or measure/ Objective and/or activity | GHG(Ss) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035
Services in the Mobility-as-a- Demand management/ | CO, | Voluntary/ | Planned The main purpose of Mobility as a Service Ministry of 0 15 29 19
Service concept — full potential | reduction, modal shift to negotiated (Maa$) is to provide user-friendly, reliable, Transport and
public transport or non- agreements, affordable and competitive door-to-door Communica-
motorized transport planning, mobility services to reduce the need to use a tions, Ministry
economic privately owned car and thus decrease vehicle- of Finance
kilometres.
Additional measures to improve | Demand management/ | CO, | Voluntary/ | Planned A combination of three measures aimed at the Ministry of 0 34 67 45
the energy-efficiency of the reduction, modal shift to negotiated same goal to reduce the need to use a privately Transport and
transport system public transport or non- agreements, owned car and decrease vehicle-kilometres: Communica-
motorized transport planning, — urban transport system plans (full potential) tions, Ministry
economic — increase the state funding to public transport of Finance
for large and medium-sized urban areas
— increase the state funding to mobility
management
The investment programme Demand management/ |CO,  Voluntary/ |Planned Assumed a funding level of > EUR 26.5 million/ Ministry of 0 2 3 2
for walking and cycling — reduction, modal shift to negotiated year for the Walking and Cycling Investment Transport and
full potential public transport or non- agreements, Programme according to the Roadmap to Communica-
motorized transport planning, Fossil Free Transport. tions, Ministry
economic of Finance
Emissions trading system Efficiency improvements | CO, | Regulatory, | Planned Emissions trading in transport sector fossil Ministry of 0 0 189 83
for road transport of vehicles, Low carbon economic fuels under the EU's Fit for 55 proposal is Transport and
fuels/electric cars estimated to decrease vehicle-kilometres for Communica-
passenger cars and light commercial vehicles tions, Ministry
of Economic
Affairs and
Employment,
Ministry of
Finance

NE = not estimated
IE = included elsewhere

1) The measure increases the emissions of the WM projection in relation to the previous WM projection, where biogas was not included in the distribution obligation but provided additional emission reductions.
In the new WM projection, biogas/high-blend ethanol fuel reduces the amount of other biofuel in the distribution obligation and therefore increases emissions compared to the previous projection.
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4.4.3 International bunkers

Policies and measures in the WM projection

Finland has actively participated in the International Maritime Organization’s
(IMO) and International Civil Aviation Organisation’s (ICAO) work to limit

emissions from international transport.

The 2010 ICAO Assembly adopted the existing global aspirational goals

for the international aviation sector of 2 per cent annual fuel efficiency
improvements and carbon neutral growth from 2020. Finland welcomes that
the ICAO Assembly in 2016 adopted a global carbon-offsetting scheme for
international aviation, CORSIA. With this decision, aviation became the
first industrial sector to have a global market-based measure scheme in place.
Finland has fully supported ICAO’s work on the development of Annex 16,
Volume IV to the Convention on International Civil Aviation containing the
Standards and Recommended Practices (SARPs) for the implementation of
CORSIA and has confirmed its participation in the CORSIA from its outset.

Finland welcomes that the Initial IMO Strategy on Reduction of Greenhouse
Gas Emissions from Ships was adopted in 2018. It envisages a reduction in
total greenhouse gas emissions from international shipping and identifies three
levels of ambition. First, the carbon intensity of ships should decline through
the implementation of further phases of the Energy Efficiency Design Index
(EEDI) for new ships. Second, the carbon intensity of international shipping
should decline with reductions in CO, emissions per transport work, as an
average across international shipping, by at least 40 per cent by 2030, pursuing
efforts towards 70 per cent by 2050 compared to 2008. Third, greenhouse gas
emissions from international shipping should peak as soon as possible, and

the total annual emissions should be reduced by at least 50 per cent by 2050
compared to 2008. According to the Roadmap, by 2023, IMO Member States
should agree a final strategy on short-, medium-, and long-term measures,
taking the results from the IMO Data Collection System into account.

In 2021, the IMO agreed to initiate the revision of the Initial 2018 IMO
Strategy on Reduction of GHG Emissions from Ships, recognising the need
to strengthen the ambition during the revision process. A final draft Revised
IMO GHG Strategy will be considered by 2023 with a view to adoption.

The EU MRV Regulation®® on monitoring, reporting and verification of carbon
dioxide emissions from maritime transport entered into force in 2015. The EU
regulation applies to ships greater than 5000 gross tonnage, irrespective of their
flag, undertaking following voyages in EU and EFTA regions and it requires
ships to monitor and report their CO, emissions, fuel consumption, transport
work and average energy efficiency. In 2016, the IMO approved amendments to
the Annex VI on Data Collection System (DCS) for the fuel oil consumption of
ships of the International Convention for the Prevention of Pollution from Ships

60 (EU)2015/757
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(MARPOL). Under the amendments, ships of 5,000 gross tonnage and above
are required to collect consumption data for each type of fuel oil they use, as well
as other additionally specified data including proxies for transport work. The
aggregated data are reported annually to the flag State, which issues a Statement
of Compliance to the ship. Flag States are required to subsequently transfer this
data to an IMO Ship Fuel Oil Consumption Database. The IMO is required to
produce an annual report for the MEPC, summarising the collected data. These
measures were implemented in Finland’s national legislation®! in 2021.

In 2021, the IMO adopted amendments to MARPOL Annex VI, which will
require ships to reduce their greenhouse gas emissions. These amendments
combine technical and operational approaches to improve the energy
efficiency of ships, also providing important building blocks for future GHG
reduction measures. The new measures will require all ships to calculate their
Energy Efficiency Existing Ship Index (EEXI) by following technical means to
improve their energy efficiency and establish their annual operational carbon
intensity indicator (CII) and CII rating. Carbon intensity links greenhouse
gas emissions to the amount of cargo carried over the travelled distance. Ships
will be rated for their energy efficiency (A, B, C, D, E — where A is the best). A
ship rated D for three consecutive years, or E, is required to submit a corrective
action plan to show how the required index (C or above) would be achieved.
The new regulations on EEXI and CII will be implemented in Finland’s
national legislation between 2023 and 2024.

The EU Emissions Trading System (EU ETYS) currently applies to aviation and
covers all intra-European Economic Area flights. As a member of the European
Union, Finland has participated in the EU ETS from its outset. The EU
Emissions Trading System has generally been seen as a cost-effective way to reduce
emissions from the activities it covers, as it provides a better incentive to reduce
emissions and improve energy efficiency than through air passenger taxes, for
example. On the other hand, the system enables additional purchases of emissions
rights if it will be very expensive or impossible to reduce emissions by means of
new technology, for example. The Commission has estimated that the EU ETS
has reduced aviation CO, emissions by more than 17 million tonnes per year¢2.

Based on the Roadmap for fossil-free transport described in Section 4.4.2 the
Government made Resolutions on reducing greenhouse gas emissions from
aviation, as well as maritime and inland waterway transport. According to

the Government Resolution®3, emissions from domestic and international air
traftic departing from Finland will be reduced by 15 per cent from 2018 levels
by 2030 and by 50 per cent by 2045. The emissions reduction target concerns

61 29.6.2021/669

62 https://ec.europa.ecu/clima/eu-action/transport-emissions/reducing-emissions-aviation _en

63 Government resolution on reducing greenhouse gas emissions from aviation;
Publications of the Ministry of Transport and Communications 2021:22;
hetp://urn.fi/URN:ISBN:978-952-243-616-0
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emissions within the sector; in addition, aviation delivers emissions savings in
other sectors through various market mechanisms. The Resolution includes
23 measures to reduce aviation emissions through renewable fuels, energy
efficiency, and pricing. Finland’s 5th Action Plan to Reduce CO, Emissions
from Aviation®4 was submitted to the ICAO in 2021.

The Government Resolution® for maritime transport proposes several
measures to facilitate the transition to alternative fuels and propulsion
technologies and to support energy efficiency improvements in existing vessels
and the development of new low-emission vessels in Finland. In addition,

the Resolution highlights the importance of actively exerting influence
internationally to reduce emissions from maritime transport, as the greatest
impact on the international maritime sector can be achieved by global
measures. Finland has shared its National Action Plan to address greenhouse
gas emissions from ships at the IMO in 2022.

The Black Carbon (BC) emissions also have a large impact on climate change,
especially in the polar regions, and Finland is committed to decreasing black
carbon emissions. Accordingly, the Finnish Transport and Communications
Agency Traficom with the Finnish Meteorological Institute (FMI), and VTT
Technical Research Centre of Finland Ltd have been conducting studies to test
the candidate measuring methods and collect data on black carbon emissions
from shipping. The results of these studies will be introduced at the IMO. In
2021, the IMO adopted a resolution urging Member States and ship operators
to voluntarily use distillate or other cleaner alternative fuels or methods of
propulsion safe for ships and could contribute to the reduction of black carbon
emissions when operating in or near the Arctic and report on measures and
best practices to reduce black carbon emissions from shipping. Accordingly,

in 2022, Finland and Denmark proposed draft Black Carbon Guidelines to
specify the recommendations for the testing, survey, and certification of marine
diesel engines, exhaust gas treatment systems, and low-emission fuels to ensure
low black carbon emissions from the engine, installed equipment, or fuel used.

The IMO guidelines will be developed based on this proposal.

Policies and measures in the WAM projection

As part of the EU’s Fit for 55 package, the Commission has proposed a
comprehensive set of changes to the existing EU Emissions Trading System
(EU ETS), which should result in an overall emissions reduction of 61 per cent
in the sectors concerned by 2030 compared to 2005. The increased ambition

is to be achieved by strengthening the current provisions and extending the
scope of the scheme. Aviation has been included in the EU ET'S since 2012,

64 https://www.traficom.fi/sites/default/files/media/publication/Finlands%20Action%20Plan%20

t0%20Reduce%20C0O2%20Emissions%20from%20Aviation%20Revision%202021.pdf
65 Government Resolution on reducing greenhouse gas emissions from maritime

and inland waterway transport; Publications of the Ministry of Transport and
Communications 2021:11; http://urn.fi/URN:ISBN:978-952-243-615-3
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and it applies to flights between airports in the European Economic Area.
During aviation’s third emissions trading period, which started in 2021, the
total number of emissions allowances will be reduced annually with a linear
reduction factor of 2.2 per cent. According to the proposal, the free allocation
of allowances will be phased out by 2027, and their linear reduction factor will
be tightened from 2.2 to 4.2 per cent from 2024. The Carbon Offsetting and
Reduction Scheme for International Aviation (CORSIA) aims to address any
annual increase in total CO, emissions from international civil aviation above
2020 levels. Under CORSIA, aircraft operators will be required to purchase
offsets for the growth in CO, emissions covered by the scheme from 2021.
Finland welcomes that CORSIA will be integrated into the EU ETS and will
be implemented in it.

The proposal concerning maritime transport in the Fit for 55 package
notably aims to include emissions from maritime transport in the EU ETS,
increase funding available from the modernisation and innovation funds,
and revise the market stability reserve to continue ensuring a stable and well-

functioning EU ETS.

The ReFuelEU Aviation and Fuel EU Maritime proposals aim to ramp up

the production and deployment of renewable and low-carbon fuels. The
ReFuelEU Aviation proposal includes a blending obligation for fuel suppliers
for sustainable aviation fuel (SAF) and a submandate for synthetic aviation
fuel. The goal of FuelEU Maritime is to reduce the greenhouse gas intensity of
the energy used onboard by ships by up to 75 per cent by 2050, by promoting
the use of greener fuels by ships. Despite progress in recent years, the maritime
sector still relies almost entirely on fossil fuels and constitutes a significant
source of greenhouse gases and other harmful pollutant emissions.

The Fit for 55 package also includes other proposals related to international
bunkers — for example, the Alternative Fuels Infrastructure Regulation (AFIR)®.
According to the proposal, at least 90 per cent of container ships and passenger
ships at the busiest seaports will have access to shoreside electricity supply and at
most of the inland waterway ports, at least one installation providing shoreside
electricity by 2030. At airports, there should be electricity supply for all aircraft
stands next to the terminal by 2025 and all remote stands by 2030 (except
airports with fewer than 10,000 flights per year).

In line with this momentum on climate change action, the ICAO has sought
to explore the feasibility of a long-term global aspirational goal (LTAG) for
international aviation. Over the last two years, the ICAO Committee on
Aviation Environmental Protection (CAEP) undertook its technical work

on the feasibility study of the LTAG. The LTAG report67 was unanimously

66 https://www.consilium.curopa.eu/en/infographics/fit-for-55-afir-alternative-fuels-
infrastructure-regulation/

67 https://www.icao.int/environmental-protection/LTAG/Pages/LTAGreport.aspx
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approved at the CAEP/12 meeting in February 2022. The High-Level
Meeting on LTAG (HLM-LTAG) was held in July 2022 to prepare for the
LTAG deliberations at the 41st ICAO Assembly. Finland welcomes that the
Assembly finally reached in October 2022 a historic agreement and adopted
a LTAG for international aviation of net-zero carbon emissions by 2050 in
support of the UNFCCC Paris Agreement’s temperature goal.

Summary of policies and measures

A summary of the policies and measures for international bunkers is presented

in Table 4.6.
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Table 4.6

Policies and measures for international bunkers according to the WM (marked with *) and WAM projections

Name of policy or measure/ Objective and/or activity| GHG(s) | Type of Status of Brief description Start year | Implementing entity or | Estimate of mitigation
mitigation action affected affect- | instrument | implementation of imple- | entities impact in kilotonnes CO,
ed mentation equivalent
2020/ 2025/ 2030 2035
Carbon Offsetting and To offset and reduce |CO, | Regulatory, |Implemented | Global market-based measure Carbon Offsetting | 2021 Ministry of Transport 0| NE| NE| NE
Reduction Scheme for emissions economic and Reduction Scheme for International Aviation and Communications
International Aviation (CORSIA) (CORSIA) was adopted in ICAO and implemented
in the EU.
Energy Efficiency Design Index | To save energy and | CO, | Regulatory |Implemented/ | The IMO regulations set binding energy efficiency | 2018 Ministry of Transport NEl NE| NE| NE
(EEDI) for new ships, Energy | reduce emissions adopted targets based on EEDI for new ships and to and Communications
Efficiency Existing Ship Index calculate Energy Efficiency Existing Ship Index
(EEXI) (EEXI) to improve energy efficiency.
IMO data collection system To reduce emissions |CO, | Regulatory | Implemented | Ships of 5,000 gross tonnage and above are 2021 Ministry of Transport 0 NE| NE| NE
(DCS) from international required to collect and report consumption data and Communications
shipping for each type of fuel oil they use.
Maritime Transport MRV To reduce emissions | CO, |Regulatory |Implemented | In order to reduce CO, emissions from shipping | 2015 Ministry of Transport NEI NE| NE| NE
Regulation from international at EU level, a system for monitoring, reporting and Communications
shipping and verification (MRV) of CO, emissions based
on the fuel consumption of ships has been set
up as a first step of a staged approach for the
inclusion of maritime transport emissions in the
EU’s greenhouse gas reduction commitment.
Aviation Emissions Trading To reduce emissions | CO, | Regulatory, |Implemented | Aviation is included in EU emissions trading since | 2012 Ministry of Transport NE| NE| NE| NE
economic 2012. and Communications
Government resolution on To reduce emissions, |CO, | economic, | Implemented/ | The Resolution includes 23 measures to reduce | 2021 Ministry of Transport 0 NE| NE| NE
reducing greenhouse gas to increase the use of fiscal, adopted/ aviation emissions through renewable fuels, and Communications
emissions from aviation renewables regulatory, | planned energy efficiency and pricing.
information,
other
Government resolution on To reduce emissions, |CO, | economic, | Implemented/ | This Resolution on reducing emissions from 2021 Ministry of Transport 0| NE| NE| NE
reducing greenhouse gas to increase the use of fiscal, adopted/ maritime and inland waterway transport and Communications
emissions from maritime and | renewables regulatory, | planned addresses the possibilities of both exerting
inland waterway transport information, influence at the international level and taking
other national measures.
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Table 4.6 continued

Name of policy or measure/ Objective and/or activity| GHG(s) | Type of Status of Brief description Start year | Implementing entity or | Estimate of mitigation
mitigation action affected affect- | instrument | implementation of imple- | entities impact in kilotonnes CO,
ed mentation equivalent
2020| 2025/ 2030 2035
Maritime Emissions Trading To reduce emissions |CO, | Regulatory, |Planned The Commision proposal to include maritime Ministry of Transport 0 NE| NE| NE
economic transport in the EU ETS. and Communications,
Ministry of Economic
Affairs and Employment
Liquefied natural gas and other| To increase the use | CO,, |Regulatory, | Planned The use of alternative fuels in marine transport Ministry of Eco- 0| NE| NE| NE
alternative fuels in the sea of alternative fuels, | CH4, | economic, is promoted. FuelEU Maritime proposal aims to nomic Affairs and
transport including renewables ' N,O | information reduce GHG emissions of energy used on board Employment, Ministry
ships with gradually increasing requirement of Transport and
on the GHG intensity targets. The Alternative Communications,
Fuels Infrastructure Regulation (AFIR) proposal Finnish Transport
promotes ship's access to shore-side electricity and Communications
supply. Agency Traficom
Alternative fuels and To increase the use of | CO,, | Regulatory | Planned The use of Sustainable Aviation Fuels (SAF) in Ministry of Economic 0 NE| NE| NE
Sustainable Aviation Fuels renewables CH,, |and/or aviation is promoted. The ReFuelEU Aviation Affairs and Employ-
(SAF) in air transport N,O | economic proposal aims to boost the supply and demand ment, Ministry of
for sustainable aviation fuels in the EU. The Transport and Com-
Alternative Fuels Infrastructure Regulation (AFIR) munications, Finnish
proposal promotes electricity supply for aircrafts Transport and Com-
stands. munications Agency
Traficom
ICAO Long Term Aspirational | To reduce emissions |CO, |Regulatory | Planned To introduce a long-term global aspirational goal Ministry of Transport 0/ NE| NE| NE
Goal (LTAG) from international air (LTAG) for 2050 for international aviation. and Communications
transport
Regulations on Black Carbon | Mitigate GHG- BC Regulatory | Planned To introduce legally binding regulations on black Ministry of Transport 0| NE| NE| NE
(BC) emissions and carbon in the Polar Code. and Communications
decrease BC
emissions in the polar
regions

NE = not estimated
|IE = included elsewhere
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4.4.4 Industrial processes and product use

The most important greenhouse gas emissions from industrial processes are
CO, emissions from iron and steel, hydrogen and cement production. The
main factors affecting the development of these emissions have until now
mainly included changes in industrial production activity. However, one can
observe a clear change today, in which the manufacturing industry is actively
secking low-carbon technology alternatives and significantly reduced process
emissions. This is typically not the result of a single measure but several
measures strengthening the overall feasibility of new technology investments.

In the WM projection, the growth of industrial production increases
emissions, while technology changes reduce them. Most of the industrial
process emissions reported in this sector are part of the EU ETS, which is also
the main measure for reducing process emissions. The steep rise in EU ETS
prices with lower electricity tax, new investment grants and increased climate
awareness is motivating manufacturing industry to reduce process emissions.
The measures are the same as those for reducing energy emissions and a
description of them can be found in Chapter 4.4.1. No additional measures
targeting CO, emissions from industrial processes are planned.

The policies and measures described in this chapter therefore only address
measures related to F gases.

Policies and measures in the WM projection

The amount of emissions from F gases (HFC, PFC, SF() was two per cent of
the total greenhouse gas emissions in 2020. HFC emissions have increased
significantly since the early and mid-1990s when they were introduced as
substitutes for ozone-depleting substances in many applications. The peak level
of HFC emissions occurred at the end of the 2000s but have since started to
decline. The share of PFC emissions of total F gas emissions was only 0.2 per
cent in 2020. There is a fluctuation in the total annual PFC emission level. In
recent years, emissions have decreased from their peak. The peak level of SF
emissions occurred in the early and mid-1990s. The level of emissions has since
decreased, but there is fluctuation in the total annual emissions level due to the
use of SF in specific applications in which the consumed amount of SF varies
year-on-year. F gases are not produced in Finland.

The most important regulations affecting the use and emissions of these gases
are the F gas regulation® and the directive related to HFC emissions from

air conditioning systems in motor vehicles.®? Technical development has also
affected the development of emissions. The main features of the F gas regulation
in cutting F gas emissions are a phase-down of HFCs that can be placed on the

68 2014/517/EC
69 2006/40/EC
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EU market, bans on the use of HFCs in certain applications and obligations
related to leak checking and repairs, F gas recovery and technician training,

The WM projection for F gases includes the impacts of the EC regulation

and the EC directive referred to above. Emissions from refrigeration and air
conditioning equipment are expected to decline due to regulatory measures.
The main features of the F gas regulation in cutting the emissions will lead to a
replacement of HFCs with low GWP alternatives in most applications.

Emissions from electricity distribution equipment have declined from their
peak because of voluntary actions by the industries. A steady increase of
emissions is assumed in the future, but the peak emissions level in the 1990s
will not be reached. Restrictions forced by the EU regulation will have a
decreasing effect on emissions from foam blowing and aerosols in the future.

Policies and measures in the WAM projection

The current measures in the WM projection will already cut the emissions
strongly. The WAM projection of F gases is based on a few additional measures
that will slightly accelerate the decrease of emissions. These additional
measures include the revision of the F gas Regulation, improved control of

F gas banks and recovery of F gases, and promotion of alternative non-HFC
technologies.

It is estimated that the emissions reduction achieved by these additional

measures will be 0.2 million tonnes CO, eq. in 2030.

Summary of policies and measures

A summary of the policies and measures in the industrial processes and product
use sector is presented in Table 4.7.
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Table 4.7

Policies and measures according to the WM (marked with*) and WAM projections in the industrial processes and product use sector

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020, 2025 2030/ 2035
* Regulation of the Finnish Replacement of HFC, |Regulatory | Implemented |Implementation of the directive 2006/40/ 2017 The Finnish NE IE IE IE
Transport Safety Agency fluorinated gases PFC, EC of the European Parliament and of Transport and
TRAFI/437519/03.04.03.00/2017 by other substances Sk the Council to reduce use of F-gases by Communica-
on technical requirements of road | (Industrial Processes, restricting use of certain F-gases in air- tions Agency
vehicles and trailers Transport) conditioning systems of new passenger cars Traficom
and light duty vehicles
* Revised Environmental Replacement of HFC, |Regulatory | Implemented |Implementation of the EU F-gas regulation 2015 Ministry of the NE IE |E IE
Protection Act (423/2015) and fluorinated gases PFC, (Regulation 517/2014). Environment
related Government Decree by other substances SFg
(766/2016) (Industrial Processes)
* Improved enforcement of F-gas | Replacement of HFC, |Regulatory, |Implemented | Enhance cost effective compliance 2015 Ministry of the NE IE IE IE
regulations fluorinated gases PFC, | Information monitoring: further support and information Environment,
by other substances Sk for inspectors, targeted information Finnish
(Industrial Processes) dissemination on new regulation to different Environment
groups of stakeholders Institute, Finnish
Safety and
Chemicals
Agency
* The EU-wide measures of Replacement of HFC, |Regulatory | Implemented | The EU-wide measures of regulation 2015 Ministry of the NE IE IE IE
Regulation 517/2014/EU fluorinated gases PFC, 517/2014 where no national implementation Environment
by other substances SFg takes place (e.g. phase-down schedule on
(Industrial Processes) placing on the market of HFCs, enhanced
leackage prevention and bans on certain
equipment)
* Criteria for green public Replacement of HFC, |Information |Implemented | Criteria for green public procurement to avoid | 2020 Ministry of the NE IE IE IE
procurement to avoid equipment | fluorinated gases PFC, equipment containing F-gases to promote Environment,
containing high GWP F-gases by other substances SFg the transition from HFC technologies to Finnish the
(Industrial Processes) alternative low GWP technologies. Environment
Institute
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Table 4.7 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020, 2025 2030/ 2035
Information and education Replacement of HFC, | Information |Planned Information and education campaign to 2023 Ministry of the 0 IE IE IE
campaign to promote alternative | fluorinated gases PFC, promote alternative non-HFC technologies Environment,
non-HFC technologies by other substances SFg Finnish
(Industrial Processes) Environment
Institute
Revision of Regulation Replacement of HFC, | Regulatory, |Planned Revision of the EU F-gas regulation 2024 Ministry of the 0 IE IE IE
517/2014/EU fluorinated gases PFC, | Information (Regulation 517/2014) Environment
by other substances Sk
(Industrial Processes)
Improved control of F-gas banks | Replacement of HFC, | Regulatory, |Planned Improved control of F-gas banks and 2022 Ministry of the 0 IE IE IE
and recovery of F-gases fluorinated gases PFC, | Information recovery of F-gases by way of information Environment,
by other substances Sk campaingns, education, guidance and Finnish
(Industrial Processes) direction and voluntary actions Environment
Institute
* PAMs related to F-gases in With | Replacement of HFC, |Regulatory, | See individual | PAMs related to F-gases in With Measures See See individual NE| 2,665| 3,204 3,464
Measures (WM) scenario (HFGCs, | fluorinated gases PFC, |Information |PaMs (WM) scenario (HFCs, PFCs and SF6). Please | individual | PaMs
PFCs and SFg) by other substances Sk see the single PAMs for more information PaMs
(Industrial Processes,
Transport)
PAMs related to F-gases in With | Replacement of HFC, |Regulatory, |See individual |PAMSs related to F-gases in With Additional See See individual 0| 154, 150 107
Additional Measures (WAM) fluorinated gases PFC, |Information |PaMs Measures (WAM) scenario (HFCs, PFCs and | individual | PaMs
scenario (HFCs, PFCs and SFg) by other substances SFg SFg). Please see the single PAMs for more PaMs

(Industrial Processes)

details.

NE = not estimated
|E = included elsewhere
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4.4.5 Agriculture

Policies and measures in the WM projection

Finnish agricultural policy is based on the view that the competitive
disadvantage due to natural conditions such as the short growing period,

low temperatures, frosts, and problematic drainage conditions must be
compensated to have profitable domestic production and make agriculture
sustainable and multifunctional. The objectives of sustainable and
multifunctional agriculture include taking greenhouse gas emissions,

the possible need for adaptation measures, and other environmental and
socioeconomic aspects into account. These objectives can be reached through
the Common Agricultural Policy (CAP) of the EU, as well as through national
measures. According to conclusions of the European Council, agricultural
production should continue in all areas of the Community.

The starting point of agriculture emissions projection is that domestic food
production will be secured and maintained at the current level, and mitigation
policies will be implemented where the most cost-effective reduction potential
exists. Some of the effective climate policy measures may conflict with other
agricultural policy objectives and measures such as securing the availability

of food, animal welfare, and the biodiversity of rural areas. If Finnish food
consumption patterns remain unchanged, a reduction in domestic agricultural
production would probably not reduce global greenhouse gas emissions
because domestic production would be replaced by production elsewhere.

There are measures in the CAP aim to reduce greenhouse gas emissions. Agri-
environment-climate measures are part of the Rural Development Programme
for Mainland Finland from 2014 to 2020 and the CAP transitional period
from 2021 to 2022. Agri-environment payments are essential tools for
promoting sustainable development in agriculture, and in previous years,

some 85 per cent of Finnish farmers have committed themselves to the agri-
environment scheme. Their objectives are to decrease nutrient loading from
agriculture in surface waters and groundwaters and to preserve plant and
animal biodiversity and the rural landscape. The measures also aim to maintain
or improve the productive capacity of agricultural land and reduce greenhouse
gas and ammonia emissions, as well as to adapt to climate change.

In the Rural Development Programme for 2014 to 2020 and for the CAP
transitional period between 2021 and 2022, there are several measures for
climate change mitigation and adaptation: an environment payment for

the incorporation of slurry into the soil; recycling of nutrients and organic
matter; control of runoff waters; environmental management of grassland;
and plant cover on arable land in the winter. Agricultural investment support
can be targeted to controlled subsurface drainage and more efficient handling,
storage, and use of manure. There is also a support system for investments in
renewable energy — for example, an investment system for biogas plants. As
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part of the programme, advisory services will be provided regarding cross-
compliance conditions, greening payments, climate change mitigation and
adaptation, biodiversity, the protection of water and soil, environment
payments, the maintenance of agricultural land, organic production, and issues
related to environmental efficiency, including more efficient energy use and
renewable energies. The new CAP period from 2023 to 2027 begins in January
2023, and it includes similar, partly improved, climate and agri-environment
measures. There will also be a new element: an eco-scheme. The eco-scheme’s
measures differ from the climate and agri-environment commitments and are
more demanding than climate and environmental legislation.

The Rural Development Programmes for Mainland Finland have been the
main instruments for implementing climate change mitigation and adaptation
measures in the agricultural sector. Rural Development Programmes

are evaluated as defined in the Parliament and Council regulation.”® At
programme level, Finland has defined evaluation and implementation plans to
evaluate climate change issues”1.

As it is neither possible nor appropriate to implement all climate change
mitigation or adaptation measures in agriculture through the EU’s Common
Agriculture Policy, national measures are also required.

The new Climate Plan for the Land Use Sector”? complements the

climate measures targeted at agricultural peatlands. Alternative measures
include raising the groundwater level on peaty arable land to prevent peat
decomposition, the promotion of perennial grasslands without tilling and
converting agricultural land into managed wetlands (when the area would
no longer be used for agricultural production). These measures targeted at
agricultural soils also reduce CO, emissions in the land use, land-use change
and forestry (LULUCF) sector.

In the most recent Medium-Term Climate Change Policy Plan, measures
targeting agriculture are partly the same as mentioned in the CAP. However,
the plan also includes other national measures that are currently implemented
or adopted in Finland. Enteric methane emissions from ruminants can be
reduced by changing feeding practices for dairy cows. Using rapeseed cake in
the feeding of dairy cows can reduce methane emissions by approximately 10
per cent per litre of milk if the cows are fed predominantly with roughage,
i.e. grass’3. However, as more than 40 per cent of the feed of dairy cows is
concentrated feed, rapeseed cake would mostly replace the currently widely
used rapeseed meal, and the actual reduction in methane emissions would
probably be three to five per cent per cow.

70 1305/2013/EU (rural development regulation)
71 http://urn.fi/URN:ISBN:978-952-326-822-7

72 https://urn.fi/URN:ISBN:978-952-366-388-6
73 Maanavilja L. et al. (2021)
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Of the feed additives that reduce enteric methane production, research

has advanced furthest regarding 3-NOP (3-nitrooxypropanol), which has
recently been approved in the EU as a feed additive for dairy cows and cows
for reproduction. In the best-case scenario, this additive may reduce methane
emissions from dairy cows by up to 25 per cent, but would entail additional
costs for farmers at the same time.

The food consumption measures highlighted in the Medium-Term Climate
Change Policy Plan include reducing food waste and eating according to
nutritional recommendations. The national target of halving food waste in
Finland by 2030 is also in line with Sustainable Development Goal 12.3,

“By 2030, halve per capita food waste”. The total food waste in the Finnish
food chain is estimated to be around 400 to 500 million kilogrammes a year.
Food waste occurs at every stage of the food chain, and in terms of volume, it
is divided as follows: primary production 12 per cent; industry 20 per cent;
trade 18 per cent; food services 20 per cent; and households 30 per cent. The
Natural Resources Institute Finland has developed a National Food Waste
Road Map74. Measures for reducing food waste have been categorised in
thematic areas: regulation and policy instruments; education and information
guidance; changes in sustainability practices; technological solutions and
new business models; research-driven solutions; and cooperation between
operators. Emissions impacts of reducing food waste arise when the amount
of food waste decreases, and correspondingly, the demand, production and
imports of food decrease. As a result, the climate impact of food production
will diminish in both the agricultural and land use, land-use change and
forestry sectors. EU Member States are also obligated to measure the amount

of food waste and report on it in accordance with the Commission’s Delegated
Decision (EU) 2019/1597.

In addition to the measures referred to above, many other factors may
contribute to a reduction in the greenhouse gas emissions from agriculture

in 2035. However, the magnitude remains difficult to estimate. For example,
gender-selected semen is a relatively new technology. The goal is to reduce the
number of male dairy calves and increase the share of faster-growing dairy-
beef crossbreed calves among dairy cattle. More research is needed on the use
and effects of gender-selected semen, but the method is already rapidly gaining
popularity.

Prime Minister Sanna Marin’s Government Programme also sets the following
implemented measures for reducing emissions in the agricultural sector:
improving real estate composition of fields; increasing organic production;
the Catch the Carbon programme and recycling of nutrients; and promoting
biogas production.

74 Riipi, I et al. (2021)
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The Ministry of Agriculture and Forestry of Finland has drawn up a
development programme for the real estate composition of fields, including
the preparation and implementation of the associated measures to improve
the competitiveness of agricultural production, while taking the impact on
the environment, waters, climate and biodiversity into account. The real
estate composition of fields can be markedly improved by parcel or land
arrangements. The composition could also be affected by measures in the
upcoming Common Agricultural Policy plan and matters associated with
ownership, renting systems, and taxation of fields.

One of the methods mentioned in the Government Programme for achieving
a climate and environmentally friendly food system is to increase the share

of domestic organic products in food production, food processing, domestic
consumption, and exports. Organic production is based on good soil
management. The cultivation methods used promote the sequestration of
organic matter and carbon in soil, which is a precondition for the fertility of
fields. At the same time, these methods promote nutrient recycling, reduce
dependence on fossil energy and increase farms’ nutrient self-sufficiency. The
new national organic farming programme, Luomu 2.075, was published in the
spring of 2021. A more detailed implementation plan and its performance
indicators are currently being prepared in cooperation with stakeholders in the
organic farming sector.

The Catch the Carbon Research and Innovation Programme is a new kind

of climate programme for the agricultural, forestry, and land-use sectors.

Catch the Carbon began in 2020 and is implemented under the Government
Programme. More than 100 research, development and innovation projects
have been funded as part of the programme. These projects create new
knowledge on climate-sustainable solutions for agriculture and forestry, engage
stakeholders and actors, reduce greenhouse gas emissions, and enhance carbon
sinks and reservoirs. There is a special emphasis on communication, interaction
and competence to build better and strong implementation of climate-smart
agriculture and forestry practices.

The Making Use of Agricultural Nutrients Project”® was a three-year pilot
programme carried out between 2016 and 2018. It was part of the government
key project for the circular economy, introduced in the Government
Programme. It conveyed information on the funding possibilities related

to the recycling of nutrients and essential research knowledge to practical
operators. It identified the bottlenecks in nutrient recycling and facilitated
their elimination. It also promoted the networking and new experiments of
nutrient recycling operators. The project has also been continued in Prime
Minister Sanna Marin’s Government Programme 2019. In addition to the
Making Use of the Agricultural Nutrients Project, there has been investment

75 http://urn.fi/URN:ISBN:978-952-366-196-7
76 https://mmm.fi/ravinteetkiertoon
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aid for biogas and advanced biomass processing technologies, i.c. investment
aid for nutrient recycling. The aid is intended for larger-scale activities, and it is
granted for investments in machinery, equipment, and buildings for processing
manure or biogas plant rejects into highly processed fertiliser or other nutrient
products that are easily movable and storable. The pilot project and investment
aid together support the entire biogas and nutrient cycling chain from the
ideation and product development level to production-scale operations. Efforts
have also been made to develop statistics for and monitor nutrient recycling, as
nutrient recycling is a new challenge for the industry and needs statistical and
monitoring mechanisms.

Ammonia is to some extent involved in greenhouse gas emissions because part
of the ammonium nitrogen landing on the ground is transformed into nitrous
oxide. International treaties and EU legislation oblige Finland to reduce

its ammonia emissions into the air. Approximately 90 per cent of Finland’s
ammonia emissions originate from agricultural sources. The most effective
measures for reducing ammonia emissions from agriculture involve manure,
its storage, and its application. Ammonia emissions can also be reduced by
measures involving the feeding of domestic animals, but these measures are
more difficult to regulate, and impact is more difficult to assess, than measures
related to the management of manure””.

Policies and measures in the WAM projection

In December 2021, the Finnish government set an ambitious emissions
reduction target of 29 per cent for Finnish agriculture (including agricultural
emissions in the effort sharing sector and land use, land-use change and forestry
sector) by 2035. This means emissions from agriculture should decrease by

4.6 Mt CO, equivalent by 2035. The potential measures to achieve this target
are specified in the Carbon Euro Programme”8. Many of these measures

are also mentioned in the WM projection, but the scale and parameters

vary. Controlled subsurface drainage, the promotion of paludiculture, the
reduction and replacement of one-year cereal cultivation with grassland, the
removal of poorly productive arable land from agricultural production and the
afforestation of low-yield arable land are considered the most effective means
to reduce emissions from agriculture in organic soils. For mineral soils, carbon
sequestration and afforestation have been identified as potential measures for
emissions reduction in Finland’s conditions. The above-mentioned measures
reduce emissions in the agricultural sector, as well as in the land use, land-use
change, and forestry sector. Other measures that could help to achieve the 29
per cent emissions reduction target in agriculture are more precise nitrogen
fertilisation, the use of additives in feeds for bovines, as well as a decrease in the
number of bovines and utilising renewable energy in agriculture.

77 http://urn.fi/URN:ISBN:978-952-366-192-9

78 https://mmm.fi/documents/1410837/1516663/HERO _selvitys_2022.pdf/fd751aad-
a2f2-a31a-396a-872d034£823b/HERQO _selvitys 2022.pdf?t=l650519685134
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These measures are partly the same as those identified in the CAP strategic
plan for 2023 to 2027, in the Climate Plan for the Land Use Sector, and in the
Medium-Term Climate Change Policy Plan.

In addition to the mitigation measures mentioned above, it is important
to ensure the adequate adaptation of agriculture to climate change. In the
agricultural sector, adaptation measures are often also good for mitigation.
There is more about adaptation in agriculture in Chapter 6.

Achieving the challenging 29 per cent emissions reduction target is unlikely to
be possible with public guidance and incentives alone. Hence, private emissions
compensation payments, food industry climate and responsibility programmes,
and farm-level solutions and goals, including yield targets, will be needed.

Figure 4.5 specifies the potential measures to achieve the 29 per cent emissions
reduction target. The measures are carried out either through the Common
Agricultural Policy (CAP) or other national measures.
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Figure 4.5
Potential measures to reach the 29% emission reduction target for Finnish agriculture by 2035

Objective: In 2035 GHG emissions from agriculture*
11.4 million tonnes CO2 eq. / year

Other national measures

Emissions
reduced by

29%

Current situation: In 2019 GHG emissions from agriculture*
16 million tonnes CO, eq. / year

*Agriculture and measures concerning agricultural reneweable energy in the effort sharing sector and agricultural land in the land use sector.
Based on current inventory estimates.
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In line with the Government Programme, the Ministry of Agriculture and
Forestry is currently preparing a Climate Food Programme that aims to
support society’s transition to a climate-resilient food system. The programme
includes measures to enhance sustainable food production and food services.
There is a particular emphasis on scaling up the plant protein sector. A climate-
resilient food system takes all the dimensions of sustainability into account:
social; economic; cultural; and ecological. The programme also supports the
objective of the Finnish Government to achieve carbon neutrality in 2035.79
The emissions reduction impact of the Climate Food Programme has not been
estimated.

Finland’s national nutrition recommendations are based on the Nordic
Nutrition Recommendations, which are currently being updated. The new
Nordic recommendation will be launched by the end of 2022, and it will seek

to clarify the link between nutrition and sustainable development. There is a
potential to reduce the climate impact of diets by changing diet content and
taking care of carbon sequestration®0. A climate-friendly diet may be achieved in
multiple ways, but in all cases, it requires a reduction in meat consumption. The
emissions reduction impact of the new nutrition recommendations has not
been estimated.

A shift towards more plant-based consumer diet will change agricultural
production and land-use in a direction with lower emissions, but the greatest
emissions reductions will realize after 2035. This is due to dynamics and time
lags in milk and beef production and implied land-use change.

Despite the national dietary change, the reduction of greenhouse gas emissions
may be slow, if exports of dairy products increase due to strong global demand
and prices. Then structural development and productivity will progress, and
the change in production and land use will remain small.

Whether consumers reduce their consumption of meat and dairy products as
assumed in the scenario depends on the development of consumers’ taste and
cating habits. When implemented, a more plant-based diet will significantly
reduce emissions from livestock production and, together with land use
measures, it will also give the opportunity to reduce emissions from cropland,
which are currently around 75 per cent of total agricultural emissions.

In the Medium-Term Climate Change Policy Plan3! in 2022, additional
measures to cut emissions from the agriculture sector that are not yet included
in the projections scenario are related to the age structure of cattle and
agroforestry. As the life expectancy of cows increases, fewer new heifers will
be needed. This will contribute to reducing methane emissions in agriculture.

79 https://mmm.fi/en/climatefriendlyfoodprogramme
80 http://urn.fi/URN:ISBN:978-952-287-773-4

81 http://urn.fi/URN:ISBN:978-952-361-262-4
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Currently, however, no policy measures influence the age structure of cattle.

By means of agroforestry, it may be possible to improve the fertility of fields,
reduce erosion and nutrient leaching, increase biodiversity, and sequester
carbon to both soil and vegetation. There is currently very little agroforestry
production in Finland. Hence, no concrete policy measures for agroforestry are
in practice. Suitable operating models for agroforestry in northern conditions
are currently being identified. Therefore, the emission reduction estimate is

pending.

Summary of policies and measures

A summary of the policies and measures in the agricultural sector is presented

in Table 4.8.
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Table 4.8

Policies and measures according to the WM (marked with *) and WAM projections in the agricultural sector

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020, 2025 2030/ 2035
Implementation of the Nitrates Reduction of fertilizer/  |N,O |Regulatory |Implemented | Decreases greenhouse gas emissions and 2014 Ministry of NE NE NE NE
Directive (1991/676/EEC) manure use on cropland, the use of mineral fertilisers. Agriculture and
Improved animal waste Forestry
management systems
* Organic soil activities Improved management | CO,, | Economic, |Implemented, | The target is to reduce emissions from 2014 Ministry of NE| 350 748|1,084
of organic soils, N,O | Information, | Adopted organic soils for example by intensifying long- Agriculture and
Activities improving Research term grass cultivation. Alternative measures Forestry
grazing land or also include cultivation of wet peatlands
grassland management, (paludiculture) and agricultural land converter
Other LULUCF into managed wetlands (when the area would
no longer be used for agricultural production).
Same measures reduce the N,O emissions
from agriculture sector and the CO,
emissions from the LULUCF sector. Measures
are implemented through CAP and Climate
Change Plan for the Land Use Sector.
* Mineral soil activities 1) Other activities CO,, |Economic, |Implemented, | The target is to increase the amount of 2014 Ministry of 126 202, 273 245
improving cropland N,O | Information, | Adopted carbon in mineral soils. Measures are Agriculture and
management Research implemented through CAP. Forestry
* Reducing methane emissions | Improved livestock CH, | Economic, |Adopted The aim is to reduce emissions, especially 2022 Ministry of 0 298| 295| 289
from dairy cows through feeding | management Information from the digestion of cattle, by refining Agriculture and
feeding, using emission-reducing feed Forestry
additives, etc.
* Food loss and food waste 3) Other agriculture CO,, | Other, Implemented | Emission impacts are caused by a reduction | 2020 Ministry of NE NE NE NE
N,O | Information in food waste and, correspondingly, a Agriculture and
reduction in food demand, production and Forestry
imports, which reduces the climate impact of
food production in both the agricultural and
land use sectors.
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Table 4.8 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035
* Gender-Selected Semen Improved livestock CH, | Information, |Implemented | Gender selection of semen affects the Ministry of NE NE NE NE
management Education, sex of the calf born. The aim is to reduce Agriculture and
Research the number of bull calves and to increase Forestry, Public
the number of faster-growing beef-milk and private
crossbreed calves in dairy herds. Gender sector actors
Selected Semen is a relatively new
technology so more research on the use and
effects of the method is needed. However,
the method is rapidly becoming more
widespread.
* Real estate composition Other activities CO,, |Economic, |Implemented | The aim of the programme is to prepare 2020 Ministry of NE NE NE NE
of fields 9) improving cropland N,O | Other and implement measures related to the Agriculture and
management, activities structure of arable lands to improve the Forestry
improving grazing competitiveness of agricultural production,
land or grassland taking into account environmental, waterway,
management, improved climate and biodiversity impacts. The
management of organic structure of arable land can be improved
soils clearly through land consolidation. The
structure can also be affected, for example,
by the measures implemented through CAP
as well as matters related to the ownership
and leasing systems and tax subsidies for
arable land.
* Programme for Organic Other agriculture N,O, | Other Implemented | The programme promotes the share of 2021—  Ministry of NE NE NE NE
Production 2030 3 COs, organic farming and organic products at the | 2030 Agriculture and
CH, market towards sustainable food systems. Forestry
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Table 4.8 continued

Name of policy or measure/ Objective and/or activity | GHG(Ss) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035
* Catch the carbon — Other activities N,O, | Other, Implemented | The programme funds projects that produce | 2020 Ministry of NE NE NE NE
programme 3 improving cropland CO, | Information new knowledge and innovative solutions for Agriculture and
management, improved agriculture and land use sector. Development Forestry
livestock management, projects are practical projects based on
activities improving research data that promote the transition
grazing land or towards climate-resilient agriculture, forestry
grassland management, and other land use. The projects speed up
improved management the reduction of emissions in the land use
of organic soils, other sector, enhance carbon sinks and reservoirs,
agriculture and LULUCF and promotes preparation for and adaptation
objectives to climate change.
* Recycling of nutrients Improved livestock CH,, | Economic, |Implemented | Government's Key project on nutrient 2016 Ministry of NE 9 14 18
management, other N,O | Information recycling. The aim of recycling of agricultural Agriculture and
agriculture nutrients is the processing of manure, water Forestry, South
treatment sludge and other side products of Ostrobothnia
agriculture in order to recycle and utilise the Centre for
beneficial nutrients they contain — particularly Economic
phosphorus and nitrogen — as fertiliser, for Development,
instance. Transport and
the Environment
* Action plan to Reduce Ammonia | Other agriculture NHs, | Regulatory, |Implemented |International treaties and EU legislation oblige | 2021 Ministry of 0 NE NE NE
Emissions from Agriculture in N,O, |Information, Finland to reduce its ammonia emissions Agriculture and
Finland 2021-2027 CH, | Education into the air. The most effective measures to Forestry
reduce ammonia emissions from agriculture
involve manure, its storage, and its
application. Ammonia emissions can also be
reduced by measures involving the feeding
of domestic animals, but these measures
are more difficult to regulate and to assess
their impact than measures relating to the
management of manure.
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Table 4.8 continued

Name of policy or measure/ Objective and/or activity | GHG(s) | Type of Status of Brief description Start year | Implementing | Estimate of mitigation impact in
mitigation action affected affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035
* Promoting the use of biogas in | Increase in renewable | CO,, |Economic | Adopted The target is to replace fossil fuels with 2021 Ministry of 0 150| 279 390
agriculture 2 energy, Reduction of CHy biogas in agriculture Agriculture and
GHG emissions (Energy, Forestry
Agriculture)
Climate Food Programme 3 Other agriculture N,O, |Other, Planned The program includes measures to enhance | 2022 Ministry of 0 NE NE NE
CO,, | Information sustainable food production and food Agriculture and
CH,4 services. Special focus is in scaling-up plant Forestry
protein sector.
Nutrition recommendations 3) Other agriculture N,O, | Other, Planned The Nordic Nutrition Recommendations 2022— | Ministry of 0 NE NE| NE
CO, | Information for humans are currently being updated. 2023 Social Affairs
The new recommendations aim to clarify and Health,
the links between nutrition and sustainable Ministry of
development. The reform of the national Agriculture and
recommendations will begin after the Nordic Forestry
recommendations have been accepted.
Age structure of cattle Improved livestock CH; | Information, | Planned As the life expectancy of cows increases, less Ministry of 0 NE NE NE
management Education new heifers will be needed, and methane Agriculture and
emissions will also decrease. At the moment, Forestry
there are no policy measures to influence the
age structure of cattle.
Promoting agroforestry 3) Other activities N,O, |Economic | Planned By means of agroforestry, it may be possible Ministry of 0 NE NE NE
improving cropland CO, to improve the fertility of fields, reduce Agriculture and
management, improved erosion and nutrient leaching, increase Forestry
management of organic biodiversity and bind carbon to both soil and
soil, afforestation and vegetation. At the moment, there is very little
reforestation, other agroforestry production in Finland and that is
LULUCF why there are no concrete policy measures
for agroforestry in practice. Suitable
operating models for agroforestry in northern
conditions are currently being identified.

NE = not estimated

1) The measure affects emissions both in the agriculture sector and the LULUCF sector. The total reduction in N,O and CO, emissions is presented in this table. In the projections for the agricultural sector,

however, only the impact on the emissions from the agricultural sector, as defined in the GHG inventory, is included.

2) The mitigation impact figures for promoting the use of biogas include also emissions reduction in energy use. In the projections for the agricultural sector, however, only the impact on the emissions from

the agricultural sector, as defined in the GHG inventory, is included.

3) The measures are estimated to affect the agriculture and LULUCF sectors, but no impact assessment is available
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4.4.,6 Land use, land-use change, and forestry

Policies and measures in the WM projection

The land use, land-use change, and forestry (LULUCEF) sector contributes to

the mitigation of climate change in three different ways, by:

— Maintaining and enhancing carbon storages and sinks

— Creating new carbon storages and sinks

— Substitution, i.e. replacing fossil-based energy, raw materials, and products
with renewable biomass.

The overall LULUCEF sector is a net sink in Finland because the emissions
for which it accounts are smaller than the removals. This net sink from the
LULUCEF sector can vary greatly from one year to the next: the highest sink
was 33.8 million tonnes CO, eq. in 2009, and the lowest was 10.3 million
tonnes CO, eq. in 2018. According to the National Forest Inventory, the
annual increment of growing stock has been increasing since the 1970s,
reaching its current level of 108 million cubic metres, of which 103 million
cubic metres are in forests available for wood supply. The high fluctuation in
net biomass removals in the forest land category have been caused mainly by
the changes in the international market for forest industry products, which
affect the amount of domestic commercial roundwood felling.

The Climate Plan for the Land Use Sector, published in 2022, specifies how
climate emissions from the land use, land-use change and forestry sector can be
reduced, and carbon sinks and reservoirs strengthened. The Plan brings together
ongoing measures such as the updated ownership policies of the State Forests
(Metsihallitus), the ash fertilisation of peatland forests (part of the Fixed-term
Act on the Financing of Sustainable Forestry since 2020), and the Act on Fixed-
Term Support for Afforestation, and outlines additional measures categorised in
four themes: resource-efficient land use and land-use change; climate-resilient
use of peatlands; other measures to promote carbon sequestration and carbon
storage; and crosscutting measures (see Table 4.9 and 4.10). In addition to the
ongoing measures presented above, the new measures focus on, e.g. actions in
the peatland fields and forests, development of carbon markets, the swift and
timely forest regeneration, increasing the amount of dead wood for climate and
biodiversity perspectives, promoting training and expertise and communication.
The most effective measures have been identified in halting deforestation and
promoting actions in the peatlands. The Catch the Carbon programme has been
advancing climate measures in the LULUCEF sector since its launch in 202082,

Finland’s forest policy aims for sustainable forest management, and the policy
measures include legislation, the National Forest Strategy 2025 (NFS), financial
support, and extensive public forestry organisations. More information on them
is provided in Finland’s Seventh National Communication, Section 4.3. The
National Forest Strategy 2025 was adopted by the Government in 2015. It is
implemented by ten key projects that were updated in 2019.

82 In line with the Government Decree 5/2021.

4 Policies and measures

190



According to the NFS, forest growth and health will be maintained and
enhanced through active forest management. Climate change mitigation and
adaptation in forests are supported by diversifying forest management. Over the
long term, forest management techniques must be adapted to new and changing
climate conditions. Timely and careful forest management can improve both
the growth and resistance of growing stock to damage, while safeguarding the
ecosystem services of forests and producing wood biomass sustainably. The
strong legislative and structural basis already in place in Finland can be used

to reach multiple climate and forest related objectives of current policies: this
includes legislation to prevent forest pests and diseases; ensure forest regeneration
and protect habitats and species biodiversity; a long-term programme of forest
tree improvement to ensure good-quality seeds to different climatic conditions;
ongoing projects to further develop research-based silvicultural measures;

and extensive extension services for forest owners in forest management and
silviculture. Several updates have been made over the years to this legislative

and structural basis, such as amendments to the Forest Act®3 and the Forest
Damages Prevention Act®* to take climate change adaptation into account by
allowing more diverse forest management and adjusting timber removal practices
to earlier occurrence of pests due to the warming climate. Measures related to
the adaptation to climate change are described in more detail in Chapter 6 and
in NC7. The relevance and functioning of both the Forest Act and the Forest
Damages Prevention Act were reviewed recently.

Forests will be a key part of the Finnish bioeconomy, and the NFES therefore
aims to increase the use of wood to replace fossil resources with renewable
biomass. The objectives and measures in the National Energy and Climate
Strategy for 2030 are consistent with the policy defined in the NFS regarding
the increase in industrial roundwood and energy wood, and they will help
achieve the target set by the directives on promoting the use of energy from
renewable sources.35 Global economic development will greatly influence the
achievements of the NFS goals.

The national measures are set out in the NFS86, The measures, consistent with
the National Energy and Climate Strategy for 2030, aim to secure the climate
advantages provided by forests and ensure the availability of renewable raw
materials. The strategy is implemented by ten strategic projects updated in
2019. The completely new projects added to the National Forest Strategy apply
to climate sustainable forestry, international forest policy, and EU policies,

as well as new products made from wood. More projects than before also
include the diversification of forest management methods, the safeguarding

of biodiversity, water protection and the diversification of business. Projects

to be considered crosscutting include the improvement of the availability and

83 1093/1996 (amendment 1085/2013)
84 1087/2013 (amendment 1168/2021)
85 2001/77/EC and 2009/28/EC

86 http://mmm.fi/en/nfs
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usability of forest, nature and environmental data and the facilitation of their

integration with other data sources. The crosscutting projects also include an

aim to build common understanding and cooperation between various actors

with pluralistic communication and interaction.

Regarding agricultural soils, measures affecting CO, emissions and removals

from croplands and grasslands are presented in Table 4.9.

Table 4.9

Measures identified in the Climate Plan for the Land-Use Sector

Resource efficient land use,
land use change

Climate-resilient use of
peatlands

Other measures to promote
carbon sequestration and
carbon storage

Enabling environment —
cross-cutting measures

To prevent forest
conversion to other land
uses:

« Preventing the
conversion of forests
into fields

« Developing the
structure of arable land

« Preventing the
clearing of forests for
settlements

« Land use change fee
for all land uses

To promote afforestation:

« Act on fixed-term
support for afforestation

« Afforestation of low-
yield fields suitable for
afforestation

Climate-resilient use of

peatland fields:

« Raising the groundwater
level in peatland
fields to prevent the
decomposition of peat

» Managed wetland on
peatland field

« Perennial grasslands
without tilling

« Wetting of low-yield,
thick-peat fields and
cut-over peatlands to
establish managed
wetlands

« Preparing a roadmap
for the use of peatland
fields

Climate actions in
state owned forests
(Metséhallitus)

Competence, training
and guidance

Promoting markets and
incentives related to
carbon sequestration
and storage and the
reduction of emissions

Communication and
interaction

Promoting carbon
sequestration and
storage in fields

EU and international
cooperation

Promoting the fertilisation
of mineral soil forests

Development and
adoptation of
technologies

HERO programme

Promoting rapid and
efficient forest renewal

Sectoral low-carbon
roadmaps

Climate-resilient
management and use of
peatland forests:

» Comprehensive
planning of peatland
forest management

« Promoting ash
fertilisation of peatland
forests

Increasing carbon stocks
of decaying wood in
commercial forests

due to biodiversity and
climate considerations
by leaving retention trees
in place

Local and regional
cooperation

Development of the
greenhouse gas
inventory and monitoring
system

Catch the Carbon
Research and Innovation
Programme

Climate-resilient
continued use of cut-over
peatlands

Catchment area planning

Promoting carbon stocks
in long-lived wood
products and structures

Piloting and
implementation (Catch
the Carbon development
projects)
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Table 4.10

Preliminary climate impacts in 2030 and 2035 of the measures presented in
the Climate Plan for the Land Use Sector (million tonnes of carbon dioxide

equivalent)

Measure

Area

Climate impact in
2030,
million tonnes CO, eq.

Climate impact in
2035,
million tonnes CO, eq.

Owner policy of Metséhallitus 0.4 0.7-0.9
Preventing the conversion of forests about 1,700-1,900
into fields ha per year 0.5
Act on fixed-term support for 3,000 ha per year,
afforestation of which 40% in
peat production
areas 0.09 0.11
Afforestation of low-yield fields 9,000 ha
in 2024-2028 0.09 0.10
Raising the groundwater level in peaty 2030: 20,000 ha 0.135 0.219
agricultural lands (grasslands) —30 cm 2035: 32,500 ha
Paludiculture, groundwater level 2030: 5,000 ha 0.047 0.094
—30cm 2035: 10,000 ha
Paludiculture, groundwater level 2030: 2,500 ha 0.047 0.094
~5-~10cm 2035: 5,000 ha
Managed wetlands 2030: 4,000 ha 0.072 0.136
2035: 7,500 ha
Perennial grasslands without tilling 2030: 40,000 ha 0.081 0.081
2035: 40,000 ha
Wetting of low-yield, thick-peat fieldsto | 2030: 10,000 ha 0.181 0.181
establish wetlands 2035: 10,000 ha
Comprehensive planning of peatland
forest management (avoidance of
remedial ditching) - - —
Comprehensive planning of peatland
forest management (continuous cover
forestry in mires) 6,000 ha per year 0.21 0.21
Ash fertilisation of peatland forests 26,000 ha per year 0.18 0.40
Promotion of forest fertilization
on mineral soils 25,000 ha per year 0.46 0.28
Increasing the carbon stocks of decaying
wood in commercial forests due to
biodiversity and climate considerations by
leaving retention trees in place - - -
Total 1.99 3.11-3.31

Source: Natural Resources Institute Finland 2022
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Policies and measures in the WAM projection

The Climate Plan for the Land Use Sector was adopted in 2022. There are no
additional measures targeted especially at the LULUCEF sector. However, some
agricultural measures also affect the emissions in the LULUCF sector.

Information on the 29 per cent emissions reduction targets set for agriculture
and measures to achieve this target can be found in paragraph 4.4.5. “Policies
and measures in the WAM projection”.

Measures identified in the Medium-Term Climate Change Policy Plan related
to reducing emissions from organic soils from the agricultural sector also affect
emissions from the LULUCEF sector (see Section 4.4.5).

Summary of policies and measures

A summary of the policies and measures in the LULUCEF sector is presented in

Table 4.11.
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Table 4.11

Policies and measures according to the WM (marked with *) and WAM projections in the LULUCF sector

Name of policy or measure/ Objective and/or activity affected | GHG(s) | Type of Status of Brief description Start year | Implementing Estimate of mitigation impact in
mitigation action affect- |instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
e mentation 2020 2025 2030 2035
* National Forest Strategy 2025 | Conservation of carbon in CO,, |Economic, |Implemented |The main elements of Finnish forest | 2015 Ministry of NE NE NE NE
existing forests, Enhancing CH,, | Regulatory, policy are defined in the National Agriculture and
production in existing forests, |N,O |Fiscal, Forest Strategy. A large number of Forestry, Public
Increasing the harvested wood Information non-governmental organisations and private
products pool, Enhanced forest (NGOs) and other stakeholders sector actors
management, Strengthening have been closely involved in the
protection against natural preparation and further development
disturbances, Substitution of the strategy. Regional objectives
of GHG-intensive feedstocks are outlined in Regional Forest
and materials with harvested Programmes.
wood products. Contribute to
increase in renewable energy
supply.
Fixed-term act on the financing of | Enhancing production in CO,, | Economic  |Implemented | The purpose of the Act is to promote | 2015 Ministry of NE NE NE NE
sustainable forestry 34/2015 existing forests, Increasing the | CHy, economically, ecologically and socially Agriculture
harvested wood products pool, | N,O sustainable management and use and Forestry,
Enhanced forest management, of forest. The purposes of the aids Finnish Forest
Restoration of degraded lands, are to increase the growth of forests, Centre
Protection of waters maintain the road network for forestry
purposes, secure the biodiversity of
forests and promote the adaptation of
forests to climate change.
* New owner policy of Conservation of carbon in CO,, | Regulatory |Implemented | The new policy measures aim to 2020 Ministry of NE NE| 400 700-
Metsahallitus (Climate actions in | existing forests, Enhanced CHy, coordinate even better the different Agriculture 900
state owned forests) forest management N,0 forms of land use and the objectives and Forestry,

relating to sustainable forestry, supply
of wood raw material, biodiversity,
recreational use and climate policy.
The new actions include changes

in the treatment of peatlands,
increasing forest growth through
fertilisation and bred planting
material, and a programme on new
nature management measures.

State Forests
Enterprise
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Table 4.11 continued

Name of policy or measure/ Objective and/or activity affected | GHG(s) | Type of Status of Brief description Start year | Implementing Estimate of mitigation impact in
mitigation action affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020, 2025/ 2030| 2035
* Actions to prevent Prevention of deforestation CO,, | Economic, |Adopted The Climate Plan for the Land Use 2022— | Ministry of 0 NE NE| 500
deforestation (Prevent forest CH,, | Fiscal, Sector includes several measures 2035 Agriculture and
conversion to fields, Developing N,O | Voluntary/ aiming at halting deforestation. Forestry, Public
the structure of arable land, negotiated These include: preventing conversion and private
Preventing the clearing of forests agreements, of forest land to cropland (CAP), sector actors
for settlements, Land use change Regulatory, improving spatial distribution of
fee for all land uses) Information, cropland, prevention of deforestation
Education, due to construction and exploring
Planning, the possibility of taxation on land use
Other change or requiring permission for
forest clearance.
* Actions to promote afforestation | Afforestation and reforestation | CO,, |Economic | Implemented/ | The purpose of the Act is to promote | 2021— | Ministry of 0 NE| 180 210
(Act on fixed-term support for CHa, planned with financial support afforestation 2028 Agriculture and
afforestation, Afforestation of low- N,0 to increase forest area and carbon Forestry, Public
yield arable land) sinks, decrease greenhouse gases and private
from afforested sites without sector actors
undiminishing biodiversity. Subsidies
can be granted to private landowners.
The Finnish Forest Centre is
responsible for the implementation
of the Act. The purpose is to develop
a system for afforesting low-yielding,
mineral and (thin peat) peaty arable
land.
* Climate-resistant management | Conservation of carbon in CO,, | Fiscal, Adopted The aim is to reduce emissions from | 2023 Ministry of 0 NE| 210, 210
of peatland forests (continuous | existing forests, Enhanced CH,, | Information, peatland forests by avoiding remedial Agriculture and
cover forestry and avoidance of | forest management, N,O | Education ditching and promoting continuous- Forestry, Public

remedial ditching)

Prevention of drainage or
rewetting of wetlands

cover forest management in lush
forests. The measures are included
in the new act on financing of
sustainable forestry, which is due to
become effective in 2023. Estimate
includes only the effect of continuous
cover forestry in mires.

and private
sector actors
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Table 4.11 continued

Name of policy or measure/
mitigation action

Objective and/or activity affected

GHG(s)
affect-
ed

Type of
instrument

Status of
implementation

Brief description

Start year
of imple-
mentation

Implementing
entity or entities

Estimate of mitigation impact in
kilotonnes CO, equivalent

2020

2025

2030

2035

* Other non-quantifiable
measures to improve carbon
sequestration in the land use
sector

Conservation of carbon in
existing forests, Enhancing
production in existing forests,
Enhanced forest management,
Other LULUCF

co,

Economic,
Voluntary/
negotiated
agreements,
Information,
Education,
Research,
Planning,
Other

Adopted

The aim is to improve carbon
sequestration and to increase carbon
storage in the land use sector.

The measures are included in the
Climate Plan for the Land Use Sector:
Catchment area planning, promoting
carbon markets, education and
training, information and knowledge
sharing, international and EU-level
cooperation, development of new
technologies, sectoral low-carbon
roadmaps, local and regional
cooperation, promotion of rapid

and efficient renewal of forests,
Increasing carbon stocks of decaying
wood in commercially utilised forests
by leaving trees for biodiversity and
climate reasons, climate-friendly
usage of former peatlands, promotion
of the use of wood in long-lived
products and construction, research
and innovation programme, piloting
and dissemination, development

of GHG emission inventory and
monitoring system.

2022~
2035

Ministry of
Agriculture and
Forestry, Public
and private
sector actors

0

NE

NE

NE

* Ash fertilisation of peatland
forests (temporary)

Enhanced forest management

COy,
CH,,
N,0

Economic

Implemented

The ash fertilisation of peatland
forests is to promote the growth

of trees that lack of potassium,
phosphorus or boor on peatlands. The
measure is included in the new act
on financing of sustainable forestry,
which is due to become effective in
2023.

2020

Ministry of
Agriculture
and Forestry,
State Forests
Enterprise

NE

NE

180

400
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Table 4.11 continued

Name of policy or measure/ Objective and/or activity affected | GHG(s) | Type of Status of Brief description Start year | Implementing Estimate of mitigation impact in
mitigation action affect- |instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020, 2025/ 2030| 2035
* Catch the carbon programme | Other activities improving CO,, | Other, Implemented | The programme funds projects 2020 Ministry of NE NE NE NE
cropland management, N,O | Information that produce new knowledge and Agriculture and
Improved livestock innovative solutions for agriculture Forestry
management, Activities and land use sector. Development
improving grazing land or projects are practical projects based
grassland management, on research data that promote the
Improved management of transition towards climate-resilient
organic soils, Other agriculture, agriculture, forestry and other land
Other LULUCF use. The projects speed up the
reduction of emissions in the land
use sector, enhance carbon sinks and
reservoirs, and promotes preparation
for and adaptation to climate change.
Fixed-term act on the financing on| Enhancing production in CO,, |Economic | Adopted The purpose of the Act is to promote | 2023 Ministry of 0 NE NE NE
sustainable forestry (renewal existing forests, Increasing the | CHy, economically, ecologically and socially Agriculture and
in process) harvested wood products pool, | N,O sustainable management and use Forestry

Enhanced forest management,
Restoration of degraded lands,
Protection of waters

of forest. The purposes of the aids
are to increase the growth of forests,
maintain the road network for forestry
purposes, secure the biodiversty of
forests and promote the adaptation of
forests to climate change.

NE = not estimated
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4.4.7 \Waste management

Policies and measures in the WM projection

A Waste Tax Act (1126/2010) entered into force at the beginning of 2011.
The purpose of the Waste Tax Act is to collect tax from those waste fractions
which could be technically and environmentally recovered, but which are
disposed of in landfill sites. The tax list of waste is based on Commission
Decision 2000/532/EC on the Waste List. The industrial landfills are also
under taxation. The waste tax has been EUR 70 per tonne since 2016.

The National Waste Plan for 2027 was approved by the Government in March
2022. The National Waste Plan includes both a plan to reduce the volume and
harmfulness of waste and a waste management plan. The vision of the plan is
e.g. to reduce the generation of waste and increase recycling, while reducing
greenhouse gas emissions. The Waste Plan proposes measures to achieve the
vision and objectives.

The general reform of waste legislation has been conducted in 2021. For
example, the following legislation has been amended: the Waste Act7;

the Decree on Waste88; the Government Decree on Landfills8?; and the
Government Decree on Packaging and Packaging Waste?0. For example, the
reform provides the basis for more effective waste management with respect to
recycling and reuse, enhanced separate collection of waste, reduction of waste
generation, and further reduced landfilling of organic waste, all contributing to
reduced greenhouse gas emissions. It applies to all forms of waste production
and waste management. Enforcement of the amended Waste Act?! and the
Decree on Waste?? will increase recycling and recovery. Landfilling has been
reduced, and greenhouse gas emissions of the waste sector have diminished.
The Decree on Packaging and Packaging Waste?3 is also intended to increase
recycling.

The restrictions on the landfilling of biodegradable municipal solid and other
organic wastes have been made stricter. The Decree on Landfills?4 restricts
the amount of biodegradable and other organic waste to less than 10 per

cent of total organic carbon or loss on ignition. These restrictions increased
the incineration of waste and decreased landfilling. A Biowaste-strategy was
prepared in 2004. The objective of the strategy was to ensure that the amount
of biodegradable municipal waste placed in landfills would be reduced in

87 646/2011
88 978/2021
89 331/2013
90 1029/2021
91 646/2011
92 978/2021
93 1029/2021
94 331/2013
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accordance with the schedule and numerical targets given in the directive
on the landfill of waste?5. Those targets were achieved and the landfilling of
organic waste was heavily restricted in Finland from 2016.

The estimated total emissions reduction of waste management measures is

roughly 4 million tonnes of CO, eq. per year.

Policies and measures in the WAM projection

The Waste Tax Act is currently being amended, and if the amendment is
adopted, the amount of the waste tax will be EUR 80 per tonne from the
beginning of 2023. In addition, small changes to the tax list of waste have been
proposed in the same context. The changes are likely to have a minor impact
on greenhouse gas emissions, but it is challenging to assess them. The impact
of planned waste sector measures is therefore not included in the overall WAM
projection.

Summary of policies and measures

A summary of the policies and measures in the waste sector is presented in

Table 4.12.

95 1999/31/EC
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Table 4.12

Policies and measures according to the WM (marked with *) and WAM projections in the waste sector

Name of policy or measure/ Objective and/or activity affected | GHG(s) | Type of Status of Brief description Start year | Implementing Estimate of mitigation impact in
mitigation action affect- | instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
e mentation 2020 2025 2030 2035
* Government decree on Demand management/ CO,, | Regulatory |Implemented | The Degree (1092/2021) is 1997 Ministry of the NE IE IE IE
packaging and packaging reduction, Enhanced recycling, | CHy, regulatory by specifying the essential Environment
waste 962/1997, 1025/2000, Waste incineration with energy | N,O requirements and labelling of the
987/2004, 817/2005, 2014/518, | use, Reduced landfilling packaging as well as recycling
1029/2021 targets for packaging waste, reporting
oblications and requirements for
organizing the reception of packaging
waste. It is basically regulatory, but
also economic in nature by specifying
the system for the economic handling
of waste obligations in terms the
conditions for handling packaging
waste.
* Government decree on Landfills | Improved landfill management, | CO,, |Regulatory | Implemented | Regulation on landfills setting 2016 Ministry of the NE IE IE IE
(861/1997) revised 2013 Reduced landfilling CH,, quantitative limits on amount and Environment,
(331/2013), revised in 2021 N,0 proportion of organic waste in land Regional
(1030/2021), Biowaste strategy fill waste. Implementing and going and local
2004. beyond landfill directive. environmental
authorities
*Waste tax (1126/2010) Demand management/ CO,, |Regulatory |Implemented | The waste tax is EUR 70 per tonne. 2011 Ministry of the NE IE IE IE
reduction, Enhanced recycling, | CHy, Environment
Enhanced CH, collection N,0

and use, Improved treatment
technologies, Improved
landfill management, Waste
incineration with energy

use, Improved wastewater
management systems,
Reduced landfilling
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Table 4.12 continued

Name of policy or measure/ Objective and/or activity affected | GHG(s) | Type of Status of Brief description Start year | Implementing Estimate of mitigation impact in
mitigation action affect- |instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation 2020 2025 2030 2035

* Decree on waste (978/2021) Demand management/ CO,, |Regulatory |Implemented |Decree on waste was revised in 2021 Ministry of the NE IE IE IE

reduction, Enhanced recycling, | CH,, 2021. The repealed Decree was from Environment

Enhanced CH, collection N,0 2012.

and use, Improved treatment

technologies, Improved

landfill management, Waste

incineration with energy

use, Improved wastewater

management systems,

Reduced landfilling
* Waste Act (646/2011) Demand management/ CO,, |Regulatory |Implemented | Waste Act was revised in 2021, 2021 Ministry of the NE IE IE IE

reduction, Enhanced recycling, | CHy, The Act provides the basis for more Environment

Enhanced CH, collection N,0 effective waste management with

and use, Improved treatment respect to for example reduction

technologies, Improved of the quantity and harmfulness of

landfill management, Waste waste, recycling, source separation

incineration with energy and separate collection of waste.

use, Improved wastewater

management systems,

Reduced landfilling
* Updated National Waste Plan Enhanced recycling, Improved | CO,, |Information, Implemented | Waste plan lays down the objectives | 2022 Ministry of the NE IE IE IE
2027 treatment technologies, CH,, | Planning and measures for waste management Environment,

Objectives and measures N,0 and prevention in Finland to 2027. Regional

for waste management and environmental

prevention authorities
* Biowaste strategy 2004 Improved landfill management, | CO,, |Information, ' Implemented | National strategy to reduce landfilling | 2005 Ministry of the NE IE IE IE

Reduced landfilling of biowaste | CH,, | Planning of the amount of biowaste. In 2006, Environment

N,0

75% of biodegradable municipal
waste will be landfilled, 50% in 2009
and in 2016, only 35% of the amount
of biodegradable waste generated in
1994,
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Table 4.12 continued

Name of policy or measure/ Objective and/or activity affected | GHG(s) | Type of Status of Brief description Start year | Implementing Estimate of mitigation impact in
mitigation action affect- |instrument | implementation of imple- | entity or entities | kilotonnes CO, equivalent
ed mentation
2020, 2025 2030| 2035

* Aggregated all implemented Demand management/ CO,, |Regulatory, |See individual |The total combination of measures See See individual NE| 3,825| 4,077 4,295
PAMs/WASTE reduction, Enhanced recycling , CH,, | Economic, | PaMs directed to improve waste individual | PaMs

Waste incineration with energy |N,O | Information, management and reduce GHG PaMs

use, Reduced landfilling, Planning, emissions from waste.

Enhanced CH, collection Planning

and use, Improved treatment

technologies, Improved landfill

management, Objectives

and measures for waste

management and prevention
Waste tax act amendment Demand management/ CO,, | Regulatory | Planned The waste tax amendment. Waste tax | 2023 Ministry of the NE NE NE NE

reduction, Enhanced recycling, | CHy, will be EUR 80 per tonne from the Environment

Enhanced CH, collection N,0 beginning of 2023.

and use, Improved treatment
technologies, Improved
landfill management, Waste
incineration with energy

use, Improved wastewater
management systems,
Reduced landfilling

NE = not estimated
IE = included elsewhere
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4.4.8 Land-use planning and spatial structure

The development of the urban structure has long-term effects on greenhouse
gas emissions from transport and buildings. The most significant solutions
that concern the cutting of emissions in the urban structure are associated with
sustainable urban development: the urban structure and effective functioning
of urban subregions; the coordination of land use and transport; the creation of
preconditions for renewable energy production; and enabling a low-emission
lifestyle. In urban subregions, the preconditions for this include good public
transport services and a network of pedestrian and cycling routes, a living and
well-functioning city centre, and good accessibility to recreational and green
areas. Effective urban subregions are a prerequisite for a thriving business life
and Finland’s competitiveness. There may be significant differences between
the practical solutions used to reduce emissions in different parts of the
country.

The preconditions for increasing wind power production include the
coordination of wind power construction with land use in the surrounding
areas, giving sufficient consideration for negative impacts and ensuring

local acceptability. To promote planning, the Land-Use and Building Act?®
contains specific provisions on local master plans that directly apply to wind
power construction. Rapid progress has been made in recent years in land-use
planning for wind power construction. An amendment to the Land Use and
Building Act (2017) for the installation and construction of solar panels and
solar collectors harmonises and streamlines the permit procedure so that
permit consideration will only be required for solar panels or collectors that
have signiﬁcant impacts on the townscape or the environment.

In land-use planning, Finland will prepare to extensively utilise the country’s
wind power potential. To minimise the negative impacts of wind power plants,
the primary effort will be made to centralise wind power construction in large
units at a sufficient distance from permanent housing.

Nearly all the regions in Finland and many individual municipalities have
prepared their own climate strategies. However, it is difficult to provide
quantitative emissions reduction potentials for the policies and measures
concerning land-use planning and the urban structure. For example, the urban
form influences emissions mainly in the energy sector through its effects on
transport and the heating of buildings. Emissions from daily mobility especially
may be many times higher in car-oriented zones than in urban centre areas.
Emissions from the heating of buildings depend greatly on energy solutions

for the dwelling and possible district heating. The location of a dwelling is also
connected with emissions via the consumption of goods and services, as well as
long leisure trips, mainly due to spatial differences in income levels. The overall
reductions in emissions in different regions thus depend not only on the urban

96 132/1999
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structure but on complex processes that include lifestyle changes, as well as
economic conditions and development.

The land-use planning measures are included in the energy and transport

sector Tables 4.2 and 4.5.

4.5 Energy taxation and related measures

4.51 Energy taxation

Energy taxation is a key instrument of the Government’s climate and energy
policy. Energy taxes are levied on electricity, coal, natural gas, peat, tall oil and
liquid fuels.”” The energy taxation of fuels is based on the energy content, life
cycle carbon dioxide emissions and local emissions of fuels. The energy content
component is levied on both fossil fuels and biofuels, based on their volumetric
energy content. The CO, component is based on the lifetime CO, emissions
of the fuel in question, and biofuels are therefore subject to a CO, tax rate

that is reduced from 50 to 100 per cent if they meet the European Union’s
sustainability criteria. In connection with the excise duties on electricity, coal,
natural gas and liquid fuels, the Government also collects a strategic stockpile
fee, which is transferred to the National Emergency Supply Agency.

The energy tax rates of fuels used in transport are presented in Figure 4.6.
The basis for calculating the carbon dioxide tax on petrol and diesel oil, as
well as the corresponding biofuels, is the price of carbon dioxide, or EUR 77
per tonne, and the carbon dioxide emission coefficient specific to each fossil
product.”8 The energy content tax on petrol and corresponding biofuels is
EUR 0.01681 per MJ, except for small engine petrol, which has a tax reduction
of EUR 0.20 per litre. The energy content tax on fossil and bio-based diesel is
approximately EUR 0.0072 per MJ lower than on petrol. By imposing a lower
tax on diesel, an effort has been made to reduce the costs of HGV transport
and consequently the export industry, as well as bus and coach transport.
Furthermore, until the end of 2022, a reduction of EUR 0.02 per litre for
paraftinic fossil diesel oil and biodiesel is granted on the energy content tax,
as the fuels have lower local emissions than conventional fossil fuels. Fuels for
commercial aviation and shipping are exempt. Gas oil used in rail transport

is taxed at a lower rate; the rate on light fuel oil and electricity used in rail
transport is exempt.

97 1260/1996 and 1472/1994

98 As the carbon dioxide tax also factors in the fuel’s life cycle carbon dioxide emissions, the
price per tonne of carbon dioxide used in the calculation of the CO, tax (EUR 77) should
be increased by approximately 20 per cent to be comparable to the price of carbon dioxide
tonnes calculated based on emissions from combustion alone.
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Figure 4.6

Energy tax rates of fuels used in transport in 2022
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As the energy content tax on diesel is lower than the environmental criteria

of the tax require, and there are no other environmental or other grounds

for favouring diesel cars, diesel-powered cars are subject to the tax on

driving power as part of annual vehicle tax. It complements fuel taxation

and harmonises the cost differences for motorists, arising from the different

tax treatment of petrol and diesel based on the average annual transport

performance. In addition to diesel cars, the tax on driving power is levied on

cars fuelled by other driving powers such as electricity or gas, whose taxation

is based on less stringent criteria than the taxation on petrol. Tax on driving
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power for passenger cars is set as cents per day for each partial or complete
100 kilograms of total vehicle mass. The tax level is 5.5 cents for diesel, 1.5 for
electricity, 0.5 for electricity and petrol, 4.9 for electricity and diesel, and 3.1
for methane.”?

Energy tax rates for fuels used for heating, as well as in power plants and
mobile machinery, which are later referred to as heating fuels, are presented in
Figure 4.7. The value used in the calculation of the carbon dioxide tax is EUR
53 per tonne of carbon dioxide, and the energy content tax is EUR 10.33 per
MWh. As the taxation of peat and tall oil is not based on the environmentally
related tax model, they are subject to a separate energy tax rather than the
energy content and carbon dioxide taxes. In addition, peat is only subject to
tax for the part exceeding 10,000 MWh per plant.190 Tall oil used for heating
is subject to excise duty equivalent to that on heavy fuel oil. The purpose of
the tax is to encourage the further processing of tall oil as a chemical industry
raw material rather than using it for energy. Gaseous and solid biofuels in
heating use are exempt. For professional agriculture, the energy content tax

component included in the price of light fuel oil, heavy fuel oil, and biofuel oil
is refunded.101

Figure 4.7
Energy tax rates for fuels used for heating, as well as in power plants and
mobile machinery in 2022

Light fuel oil
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99 1281/2003

100 The limit for tax-free use of peat for energy will be 10,000 MWh per plant for the period
between 2022 and 2026, and 8,000 MWh per plant for the period between 2027 and
2029. From 2030, peat will be subject to a tax in heat production when used in a power
plant or heating plant whose peat use exceeds 5,000 MWh.

101 603/2006 https://finlex.fi/fi/laki/ajantasa/2006/20060603
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The fuels used to produce electricity are exempt from tax in both separate
condensing power plant production and CHP. Electricity consumption

is subject to tax, and taxes are levied on all electricity, regardless of the
production method.192 The tax exemption for fuels used to produce electricity
is based on the EU Energy Taxation Directive and motivated by the need to
coordinate the functioning of the electricity market and taxation, especially

in the import and export of electricity. The excise duty on electricity is
differentiated into two categories. Category I tax is generally levied on business
activities such as services, forestry, and construction, as well as on electricity
used in the public sector and households. Category I electricity tax is EUR
22.4 per MWh. The lower Category II tax covers electricity consumption in
industry, mining, data centres, and greenhouses, as well as electricity supplied
to certain heat pumps, electric boilers, and recirculating water pumps. While
other areas of agriculture also fall into tax Category II, this reduction takes the

form of an energy tax refund for agriculture. Category II electricity tax is EUR
0.5 per MWh.

Energy-intensive industry (including mining and greenhouses) is eligible

for a tax refund insofar as the amount of excise duties included in the price
of taxable energy products used or purchased by it, other than electricity,
transport, and machinery fuels, exceeds 1.7 per cent of the company’s value
added. In this respect, the company is eligible for an 85 per cent refund of the
excise duties it has paid. However, a contribution of EUR 50,000 is deducted
from the refund. Under the currently valid act, the tax refund for energy-
intensive enterprises will be phased out gradually by 2025.

Taxation is included in the mitigation measure tables for the energy and
transport sector, ie. Table 4.2 and 4.5. In the WM and WAM projections, the
taxation structure and levels remain constant as they are in 2022 as there is no
plans of changes at the present.

4.5.2 Government expenditure on energy and climate policy

The Finnish government supports the transformation to a greener economy
with a variety of different subsidies. The total Government expenditures on
energy and climate policy have increased significantly in recent years, with the
budget for 2022 being EUR 2,554 million. This expenditure covers a wide
range of sectors, and the largest outlays are in subsidies given to energy and
agriculture.

Government appropriations for the energy and climate policy are discussed,
and the relevant decisions are made within the central government spending

102 However, exemptions apply to small-scale electricity production for one’s own use.
If electricity generated in a micro or small power plant is transmitted through the
electricity grid for consumption, however, the tax exemption is not transferred with the
electricity, and the network operator transmitting the electricity for consumption is
liable to pay Category I or II energy tax on it.
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limits in the General Government Fiscal Plan, coordinated with the public
economy’s other expenditure needs.

One of the main ways in which the Government supports the transition to
greener energy production is a direct subsidy for projects that aim to cut
emissions at the firm or municipality level (“Energy Subsidy”). The current
total level of this subsidy is EUR 230 million for 2022 (including RRF103
funding), which is substantially higher than just a few years ago, when it was
around EUR 50 million.

In addition, there have been separate fixed-term aid schemes for renewable
energy and additional budget authorities for different large demonstration
projects. As renewable energy has become more profitable, direct subsidies for
renewable production have decreased. These energy-related measures include
the Government’s key projects related to energy (in total, EUR 100 million
between 2016 and 2018), energy projects replacing coal (in total, EUR 90
million between 2020 and 2021), and current Recovery and Resilience Facility
(RRF) energy projects (around EUR 500 million between 2022 and 2023)
and large demonstration projects. Initially, a total of EUR 200 million was
earmarked for large demonstration projects in the period from 2019 to 2022.
The Ministerial Working Group on Preparedness decided to increase the
budget authority for the energy aid item for the period from 2022 to 2023 by
a total of EUR 150 million. At the same time, an additional budget authority
was decided for hydrogen projects (EUR 150 million) and battery ecosystem
projects (EUR 50 million). The development is partly based on the policies
of the previous climate and energy strategy on shifting the focus of renewable
energy subsidies from production subsidy type aid schemes to supporting new
technologies. In addition, the number of projects has increased significantly
and national targets have become stricter.

On top of these subsidies, the Government also actively provides support for
R&D projects and rail projects and funding for private sector projects that aim
to cut emissions. While this support is divided over several smaller measures,
they amount to a total of several hundred million euros annually.

Table 4.13 shows a compilation of funding related to the energy and climate
policy from 2018 to 2022 under the General Government Fiscal Plan.

103 EU’s Recovery and Resilience Facility
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Table 4.13
Funding under the current General Government Fiscal Plan in accordance with
the Government report on the National Energy and Climate Strategy for 2030.

Appropriation 2018 2019 2020 2021 2022
EUR million

Ministry of Economic Affairs and Employment

Energy aid 58 47 61 101 231

Investment and operating subsidies for renewable 354 215 337 294 135

energy and new energy technologies

Subsidies for green R&D and innovation 120 121 130 143 176

Other measures 189 146 155 180 190

Ministry of Agriculture and Forestry

Agri-environment payment measures 218 218 185 236 263

Other measures 313 313 398 353 413

Ministry of Transport and Communications

Investment in rail infrastructure 0 0 8 26 123

Other measures 150 127 521 267 281

Ministry of the Environment

Investment subsidies for lower emission heating 65 70 306 261 323

systems

Other measures 85 86 116 105 105

Ministry for Foreign Affairs

Development aid for environmental, water and 144 159 199 266 283

energy related projects

Other measures 65 70 236 186 184

Total appropriations 1,761 1,573 2,651 2,418 2,706

4.6 Use of Kyoto mechanisms

The Kyoto Protocol includes the use of project mechanisms (the Clean
Development Mechanism (CDM) and Joint Implementation (JI)) or
acquisition assigned amount units (AAU) through international emissions
trading (JI) or acquisition assigned amount units (AAU) through international
emissions trading.

Finland’s Government activities to provide Kyoto mechanisms started in the
form of the CDM/JI pilot programme from 1999 until early 2006, followed by
the Kyoto mechanism purchase programme that covers the period from 2006
to 2020. The total budget for the acquisition of emissions reductions from the
Kyoto Protocol flexible mechanisms has been approximately EUR 70 million.
The programme includes 10 bilateral projects and investments in several
multilateral carbon funds.

In total, in the first Kyoto commitment period, Finland procured
approximately 6.2 million tonnes of project units. These units have been
carried over to the second commitment period.
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4.7 Effect of policies and measures
on longer-term trends

Finland has a long tradition of assessing longer-term energy and climate
development. The Government’s Foresight Report on Long-Term Climate
and Energy Policy (published in 2009) highlighted possible paths to a
low-carbon Finland. Moreover, the report of the parliamentary committee
from 2014, the Energy and Climate Roadmap 2050, analysed the means

of constructing a low-carbon society and achieving an 80 to 95 per cent
reduction in greenhouse gas emissions from the 1990 level in Finland by 2050.
The background material for the 2014 roadmap included four scenarios on
alternative development paths for a low-carbon society until 2050 made by

the Low Carbon Finland 2050 platform research project. Finland’s target of
carbon neutrality by 2035 was officially laid out as part of the Government
Programme in 2019. The target is reflected in the Long-Term Strategy (LTS),
which was submitted to the UN and EU in 2020 and contains updated
possible scenarios for how to achieve the target. The latest Climate and Energy
Strategy prepared in 2022 is also closely tied to the carbon neutrality target and
includes the most recent scenarios assessing if the target can be achieved with
the current existing and additional policy measures.

A large proportion of current Finnish climate and energy policies also
contributes to reducing greenhouse gas emissions in the longer term, in
particular when they are based on creating structural changes in the respective
systems. For example, buildings have long lifetimes, and the regulations for
improving the energy efficiency of new and existing buildings will therefore
have long-lasting impacts.

Land-use planning also yields permanent emissions reductions in buildings
and transport, for example, by allowing the use of low-emission heating modes
or improving the possibilities for walking, cycling, and using public transport.
However, the actual emissions reductions will depend on a large array of
factors, including general economic development.

Investments in the energy infrastructure have long lifetimes. Measures that
promote investment in renewable energy and improve the competitiveness

of renewable energy sources will therefore reduce greenhouse gas emissions

in the longer term. Measures that would in principle contribute to emissions
reductions only if the measure is ongoing, such as feed-in tariffs for renewable
energy, also have long-term emissions reduction effects, provided the measure
has triggered investment.

Prohibiting uses of certain F gases and the replacement of F gases with low
GWP alternatives or halting the disposal of biodegradable waste on landfills
can be expected to lead to permanent changes in current practices, and
therefore to yield permanent emissions reductions.
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Since 2022, the impact of policies and measures on the longer-term trend

in greenhouse gas emissions from road transport have been calculated using

a new standalone model called ELIISA, which is an upgraded version of its
predecessor ALIISA. ELIISA computes the development of the vehicle fleet,
kilometrage, consumption and greenhouse gas emissions (including CO,, CH,
and N,O) until 2050. ELIISA considers all possible powertrain options for
vehicles in Finland. The changes in the vehicle fleet are based on the estimated
annual sales of new vehicles and imported vehicles and the vehicle scrappage
rate. Fuel and energy consumption estimates are based on actual fuel sales.

According to the projections, transport volumes continue to grow over the
forecast period, whereas the GHG emissions start to decline (see Figure 4.8).
The main reasons for emissions reductions are the replacing of fossil fuels with
alternative transport fuels and improving the energy efficiency of the vehicles
and the transport system.

Figure 4.8
Projection of the longer-term trend in greenhouse gas emissions in transport
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4.8 Mitigation benefits other than
greenhouse gas reduction

Environmental impact assessments (EIAs) have been made for all of Finland’s
national energy and climate strategies and for the Medium-Term Climate
Change Policy Plan. The EIAs include a general examination of the benefits
and adverse impacts of the strategies and the Medium-Term Climate Change
Policy Plan, specifically evaluating the relationship between measures for
climate mitigation and air pollution. In addition to climate change and air
pollution, the National Climate and Energy Strategy and the Medium-Term
Climate Change Policy Plan affect biodiversity and waters, natural resources
use, and people’s health and living conditions.
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If the current climate targets are accomplished, they will have both positive
and negative impacts on the environment and society. Positive impacts entail
consequences that promote the achievement of the set societal objectives,
whereas negative impacts entail consequences that hamper the achievement of
objectives other than the climate targets in the previously mentioned sectors.

The most significant environmental impacts concern air pollution,
biodiversity, forest carbon sinks and waterbodies. These environmental impacts
are linked to people’s health, comfort, and wellbeing, and they can also be
influenced by the policies or economic instruments used to implement them,
such as taxes and charges. These impacts are also closely linked to the overall
acceptability of measures, perceived social fairness, and overall sustainability

as part of the transition to a carbon neutral society. Some of these impacts will
also be felt outside Finnish borders.

As arule, the achievement of climate targets is expected to have positive
environmental impacts when climate change mitigation is successful in
preventing the extensive, partly irreversible, and unpredictable impacts of
climate change on the environment and society. However, many measures also
come with adverse effects such as the significant amounts of natural resources
required for new infrastructure.

The amount of air pollution is expected to decrease. However, the risks for
health caused by air pollution remain significant. At present, the emissions
from power plants have only a small effect on air quality.

The largest domestic emissions sources are small-scale burning of firewood and
street dust, to which current climate measures are not significantly connected.
In addition to methane and black carbon, which contribute to global warming,
small particles with negative health impacts are also released from small-scale
wood burning. Small-scale wood burning does not cause notable changes

to the present state, and it is possible to affect the emissions by technical
standards, innovations, and information guidance. In the scenarios modelled
in connection with the Climate and Energy Strategy, small-scale burning is
expected to decline from 2020 levels in both the base (about five per cent) and
policy scenario (about 20 per cent by 2040).

Exhaust emissions from transport have already significantly decreased and will
continue to decrease as engine technology develops. Therefore, future changes
in the driving power of vehicles will not have a significant impact on particulate
matter emissions from exhaust gases. However, nitrogen oxide emissions will
decrease as the use of electric cars replaces petrol and diesel cars, especially in
passenger car transport. The impact of transport-related air pollution on the
air quality of cities and the exposure of humans to air pollution will ultimately
depend on the development of vehicle performance, regional distribution, and
community structure.
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The current policies point to increasing the use of biofuels in transporrt,
buildings, and machinery through distribution obligations. The scale of the
impacts of biofuel production will greatly depend on the raw materials used
and the total resources needed for the production of biofuels, such as energy,
materials, and productive land area. The main domestic feedstocks in the
future biofuel production in Finland are expected to be e.g. biodegradable
wastes, forest industry residues such as sawdust, other industrial residues, and
logging residues. By using biofuels made from domestic raw materials, Finland
can reduce its dependence on crude oil.

However, the growing share of renewables results in greater demand for forest-
based bioenergy, even though most of the wood-based energy use comes in
the form of by-products and sidestreams from the forest industry. This adds to
the pressure to increase felling and collect logging residues, which can reduce
the carbon sink of forests and add to the risk of biodiversity loss and harmful
impacts on waterbodies. These impacts will strongly depend on the extent to
which the felling and harvesting of stumps and felling residues will increase
because of increased wood use. Felling, fertilisation and ditch reconditioning
are some of the key factors among measures on agricultural lands in causing
stress to water systems. Key measures for preventing biodiversity loss include
saving more dead trees in felling, promoting the conservation of old-growth
forests and sites of high natural value, avoiding harvesting on valuable natural
sites, leaving more large live trees standing in regeneration felling and burning
for environmental management purposes.

4.9. Minimising the adverse effects of policies
and measures in other countries

Finland has provided information on the minimisation of adverse impacts

in accordance with Article 3, paragraph 14 in previous national inventory
reports and national communications in accordance with the guidelines for the
preparation of the information required under Article 7 of the Kyoto Protocol
(Decision 15/CMP.1, Section I. H. and in paragraph 36 in Section II. G.).
The main principles of minimising adverse impacts have not changed since the
previous National Communication. The information provided in Finland’s 7th
National Communication and the previous inventory are incorporated in this
communication.

Finland strives to implement its commitments under the Kyoto Protocol

so that social, environmental and economic impacts on other countries,

and especially developing countries, are minimised. Applicable notification
requirements under international trade conventions are also followed. Finland
takes knowledge and understanding of the possible adverse impacts of its
measures into account, based on the available information received from other
Parties.
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All major policies and activities undergo environmental impact assessments,
including impacts on other countries. Environmental impact assessments
have been performed for Finland’s national energy and climate strategies. The
assessments have qualitatively identified the kind of impact the measures may
have. A life cycle analysis of fuel import takes impacts arising beyond Finnish
borders into account. Finland has also participated in the work on developing
sustainability criteria for biofuels through scientific studies. In line with the
most recent energy and climate strategy, the identified potential adverse
environmental impacts due to the increased use of bioenergy are addressed as
early as possible.

Finland’s development policy includes both climate change mitigation and
adaptation in developing countries (see Chapter 7 of Finland’s 8th National
Communication for more details). Climate financing is part of Finland’s
development cooperation funding, and disaster risk management is also
covered by our development cooperation.

The overall aim of Finland’s development policy is to reduce poverty and
inequality in the context of sustainable development. With its development
policy, Finland supports the realisation of human rights, the rules-based
multilateral system and the Sustainable Development Goals (SDGs) adopted
by the UN. Finland’s international cooperation and actions are grounded

in the UNFCCC, the Kyoto Protocol and the Paris Agreement on Climate
Change and the goals of the 2030 Agenda for Sustainable Development. The
cross-cutting objectives that Finland promotes through its development policy
include gender equality, non-discrimination, climate resilience and low emission
development, as well as protection of the environment, with an emphasis on
safeguarding biodiversity. The integration of climate change has been one of
the cross-cutting objectives of Finland’s development policy and development
cooperation since 2012. Overall, Finland’s development cooperation aims to
strengthen developing countries’ own capacities and resilience.

Finland supports developing countries by helping them build their capacities
and develop their economic infrastructure, thereby helping them diversify their
economies and improve energy efficiency and renewable energy production.
Economic diversification and private sector development are particularly
important targets in various Finnish bilateral programmes and Finnish-
supported multilateral programmes in developing countries. A regional
programme that promotes the role of the private sector in providing energy
services is being funded in Sub-Saharan Africa. Through funding to the
Partnership for Market Implementation, a multi-donor fund managed by the
World Bank, Finland supports carbon pricing in developing countries, thus
steering companies and societies on a low-emission path.

As one of its core objectives, Finland’s development policy seeks to diversify
the economies of developing countries, including developing countries that
are highly dependent on the export and consumption of fossil fuels. Finland
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supports the business environment of developing countries through legal and
regulatory reforms, as well as economic infrastructure. Finland also provides
direct support to companies active in developing countries. Recently, the direct
support instruments that strengthen private sector financing, capacity, and
global technology and trade networks have especially been developed further
and have received additional financing.

Finland and the International Finance Corporation (IFC) have developed the
Finland-IFC Blended Finance for Climate Program (EUR 114 million) to spur
private sector financing for climate change solutions in low-income countries.
Furthermore, Finland has joined Asian Development Bank’s Ventures
Investment Fund in 2020 by investing EUR 20 million in the fund. The fund
provides financing to early-stage and growth companies applying technology-
enabled climate mitigation solutions in Asia. The Finnish government-owned
financial institution, Finnfund, also makes investments in renewable energy,
sustainable forestry, and other sectors in developing countries that help reduce
greenhouse gas emissions.

Among the actions listed in the Annex to Decision 15/CMP.1, Part LH,
“Minimisation of adverse impacts in accordance with Article 3, paragraph 14,
Finland especially prioritises the following actions:

— Action (a): Finland has addressed the progressive reduction or phasing out
of market imperfections, fiscal incentives, tax and duty exemptions, and
subsidies in all greenhouse-gas-emitting sectors
— Domestically, with a major revision of energy taxation (2011), after
which fuels are taxed broadly and explicitly based on their energy and
fossil carbon content and emissions over the whole lifecycle. The revised
energy tax structure takes the sustainability of biofuels directly into
account and does not include energy tax rate differentiation between
business and non-business use. However, certain sectoral exceptions
remain. Energy tax rates in Finland are among the highest in the world.

— In its development policy, by including in the support provided to
developing countries through multinational development banks criteria
that are targeted at removing subsidies for fossil fuels and ending financing
to new coal power plants, while promoting the achievement of climate
neutrality by 2050. Additionally, Finland supported the work of the
Partnership for Market Readiness, a multi-donor trust fund, between 2012
and 2020 and has supported the successor programme (Partnership for
Market Implementation) since 2021. Both support developing countries’
design and deployment of carbon pricing and carbon. Market instruments
facilitate the reduction of emissions. The revenue from carbon pricing can
be used to minimise potential adverse impacts from response measures.
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— Action (f): Finland has assisted developing country parties that are highly
dependent on the export and consumption of fossil fuels in diversifying
their economies in several projects:

— Through the Energy and Environment Partnership (EEP) Trust Fund,
Finland supports early-stage companies in developing, delivering, and
scaling up appropriate and affordable renewable energy and energy
efhciency technologies for improved energy access and local employment.
A Finnish-supported EEP programme is being implemented in Southern
and Eastern Africa.

— Through Finnfund and the Finland-IFC Blended Finance for Climate
Programme, private sector financing for climate change solutions is
incentivised in low-income countries. In addition, through the Asian
Development Bank’s Ventures Investment Fund, Finland provides
funding for early-stage and growth companies in secking new climate
mitigation solutions in Asia.

— Through the Global Environment Fund (GEF) and the Green Climate
Fund (GCF) (the Operating Entities of the UNFCCC Financial
Mechanism), Finland supports developing countries’ efforts to improve
energy efficiency, transition to cleaner sources of energy, introduce more
sustainable transport, and preserve and restore carbon sinks.

More details on the actions Finland is taking to minimise the adverse impact of
response measures in developing countries are provided in Table 4.14 below.

Finland promotes policy coherence for sustainable development at the
national, EU, and global levels. Policy Coherence and global partnership are
among the key policy principles in the Government Report!94 submitted

to Parliament in 2020 on the implementation of Agenda 2030. Finland’s
Development Policy is largely based on Agenda 2030. Policy coherence on
themes such as food security, trade and development, tax and development,
and security and development have been strengthened both nationally and
internationally.

Finland has consistently and in the long term worked to reform harmful fossil
fuel subsidies for both climate and wider environmental, social, and economic
reasons. We are part of the Friends of Fossil Fuel Subsidy Reform (FFFSR),
playing an active role in all relevant policy arenas on behalf of reform. The
latest achievement in which the FFFSR has played a key role is a ministerial
statement on fossil fuel subsidies reform launched among 37 WTO members
in December 2021. The European Union, and Finland as its Member State,
co-sponsors the ministerial statement. This statement will help anchor and
guide FFFSR-related work in the WTO.

104 http://urn.fi/URN:ISBN:978-952-383-085-1
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Table 4.14

Summary of specific actions to minimise the adverse impact of response

measures in developing countries

Action

Implementation in Finnish policy

(@) The progressive reduction or phasing out of
market imperfections, fiscal incentives, tax and
duty exemptions and subsidies in all greenhouse-
gas-emitting sectors, taking the need for energy
price reforms to reflect market prices and
externalities into account.

These factors are considered for all greenhouse
gas emitting sectors, with consideration of
national preferences and circumstances and
the need for economic efficiency and feasibility.
Various methodologies, including economic
modelling, are used in the planning of economic
instruments.

Starting in January 2011 Finland made a major
revision in energy taxation according to which all
fuels are taxed based on their energy and fossil
carbon content.

Finnish development policy guidelines for support
to developing countries through multinational
development banks include criteria that target the
removal of fossil fuels subsidies and the phasing
out the support to fossil-fuel-fired investment

by 2050. Finland is a member for the Friends of
Fossil Fuel Subsidy Reform group. Support for
PMR (2012 to 2020) and PMI (2021 onwards).

Finland is committed to ending financing for new
unabated thermal coal power projects overseas.

(b) Removing subsidies associated with the use of
environmentally unsound and unsafe technologies.

Finland has no support activities in this field.

(c) Cooperating in the technological development of
non-energy uses of fossil fuels and supporting
developing country Parties to this end.

Finland has no support activities in this field.

(d) Cooperating in the development, diffusion,
and transfer of less-greenhouse-gas-emitting
advanced fossil fuel technologies, and/or
technologies, related to fossil fuels, that capture
and store greenhouse gases, and encouraging
their wider use; and facilitating the participation
of the least developed countries and other non-
Annex | Parties in this effort.

Finland has no any support activities in this field.

(e) Strengthening the capacity of developing country
Parties identified in Article 4, paragraphs 8 and
9, of the Convention for improving efficiency in
upstream and downstream activities related to
fossil fuels, considering the need to improve the
environmental efficiency of these activities.

Finland has no any support activities in this field.
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Action Implementation in Finnish policy

(f) Assisting developing country Parties that are highly | Action has been undertaken both through
dependent on the export and consumption of fossil | support by international organisations such as
fuels in diversifying their economies. UNCTAD (United Nations Conference on Trade

and Development) and through bilateral and

multilateral partnerships. For example, the Green

Climate Fund, to which Finland contributes,

reduces risks for investors in developing countries

to attract global financial flows and to shift private
investment to renewable energy-based power
systems. The GEF, on the other hand, contributes
to mainstreaming mitigation concerns in
sustainable development strategies and promoting
innovation and technology transfer for sustainable
energy breakthroughs.

Finland is supporting early-stage companies to
provide access to renewable energy through the
Energy and Environment Partnership (EEP) Trust
Fund in Southern and Eastern Africa. Similar
programmes in the Mekong Region, Central
America, the Andean Region and Indonesia have
been successfully completed.

Finland is also supporting early-stage and growth
companies in reducing greenhouse gas emissions
through Asian Development Bank’s Ventures
Investment Fund. It provides funding for applying
technology-enabled climate mitigation solutions
in Asia.

The Finnish government-owned financial
institution, Finnfund, invests, among others, in
renewable energy, sustainable forestry, and other
sectors in developing countries to help reduce
greenhouse gas emissions. The Government
supports Finnfund financially by providing the
financial institution with loans, capital injections,
and a special guarantee instrument targeted at
high-risk projects.

The Finland-IFC Blended Finance for Climate
Programme (EUR 114 million) has been designed
to spur private sector financing for climate change
solutions in the least developed countries, other
low-income countries, and lower-middle income
countries and territories. The projects have

thus far focused on climate change mitigation
(renewable energy and energy efficiency in
buildings)
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410 Policies and measures no longer in place

Finland reports a total of 114 individual or groups of policies and measures

in the tables in Chapter 4. 84 of these are fully or mainly implemented,

eight adopted, one has expired, and 21 are planned. Regarding the Seventh
National Communication, there are a further 52 measures in this reporting.
Some regrouping of measures has been done for this reporting. In some cases,
measures that have been implemented since the last reporting have now

been merged with previous existing measures of the same type, and some
measures have been removed since the last reporting. In some sectors, the
impact assessment has developed to enable the emissions reduction impact of
measures to be calculated at a more detailed level than in the Seventh National
Communication. For road transport, for example, more single measures are
reported in the transport sector table now than previously, when they were
reported more in groups. Consequently, the number of measures itself gives no
indication of the climate policy ambition level.

In the agricultural sector, the Climate Programme for Finnish Agriculture
— Steps towards Climate Friendly Food is no longer valid. The programme
has been replaced partly by the new CAP strategic plan, the Medium-Term
Climate Change Policy Plan, and the Climate-Friendly Food Programme,
which is currently under preparation.

The Decree of the Ministry of the Environment on the energy efficiency of
new buildings 1010/2017 entered into force on January 1, 2018. The building
regulations that preceded the new regulation (2003, 2008, 2010, 2012) have
expired. Although the building regulations in force in 2003, 2010, 2008, and
2012 are no longer valid, their effects continue as long as the buildings affected
remain in use.

Other expired measures are the car scrapping premium campaigns that took
place in 2020 and 2021. The campaigns were reported in the Fourth Biennal
Report but not yet in the Seventh National Communication. A new car
scrapping premium campaign is included in the WAM projection of this
reporting.
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Projections and total effect
of policies and measures

This chapter describes projections on Finnish greenhouse
gas emissions and how the emissions are influenced

by various factors such as energy consumption,
production and policies and measures. Two projections
are presented: ‘with measures’ and ‘with additional
measures’, to show the projected greenhouse gas
emissions from Finland up to 2035. The chapter also
describes the total effect of policies and measures and
supplementarity relating to Kyoto Protocol mechanisms.
The chapter ends with a description of a sensitivity
analysis of the projections and the methodology used in
developing them.



5 Projections and total effect
of policies and measures

51 QOverview of WM and WAM projections

The projections presented in this chapter are based on data produced for

the National Energy and Climate Strategy, the Medium-term Climate
Change Policy Plan and the Climate Plan for the Land Use Sector. All three
Government Reports were submitted to Parliament in 2022. For the reports,
comprehensive modelling and assessments were conducted by experts from
various research fields in an extensive project “Carbon neutral Finland 2035

— measures and impacts of the climate and energy policies” (HIISI project)
financed by the Government’s analysis, assessment and research activities. The
analysis and results of the HIISI project have been complemented by other
studies and updated with recent information and data.

The projections’ starting point is 2020 (the most recent inventory year available
in the annual greenhouse gas emission inventory submission to the UNFCCC
in 2022). Policies and measures that have been implemented by July 2022 are
included in the “With Measures” (WM) projection. The “With Additional
Measures” (WAM) projection includes in addition policies and measures that are
planned but not implemented before 1 August 2022. The policies and measures
included in the WM and WAM projections, including estimated impacts on
greenhouse gas emissions, are presented in more detail in Chapter 4. A pure
“Without Measures Projection” (WOM) is not applicable for Finland’s national
circumstances and has therefore not been provided: mitigation policies and
measures (such as measures related to energy efficiency improvements and use of
renewable energy) have been implemented since the 1970s; any WOM projection
created based on previous climate and energy strategies (e.g. 2016, 2013, 2008,
or 2005) would therefore be very complicated and require significant effort,
particularly in predicting the industrial structure. The technology development
outlook in the energy sector would also be quite different without the current
emissions trading system and binding renewable energy targets set by the EUL

In other words, the outcome would be a quite arbitrary WOM projection. A
more reliable and suitable approach is to compare current projections with WM
projections from previous years. This is done in Section 5.4.

Most of the measures included in the WAM projection of the Seventh
National Communication have been implemented and are now part of the
WM projection. The most significant implemented new policy measures
affecting future emissions compared to the Seventh National Communication
are the group of measures promoting emissions-free and energy-efficient road
transport, ban on energy use of hard coal, measures phasing out oil heating,
and several new measures in agriculture, LULUCF and machinery.
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The “With Additional Measures” projection (WAM) includes only a few
measures additional to the WM projection, as the National Energy and
Climate Strategy, the Medium-term Climate Change Policy Plan and the
Climate Plan for the Land Use Sector have recently been approved, and most
new measures are therefore adopted or implemented and included in the WM
projection. The WAM projection includes the estimated impact of planned
future measures regarding F-gases and in the agriculture and transport sectors.

These WAM measures are described in Chapter 4.

Statistics Finland’s population forecast is used in the projections. The forecast,
published in 2019, estimates that the population will increase only slightly
from the current 5.53 million (2020) to 5.57 million in 2030. Based on the
current development, Finland’s population will start decreasing in 2031. In
2050, the population will be some 100,000 lower than today. The average

size of households will decrease slightly, while the number of households is
expected to grow from 2.7 million to almost 2.9 million during the period. In
this population forecast, the population is smaller and flattens out and starts
to shrink, contrary to the forecast used in the projections for the Seventh
National Communication, which anticipated continuous growth.

The economic outlook provided by the Ministry of Finance forms the basis
for the estimate regarding the development of the Finnish economy in the near
future, whereas longer-term development assumptions are based on the “What
kind of expertise will Finland need in 2040?” report of Pellervo Economic
Research PTT and Merit Economics!, which has been complemented and
updated in the HIISI project with industry-specific low-carbon strategies

and recent energy and climate policies and measures. The macro-economic
projections are described in the report “Macroeconomic scenarios: Carbon
neutral Finland 2035 — measures and impacts of climate and energy policies™.

The Covid-19 pandemic and its assumed effects on the economy have been
considered in the modelling. In contrast, the energy crisis following Russia’s
unprovoked and unjustified invasion of Ukraine has not been included in the
projections, as most of the modelling work was conducted before February
2022. For the LULUCEF sector, the most recent results from the national forest
inventory on a decline in tree growth were not yet available when the latest
annual greenhouse gas inventory submission and the WM projection for the
LULUCE sector were prepared (See Section 3.1). Thus, the estimates of carbon
removals in the LULUCEF sector will be re-evaluated in future.

1 Millaista osaamista Suomi tarvitsee 20402 What kind of expertise will Finland need in
20402 (in Finnish). PTT Reports 269. https://www.ptt.fi/julkaisut-ja-hankkeet/kaikki-

julkaisut/millaista-osaamista-suomi-tarvitsee-vuonna-2040.html

2 Macroeconomic scenarios: Carbon neutral Finland 2035 — measures and impacts of

climate and energy policies, Publications of the Government’s analysis, assessment and
research activities 2021:65. http://urn.fi/URN:ISBN:978-952-383-295-4
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According to the Ministry of Finance’s forecast used in the modelling of the
projections, economic growth would recover during 2021, but remain modest
at first thereafter. During the 2020s, the world economy was expected to
recover from the pandemic, which would also begin to impact Finland. It was
assumed employment would recover during 2021, but towards the end of the
decade, the shrinking working-age population would result in no new growth
through labour input. Economic growth therefore depends on technological
development and investment. By 2030, the projections expect technological
development to generate growth of about 10 per cent compared to 2019 and
about 20 per cent by 2040. Growth through capital is about half this. The
average GDP growth rate is about 1.5 per cent, but per capita GDP growth will
remain at 1.2 per cent. The conditions for economic growth will improve in

the 2030s, so GDP growth may also be higher.

Regarding the forest industry, the growth assumptions are based on several
sources, of which one of the most essential is the expertise of Péyry Management
Consulting, published in the “Suomen metsiteollisuus 2015-2035” report
(Finland’s forest industry 2015 to 2035)3. As some of the information is starting to
be somewhat outdated, it has been updated and complemented by other sources
that consist of two low-carbon roadmaps published in 2020 by the Finnish Forest
Industries Federation and the Finnish Sawmills association and the expertise

of Natural Resources Institute Finland (Luke). Péyry bases its assessment on
regional and global demand projections of pulp, paper, and wood products, the
competitiveness of production facilities in Finland, and investment plans published
by the forest industry. The Finnish Forest Industries’ roadmap mainly follows the
Poyry report, but some production volumes have been updated in accordance
with the association’s more recent views. The Finnish Sawmills roadmap focuses
only on the sawmill industry, whereas the experts from Natural Resources Institute
Finland (Luke) provide valuable insights into recent changes in paper production
capacities, capacity-derived production volumes, and how they will develop in the
future. Compared to the figures used in the projections of the Seventh National
Communication, the estimated production of printing and writing paper is 1.2
million tonnes lower in 2035, a total of only 2.1 million tonnes. The volume

of sawmill products is also expected to be smaller than the previous estimate,
whereas the production of other papers is expected to be 0.9 million tonnes higher
than previously estimated, i.e. 6.1 million tonnes in 2035. The total volume of
paperboard and corrugated cardboard is expected to be some 0.4 million tonnes
lower in 2035 and that of market pulp 1.0 million tonnes higher than in the
Seventh National Communication. The most remarkable difference between the
new and previous projections is a new category, so-called new products, which
consists of biomass-based biofuels, chemicals, bioplastics, and textiles, and which
has the projected total volume in 2035 of 2 million tonnes.

3 Suomen metsiteollisuus 2015 — 2035 (Finland’s forest industry 2015 to 2035) Final
Report X304203, 19 January 2016, Péyry Management Consulting,
https://docplayer.fi/22653047-Suomen-metsateollisuus-2015-2035-19-tammikuuta-

2016-loppuraportti-x304203.html
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Table 5.1 shows a summary of the main assumptions of the WM projection
for 2020 to 2035. The numerical values for key variables and assumptions are
presented in Section 5.8.

Table 5.1

Assumptions of the WM projection

Parameter Trend 2020 to 2035

GDP growth 1.6 per cent annually

Structure of economy Increasing share of services

Structure of industry Less capital and energy intensive

Population growth Increasing by 0.6 per cent in 10 years until to 2030, slowly decreasing after 2030

Population structure Ageing

Technology development  Gradual introduction of improved and more energy efficient technology, increased
electrification

5.2 "With Measures" projection

5.21 Total effects

Total emissions in the WM projection for 1990 to 2035 are shown in Figure
5.1 (total emissions without the LULUCEF sector) and Table 5.2 (without and
with the LULUCEF sector).

Compared with the 1990 base year, the total greenhouse gas emissions without
LULUCEF are projected to be 58 per cent lower in 2030, and 65 per cent lower
in 2035. The corresponding figures for CO, emissions are 62 and 69 per cent.
CH, emissions are expected to continue to decline steadily, being 57 per cent
lower in 2030 and 60 per cent lower in 2035 than in 1990. N,O emissions are
projected to decrease slightly, being 32 per cent lower in 2030 and 34 per cent
lower in 2035 than in 1990. The amount of emissions from F-gases is small and
expected to decrease in the coming years.

Figure 5.1

Greenhouse gas emissions without LULUCF, with indirect CO,, by gas
according to the latest greenhouse gas emission inventory (1990 to 2020) and
the WM projection (up to 2035), million tonnes CO, eq.
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Table 5.2

Greenhouse gas emissions according to the most recent inventory data (1990 to 2020) and the WM projection (2025 to 2035)

GHG emissions and removals (kilotonnes CO, eq.)

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
Sector
1. Energy 53,442 55,275 53,710 53,743 60,230 40,602 34,290 25,368 18,051 14,984
2. Industrial processes and product use 5,398 5,064 5,988 6,765 6,159 5,704 5,124 5,763 4,649 3,471
3. Agriculture 7,507 6,698 6,615 6,529 6,651 6,574 6,566 5,938 5,682 5,477
4. Land use, land-use change and forestry -13,441 -13,193 -15,048 -20,494 -21,711 -18,762 -17,303 -22,947 -20,890 -22,633
5. Waste 4,669 4,596 3,817 2,812 2,562 2,092 1,736 1,383 1,152 984
6. Other NO NO NO NO NO NO NO NO NO NO
Indirect CO, emissions 166 133 108 88 70 55 66 4 31 26
Gas
G0, emissions without net CO, from LULUCF! 57,081 58,249 57,118 57,135 64,151 44,154 37,662 29,589 21,682 17,476
€0, emissions with net CO, from LULUCF 39,976 41,468 38,574 33,308 39,361 22,576 17,571 3,868 -2,095 -7,975
CH, emissions without CH, from LULUCF 7,687 7,426 6,566 5,583 5,350 4,857 4,402 3,647 3,305 3,056
CH, emissions with CH, from LULUCF 9,219 8,876 7,912 6,788 6,325 5,653 5,168 4,443 4,151 3,942
N,0 emissions without N,O from LULUCF 6,362 5,903 5,809 6,035 4,784 4,753 4,722 4,539 4,327 4,189
N,0 emissions with N,0O from LULUCF 8,494 8,040 7,959 8,164 6,888 6,773 6,744 6,517 6,268 6,122
HFCs 0 150 715 1,158 1,363 1,239 976 689 321 189
PFCs 0 2 3 4 3 1 2 1 1 1
Unspecified mix of HFCs and PFCs NO NO NO NO NO NO NO NO NO NO
Sk 52 37 26 22 22 22 19 27 29 31
NF5 NO NO NO NO NO NO NO NO NO NO
Total (without LULUCF) 71,016 71,632 70,130 69,849 75,602 54,971 47,716 38,452 29,5634 24,916
Total (with LULUCF) 57,575 58,439 55,082 49,356 53,892 36,209 30,413 15,505 8,644 2,283
Total (without LULUCF, with indirect) 71,182 71,766 70,238 69,938 75,672 55,026 47,782 38,493 29,565 24,942
Total (with LULUCF, with indirect) 57,741 58,573 55,190 49,444 53,962 36,264 30,479 15,546 8,675 2,309

NO = not occurring

1) including indirect CO, emissions
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The split of greenhouse gas emissions between the EU ETS sector and the
non-ETS sector is illustrated in Figure 5.2. and Table 5.3. The historical ETS
emissions correspond to the EU ETS scope in the emissions trading period
from 2013 to 2020. The emissions in the EU ETS sector reached their peak

in the mid-2000s and have declined since. In 2020, emissions in the EU ETS
sector accounted for 41 per cent of the total greenhouse gas emissions, whereas
the non-ETS sector accounted for 59 per cent. The ETS emissions are expected
to decrease further in the future.

The emissions from the non-ET'S sector have decreased steadily since 2005,
and the decrease is expected to continue. In the WM projection, the emissions
from the non-ETS sector in 2030 are 42 per cent, and in 2035, 49 per cent
below the 2005 level when using the 2013-2020 scope for the EU ETS.
Approximately 2.4 million tonnes CO, eq. non-ET'S emissions in 2005
originate from sources that have since been moved to the ETS sector.

Figure 5.2

The split of greenhouse gas emissions between the EU ETS sector and the
non-ETS sector (2005 to 2020) based on the latest greenhouse gas inventory
and the WM projection (until 2035). The development of the total emissions
without the LULUCF sector is also presented.
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Table 5.3

Historical (2005 to 2020) and projected (2025 to 2035) greenhouse gas
emissions in the Non-ETS and ETS sector and civil aviation based on
the latest greenhouse gas inventory and the WM projection respectively

Historical WM Projection
2005 2010 2020 2025 2030 2035
million tonnes CO, eq.
Non-ETS 34.2 33.6 28.1 23.6 19.7 17.6
ETS 35.5 419 19.6 14.7 9.7 7.2
Civil aviation, CO, 0.3 0.2 0.1 0.2 0.2 0.2
Total emissions! 69.9 75.7 47.8 38.5 29.5 25.0

1) For the non-ETS and ETS split, the 2013 scope of EU ETS has been used
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The development of total emissions regarding the number of inhabitants,
primary energy use, and economic development is presented in Table 5.4.
All indicators show a steady downward trend that continues in the WM
projection. Today, the emissions are decoupled from both the GDP growth
and energy use development and decline steadily.

Table 5.4
Greenhouse gas emission intensity based on the latest greenhouse gas
inventory for 2010 to 2020 and the WM projection for 2025 to 2035

Historical WM projection
2010 2015 2020 2025 2030 2035
Emissions per capita, tonnes CO, eq./capita 14.08 956 8.70 6.92 5.31 4.49
Emissions per GDP, kg CO, eq./EUR 035 022 021 0.15 0.1 0.08
Emissions per primary energy, tonnes CO, eq/MWh ~ 0.19  0.14 0.13 0.10 0.08 0.07

5.2.2 Sectoral emissions

Energy

The energy sector is strongly affected by policy measures to reduce the
emissions, enhance energy efficiency and increase the share of renewable
energy sources. Both the supply and demand sides have faced significant
changes in the last decade: part of the changes results from policy measures;
part from technological development and the development of the energy and
fuel markets. The transition is only half completed, and the emissions will
decline further in the energy sector. As many of the changes involve or concern
investments like power plants, the effects are robust and enduring.

The supply and demand situation in the Nordic-Baltic regional electricity
market to which Finland belongs was a very important factor affecting the
Finnish power supply’s greenhouse gas emissions in the past. However, 85 per
cent of the Finnish electricity production is emissions-free today and the
positive development is expected to continue further, resulting in lower and
less varying total greenhouse gas emissions for Finland.

In the WM projection, the most significant future changes in electricity and
heat production are the start-up in 2022 of a new 1,600 MW nuclear power
plant unit and the increase in the use of renewable energy sources and waste
heat. Use of coal for energy will be banned from May 2029, and the use of peat
will rapidly decrease in the 2020s due to high prices of emission allowances. All
these changes reduce emissions.

Factors affecting the future energy demand are primarily energy efficiency
measures, as well as the economic development and structural and technology
changes within the industry. According to the WM projection, energy used
to heat residential and service sector buildings will decrease, even though
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the volume of buildings is expected to increase continuously. The emissions
from space heating are decreasing even faster than energy demand due to the
increased use of renewable energy. District heat production from heat-only
plants is expected to slightly increase its share at the expense of combined
heat and power production, which has been struggling with feasibility. Low
electricity prices in the 2010s and rising prices of emission allowances and
fuel prices in the 2020s have challenged combustion-based heat and power
production.

District heating, power generation, and industrial energy use are strongly
affected by the EU ET'S price, which makes the use of fossil fuel increasingly
infeasible and with energy taxation, efficiently cuts emissions in these sectors.
This trend will lead to increased electricity demand replacing some fossil fuel
consumption, which is also reflected in the low-carbon roadmaps prepared by
all major industries and sectors. In power generation, the emphasis is shifting
from fossil fuels (especially coal and natural gas) and peat to renewables. In
district heating and industry, fossil fuels are increasingly being replaced with
renewables and waste heat recovery. In specific industrial sectors, electrolysis-
based hydrogen production is also expected to take off, although the exact
timing is difficult to predict. Carbon Capture in its various forms (such as
CCS, CCSU, BECCS) could reduce emissions even further, but its timing

is even more difficult to estimate, and it has therefore been omitted from the
WM projection. Electrification is also true of other sectors like transport, due
to which (with Finland’s biofuel and other policies) the refining volumes of
fossil oil are also decreasing.

The historical and projected emissions from the energy sector (excluding
transport) in the WM projection are presented in Table 5.5. The emissions in
the energy sector are mainly CO, emissions from the combustion of fossil fuels
and peat. Most of the energy production, as well as the industrial energy use,
belongs to the EU Emissions Trading System.

Table 5.5

Historical (1990 to 2020) and projected (2025 to 2035) greenhouse gas
emissions from the energy sector (excluding transport) based on the latest
inventory and the WM projection respectively

Historical WM Projection
1990 1995 2000 2005 2010 2015 2020 | 2025 2030 2035
million tonnes CO, eq.

Total emissions 413 440 416 409 476 297 238 173 115 96
€O, 40.8 432 409 400 467 290 232 | 166 109 90
CHy4 0.2 03 03 03 03 03 0.2 03 02 02
N,0 0.4 04 05 05 06 05 04 04 04 03

Historically, emissions from space heating on site, as well as district heating,
have varied according to heating demand (cold or warm winters). Likewise,
emissions from condensing power have varied strongly, depending on the
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hydro situation in the Nordic-Baltic electricity market. In the projections,
future years are assumed to be standard years (i.c. the long-term average plus
the impact of climate change) with respect to heating demand and hydro levels.
Consequently, the energy sector emissions are smoother in the future years

(i.e. they have less interannual variability) of the WM projection than in the
historical years.

The importance of CH, and N, O emissions within the energy sector is small.
Less than 10 per cent of all CH emissions in Finland come from incomplete
combustion of fuel, which is mainly caused by fireplaces and small heating
boilers. CH emissions from power and heating plants are low.

Non-ETS emissions within the energy sector (excluding transport) are
mainly the result of using fossil fuels for machinery and driers, space heating
of buildings and industry outside the EU ETS. In the WM projection, the
emissions from individual heating of residential and commercial buildings
decrease from the recent 1.5 to 2 million tonnes CO, eq. to 0.6 million tonnes
CO; eq. in 2030. The emissions from machinery are expected to decrease
from their current level, i.e. 2.4 million tonnes CO, eq. to 1.6 million tonnes
by 2030. The reasons for this favourable development are more efficient
equipment (including some electric machinery) and a more efficient use of
the equipment. The emissions from non-ETS industrial energy use remain at
around the current level of 0.6 million tonnes CO, eq. in the WM projection
at first and slightly decrease later, despite an increase in activity. The energy-
related emissions from agriculture and forestry are 1.3-1.4 million tonnes
CO, today, of which 0.8 million tonnes CO, eq. comes from machinery. By
2030, the energy-related emissions in agriculture and forestry are expected to
decrease to 0.8 million tonnes CO, eq.

Transport

The WM projection describes the likely evolution of GHG emissions from
transport according to the best information available, and it includes, with

a few exceptions, all measures for which there is a decision by August 2022
(a financing decision on measures requiring funding, or which are otherwise
likely to occur). The WM projection contains the following themes, under
which there are several measures: 1) replacing fossil fuels with alternative
transport fuels; 2) improving the energy efficiency of vehicles; and 3)
improving the energy efficiency of the transport system.

The effect of following recently implemented measures are not included in the
WM projection because of difficulties in estimating the effects of the measures:

— Temporary reductions of taxable values of the company car benefit for
battery electric vehicles and employer-provided charging for electric vehicles
(long-term effects difficult to estimate)
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— Changes to taxable values of employer-provided commuter tickets and
bicycles (no assessment available).

A phenomenon with emissions reduction potential is the increase of remote
work. Remote work is a new phenomenon created by the Covid-19 pandemic,
which was unforeseeable in the NC7, but which is now included in the WM
projection. During the pandemic in 2020, the number of remote workers more
than doubled from pre-Covid numbers. This is assumed to be the maximum
in the current regional and employment structure. The increase in remote
work facilitates work and leisure coordination and mainly reduces emissions
from transport as well, as it may reduce vehicle kilometres and the annual CO,

emissions from passenger car traffic, with the reduction being approximately
61 ke CO, eq. in 2030 according to the WM projection.

According to the WM projection, GHG emissions from road transport will
decrease significantly in the long term. Temporary changes in the biofuel
distribution obligation in road transport will bring a short-term increase in
emissions in 2022 and 2023. However, the tightening of the distribution
obligation after a temporary reduction will create the most significant
emissions reductions in the near future, while in the long term, the emissions
reduction effect of vehicle fleet renewal will be highlighted. In particular,

the EU Regulation# setting stricter CO, emission standards for cars and

light commercial vehicles will contribute to a significant reduction in the
WM projection, where domestic transport emissions will decrease by 49.4

per cent compared to 2005 emissions, i.e. close to the target of 50 per cent
emissions reduction. The reduction in emissions takes place mainly in road
transport. Compared to the current situation, emissions from water transport
will also decrease slightly. Emissions from rail transport will remain the same.
Greenhouse gas emissions from the transport sector are expected to decrease by
1.7 million tonnes from 2005 to 2020 and by 4.8 million tonnes from 2005 to
2030 (Table 5.6).

Table 5.6

Historical (1990 to 2020) and projected (2025 to 2035) greenhouse gas
emissions from transport based on the latest greenhouse gas inventory and
the WM projection, respectively

Historical WM Projection
1990 1995 2000 2005 2010 2015 2020 | 2025 2030 2035
million tonnes CO, eq.

Total emissions 121 113 121 129 127 109 104, 81 66 54
€O, 1.8 111 119 127 126 108 103 80 65 563
CHy4 0.1 01 01 00 00 00 0.0 00 00 00
N,0 0.2 02 01 01 01 01 0.1 01 01 01

4 2019/631/EU, adopted in 2019 and applied since 1 January 2020
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International bunkers

According to the most recent greenhouse gas emission inventory, the fuel
consumption for international aviation was 11,873 TJ and for international
marine transport 12,718 TJ in 2020. The Covid-19 pandemic has especially
affected international aviation, as the corresponding fuel consumption prior to
the pandemic in 2019 was 35,166 TJ for aviation bunkers and 13,563 T7J for

marine bunkers.

According to the latest EUROCONTROL most-likely base scenario?,

the annual flight growth rate for Finland between 2019 and 2050 will be

an average of 1.6 per cent. This scenario was prepared before the start of
Russia’s invasion of Ukraine, and it therefore does not take into account the
current geopolitical situation, which greatly affects Finnish air transport. The
annual growth rate by 2030 is estimated to be two per cent for international
marine transport. Based on these assumptions and 2020 emissions, the total
greenhouse gas emissions from bunker fuels are projected to be 2.2 million
tonnes CO, eq. in 2030 (1.0 million tonnes CO, eq. from aviation bunkers
and 1.2 million tonnes CO, eq. from marine bunkers). As the Covid-19
pandemic has impacted international transport and air transport especially
strongly, the 2019 emissions can also be considered departure data. Using the
emissions in 2019 as the basis, the total greenhouse gas emissions from bunker
fuels are projected to be 4.4 million tonnes CO, eq. in 2030 (3.1 million
tonnes CO, eq. from aviation bunkers and 1.3 million tonnes CO, eq. from
marine bunkers). The most likely growth may be something between these two
projections, although there are many uncertainties in the current geopolitical
and market situation. The average of the above figures is therefore selected in

Table 5.7.

These projected emissions of marine and aviation bunkers do not as such
consider the impact of the measures presented in Section 4.4.3, which aim to
improve energy efficiency and increase the use of alternative fuels.

Table 5.7

Historical (1990 to 2020) and projected (2025 to 2035) greenhouse gas
emissions from international bunkers based on the latest greenhouse gas
inventory and the WM projection, respectively

Historical WM Projection
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
million tonnes CO, eq.

Total emissions 2.9 1.9 31 2.9 2.3 29 1.9 3.0 3.3 3.6
Aviation 1.0 0.9 1.1 1.3 1.7 20 09 1.9 2.0 2.2
Navigation 1.9 1.0 2.1 1.6 0.7 09 1.0 1.1 1.3 1.4

5 EUROCONTROL Aviation Outlook 2050. Main Report April 2022;

https://www.eurocontrol.int/sites/default/files/2022-04/eurocontrol-aviation-outlook-

2050-main-report.pdf
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Industrial processes and other product use

The most important greenhouse gas emission sources in this sector are iron
and steel, hydrogen, and cement production. The main factors affecting

the development of emissions include changes in industrial production
volumes and technology. In the WM projection, the growth of the industrial
production volumes increases these emissions. Most of the emissions other
than F-gases in this sector are part of the EU ETS, which is also the main
measure for reducing process emissions. Other measures driving low-carbon
technology investments in the manufacturing industry are increased funds for
new technology investments and the reduction of the electricity tax.

In the WM projection, it is assumed that the industrial use of fossil fuels
decreases thanks to the above measures. In carbon steel production, Finland’s
largest steel mill has disclosed plans to replace the existing two blast furnaces
with electric arc furnaces and the use of carbon-free direct reduced iron (or
sponge iron), which is produced in and imported from Sweden. However, the
exact timing of this shift is still a significant uncertainty, but the assumption
in the WM projection for the first blast furnace is by 2030 and for the second
one by 2035. In the chemical industry, the share of fossil fuels will probably
decrease due to the largest plastic producer’s plans to replace the existing
chemical cracking furnace with an electric cracking process. In the WM
projection, the replacement will be implemented by 2030. The low-carbon
roadmaps prepared by different industries also include additional but more
high-level measures that are not yet finally decided but are expected to decrease
industrial emissions further in the future.

The WM projection for F-gases includes the impacts of the EU regulation

on F-gases® and the EC directive related to emissions from air-conditioning
systems in motor vehicles”. Emissions from refrigeration and air-conditioning
equipment are expected to decline because of the regulatory measures.

The main features of the F-gas regulation in cutting F-gas emissions are a phase
down of HFCs that can be placed on the EU market, bans on the use of HFCs
in certain applications and obligations related to leak checking and repairs,
F-gas recovery and technician training.

Emissions from electricity distribution equipment have declined from the
peak level because of the industries’ voluntary actions. A steady increase of
emissions is assumed in the future, but the peak level of emissions in the
1990s will not be reached. Restrictions forced by the EU regulation will have
a decreasing effect on emissions from foam blowing and acrosols in the future.
Emissions from other sources are expected to remain quite steady. Emissions
from refrigeration and air-conditioning equipment account for more than 90

6 2014/517/EU
7 2006/40/EC
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per cent of Finnish F-gas emissions, and the projected overall emissions trend is
therefore declining.

Emissions from solvent and other product use are expected to remain at their
present level in the WM projection. Historical and projected greenhouse gas
emissions from industrial processes and other product use are presented by gas

in Table S.8.

Table 5.8

Historical (1990 to 2020) and projected (2025 to 2035) greenhouse gas
emissions from industrial processes and other product use based on the
latest greenhouse gas inventory and the WM projection respectively

Historical WM Projection
1990 1995 2000 2005 2010 2015 2020 | 2025 2030 2035
million tonnes CO, eq.

Total emissions 5.4 5.1 60 68 62 5.7 5.1 58 46 3.5
€O, 3.7 34 39 40 46 42 3.9 48 40 29
CH, 0.0 00 00 00 00 00 0.0 00 00 00
N,0 1.7 15 14 16 02 03 0.2 03 03 03
F gases 0.1 02 07 12 14 13 1.0 07 04 02
Agriculture

In recent years, changes in the emissions from agriculture have been small. The
projections were updated in 2022. In the WM projection, the total emissions
from the agricultural sector are expected to decreased. Emissions from the
agricultural sector will decrease by around 0.9 million tonnes of CO, eq. by
2030 and 1.1 million tonnes of CO, eq. by 2035 (compared to the 2020 level)
(Table 5.9).

The decline in livestock numbers and increase in use of feed additives will
reduce methane emissions from cattle’s digestion. In addition, the decrease
in cattle and pig numbers will reduce emissions from manure processing and
manure application. However, there is uncertainty about the future price and
scale of adoption of feed additives and thus the emissions reduction from
cattle.

Measures identified to reduce N,O emissions from organic soils will also affect
the CO, emissions from the LULUCF sector. The increasing grass area in

crop rotations and continuous use of catch crops will increase the emissions of
plant residues but reduce nitrogen mineralisation emissions from mineral soils,
leaving the net effect in the agricultural sector small per hectare but positive for
the climate. Energy-related emissions related to agriculture are reported in the
energy sector and are not included in Table 5.9.

8 Miettinen et al. (2022)
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Table 5.9

Historical (1990 to 2020) and projected (2025 to 2035) greenhouse gas
emissions from agriculture based on the latest greenhouse gas inventory
and the WM projection, respectively

Historical WM Projection
1990 1995 2000 2005 2010 2015 2020 | 2025 2030 2035
million tonnes CO, eq.

Total emissions 7.5 67 66 65 6.7 6.6 6.6 59 57 55
CO, 0.6 04 04 03 03 02 0.2 02 02 02
CHy 2.8 25 25 25 26 26 25 21 20 19
N,0 41 37 37 37 38 38 3.8 36 35 33
LULUCF

The land use, land-use change, and forestry sector (LULUCEF) as a whole is
expected to be a net sink in the WM projection (Table 5.10).

Table 5.10

Historical (1990 to 2020) and projected (2025 to 2035) greenhouse gas
emissions and removals from the LULUCF sector based on the latest
greenhouse gas inventory and the WM projection respectively

Historical WM Projection
1990 1995 2000 2005 2010 2015 2020 | 2025 2030 2035
million tonnes CO, eq.

Total emissions

and removals -134 -13.2 -15.0 -20.5 -21.7 -18.8 -17.3 |-22.9 -20.9 -22.6
€O, -171 -16.8 -185 -238 -248 -21.6 -20.1 |-256.7 -23.7 -25.5
CH,4 1.5 1.5 1.3 1.2 1.0 0.8 0.8 08 08 09
N,0 2.1 2.1 2.2 2.1 2.1 2.0 2.0 20 19 19

The measures mentioned in the Climate Plan for the Land Use Sector aim to
reach the annual net climate impact of at least three million tonnes of carbon
dioxide equivalent by 2035 (Table 5.11). The measures target agricultural
land, forest, and land-use changes. In 2035, the net sink of the land-use sector
is estimated to be —22.6 million tonnes of carbon dioxide equivalent. The net
sink is expected to increase by a total of 5.3 million tonnes of carbon dioxide
equivalent by 2035 compared to the 2020 level, exceeding the minimum target
set for the Plan.

In the WM projection for the agricultural sector, measures targeted at organic
soils are also expected to decrease emissions in the LULUCEF sector by around
one million tonnes of CO, eq. by 2030, 1.3 million tonnes of CO, eq. by
2035, and around 1.6 million tonnes of CO, eq. by 2040 (compared to the
2020 level). This is due to a reduction in land clearing and conversion of land
from cropland and grassland to afforested land and wetlands. In addition,
grassland cultivation with increased water levels and paludiculture are expected
to decrease emissions from organic soils.

5 Projections and total effect of policies and measures

243



The projections for the agricultural sector and the LULUCF sector include
to some extent different measures for cropland and grassland, different
implementation areas, and different assumptions about the cultivation
history, i.e. different parameters. The LULUCEF projection also includes a few
measures targeted at organic soils that are not included in the WM projection
for agriculture. The LULUCEF sector projection therefore produces higher
emissions reductions for cropland and grassland than using the measures and
parameters of the agriculture WM projection.

Finland’s National Forest Strategy (NFS), adopted by the Government in
February 2015 and operationalising government policy, specifies the main
objectives for forest policy and forest-based business and activities until 20259.
The vision of the Strategy is “Sustainable forest management is a source of
growing welfare”.

The strategy is implemented by ten key projects. NES projects were updated
in 2019. According to the NFS, climate change mitigation and adaptation

in forests are supported by diversifying forest management. Forests’ viability,
i.e., growth and health will be maintained and enhanced through active forest
management. Over the long term, forest management techniques must be
adapted to new and changing climate conditions. Timely and careful forest
management can improve the growth but also the resistance of growing stock
to damage, while safeguarding the ecosystem services of forests and producing
wood biomass sustainably. Current forest legislation and ongoing measures for
climate- and forest-related objectives are briefly described in Section 4.3.5.

Forests will be a key part of the Finnish bioeconomy, and the NFS therefore
aims to increase the use of wood to replace fossil resources with renewable
biomass. In the WM projection, the harvesting increases by up to 80 million
cubic metres (including the use of wood for bioenergy) in 2026 to 2035, the
estimated carbon sink of forests (including trees and soil) will be approximately
at the level of —22.6 million tonnes of CO, eq. per annum by 2035. The
decreasing trend in emissions from wetlands is due to the decreasing energy use
of peat, resulting in a smaller area being needed for peat extraction.

9  Ministry of Agriculture and Forestry 2019
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Table 5.11

Preliminary climate impacts in 2030 and 2035 of the measures presented in
the Climate Plan for the Land Use Sector (million tonnes of carbon dioxide

equivalent)

Measure

Area

Climate impact in
2030,
million tonnes CO, eq.

Climate impact in
2035,
million tonnes CO, eq.

Owner policy of Metséhallitus 0.4 0.7-0.9
Preventing the conversion of forests about 1,700-1,900
into fields ha per year 0.5
Act on fixed-term support for 3,000 ha per year,
afforestation of which 40% in
peat production
areas 0.09 0.11
Afforestation of low-yield fields 9,000 ha
in 2024-2028 0.09 0.10
Raising the groundwater level in peaty 2030: 20,000 ha 0.135 0.219
agricultural lands (grasslands) —30 cm 2035: 32,500 ha
Paludiculture, groundwater level 2030: 5,000 ha 0.047 0.094
—30cm 2035: 10,000 ha
Paludiculture, groundwater level 2030: 2,500 ha 0.047 0.094
~5-~10cm 2035: 5,000 ha
Managed wetlands 2030: 4,000 ha 0.072 0.136
2035: 7,500 ha
Perennial grasslands without tilling 2030: 40,000 ha 0.081 0.081
2035: 40,000 ha
Wetting of low-yield, thick-peat fieldsto | 2030: 10,000 ha 0.181 0.181
establish wetlands 2035: 10,000 ha
Comprehensive planning of peatland
forest management (avoidance of
remedial ditching) - - —
Comprehensive planning of peatland
forest management (continuous cover
forestry in mires) 6,000 ha per year 0.21 0.21
Ash fertilisation of peatland forests 26,000 ha per year 0.18 0.40
Promotion of forest fertilization
on mineral soils 25,000 ha per year 0.46 0.28
Increasing the carbon stocks of decaying
wood in commercial forests due to
biodiversity and climate considerations by
leaving retention trees in place - - -
Total 1.99 3.11-3.31

Source: Natural Resources Institute Finland 2022
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Waste

Greenhouse gas emission projections for the waste sector include CHy
from landfills and anaerobic digestion and CH, and N, O emissions from
composting and wastewater treatment. Emission figures for the waste sector
do not include emissions from waste incineration, which are reported in the
energy sector.

The landfilling of waste is increasingly replaced with recycling and energy
recovery. In 2010, the amount of municipal waste incinerated at waste
incineration plants was approximately 0.24 million tonnes. Several new
waste incineration plants have since been constructed, and the incinerated
amount was already more than 1.7 million tonnes in 2019. Currently, waste
co-incineration is included in the emissions trading sector, whereas waste
incineration plants are in the effort-sharing sector.

Greenhouse gas emissions from the waste sector will decrease in the

WM projection (Table 5.12). The main reason for this reduction is the
implementation of the Landfill Directive!? and national legislation!! and
strategies aimed at reducing the amount of waste generated and minimising
the amount of waste disposed at landfills. Over a longer period, the amount
of greenhouse gases from landfills will decline because of the restrictions on
organic waste landfilling.

Table 5.12
Historical (1990 to 2020) and projected (2025 to 2035) greenhouse gas
emissions from the waste sector based on the latest greenhouse gas

inventory and the WM projection respectively (waste incineration not included)

Historical WM Projection

1990 1995 2000 2005 2010 2015 2020 | 2025 2030 2035

million tonnes CO, eq.

Total emissions 4.7 4.6 3.8 2.8 2.6 21 1.7 14 1.2
CH, 4.6 4.5 3.7 2.7 2.4 2.0 1.6 13 1.0 09
N,0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 01 01

1.0

Indirect CO, emissions

The WM projection for indirect CO, assumes that their share of the total
national emissions without LULUCF will remain at the present level, 0.1 per
cent of total national emissions without the LULUCEF sector.

10 Landfill Directive 99/31/EC
11 Government decree on Landfills (331/2013)
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5.3 "With Additional Measures" projection

The WAM projection presented in this chapter includes measures already
decided at a governmental level and described in Chapter 4. There are planned
measures for the transport sector, machinery, F-gases, agriculture, and the
waste sector.

With a few exceptions, all the planned measures described in Chapter 4 are
included in the WAM projection. Measures for which the impact on the
energy balance or the emissions remains unknown or has not been assessed
have not been included in the WAM projection. Such measures are:

— Improving energy efficiency and promoting the use of alternative fuels in
machinery (no assessment available yet)

— Amendment of the waste tax legislation (only minor impact on emissions,
difficult to estimate, no assessment available)

— Influencing the age structure of cattle (measures not yet defined)

— Promoting agroforestry (measures not yet defined).

The effect of the policies and measures included in the WAM projection

on the total greenhouse gas emissions is illustrated in Figure 5.3. Solid lines
portray the WM projection, and dashed lines the WAM projection. The effect
of the additional measures is aimed at the 2020s except for the transport sector,
where the additional measures increasingly diminish emissions in the 2030s.

Figure 5.3

Greenhouse gas emissions in EU ETS and non-ETS sectors in the WAM
projection (dashed lines) compared to the WM projection (solid lines) in 2021
to 2035 and historical emissions for 1990 to 2020 based on the most recent
inventory
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The total greenhouse gas emissions (without the LULUCEF sector) in 2030 are
29.6 million tonnes CO, eq. in the WM projection and 28.7 million tonnes
CO, eq. in the WAM projection. The additional emissions reduction measures
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in the WAM projection will only affect transport, industrial processes and
agriculture in the non-ETS sector (Table 5.13). The emissions in the ETS

sector remain the same as in the WM projection.

Table 5.13

Historical (2005 to 2020) and projected (2025 to 2035) greenhouse gas
emissions in the Non-ETS and ETS sectors and civil aviation based on
the latest greenhouse gas inventory and the WAM projection, respectively

Historical WAM Projection
2005 2010 2020 2025 2030 2035
million tonnes CO, eq.
Non-ETS 34.2 33.6 28.1 22.8 18.9 16.4
ETS 35.5 41.9 19.6 14.7 9.7 7.2
Civil aviation, CO, 0.3 0.2 0.1 0.2 0.2 0.2
Total emissions 69.9 75.7 47.8 37.7 28.7 23.8

Table 5.14 presents a summary of the WAM projection emissions and the
difference between them and the emissions levels in the WM projection.

Table 5.14

Greenhouse gas emissions on a gas-by-gas basis for the WAM projection and
the difference between them and the WM projection between 2025 and 2035,
million tonnes CO, eq. (the greenhouse gas emissions in 2010 and 2020 are
based on the most recent inventory and shown for comparison.)

Historical WAM Projection
2010 2020 2025 2030 2035
million tonnes CO, eq.
€O, 64.2 37.7 29.1 211 16.6
CHy 5.4 4.4 3.6 3.2 3.0
N,0 4.8 4.7 4.4 4.2 41
F-gases 14 1.0 0.6 0.2 0.1
Total 75.7 47.8 37.7 28.7 23.7
Difference to WM -0.8 -0.8 -1.2

When the different emission sectors are examined, the sectoral WAM
projections do not differ from the WM projections in the following cases:

— the energy sector, excluding transport
— international bunkers
— industrial processes and product uses other than F-gases

— the LULUCE sector

— ‘waste management.

The WAM projections differ from the WM projections for transport, F-gases,
and agriculture, and marginally, for indirect CO, emissions. Of the sectors
with separate WAM projections, transport has the largest absolute difference
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between WM and WAM emissions, whereas F-gases have the largest relative
difference.

The WAM projection includes those transport measures that had not been
finally decided or financed by August 2022 or were uncertain for other reasons.
It contains the following themes, under which there are several measures: 1)
replacing fossil fuels with alternative transport fuels (additional measures);

2) improving the energy efficiency of vehicles (additional measures); and 3)
improving the energy efficiency of the transport system (additional measures).

Transport sector emissions decrease somewhat faster in the WAM projection
than in the WM projection in the 2020s. From 2030, the difference in
emissions increases significantly faster along with the heavily increasing share of
biofuels in the WAM projection. In the long term, fossil fuel substitution will
have the greatest emissions reduction effect, bringing GHG emissions from
road transport close to zero in 2045. The impact of the renewal of the vehicle
fleet in the WAM projection remains the smallest of these categories and the
most uncertain of all. It is estimated that the emissions reductions in transport
achieved by these additional measures, including the effect of increased remote
work, will be 0.5 million CO, eq. in 2030 compared to the WM projection.

The current F-gas measures in the WM projection will already cut the
emissions strongly. The WAM projection of F-gases is based on a few
additional measures that will slightly accelerate the decrease of emissions.
These additional measures include the revision of the F-gas Regulation,
improved control of F-gas banks and recovery of F-gases, and promotion of
alternative non-HFC technologies. It is estimated that the emissions reduction
achieved by these additional measures will be 0.2 million tonnes CO, eq. in
2030.

The WAM projection of agriculture!? was updated in 2022 and assumes
gradual changes in consumers’ diet until 2035, which in turn will affect
agricultural production and the use of arable land. In the agricultural sector,
the estimated additional total emissions reduction is 0.2 million tonnes of
CO, eq. by 2030 and 0.2 million tonnes of CO, eq. by 2035. However, the
WAM projection involves major uncertainties. For example, the change in
food consumption may differ for different population groups. Large changes in
consumers diet cannot be achieved by economic policy instruments alone.

The Government of Finland has set an emissions reduction target of 29 per
cent for Finnish agriculture by 2035 (emissions should decrease by 4.6 million
tonnes CO, eq. by 2035 compared to 2019). It is likely that agriculture will
not fully achieve this emissions reductions target with the actions of the WAM
scenario alone. The existing actions should be intensified, and new actions

should be developed.

12 Miettinen et al. (2022)
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For cropland and grassland, the WAM measures also have effects on emissions
from the LULUCEF sector. The WAM scenario, with fewer livestock, less
organic matter spread on fields in manure, and fewer grasslands, implies a lower
carbon input into soils and slightly higher LULUCF emissions from soils
compared with the WM scenario. However, the difference is small, 0.1 to 0.2
million tonnes of CO, eq. and less than the achieved emissions reductions of
the agricultural sector in the WAM scenario, especially after 2035. Measures
identified to reduce N, O emissions from organic soils will also affect emissions
from the LULUCEF sector (see Table 5.10).

For the LULUCEF sector, the WAM projection does not differ from the WM
projection. Hence, the abovementioned impacts of the additional measures

included in the WAM projection for the agricultural sector are not included in
the WAM projection for the LULUCEF sector.

The assumptions for indirect CO, emissions are the same in the WAM and
WM projections, i.e. emissions equal 0.1 per cent of total national emissions
without the LULUCEF sector. The absolute amount of indirect CO, emissions is
therefore marginally smaller in the WAM projection than in the WM projection.

5.4 Assessment of aggregate effect of policies
and measures

The aggregated estimates for the greenhouse gas reduction impacts of
individual WM policies and measures presented in Chapter 4 are 25 and 52
million tonnes CO, eq. for 2020 and 2030 (without LULUCF) respectively.
The WAM measures will increasingly reduce greenhouse gas emissions in the
2020s, reaching an additional annual reduction of approximately 0.8 million
tonnes CO, eq. in 2030. The small addition of the planned measures results
from the fact that most of the previously planned measures (WAM measures)
are now labelled as implemented or adopted measures (WM measures). New
planned measures are currently in the development stage, and decisions on
their implementation will be taken in the coming years. The total effect of the
current policies and measures calculated bottom-up is shown in Table 5.15.

Table 5.15

The total i.e. aggregate effect of the policies and measures (PaMs) calculated
based on the estimated impact of PaMs (see Tables 4.2, 4.5, 4.7, 4.8 and 4.12)
for 2020, 2025, 2030 and 2035 (million tonnes CO, eq). The total emissions

in 2020 based on the most recent inventory are also given for comparison

Tota_ll emissions Total effects of PaMs
in 2020 2020 2025 2030 2035
WM measures 478 24.9 442 52.0 55.0
WAM measures! 7. 0.0 0.2 0.8 0.9

* Without LULUCF
1 In addition to the total effect of PaMs included in the WM projection
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The estimated total effect of policies and measures contains noticeable
uncertainties. The mitigation impact has not been estimated for all policies
and measures. Furthermore, the impact estimates of individual policies and
measures are not always fully additive, which may result in an overestimation
of the mitigation impact in certain sectors. The overlapping effect of measures
has been paid due attention in the case of the simultaneous increase of biofuel
content and energy efficiency in machinery, the transport sector, and heating,
for example. Altogether, the total emissions reduction is probably larger than
the reported total effect.

A top-down assessment of the overall effect of mitigation policies and measures
is possible by comparing the greenhouse gas emissions of this reporting with
WM projections from earlier reporting rounds. Figure 5.4 shows Finland’s
greenhouse gas emissions in the WM projections in the last four national
climate and energy strategies, i.e. strategies from 2005, 2008, 2013, and 2016,
as well as in this reporting. The WM projections in the national climate and
energy strategies projected significantly higher emissions for 2020 than those
reported in the latest greenhouse gas inventory and in the projections of this
reporting. This suggests that the additional measures implemented in the 2010s
have had a substantial impact on total emissions.

Figure 5.4

Greenhouse gas emissions according to the most recent inventory for 1990 to
2020 and in the WM projections of the climate and energy strategies published
in 2005, 2008, 2013 and 2016 until 2020 and 2030 respectively, and the WM
projection of this reporting
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The main difference between the projections shown in Figure 5.4 is that most
measures from previous WAM projections have been implemented since the
previous reporting and are therefore included in the following WM projections.
The biofuel quota obligation in road transport is one of the measures with

the greatest impact. Another significant difference since the WM projections
0f 2013 and earlier years is the result of domestic conventional condensing
power capacity being shut down almost entirely. Furthermore, combined heat
and power plants are struggling with their feasibility and are being shut down
ahead of time due to market circumstances and the prohibition of coal energy
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use. The electrification of society and the introduction of new emissions-free
technology in all sectors are accelerating earlier and faster than previously
expected. The projections have been updated accordingly to reflect the most
recent development. The use of fossil fuels and greenhouse gas emissions

are therefore significantly lower than anticipated in the previous National
Communications.

The total effect of implementing additional measures can be seen in the
emission development trend after 2015, which levelled off in the 2013 and
2016 projections, whereas it continued to increase in the projections from
2005 and 2008. In turn, the WM projection of this reporting points clearly
downwards.

For comparison purposes, the WM projections from 2005 and 2008 can be
considered reasonable WOM (Without Measures) projection substitutes, even
though they already include some mitigation measures. The gap between the
projections for 2005 to 2008 and the projection of this reporting is up to 40
million tonnes CO, eq. in 2020. By 2030 the gap would presumably increase to
at least 60 million tonnes CO, eq. if the old projections would have extended
that far into the future. This is well in line with the bottom-up estimation of the
total effect of policies and measures considering that not every single measure
has been assessed and included in the estimation. The bottom-up approach gives
52 million tonnes CO, eq. emissions reduction in 2030, which added to the
emissions of the WAM projection would result in an emission level of at least 81
million tonnes CO, eq. in 2030 for a WOM projection.

5.5 Economic impacts

Most of the effects of the WM projection on the economy stem from the
need to invest in new carbon-free and energy-efficient technologies in the
energy sectors, industry, and the transport sector. These very large investments
will probably dominate economic activity for most of the next two decades
and entail current account deficits, but once completed, they will facilitate

a structural shift of the economy towards an energy- and material-efficient
low-carbon economy, in which many of the current industries will become
newly competitive and create export growth.

Economic growth and changes in the structure of the economy also play a

key role in the estimation of energy consumption and emissions. The rate of
economic growth is determined by the growth rates of labour input and average
labour productivity. In the long term, economic growth is determined almost
solely by the growth of labour productivity because labour input cannot grow
without limits. However, in the short and medium term, factors affecting labour
input growth also matter because changes in labour input directly affect the
economy’s potential output. In Finland, the ageing population is the single most
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significant factor in terms of its effect on labour input and thus the development
of the national economy in the short and medium term. Another factor that will
affect the availability of labour is the level of structural unemployment.

The above new investments will result in both increased costs and changes to
economic consumption and production structures. At the microeconomic
level, the WM projection assumes that businesses make mostly profitable
investments. Nevertheless, less profitable investments are also necessary to
meet the strict emission targets. Such investments usually require subsidies

or investment aid from the Government, which contributes to households
being susceptible to a decline in their purchasing power due to the additional
costs of cutting emissions. The costs typically include different direct and
indirect taxes and other policies. For example, if the government implements
a costly investment aid scheme to reduce emissions, it is likely that part of

the funding will need to come from income tax increases. Indirect taxes can
mean higher costs of fossil fuels, and other policies may even force households
to make new investments such as purchasing electric vehicles if new gasoline
cars are no longer available in the future. In absolute terms, the impact is most
significant on households that consume the most energy and energy-intensive
commodities and services, i.e. middle- and high-income households. However,
in relative terms, the impact may be even more significant for lower-income
households, because energy is a necessity in modern societies.

Yet at the macroeconomic level, the new structures are expected to lead to
improved economic efficiency, including labour productivity and new business
opportunities especially adding value to exports. Structural changes in the
economy will also have impacts on employment. The total employment rate is
expected to grow slightly thanks to new investments, but as is often the case,
some sectors will benefit more than others. It is expected that industrial and
construction sectors will receive most of the benefits, whereas agriculture and
services especially will add fewer jobs.

5.6 Sensitivity analysis of the projections

Energy use and hence greenhouse gas emissions are sensitive to the assumptions
made for economic growth. Two sensitivity analyses have therefore been carried
out for the WM projection, varying the economic growth of industry and
service branches. No sensitivity analysis of the transport sector was made, but
lower economic growth could generally have both a reducing and an increasing
impact on energy use and greenhouse gas emissions for transport. On the one
hand, the need for transport is likely to be lower; on the other, the renewal of the
transport fleet will be slower. The situation is similar for buildings in which lower
economic growth results in slower growth of the building volume, but also in
less investment in energy efficiency. In the sensitivity analyses, energy uses in the
transport sector and buildings remain unchanged.
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The manufacturing industry uses about 45 per cent of both the country’s final
energy and electricity. The forest industry has a significant impact on the
energy sector, including renewable energy production, energy consumption,
and electricity generation. Iron and steel production is another energy-
intensive branch, the development of which significantly influences the
projections. The energy balance projections for these branches are based on
product-group-specific volume estimates. Both branches develop generally
positively in the WM projection, even though some product groups already
decrease (e.g. paper manufacturing) in the base case WM. In the sensitivity
analysis, the annual growth of the product volumes in the forest and metal
industries varies by 1 percentage point in both directions from 2020 compared
to the WM projection.

In addition to the branches and sectors mentioned above, the annual growth
rate of the other industry and service branches was varied by plus and minus 1

percentage point from the WM assumptions. No dynamic effects were considered.

The results of the sensitivity analyses are presented in Table 5.16 below.

The overall effect of a lower economic growth (WM -) results in a steadily
decreasing final energy consumption in contrast with higher economic growth
(WM +), which steadily increases the energy use in the period from 2021 to
2030. In turn, in the base case WM projection, the final energy consumption is
almost flat.

In 2030, the final energy consumption would be only 284 TWh in the low
growth case, but 307 TWh in the high growth case compared to 295 TWh in
the base case WM. The corresponding figures for primary energy consumption
are 364 TWh (WM -), 391 TWh (WM +), and 377 TWh (base case WM).
The relative impact of economic growth is therefore somewhat higher on final
energy consumption than on primary energy. The greenhouse gas emissions in
2030 differ in both cases in total by about 0.9 to 1.0 million tonnes of CO, eq.
from the emissions in the base case WM projection.

Most of the emission increase and reduction respectively would take place in
the ETS sector, with only 0.2 to 0.4 million tonnes of CO, eq. reduction in the
non-ETS sector.
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Table 5.16
Main results for the sensitivity analysis on how the economic growth
rate affects the overall energy balance and GHG emissions

Unit 2020 2030 2035
WM WM+ WM- WM WM+ WM-

GHG emissions
Total excluding LULUCF million tonnes CO, eq. | 47.8| 29.6 30.6 28.7| 249 261 239

Total ETS million tonnes CO, eq. | 196 97 105 90 72 81 64
Total non-ETS million tonnes CO, eq. | 28.1| 19.7 199 195 176 179 174
Primary energy consumption TWh 354.7|376.6 390.6 363.8| 371.4 393.1 352.4
@Gross final energy

consumption TWh 285.01294.9 307.2 283.7|292.0 311.0 275.3

WM +, projection with higher economic growth than the WM projection
WM —, projection with lower economic growth than the WM projection

Source for historical data: Energy Statistics and Finnish Energy

5.7 Supplementarity relating to the Kyoto
Protocol mechanisms

Finland’s total greenhouse gas emissions in the first commitment period from
2008 to 2012 were 338,353,531 t CO, eq., approximately five per cent lower
than the assigned amount, which was 355,017,545 tonnes CO2 eq. Finland
met its commitment by retiring 338,353,531 Kyoto Protocol units at the end
of the commitment period.

Of the total amount, 12,273,471 were CERs, and 4,088,755 were ERUs. These
Kyoto Protocol mechanisms units were acquired by Finnish ETS operators
which, according to EU ETS legislation, were entitled to cover part of their EU
ETS obligations through Kyoto Protocol mechanisms. Finland did not retire
any Kyoto Protocol mechanisms units to cover its emissions from the non-ETS
sector.

Finland has requested 6,798,242 CERs and 2,917,220 ERUs to be carried over
to the second commitment period of the Kyoto Protocol. When CERs and
ERUs generated in the second commitment period are also considered, Finland
has a total 0f 9,986,208 CERs and 2,912,592 ERUs that are eligible for the
second commitment period. Finland can further request 14,018,572 AAUs to
be carried over from the first to second commitment period. The AAU amount
includes 10,000,000 AAUs transferred by the European Union from the Union
Registry to Finland’s party holding account. The transfer was designed to
enable Finland’s compliance with its commitments in the second commitment
period under the Kyoto Protocol after the international LULUCF accounting
rules were changed by Decision 2/CMP.7.

As mentioned in Section 4.1.2 based on the GHG inventory data, Finland
will also fulfil its commitments under the second commitment period of the
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Kyoto Protocol. Due to the additional burden arising from KP LULUCF
activities, Finland will also have to use additional emission units transferred
from the previous Kyoto Protocol commitment period or acquired from the
Clean Development Mechanism or Joint Implementation. Any use of Kyoto
Mechanisms would be supplemental to domestic actions.

5.8 Methodology

5.8.1 Approach and responsibilities

The approach and responsibilities in preparing the projections have not
changed since the preparation of the Seventh National Communication.

The reported WM-and WAM-projections are integrated energy and climate
projections that were originally modelled for the preparation of three
Government Reports, namely the National Energy and Climate Strategy, the
Medium-term Climate Change Policy Plan, and the Climate Change Plan

for the Land Use Sector. The modelling and assessments were conducted

by experts from various research fields in the “Carbon neutral Finland 2035

— measures and impacts of the climate and energy policies” project (HIISI
project)!3 financed by the Government’s analysis, assessment, and research
activities. The analysis and results of the HIISI project were complemented in
2022 by the current information and updates of sectoral projections.

Finland uses a sectoral approach with detailed sector-specific modelling that
is coordinated and manually interlinked across sectors. The preparation of
the reported WM and WAM projections was coordinated by the Ministry of
Economic Affairs and Employment. The Ministry of Economic Affairs and
Employment was responsible for the projections regarding the amount of
energy used by industry, households and services and for the calculations of
fuel and carbon dioxide emissions in the energy production sectors as a whole.
The Ministry of the Environment was responsible for the projection regarding
space heating, the analysis of the regional and urban structure, and emission
projections and calculations for F-gases, waste and machinery. The duty of the
Ministry of Transport and Communications included projections for fuel and
electricity use, as well as emissions from the transport sector and international
bunkers. The Ministry of Agriculture and Forestry oversaw the calculation of
emissions and removals in the agriculture and land use, land-use change, and
forestry sectors. The Ministry of Finance was responsible for forecasting short-
term economic development and taxation.

The sectoral projections, assessments of policies and measures, and other
calculations, modelling, and analysis were made by expert organisations,
research institutes, and consultants selected for the purpose by the

13 Koljonen, T. et al. 2021, https://urn.fi/URN:ISBN:978-952-383-257-2
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ministries. The following authorities and expert organisations contributed
to the reporting in 2022: the Energy Authority; the Finnish Environment
Institute; VTT Technical Research Centre of Finland Ltd; Motiva Ltd;
Natural Resources Institute Finland; the Finnish Institute for Health and
Welfare; Pellervo Economic Research PTT; the Finnish Transport and
Communications Agency; Sitowise Group Oyj; and Statistics Finland.

The main models and methods used in the work are briefly described in
Section 5.8.3.

5.8.2 Assumptions underlying calculations

A summary of key variables and assumptions is presented in Table 5.17.
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Table 5.17

Key variables and assumptions used in the projections analysis for 1990 to 2035

Unit Historical Projected

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
Population Million inhabitants 5.00 512 5.18 5.26 5.38 5.49 5.53 5.56 5.57 5.56
Gross Domestic Product Million EUR, 2020 prices 146,000 143,000 183,000 208,000 218,000 219,000 232,000 | 257,000 276,000 297,000
Coal wholesale price EUR/GJ LHV, 2020 prices for history, 2022 prices for the future NA* 3 4 5 5 8 10 3 3 3
Crude oil wholesale price EUR/GJ LHV, 2020 prices for history, 2022 prices for the future NA* 4 7 9 9 8 9 12 14 15
Natural gas wholesale price EUR/GJ LHV, 2020 prices for history, 2022 prices for the future NA* 4 5 6 9 13 13 6 6 7
Emission allowance price EUR/t nominal prices NO NO NO 23 14 7 25 25 30 35
Tax components: **
Electricity, tax category | cent/kWh, 2020 prices for history, 2022 prices for the future NA* NA* NA* NA* 0.98 2.33 2.24 2.24 2.24 2.24
Electricity, tax category Il cent/kWh, 2020 prices for history, 2022 prices for the future NA* NA* NA* NA* 0.28 0.72 0.69 0.05 0.05 0.05
Calculation basis of excise duty rates for heating, power plant and machinery fuels (coal, natural gas)
Energy content component EUR/MWh LHV, 2020 prices for history, 2022 prices for the future NA* NA* NA* NA* NA* 6.92 7.63 10.33  10.33  10.33
Carbon dioxide component™*  EUR/t lifetime CO, emissions, 2020 prices for history, NA* NA* NA* NA* NA* NA*  53.00 53.00 53.00 53.00

2022 prices for the future
Calculation basis of excise duty rates for liquid transport fuels
Energy content component EUR/MWh LHV, 2020 prices NA* NA* NA* NA* NA* 5990 58.72 60.52 6052 60.52
Carbon dioxide component™*  EUR/t lifetime CO, emissions NA* NA* NA* NA* NA*  60.32 62.00 77.00 77.00 77.00
* No data available or regarding taxes, the taxation structure was significantly different from the present and thus not comparable
** The values in the table represent base case rates. Several reductions and exemptions exist (more information in Section 4.5)
***For combustion only, the value would be 20% higher.
In addition, please note that the historical data on population and gross domestic production represents the data used in the projections and may slightly differ from the latest statistics
Sources: AFRY, Statistics Finland
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Finland’s population will increase only slightly from the current 5.53 to

5.57 million in 2030. In 2031, the population will start to decrease. The
population’s age structure will change significantly over the next couple of
decades as the share of older age groups increases. The number of houscholds
is expected to grow from the current 2.7 million to almost 2.9 million by 2050.
However, at the same time, the average size of households will decrease. The
number, structure, and location of houscholds will have an impact on energy
demand.

The impact of the Covid-19 pandemic was also considered when projecting
the economic development and to the extent possible in the sector projections.
Economic growth will recover during 2021, but it will remain modest at first
thereafter. During the 2020s, the world economy is expected to recover, which
will also begin to have an impact in Finland. The average annual GDP growth
rate in the 2020s is 1.5 per cent in the projections. The activities that will
sustain most growth in production in the 2020s are expected to be machinery
and equipment manufacturing, the forest industry, and the financial and
insurance business.

The fuel taxation structure was recently overhauled to make energy content
and carbon dioxide the main components. They are applied to two categories
shown in the table above and described in more detail in Section 4.5. The
clectricity tax is divided into two categories, of which the lower (category II) is
applied to industry and heat pumps in district heat production, and the higher
mostly to consumers, for example. As the table illustrates, the ongoing trend is
that electricity for industry is taxed less and combustion fuels more. The 2025
figures in the table correspond to taxation in 2022. After 2025, the taxation
structure and levels remain constant in the projections, as no changes are
currently planned.

Assumed fossil fuel prices in the world market and the assumed prices of
emissions allowances in the EU’s emissions trading system correspond to

the recommended harmonised values provided by the EU Commission for
greenhouse gas emission projections before the current energy crisis in Europe.

The primary energy by source, energy sources for district heat and combined
heat and power production, electricity supply, electricity consumption in the
forest industry and energy sources in the transport sector are presented in

Tables 5.18 to 5.22.

Gross final energy consumption is levelled off in the projections because

of increased energy efficiency in all sectors. The decreasing energy sector
emissions are the result of policy measures that replace fossil fuels with
renewables and electricity. Despite the flat final consumption projection,
the primary energy consumption significantly varies in the projections. The
main reason for this is the substantial changes in domestic nuclear power
production (increase in early 2020s and 2030s), which replaces electricity
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imports. Expressed in primary energy, the value of nuclear power is three
times that of imported electricity, despite the same amount of electricity fed to
consumption. The development of the primary energy supply and gross final
energy consumption in the WM projection is shown in Figure 5.5 and Table

5.18.

Figure 5.5

Historical development (1990 to 2020) and WM projection (until 2035) of the
primary energy supply by energy source and gross final energy consumption
(solid line), TWh
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Source for historical data: Energy Statistics

Table 5.18
Primary energy by energy source and gross final energy in 2010, 2015, 2020
and in the WM projection for 2025, 2030 and 2035, TWh

Historical WM Projection

2010 2015 2020 2025 2030 2035
Qil 97.2 81.6 74.3 61.7 48.2 421
Coal 51.8 28.3 19.5 14.8 7.2 1.5
Natural gas 41.3 22.9 20.7 13.8 10.0 8.8
Peat 27.2 16.1 12.0 4.9 1.6 0.4
Nuclear energy 66.3 67.7 67.7 106.2 106.2 106.2
Renewables 109.9 126.3 139.6 178.4 189.8 196.6
Other 14.6 21.4 20.9 9.6 13.6 15.8
Gross final consumption 317.7 293.9 285.0 302.4 294.9 292.0

Source for historical data: Energy Statistics

The trend of replacing fossil fuels and peat with renewables and electricity

is also clear in the district heating sector, as the table 5.19 below illustrates.
The share of waste heat recovery especially is expected to grow rapidly in the
coming years, being three times the 2020 level after 2025. Most of the increase
is attributed to heat pumps, as almost all the waste heat streams that can be
directly utilised are already harnessed. The table also presents the fact that the
total district heat consumption, and therefore the energy sources, is in decline
due to buildings’ improving energy efficiency.
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Table 5.19

Energy sources for district heat (heat-only boilers and CHP-heat) and CHP-

electricity in 2010, 2015, 2020 and in the WM projection for 2025, 2030 and

2035, TWh
Historical WM Projection

2010 2015 2020 2025 2030 2035
Fuel oils 3.5 1.5 0.8 0.6 0.3 0.3
Coal 14.2 1.7 6.9 0.6 0.0 0.0
Natural gas 25.7 11.9 9.1 3.6 15 0.9
Peat 13.3 9.3 7.7 2.0 0.4 0.2
Wood-based fuels 19.5 241 279 24.4 234 19.6
Other renewables
(mainly biogas and renewable part of waste) 1.0 2.3 3.0 2.7 2.8 2.7
Other fossil fuels
(mainly non-renewable part of waste) 1.0 1.9 2.5 2.3 2.1 2.1
Other sources (mainly waste heat and electric
boilers, includes both electricity and heat of
heat pumps) 1.2 2.6 4.5 94 104 111

Source for historical data: Energy Statistics

In electricity supply, the share of wind power especially will probably grow
even more rapidly than in the past (Table 5.20). At the same time, the share

of wood-based fuels is expected to grow to some extent, and that of fossil fuels

to decrease. The need for electricity imports depends on many factors, but

the annual net import should generally remain substantially lower than in the

past, despite the continuously growing electricity demand that results from

decarbonisation and electrification.

Table 5.20

Electricity supply in 2010, 2015, 2020 and in the WM projection for 2020, 2030

and 2035, TWh

Historical WM Projection

2010 2015 2020 2025 2030 2035
Hydro 12.7 166 157 14.3 14.4 14.5
Wind and solar 0.3 2.3 8.2 20.6 25.6 33.9
Wood-based bhiomass 10.0 101 10.3 13.6 13.6 13.7
Other renewables (mainly renewable part of
waste) 0.4 0.6 0.6 0.7 0.5 0.6
Nuclear 21.9 223 224 35.0 35.0 35.0
Qil 0.4 0.2 0.2 0.1 0.0 0.0
Coal 13.6 4.8 2.3 1.3 0.3 0.0
Natural gas 11.0 5.1 3.9 29 2.3 2.2
Peat 59 2.9 2.0 0.8 0.2 0.0
Others (mainly fossil part of waste) 0.4 0.3 0.9 0.6 0.5 0.5
Imports 10.5 16.3 15.0 1.7 6.1 79

Source for historical data: Energy Statistics

The forest industry is both a significant energy consumer and an electricity and

heat producer. Pulp mills especially produce large amounts of electricity and

heat from black liquor, which is the main by-product from the kraft process,
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which digests pulpwood into paper pulp. In addition, biomass by-products
from the forest industry, such as bark and sawdust from the mechanical forest
industry, are utilised as fuels in both the forest industry and the energy sector.
For example, these by-products equated to approximately 24 T'Wh and black
liquor to 46 TWh in 2021. At the same time, the total use of wood-based fuels
was approximately 110 TWh.

Conventionally, all black liquor has been combusted in specially designed
boilers for heat and electricity. In the WM projection, it is expected that some
black liquor will be converted into biofuels for transport in the future. Large
amounts of black liquor should be available, as the market trends seem to
decrease print, special, and soft paper production but increase the production
of pulp and new products (such as textiles, chemicals, and bioplastics) that
generate black liquor as a by-product. The table 5.21 below shows historical
and projected electricity consumption in the forest industry. The product
volumes are included in the table listing LULUCF parameters (Table 5.26a).

Table 5.21
Electricity consumption in the forest industry in 2010, 2015 2020 (historical)
and 2025, 2030 and 2035 (WM projection)

Historical WM Projection
2010 2015 2020 2025 2030 2035

Electricity consumption, TWh
Pulp and paper 20.6 175 156 16.5 16.4 16.4
Mechanical forest industry 1.6 1.3 14 1.3 14 1.3

Source for historical data: Statistics Finland

In the transport sector, greenhouse gas emissions are influenced by a decline
in specific energy consumption and especially by replacing fossil fuels with
alternative transport fuels (Tables 5.22 and 5.23). The WM projection’s
annual distribution obligation percentages for biofuels for 2022 to 2030 are
12,135, 28,29, 29,30, 31, 32, and 34 per cent (from 2030 onwards). The
share of biofuels in consumption increases, and respectively, the share of fossil
fuels in consumption decreases. Biogas and electric fuels are included in the
distribution obligation between 2022 and 2050. In the WM projection, the
bio-share of transport gas will increase by 5 per cent units per year until the
share reaches the 99 per cent level. Biogas replaces biodiesel in fulfilling the
distribution obligation: biogas consumption increases, and the corresponding
amount of energy decreases from the consumption of biodiesel. In the WAM
projection, the share increases to 100 per cent in 2045.
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Table 5.22

Energy sources in transport in 2010, 2015, 2020 and in the WM projection
for 2025, 2030 and 2035, TWh

Historical WM Projection
2010 2015 2020 2025 2030 2035
Gasoline, fossil 17.8 158 136 12.9 111 8.5
Diesel, fossil 27.1 234 245 15.6 11.9 10.1
Biofuels 1.5 58 4.7 11.6 11.6 9.0
Aviation fuels, fossil 1.6 1.2 1.0 1.1 1.1 1.1
Light fuel oil 1.7 1.6 1.3 1.3 1.1 1.0
Heavy fuel oil, gas, hydrogen 0.5 0.1 0.2 0.8 1.2 2.0
Electricity 0.7 0.7 0.8 2.1 4.6 7.9
Source for historical data: Energy Statistics
Table 5.23
Main assumptions for the transport sector
Unit Historical WM Projection
2010 2015 2020 2025 2030 2035
Number of vehicles —
in total pieces 3,340,794 3,461,862 3,461,451 | 3,566,784 3,656,316 3,706,248
Passenger cars pieces 2,486,283 2,612,922 2,748,448 | 2,797,311 2,891,542 2,938,448
Vans pieces 289,824 307,706 338,389 331,924 327,795 329,174
Buses pieces 11,610 12,455 9,955 11,573 12,615 13,409
Trucks pieces 94,334 95,250 94,691 99,247 104,451 110,180
Motorcycles, mopeds,
4-wheels pieces 458,743 433,529 269,968 326,729 319,913 315,037
Passenger cars by
operating forces
Petrol and Diesel % 100 100 97 85 68 48
Battery Electric and
Plug-in Hybrid % 0 0 2 14 30 48
CNG Gas and Flexible
Fuel Vehicles % 0 0 1 1 1 1
Hydrogen % 0 0 0 0 0 3
Vehicle kilometres — Million
in total kilometers 54,860 56,365 49,668 53,060 57,639 64,333
Passenger cars Million kilo-
meters 46,245 47,355 39,092 42,166 46,597 53,138
Others Million kilo-
meters 8,615 9,010 10,576 10,894 11,042 11,195

The main assumptions for the F-gases are listed in Table 5.24. Significantly

more than 90 per cent of the emissions of F-gases originate from refrigeration

and air-conditioning equipment. The single most significant emission source

is commercial refrigeration. The sector is comprised of refrigeration in food

retail stores and professional kitchens. The most significant factor affecting

the emissions of F-gases is the replacement of HFC refrigerants with natural

refrigerants (carbon dioxide and hydrocarbons). By 2035, it is assumed that all

the remaining HFC refrigerants will have been replaced by natural refrigerants
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in existing commercial refrigeration equipment. The replacement is assumed to

be slightly faster in the WAM scenario.

Table 5.24
Main assumptions for F gases

Historical Projection
2010 2015 2020 2025 2030 2035
%

WM projection
Share of centralized refrigeration systems
with CO, or hydrocarbons annually in use

in food retail stores 3 8 15 36 83 100
in professional kitchens NO NO 10 25 65 100
WAM projection

Share of centralized refrigeration systems
with CO, or hydrocarbons annually in use

in food retail stores 3 8 15 36 89 100
in professional kitchens NO NO 10 25 75 100
Source: Finnish Environment Institute

For agriculture, the development of livestock numbers has been estimated
using the Dremfia agricultural sector model'4, which considers the prices of
agricultural inputs and outputs and agricultural policy.

Farm sizes and productivity are increasing in dairy cattle farming, which will
see a large-scale shift from single dairy robot units to units of two or more
robots between the 2020s and 2030s. Total milk production will fall by

3 per cent from the 2020 level by 2035, but the number of dairy cows will be
reduced by approximately 15 per cent. Fewer cows will be needed to produce
the same amount of milk because the average milk yield of dairy cows will
increase in the future.

The development in the dairy sector is reflected in the lower numbers of calves
and heifers. Instead, the number of suckler cows will increase by about 1,500
cows by 2035. The slow reduction in the real price of beef and the expected
constant agricultural subsidy for cattle do not give economic opportunities for
greater suckler cow production growth.

Production of pork and poultry meat, and hence also animal numbers,
depends on domestic demand. Pork consumption is decreasing, but the annual
consumption of poultry meat is expected to reach 150 million kilograms and
remain at this level. It has been assumed that the number of sheep will remain
the same.

In the Dremfia model, total fertilisation and synthetic nitrogen fertilisation,
which complements nitrogen from manure, are determined according to

14 Lehtonen 2001
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nitrogen yield response and nitrogen and plant product prices. The amount
of manure decreases as the numbers of farmed animals decrease. Hence, the
amount of nitrogen input from the application of manure will decrease by

8 per cent between 2020 and 2035. The nitrogen requirement of crops is
complemented by synthetic nitrogen fertilisation, the amount of which will
increase by 2 per cent between 2020 and 2035. Rising synthetic nitrogen
fertiliser prices caused by rising fossil energy prices will reduce the growth of
synthetic fertiliser application.

The increasing grassland area and use of catch crops will increase the nitrogen
emission of crop residues returned to soils. The area of agricultural land will
decrease by 2035 as more agricultural land will be converted to other land uses
than new agricultural land is cleared. Reduction is proportionately strongest on
cultivated organic soils, the area of which will decrease by 3 per cent between

2020 and 2035.

Table 5.25
Main assumptions for the agricultural sector
Unit Historical WM Projection
2010 2015 2020 2025 2030 2035
Livestock
Dairy cattle 1,000 heads 289 285 260 238 231 219
Non-dairy cattle 1,000 heads 636 630 587 566 537 525
Sheep 1,000 heads 126 155 140 140 140 140
Pig 1,000 heads 1,340 1,239 1,104 1,010 984 967
Poultry 1,000 heads 9,587 12,927 13,577 | 14,072 13,896 13,829
Nitrogen input from application of
synthetic fertilizers kt nitrogen 157 143 139 148 143 142
Nitrogen input from application of
manure kt nitrogen 73 74 7 69 67 65
Nitrogen in crop residues returned
to soils kt nitrogen 87 99 9N 84 89 92
Area of cultivated organic soils 1,000
hectares 317 327 338 341 336 328

The main assumptions for the LULUCF sector are presented in Table 5.26a,
with additional information in Table 5.26b. Assumptions are based on three
scenario studies: the HIISI scenario; the updated HIISI for agriculture; and
the scenario for the Climate Plan for the Land Use Sector. The HIISI scenario
for the LULUCEF sector was compiled in 2021. It was updated with the
Climate Plan for the Land Use Sector in 2022. At the same time, the HIISI
scenario for agriculture was updated. The LULUCEF projection in this NC8

is a compilation of these three scenarios. The whole LULUCEF projection was
not updated in 2022, because a new scenario study will start at the beginning

of 2023.
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Table 5.26a

Main assumptions for the LULUCF sector

Unit Historical WM Projection
2010 2015 2020 2025 2030 2035

4.A Forest land

Forest harvest removals for

energy use 1,000 m3 7,734 9,186 10,308 9,300 10,800 10,800

Forest harvest removals for

non- energy use 1,000 m3 51,957 58,849 58,546 | 61,800 67,800 67,800

Forest

increment 1,000 m3 106,400 105,640 105,640 106,800 108,600 108,600

Forest land remaining

forest land 1,000 ha 21,781 21,754 21,754 | 21,723 21,692 21,676

Land converted to

forest land 1,000 ha 162 130 95 118 156 161
4.B Cropland

Cropland 1,000 ha 2,474 2,490 2,502 2,489 2475 2,465
4.C Crassland

Grassland 1,000 ha 238 238 243 245 243 241
4.D Wetlands

Peat extraction sites 1,000 ha 108 112 111 99 67 47

Other wetlands 1,000 ha 6,336 6,325 6,322 6,306 6,305 6,310
4.E Settlements

Lands converted to

settlements 1,000 ha 232 252 227 212 190 175
4.G Harvested wood products

Production of sawn wood 1,000 m3 9,473 10,640 10,916 | 11,580 12,260 12,350

Production of wood panels 1,000 m3 1,347 1,314 1,206 1,291 1,286 1,288

Production of paper and

paperboard 1,000 tonnes 10,508 10,247 10,120 7,713 7,919 8,217

Export of pulp 1,000 tonnes 2,159 3,136 4,333 5,222 5,744 6,139

m3 = cubic meters, ha = hectares
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Table 5.26b

Main assumptions for the LULUCF sector

Assumption

Source

Forest

Roundwood demand

Based on production volumes
of different branches of forest
industry and roundwood import

HIISI scenarios

Energy wood demand

HIISI scenarios

Wood prices Average of 2008 to 2017 Forest Statistics
Costs of silviculture Average of 2007 to 2026 Forest Statistics
Climate Increase in temperature and HIISI scenarios

CO, concentration has increased
increment of trees

Avoidance of remedial drainage

1,000 hectares less annually on
drained most fertile and poorest
peatland forests

Climate Plan for the Land Use
Sector

Comprehensive peatland forest
management, thinning from above

6,000 hectares annually on most
fertile drained peatland forests

Climate Plan for the Land Use
Sector

Ash fertilisation on peatland 50,000 hectares per year Climate Plan for the Land Use
forests Sector
Forest fertilisation on mineral soils | 67,000 hectares per year Climate Plan for the Land Use

Sector

Increased volume of dead wood in
commercially utilised forests

Increase of up to 7 cubic meters
per hectare

Climate Plan for the Land Use
Sector

Immediate regeneration after
regeneration felling

No delays

Climate Plan for the Land Use
Sector

Agricultural lands

years 2025, 2030, 2035

Raising the groundwater level
in peaty agricultural lands
(grasslands) —30 cm

7,500, 20,000, 32,500 hectares

Climate Plan for the Land Use
Sector, Updated HIISI AGRI

Paludiculture, groundwater level
-30cm

2,000, 5,000, 10,000 hectares

Climate Plan for the Land Use
Sector, Updated HIISI AGRI

Perennial grasslands without tilling

40,000, 40,000, 40,000

Climate Plan for the Land Use
Sector, Updated HIISI AGRI

Land-use change

Afforestation of arable lands and
peat production areas 2021 to
2023

3,000-4,000 hectares per year

Climate Plan for the Land Use
Sector

Afforestation of low-yield fields
2024 t0 2028

9,000 hectares per year

Climate Plan for the Land Use
Sector

Deforestation, from forest to
arable land

Decrease of 900 hectares per yea
on organic soils and 800 hectares
per year on mineral soils

Climate Plan for the Land Use
Sector

Wetting of poorly productive,
thick-peaty fields to establish
wetlands

4,000, 10,000, 10,000 hectares

Climate Plan for the Land Use
Sector

Managed wetlands, peaty arable
land to wetland (no longer in
agricultural use)

1,500, 4,000, 7,500 hectares

Climate Plan for the Land Use
Sector, Updated HIISI AGRI

Paludiculture, groundwater level
—5——10 cm, peaty arable land
to wetland

1,000, 2,500, 5,000 hectares

Climate Plan for the Land Use
Sector

5 Projections and total effect of policies and measures

267



The main assumptions for waste sector are listed in Table 5.27. The landfilling
of waste is increasingly replaced with recycling and energy recovery. In 2010,
the amount of municipal waste incinerated at waste incineration plants

was approximately 244,000 tonnes (2,444 TJ) and in REF burning plants
313,000 tonnes (6,260 TJ). Several new waste incineration plants have been
constructed in recent years and in 2020 the incinerated amount outside

the emissions trading sector was already more than 18,400 TJ!5. The WM
projection estimates from 2023 onwards the incinerated amount outside the
emissions trading sector to be 20,200 to 20,400 T7J. Since 2017, there has
been a comprehensive landfill ban on biodegradable waste and biodegradable
waste could only go to landfills in waste batches (e.g. rejects) with a very low
biodegradable fraction. In the WM projection, it is assumed that 15 thousand
tonnes of municipal waste would go to landfills per year from 2021. The share
of methane recovery from landfills WM-projection is assumed to be 25 per
cent of the total methane generation for years 2025, 2030 and 2035. No new
recovery plants are assumed to be built and no changes are assumed to the
technical level of the plants’ operation in the current situation.

Table 5.27
Main assumptions for the waste sector

Unit Historical WM Projection
2010 2015 2020 2025 2030 2035

Municipal solid waste (MSW) going

to landfills tonnes 1,093,000 316,000 15,000 | 15,000 15,000 15,000
Share of CH, recovery in CHy
generation (excluding industrial % 33 33 24 25 25 25

wastes) from landfills

For the projections, the split of emissions in those included in the EU
Emissions Trading System (EU ETS) and those outside the EU ETS is based
on a data set of greenhouse gas emissions covering 2005 to 2020 and provided
by Statistics Finland. The relative shares of EU ET'S and non-ETS emissions to
be used in the projections are set for the individual branches and greenhouse
gases and are listed in Table 5.28. The individual shares are assumed to remain
constant for each branch over time in the projections.

15 also including small amounts of fuels other than municipal waste
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Table 5.28

Projected EU ETS and non-ETS shares of GHG emissions
The split is based on GHG inventory data for the years 2018 to 2020

EUETS  Non-ETS

% %
CO0, emissions
Energy sector
Energy industries excl. small plants 100 0
Energy industries, small plants 0 100
Waste incineration plants 0 100
Food industries and manufacture of beverages 60 40
Manufacture of wood and of products of wood 9 89
Manufacture of paper and paper products 92 8
Petroleum refining 96 4
Chemical industry excl. petroleum refining 80 20
Manufacture of non-metallic mineral products 89 11
Manufacture of basic metals, iron and steel production 100 0
Manufacture of basic metals, non-ferrous metal production 0 100
Other manufacturing industry 7 93
Civil aviation 99 1
Transport sector excl. civil aviation 0 100
Machinery 0 100
Building specific heating 0 100
Agriculture 0 100
Fishing 0 100
Other energy sector emissions 0 100
Fugitive emissions 90 10
Industrial processes
Mineral industry 89 11
Chemical industry, hydrogen production 100 0
Chemical industry, production of phosphoric acid and other chemicals 0 100
Metal industry, iron and steel production 100 0
Other
CO, captured 100 0
Liming 0 100
Other product and solvent use 0 100
Indirect CO, emissions 0 100
N,0 emissions
Fuel combustion incl. transport and machinery 0 100
Nitric acid production 100 0
Manure management 0 100
Agricultural soils 0 100
Waste disposal and treatment 0 100
Other emissions 0 100
CH, emissions
Fuel combustion incl. transport and machinery 0 100
Fugitive emissions 0 100
Enteric fermentation 0 100
Manure management 0 100
Waste disposal and treatment 0 100
F gas emissions
F gas use 0 100
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Assumptions and data sources for the different sectors are presented in more
detail in the background reports that were prepared for the National Climate
and Energy Strategylé.

5.8.3 Description of models and methods

A fairly large number of models are applied for the preparation of the
greenhouse gas emission projections and impact assessment of policy measures.
The individual models that are central for energy and greenhouse gas emission
projections are described in the sections below. The relationship and data flow
between the different models is shown in Figure 5.6. Data from sector-specific
models and studies are compiled by the Ministry of Economic Affairs and
Employment in the module named “TEM Compilation excel” in Figure 5.6.
The same Excel spreadsheet is used to calculate the projected energy balances
and greenhouse gas emissions of the industry and the electricity and district
heat production. The methodology for this is presented below under the
Energy demand and production heading.

16 Koljonen, T. etal., 2021, 2022 https://publications.vtt.fi/pdf/technology/2022/T402.pdf
https://urn.fi/URN:ISBN:978—952—383—257—2
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Figure 5.6

Schematic diagram of the relationship and data flow between the different models applied in the projections and impact assessment of policy

measures
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Buildings

The development of the energy consumption of the building stock has been
modelled in accordance with the Long-term Renovation Strategy (LTRS)4,
which follows the EPBD 2018/844/EU revision and covers the 2020 existing
building stock. The calculation of the goals of the LTRS and the data were
created by VT'T and SYKE experts. To implement the strategy in Finland,
three key actions were identified: 1) removal of buildings and improving
spatial efficiency; 2) improvements in energy efficiency in connection

with maintenance and repairs; and 3) ceasing the use of fossil fuels in heat
production. The guidance of the Energy Efficiency of Buildings Directive
(EPBD) applies to residential and non-residential buildings in permanent use.
Leisure, agricultural, industrial and storage buildings are therefore excluded.

The energy consumption scenario for buildings considers climate change,
the removal of buildings, development of heating methods, repair measures
and maintenance giving up the use of heating oil. The primary sources for
the scenario are the data describing the building stock of Statistics Finland
and energy certificates defined by Ministry of the Environment Regulation
1048/2017 of the register maintained by ARA.

The removal of buildings has been modelled by examining the life cycle of the
building stock based on building register data. Based on this information, the
expected service life has been calculated for buildings of different ages. The
development of the strategy’s heating methods was modelled!” as part of the
PITKO project!8 based on 2018 Statistics Finland data. The development of
heating sources is based on the results of the TIMES-VTT optimisation model.
The effect of global warming was considered in the strategy so that it reduced
the heating energy demand of buildings and increased the cooling energy
demand. The impact of repairs on the energy consumption of old buildings

is based on energy efficiency improving measures in exterior envelope repairs
and technical system repairs. The calculation assumes that terraced houses

and apartment buildings will give up property-specific oil heating by 2030,
and detached houses and non-residential buildings by 2050. It is assumed

that fossil fuels and the electricity they consume will be replaced by heat
pumps. An exception is that it is assumed that a small part of non-residential
buildings will continue to be heated by oil. It is assumed that this oil heating
will be completely covered by bio-oil in non-residential buildings in 2050. The
Government Regulation!? on energy subsidies for residential buildings from
2020 to 2022 has also been considered - it is assumed that a third of the energy
savings will be realised as an improvement in structural energy efficiency, and
two thirds through an increase in the use of heat pumps.

17 Kangasetal. 2020
18 Koljonen, T. et al. 2019, hteps://urn.fi/URN:ISBN:978-952-287-656-0
19 1341/2019

5 Projections and total effect of policies and measures

272


https://urn.fi/URN:ISBN:978-952-287-656-0

The methodology and modelling of the building sector projections described
above are new for the Eighth National Communication. The building sector
projections in the Seventh National Communication were based on modelling
by the Finnish Environment Institute20.

The impacts of policies and measures in the WM projection were estimated
using the EKOREM and POLIREM models. The EKOREM?! model

is a bottom-up building stock calculation model developed by the unit

of Construction Management and Economics at Tampere University of
Technology and VT'T Technical Research Centre of Finland. The calculation
model is based on part D5 (2007) of the National Building Code of Finland:
“Calculation of energy needs for heating of buildings” The model can be used
to calculate energy consumption and greenhouse gas emissions and to analyse
the energy savings and greenhouse gas emissions reduction potentials achieved
by various policy scenarios. These scenarios can include building-related
structural measures, as well as changes in the energy production structure. The
model is further developed, and a calculation and visualisation approach for
energy use and greenhouse gas emissions is presented.

In the EKOREM model, the building stock is divided into building-type
categories like those used by Statistics Finland, so that official building statistics
can be used as a basis for the calculations. Building stock data can further be
divided into different age classes to better describe the methods of construction
in different eras. The model includes a great deal of descriptive data such

as U-values?? for structures, technical specifications for ventilation, and
information about electricity consumption. The model also includes heating
system distributions for the different building types. These distributions and
emission coefficients are used to determine greenhouse gas emissions (CO,

eq.) for the studied building stock.

One of the main purposes of the model has been to produce assessments

for the climate and energy policy reporting that show how developments
in Finnish climate policies have affected the energy consumption and the
greenhouse gas emissions of the Finnish building stock.

POLIREM is also a bottom-up building stock model. It covers less technical
details than the EKOREM model. Instead, it considers the different primary
energy sources in a more detailed manner than EKOREM. The POLIREM
model uses official energy and building stock statistics of Finland and is
suitable for analysing the impacts of policy measures on emissions, the use
of renewable energy resources and the division of impacts between the ETS

20 Mattinen, M. et al. 2016, https://helda.helsinki.fi/handle/10138/166673

21 Heljoetal. 2005

22 U-values (sometimes referred to as heat transfer coefficients or thermal transmittances)
are used to measure how effective elements of a building’s fabric are as insulators: how
effective they are at preventing heat from transmitting between the inside and the outside

of a building
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and non-ETS sectors. These two modelling tools have been used for previous
National Communications.

Strengths and weaknesses of the EKOREM and POLIREM models can

be summarised as follows. Strengths include the following: (1) Strong
methodological basis; (2) The data of the models is carefully selected from
official statistics and research data, so that the model describes national
conditions well; (3) Detailed technical characteristics are a strength of the
bottom-up approaches, allowing the models to be used for examining various
alternative technologies. Weaknesses include the following: (1) Insufficient
information about changes in the heating method of old buildings and the
selection of heating methods for new buildings; (2) Many default values and
their updateability.

Energy demand and production

The Ministry of Economic Affairs and Employment compiles the projections
for energy production, using demand projections for each consumption
sector as a basis. Except for the energy used by industry, households, and
services, as well as the energy used for other smaller consumption purposes,
the demand projections are produced by other organisations using the models
described in this section. The energy demand projections for industry and
services are determined by industrial production per product group (pulp
and paper, basic metals), branch-specific economic growth (other industry,
public, and commercial services), specific energy use trends, and expected
energy efficiency improvements. The household projection is based on
population and household forecasts. The demand projection assumptions are
based on statistics, expert judgements, and surveys by consultants, research
organisations, and branch organisations.

The global TIMES-VTT energy system model is the main tool for the energy
system modelling. The energy needed from power and heat generation plants
(main activity producer plants) is based on modelling the total electricity and
heat demand, the calculated electricity and heat generated by the industry
itself (auto-producer plants), as well as assumptions about electricity net
imports. Information on existing and planned power plants and their possible
dismantling and construction schedule respectively is used.

The TIMES-VTT model has been developed by VT'T Technical Research
Centre of Finland Ltd, which also runs the model and produces projections
and analyses for the ministry. TIMES-VTT contains a detailed representation
of the Finnish, Swedish, Norwegian and Danish energy systems and data

on other countries in a more aggregated form. The model is based on the
global ETSAP TIAM model, which was developed through international
cooperation, building on the IEA ETSAP TIMES modelling system.
Methodologically, it is a so-called partial equilibrium model, which maximises
the total economic surplus of consumers and producers. The model includes
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detailed descriptions of both the current system of energy production and
consumption and future technologies in terms of several different investment
options. The TIMES-VTT model’s strength lies in its sector integrating and
holistic modelling ability as well as in the model's large geographical coverage.
The TIMES-VTT model’s extensive database contains a detailed description
of the current energy system, including the energy production and distribution
system, building stock, energy uses in housing and services, the stock of cars
and other vehicles, processes and plants for manufacturing energy-intensive
industrial products, other industrial energy end uses, as well as energy use in
agriculture and forestry. The model database also covers estimates for energy
system removals such as removals from energy production plants, buildings
and vehicles. However, the downside is that largest part of the database
naturally consists of technological descriptions of investment options and
assumptions in future energy systems, including estimated trends in their
costs and technical performance (energy production efficiencies, service life,
usability, etc.). The model also depicts regional technical potential of energy
commodities, the global fuel trade, emissions trading, including trade in CO,
transport and storage services. The TIMES-VTT model and its databases
have been discussed in several scientific articles?3. Finally, energy sector CO,
emission projections are obtained by multiplying the fuel consumption of
different fuels by the corresponding emission factors. Historical emissions and
amounts of fuel are used to calculate CH, and N, O emissions.

As for policy measures, the IMPAKTI calculation tool?# is used to calculate

the emissions mitigation impact of measures that promote the use of renewable
energy. The IMPAKTI calculation tool assumes that forest chips, wind power,
and biogas from digesters will not be used without existing policies and measures.
The aggregated impact of policies and measures promoting the use of these
energy sources is therefore estimated based on energy production (wind power
and biogas plants) or fuel use (forest chips) and the assumptions concerning the
energy source that is being replaced by the renewable energy source. It is assumed
that forest chips will mainly replace peat in power and heat production and
other fuels to a small extent. For agricultural farms, it is assumed that the use of
forest chips will replace light fuel oil. It is assumed that the electricity produced
by renewable energy sources (wind, biogas) will mainly replace marginal
electricity, i.e. electricity produced by condensing power plants using fossil fuels
or peat. However, as these marginal production modes may not be in operation
at each point of time, it is assumed that the production of electricity using
renewables may also replace other electricity generation modes or electricity
imports. The emission factor used for replaced electricity (600 t CO,/GWh)

is therefore smaller than the emission factor used for electricity production in
condensing power plants that use fossil fuels or peat (an average of 850 t CO,/

23 Koljonen, T. & Lehtild, A. 2012, https://www.sciencedirect.com/science/article/pii
S01409883120010532?via%3Dihub#ec0005

24 Lindroos, T.]. et al. 2012, https://www.vtt.fi/inf/pdf/technology/2012/T11.pdf
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GWh). The emission factor for electricity defined in the IMPAKTI calculation
tool (600 £ CO,/GWh) is also used to estimate the mitigation impact of the
energy efficiency measures presented in Chapter 4. Strengths of the IMPAKTI
model include the strong methodological basis, consisting both of scientific
knowledge and up-to-date understanding of the developments in the policy
area, transparency owing to the relatively simple methodology and suitability to
the national circumstances. A weakness of the model is the lack of disaggregated
impact by policy and measure. Due to strong interlinkages of policies and
measures promoting renewable energy, the approach used in IMPAKTT would
not produce meaningful results for disaggregated policies and measures.

Transport

The transport sector projections are compiled using the LIPASTO calculation
system, which is also used to estimate emissions for the greenhouse gas inventory
(see Finland’s National Inventory Report for a description of the methodology).
The LIPASTO calculation system?> includes five sub-models: LIISA for the
road transport inventory; ELIISA for road transport scenarios; RAILI for the
railway inventory; MEERI for the waterborne transport inventory; and TYKO
for the non-road mobile machinery inventory. LIPASTO models are updated
and compiled by VTT Technical Research Centre of Finland. Since 2022, the
road transport scenarios are being calculated using a new stand-alone model
called ELIISA, which is an upgraded version of its predecessor ALIISA. ELIISA
computes the development of the vehicle fleet, kilometrage, consumption, and
GHG emissions (includes CO,, CH,, and N,O) until 2050. ELIISA considers
all possible powertrain options for vehicles in Finland. The changes in the vehicle
fleet are based on the estimated annual sales of new vehicles and imported
vehicles and the vehicle scrappage rate. Fuel and energy consumption estimates
are based on actual fuel sales.

One of the strengths of the LIPASTO submodels is that the method is
compliant with the 2006 "IPCC Guidelines for National Green House Gas
Inventories" and the EMEP/EEA's "Emission Inventory Guidebook". However,
the transport sector is changing rapidly, e.g. as a result of the electrification

of traffic. As technical calculation models, LIPASTO's sub-models do not
necessarily fully take into account rapid economic changes in an up-to-date
manner which is their weakness (see also Section 3.2.5.2 in Finland's National
Inventory Report 2022).

The kilometrage projections for transport are based on the national projections
modelled by Finnish Transport and Communications Agency. Since the
national projection is produced only every four years, and road transport
scenarios produced typically once a year, the national kilometrage projection

is implemented through vehicles” average annual kilometrage (estimated per
vehicle type, for passenger vehicles, also per powertrain, as in the national

25 http://lipasto.vtt.fi/en/inventaarioe.htm
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kilometrage projection). As vehicle fleet estimates change, road transport
kilometrage estimates therefore also change and may not fully match the
national projection.

In rail transport, the kilometrage development forecasts are based on the estimates
given by the Finnish State Railways, VR Ltd. The developments in emission
coefficients are based on research carried out at VI'T and in other countries.

The projection for waterborne transport emissions is based on estimates by the
Finnish Transport Agency. The future development of the emissions coefficients
for navigation is based on estimates and research results from other countries.

Machinery

Emissions for machinery are estimated with the TYKO model2¢ which is part
of LIPASTO. TYKO is a deterministic model that gives results of emissions
and the amounts of fuels used. The emissions for the following gases are
calculated: carbon monoxide (CO); hydrocarbons (HC); nitrogen oxides
(NO,); particles (PM); methane (CHy); nitrous oxide (N,O); sulphur oxide
(SO,); carbon dioxide (CO,). The period of the calculations is 1980 to 2040,
and the model includes 50 types of machinery.

The calculation is based on the following key elements: performance and related
emission factors (g/kWh); and fuel usage (g/kWh). For example, the method is
widely used in the Nonroad model used by the US EPA (Environmental Protection
Agency) and the CORINAIR Off-Road vehicle and Machines model. It has been
adjusted for Finnish circumstances, e.g. the age and attrition of the machinery.
The method is compliant with the 2006 “IPCC Guidelines for National Green
House Gas Inventories” and the EMEP/EEA’s “Emission Inventory Guidebook”
which is one of its strenghts. The TYKO model is the only machinery-model of its
kind in Finland, but it needs renewal. The typical usage of machinery in different
sectors is estimated based on secondary data; more research is needed to improve
model assumptions, as usage of machinery is a key factor affecting the model’s
output. The model also needs technical improvements: the extension of the time
series until 2060 and inclusion of CNG-powered, hybrid, and electric machinery.
Development funds have been granted, and it is planned that the development
project will begin at the end of 2022.

F-gases

The F-gas emission projections (including HFCs, PFCs, and SF) are prepared
by the Finnish Environment Institute.

The total F-gas emission projections are sums of the subsector emission scenarios.
The F-gas emission sectors are: refrigeration and air-conditioning equipment;
foam blowing and the use of foam products; acrosols; electrical equipment; and

26 TYKO model http://lipasto.vtt.fi/inventaario.htm (in Finnish), a part of the LIPASTO
hetp://lipasto.vtt.fi/en/inventaarioe.htm (in English)
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grouped emission sources (e.g. fixed firefighting systems and semiconductor
manufacturing). The calculation model?” for F-gas emissions and emission
projections in the refrigeration and air conditioning equipment sector (CRF
2.E1) are part of the official Finnish GHG emission inventory reporting
system. The model has 15 different subsectors (equipment types), and the total
F-gas emissions of sector 2.E.1 are sums of the subsector emissions. Each of the
15 subsectors is linked to one of the six 2.F.1.a-f reporting sectors under the
UNFCCC GHG inventory reporting. The model covers 1990 to 2050. The
emissions estimation methodology in the model is the Tier 2 emission factor

approach of the 2006 IPCC Guidelines (Volume 3, chapter 7.5).

Emission projections of F-gas sectors other than refrigeration and
air-conditioning equipment (CRF 2.E.1) are calculated in separate simplified
Excel spreadsheet calculation modes and are based on the calculation
spreadsheets used in GHG emission inventory reporting.

A particular strength of the calculation model is that the emissions of the
future years are also calculated with the same methodologies within the
same model as the historical years. Whenever the emission calculation of the
historical years is updated, the effects to the emission projections are visible
in real time. The greatest challenges in the emission projections are related to
defining the predicted future refrigerant shares and filling rates and leakage
rates in different applications.

Agriculture

An economic model and several greenhouse gas calculation models were
used to compile the projections for the agricultural sector (CHy, N,O).
Natural Resources Institute Finland has prepared the projections for the
agricultural sector.

Future agricultural production intensity was estimated using the Dremfia?8
agricultural sector model, which considers the prices of agricultural inputs
and outputs and agricultural policy. The model has frequently been used

to evaluate the impacts of agricultural and agri-environmental policies.

The model has therefore also been continuously updated and revalidated
based on the available statistical information about input and output prices,
food consumption, use of inputs, production, land use, and productivity

in agriculture. The parameters and principles of agricultural policy have
been updated annually, as well when necessary. The results from Dremfia
were fed into the calculation models, which are used for the greenhouse gas
emission inventory (see the National Inventory Report for details). Dremfia
produced most of the input data for the greenhouse gas modelling: the area

27 Finland’s NIR (Chapter 4.7.2) contains a detailed description of the calculation model.

28 Lehtonen, H. & Niemi, J.S. (2018) Effects of reducing EU agricultural support payments
on production and farm income in Finland,

https://doi.org/10.23986/afsci.67673
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of cultivated farmland; the use of mineral fertilisers; and the numbers for the
most important animal species in agriculture. In addition, the development
of some variables (not included as such in the Dremfia model) in the future
was estimated using expert judgements: the area of organic soils; the spread of
manure management systems; and developments in the weight of cattle and
N excretion of animals. It was assumed that the number of horses, sheep, fur
animals, reindeer, and turkeys would remain stable.

Strengths and weaknesses of the Dremfia model can be summarised as follows.
Strengths include the following: (1) Regional disaggregation of the model

is well suited for analysing effects of agricultural policy; (2) The data of the
model is carefully selected from official statistics and research data so that

the model includes relevant country specific bio-physical and economic
relationships; (3) The model allows simultaneous imports and exports of

the same commodity (Armington assumption); (4) The model includes
endogenous technological and structural change of dairy sector which accounts
approximately 50 per cent of the value of production; (5) Flows of nitrogen
and phosphorous are very close to published studies on nutrient balances.

Weaknesses include the following: (1) Some sensitivity of crop area allocation
on exogenous EU prices; (2) almost entirely exogenous food demand per
capita; (3) fully exogenous farmland area per region; (4) adding new products
to the model requires a lot of data and validation work, and (5) The model
excludes horticulture, reindeers, fur animals, horses, lambs and goats.

The method and assumptions were done in the same way in previous National
Communications. The method makes it possible to consider all measures

that are related to agricultural policies, and it produces time series that are
consistent with the reported emissions.

Waste

The Finnish Environment Institute calculates the projections for the waste
sector. The waste scenarios are based on statistics and modelling following
IPCC guidelines. The scenario tool is thus primarily an emissions calculation
model, which is complemented by expert judgements on how rapidly the
measures will affect the waste sector. The same basic modelling tool has been
used for previous National Communications.

The scenario calculations are based on assumptions concerning developments
in the amount of waste related to standard population projections and the rate
at which different waste treatment facilities are introduced. The modelling
deals separately with solid municipal waste, municipal sludge, industrial sludge,
industrial solid waste, and building waste. Different treatments are considered
separately (landfilling, biological treatment, incineration, recycling). Emissions
from wastewater treatment, composting, and anaerobic digestion are dealt
with separately, and methane collection from landfills is also considered. CH,
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and N,O emissions are treated separately. After the waste amounts have been
defined, the greenhouse gas emissions are calculated according to the IPCC
instructions and the methods used in the Finnish inventories.

The modelling builds on aggregating information for the waste sector, and
there are therefore only limited opportunities to project the detailed effects of
individual policy measures in terms of emissions reductions. There has thus
far been only limited information about the costs and benefits of the measures
included in the analyses. There are no direct overlaps with projections from
other sectors, as the projections of the waste sector do not include emissions
from waste incineration, which are reported in the energy sector.

LULUCF

The LULUCEF projection is a compilation of the projections for different
land-use categories and harvested wood products (HWP). Projections are
prepared for forest land, cropland, grassland, wetlands, and settlements. The
emissions (CO,, CHy, N,O) and removals (CO,) are estimated and calculated
using several models and GHG inventory calculation procedures modified for
projections. Natural Resources Institute Finland has prepared the projection.

To produce the emission projections, areas for each land use and land-use
change category were estimated applying trends in land-use changes based

on historical GHG inventory data complemented the policy targets — for
example, the increase in afforestation. The land-use input from the agricultural
and energy sectors was considered. The area needed for peat extraction was
based on the TIMES-VTT modelled peat consumption for energy. New land
areas required for the construction of wind power and solar-power plants were
also based on TIMES-VTT modelling. The applied method is developed for
LULUCE scenario work?2?.

The development of forest resources was estimated using MELA software. The
modelled results on tree biomass stocks, harvest volumes of commercial timber
and energy wood, and natural mortality were used to estimate CO, emissions
and removals of trees. Roundwood demand was determined from the wood
consumption of the forest industry and production volumes (see Section 5.1).
The demand for and consumption of wood energy use was derived from the
TIMES-VTT energy system model results. Annual carbon stock change in
living tree biomass was estimated as a difference between tree biomass stocks
in two sub-periods divided by 10 years (which is a sub-period of the total
calculation period). The change in biomass is converted to carbon multiplying
by 0.5. This differs from the method applied in the GHG inventory, in which
a gain — loss method is applied. The MELA model also provided the input
data for the Yasso07 soil model3? (carbon stock changes in mineral forest soils)

29 Haakanaetal. 2015
30 https://en.ilmatieteenlaitos.fi/yasso
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and CO, emission calculation from drained peat forest soils. N,O and CH4
emissions from soils were calculated using the GHG inventory methodology.

MELA has a long development history, starting with being an analysis tool for
wood production potential. It is currently a tool for forest resource modelling,
used for policy support and decision making at national and regional levels. The
MELA programme has two parts: 1) an automated stand simulator based on
individual tree growth and development models; and 2) an optimisation package
based on linear programming. National forest inventory data are used to establish
the initial state for the modelling. It is possible to incorporate climate scenarios
into the programme. For these projections, the effects of changes in historical
long-term temperature and CO, concentration on the increment of trees are
included. MELA is developed for Finnish conditions and uses several country-
specific models applying Finnish forest management recommendations. Due to
optimisation, MELA secks the best solution to reach the target. Compatibility
with the historical GHG inventory data may therefore be weak.

Strengths of the MELA include: (1) For the initial stage of the modelling,
the measured regional National Forest Inventory data on forest resources are
used; (2) Measured individual tree-level data is the base for modelling; (3)
The applied growth models are calibrated employing the measured increment
tree of NFI data; (4) The long term growth indices are used to eliminated
occasional interannual variability, for example, due to weather factors; (5)
The family of integrated growth models is well documented3!; (6) The
optimization problem and decision variables can be defined by the user; (7)
The model produces the input data for the soil modelling.

Weaknesses include: (1) Creation of the initial data from the NFI data is time-
consuming; (2) Novel forest practices can easily be implemented into the
management selection, but the lack of appropriate growth models is the limiting
factor; (3) The use of growth indices can also be seen as a weakness, if in a long term
there is a change in the growth trend, but at the same time the use of growth indices
prevents temporary changes in growth to impact too much on future growth trend
in scenario. (4) The method applied to estimated future carbon stock changes in
tree biomass is based on the MELA results on tree biomass stocks for 10 years
sub-periods (national biomass models are applied in MELA). The annual change
in biomass was estimated as a difference between two sub-periods divided by 10.

A gain - loss method is applied in the GHG inventory: tree volume increment and
total drain are converted to biomass by biomass expansion and conversion factors
computed from the data measured in the NFL. In theory, if the GHGI method
would be applied to the scenario data, the result should be the same as the stock
change method produces. In practice, these two methods have given different
history results. Thus, there is in consistency between scenario and historical data.

31 Hynynen etal. 2002, http://urn.fi/URN:ISBN:951-40-1815-X
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The projections for cropland and grassland were produced with the GHG inventory
methods, including the use of the Yasso07 soil carbon model for mineral croplands.
The Dremfia agricultural sector model provided input data for the modelling. For
some new policy measures which are not yet included in the GHG inventory, either
national research-based or IPCC emission factors were used. This applies mainly

to new measures for agricultural land. Yasso07 is a dynamic model for cycling the
organic carbon in mineral soils. The model was applied for forest land, cropland, and
land-use transition areas in the same way as in the GHG inventory.

The HWP projection was estimated with a model modified from the
production-approach-based GHG inventory HWP model (see National
Inventory Report, Chapter 6.11). The assumed production of the forest
industry (see above) was an input in the model.

Main differences in the LULUCF projection
in the current NC8 compared to the NC7

Changes in assumptions and methods have been applied in the projection
estimation due to model development and changes in the GHG inventory
methods.

Updated assumptions on

production of the forest industry

harvest rates for commercial wood and energy wood

development of land use and land-use changes, including afforestation and
deforestation

prices of timber assortments and costs of silviculture in MELA

Changes in methods:

— 'The development of forest resources was modelled with MELA2016,
whereas the MELA2012 version was used for NC7. The main changes were:
(1) the growth calibration model for trees was modified to better fit the
new increment data measured by the National Forest Inventory (NFI); (2)
simulations for the previous projections produced a higher stem number and
volume for small trees, meaning a high natural mortality rate for small trees
for the first years of the simulations as well. This part of the modelling was
modified to better match the natural mortality measured in the NFI. Other
changes can be found in the MELA2016 Reference Manual32.

— 'The proportion of cutting waste of harvest removal was calibrated based on
the 12th NFL

— The SF-GTM model was not used to estimate wood use and demand.

32 Hirveld, H., Hirkonen, K., Lempinen, R., & Salminen, O. (2017) MELA2016 Reference
Manual. Natural Resources Institute Finland (Luke). 547 p.
URN: http://urn.fi/URN:ISBN:978-952-326-358-1
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In the NC7 projection, the LULUCF’s sink decreased from the reported 26.0
million tonnes of CO, eq. to close to 4 million tonnes of CO, eq. in 2025 and
2030. In the new projection, the net sink is 23 and 21 million tonnes of CO,
eq. respectively. The main reason is the forest projections, but it is impossible
to specify the reasons and effect of different components. Presumably, the
changes in MELA modelling are an important factor.

Economic effects

FINAGE is a dynamic applied general equilibrium (AGE) model of the
Finnish economy. FINAGE is based on the MONASH model developed at
the Centre of Policy Studies. MONASH-style models are used in countries
ranging from China and South Africa to the United States and Australia33.
In Europe, models based on MONASH have been developed for Denmark,
Finland, and the Netherlands. VAT TAGE, a precursor of FINAGE, is
described in detail in Honkatukia (2009).

Several factors explain the popularity of MONASH. The main ones are the
advanced and user-friendly software packages that facilitate data handling and
the setup of complicated policy simulations, and that also allow a very detailed
post-simulation analysis of simulation results. MONASH-type models are also
very adaptable to analyses of different types of policies and different timeframes.
In a forward-looking policy analysis, MONASH-type models offer a disciplined
way to forecast the baseline development of the economy. Last, but not least,
they also allow the user to replicate and explain the historical development of an
economy in greater detail, which is not true for most AGE models.

In FINAGE, there are normally three types of inter-temporal links connecting the
consecutive periods in the model: (1) the accumulation of fixed capital; (2) the
accumulation of financial claims; and (3) lagged adjustment mechanisms, notably
in the labour markets and for balancing the public sector budgets. Together, these
mechanisms result in gradual adjustments to policy shocks to the economy. In the
model, capital is sector-specific, which means it takes time for an industry to adjust
to the increased energy costs caused by emissions trading and increased energy
taxes. In energy-intensive industries, a rise in energy costs lowers the return on
capital, which slows down investments until a new equilibrium is reached. In other
industries, similar effects are caused by a rise in domestic energy taxes. However,
some industries gain from the subsidies granted to renewable energy, and even

in energy-intensive industries, subsidies can dampen the rise in costs if they can
substitute renewable energy for fossil fuels. The model assumes sluggish real-

wage responses to policy shocks. Real wages will adjust sluggishly to deviations
from the expected equilibrium wage growth, with the result that in the short run,
adjustments will occur partly through increased unemployment levels. In the

long run, wages will adjust fully to one-oft shocks, and full employment will be
restored. However, in the case of gradually tightening emissions targets, the shocks
are not one-off, implying sustained above-equilibrium unemployment rates.

33 Dixon and Rimmer 2002
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Vulnerability assessment,
climate change impacts
and adaptation measures

This chapter describes how the Finnish climate is
expected to change in this century and how the change
is expected to affect nature, different sectors of the
economy and society. The chapter includes a description
of the framework for assessing risks and vulnerability

to climate change. National adaptation policies and
strategies as well as adaptation planning at sectoral and
regional levels are discussed, together with progress

of adaptation action. Finally, Finland’s participation

in international cooperation on adaptation is briefly
discussed.



6 Vulnerability assessment,
climate change impacts
and adaptation measures

6.1 Climate modelling, projections
and scenarios for Finland

Climate change projections have been derived from simulations performed
with 28 global climate models. These models constitute a subset of the
ensemble evaluated in the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC, 2021). Using an ensemble of models to
represent uncertainty in climate change projections is important, as the future
climate cannot be predicted accurately due to uncertainties in future emissions
and natural climatic variability, and the different representation of the climate
system in the various models.

Figure 6.1 shows multi-model mean estimates for the future evolution of
annual mean temperatures and precipitation rates in Finland for four forcing
scenarios, with the SSP1-2.6 scenario representing small, SSP2-4.5 moderate,
SSP3-7.0 large and SSP5-8.5 very large emissions. If the recent advances in
global climate policy are realised in rapid and sustained mitigation, the two
scenarios with the largest GHG emissions might be avoided.

According to the mid-level SSP2-4.5 scenario, the annual mean warming in
Finland is expected to be 2.7 °C by mid-century and 3.7 °C by the end of the
215t century, i.e. about 1.6 to 1.8 times as large as the global mean warming.
The projected increase in annual precipitation is also substantial, about 11 per
cent under SSP2-4.5. Note that all the forcing scenarios lead to quite similar
responses until the 2030s but start to diverge markedly thereafter.

Both the increases in temperatures and precipitation rates are likely to be larger
in winter than in summer (Figure 6.2). If the SSP2-4.5 scenario were realised,
the January mean temperature would increase by 2 to 7 °C and precipitation
by 0 to 30 per cent by the end of the 215t century. In other SSP scenarios, the
seasonal distribution of changes is qualitatively similar, but the amplitude

of the change depends on the magnitude of forcing. An analogous seasonal
distribution can be seen when studying less distant future periods.

Compared to the climate projections prepared with a previous model ensemble
(which was used in the 5th IPCC Assessment Report) using a comparable
forcing scenario, the present summer temperature projections are about 0.7
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°C higher at the end of the century. Conversely, temperature projections for
winter and precipitation scenarios for all seasons are fairly similar in both
model ensembles.

These most recent temperature and precipitation projections were not
published until early 2022, and hence most of the impact and adaptation
research described in this chapter still makes use of older scenarios.

Other examples of projected climatic changes in Finland (mainly derived from
older model generations) include the following:

— Heatwaves become longer and more frequent, whereas severe cold spells
gradually diminish.

— Heavy precipitation events intensify in summer.

— 'The number of days with precipitation increases in the winter.

— 'The snow season becomes shorter, and the average snow water equivalent
decreases, particularly in southern Finland.

— 'The duration and depth of soil frost decreases, particularly in snow-free areas
such as roads and airports. This also holds true for sea and lake ice cover.

— Wainters become slightly cloudier, and solar radiation decreases. Conversely,
summers and early autumns become slightly sunnier.

— For wind speeds, no significant changes are anticipated.

Figure 6.1

Projected temporal evolution of annual mean temperature (left, °C) and
precipitation (right, per cent) in Finland by 2085, relative to the means for the
period from 1981 to 2010; multi-model mean responses to four greenhouse
gas scenarios: SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5.
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Figure 6.2

Projected temperature (left, °C) and precipitation (right, per cent) changes in
Finland for calendar months (J = January, F = February, etc.). The circles and
the curve denote the multi-model mean projection. The 90 per cent probability
interval for the change is denoted by the vertical bars. The changes are
presented for the period 2070 to 2099, relative to 1981 to 2010, under the
SSP2-4.5 scenario.
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Climate monitoring and modelling framework

The Government research institutes, especially the Finnish Environment
Institute (SYKE), the Finnish Meteorological Institute (FMI), the Finnish
Institute for Health and Welfare (THL) and Natural Resources Institute
Finland (Luke), all have activities linked to climate monitoring and modelling.
The FMI is the main institute for physical climate variables, Luke focuses on
effects related to renewable natural resources, SYKE on hydrology and water
management as well as impacts on terrestrial and marine ecosystems and THL
on human health. The Finnish Museum of Natural History (Luomus) plays a
particular role in monitoring changes in species and biodiversity. Examples of
the activities related to scenarios include the following:

— 'The FMI has constructed projections for the future climate at various
temporal resolutions based on global (CMIP6) and regional (EURO-
CORDEX) climate model simulations.

— SYKE has carried out joint work with other research institutes (Luke,

FMI, THL) on the application of the SSP-based (formerly RCP-SSP)
global scenario framework for Finland and specific sectors with national,
sub-national and sectoral extensions (see Box 6.1).

— THL has participated in joint work carried out by SYKE on the application

of the SSP-based framework for the health sector.
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Box 6.1

Using shared socioeconomic pathways (SSPs)
for defining future climate and socioeconomic development

There are five shared socioeconomic pathways (SSPs) that describe future
socioeconomic development to the end of the 21st century. They are

available as narrative descriptions, as well as quantitative projections of key
socioeconomic variables. They are used in two ways for generating scenarios.

First, quantified SSPs can be used alongside shared policy assumptions
about mitigation policy (SPAs) in integrated assessment models (IAMs) for
generating pathways of greenhouse gas concentrations and radiative forcing
of the atmosphere. These are inputs for global climate models for simulating
the future climate. The most recent pathways used for climate modelling

are labelled SSPs. The previous pathways, developed before SSPs were
available, were labelled RCPs (representative concentration pathways).

Second, narrative SSPs can be used for co-creating with local experts and
stakeholders’ regional or sectoral socioeconomic narratives (SSP-extensions).
These are richer and more detailed than the original global narratives.
Quantified projections consistent with the narratives can also be developed.

Risk is a function of hazard, exposure and vulnerability. The SSP-based
climates can be used to describe how the climate hazard may change in
the future. The SSP-based socioeconomic narratives can help to define
exposure and vulnerability. Combining these into integrated scenarios
can allow an analysis of the relative effects of climate and socioeconomic

development on elements of future risk.

Figure 6.3

Scenario matrix on the use of shared socioeconomic pathways (SSPs)
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Figure 6.3 demonstrates how global shared socioeconomic pathways (SSPs)
are applied in combination with shared climate policy assumptions (SPAS)
to represent various mitigation levels (illustrative mitigation pathways — IMPs)
used to define radiative forcing in models needed to project future climate
(rows). Also shown are global mean temperature projections for 2081 to
2100 relative to pre-industrial times published by the IPCC based on two
sets of climate model simulations: CMIP5 using RCPs in light pink (IPCC,
2013) and CMIP6 using SSPs and IMPs in dark pink (IPCC, 2021). Values
are means (bold) and likely ranges (CMIP5) and very likely ranges (CMIPB).
Global climate models also provide information on climate change for
different regions of the world, including Finland.

Socioeconomic pathways can also be extended as SSP narratives
describing socioeconomic conditions affecting exposure and vulnerability

of regional systems and sectors at national and sub-national scale in

Finland (columns). Information on future regional climate and future regional
socioeconomic conditions for Finland can be combined into integrated
scenarios at the intersection of the rows and columns (white cells in the
figure). Note that not all combinations are regarded as physically plausible by
2100 (grey cells).

Source: Academy of Finland-funded FINSCAPES project!

1 https://www.syke.fi/projects/finscapes

Main approaches, methodologies and tools,

and associated uncertainties and challenges

A basis for scenario work in recent years has been the global scenario
framework organised around the shared socioeconomic pathways (SSPs).
These are alternative descriptions of future socioeconomic development. The
SSP-based climates can be used to describe how the climate hazard may change
in the future. The SSP-based socioeconomic narratives can help to define
exposure and vulnerability (Box 6.1).

Climate change projections for Finland have been mainly derived from the
output of 28 global climate models. The rigour of the multi-model approach
provides confidence that estimates for the inter-model spread of future
climate changes in Finland and its sub-regions capture the major model
uncertainties and are robust. The wide range of model outcomes associated
with this approach presents some challenges for analysing climate change
impacts (e.g. on water resources or agriculture) due to the large number of
model simulations required. One approach to overcoming this challenge is
to combine a sensitivity analysis of impacts to climate with the climate model
projections presented probabilistically — the impact response surface approach.
This approach also allows an estimation of likelihoods of exceeding certain
pre-defined impacts.
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6.2 Climate change impacts

Research, reviews and analyses provide a foundation for the assessment of the
climate change impacts and related risks and vulnerabilities presented in this
chapter. Research and assessments on climate impacts, risks and vulnerability
have been carried out in national research efforts and as part of Nordic and
European research efforts. Such knowledge is instrumental as a basis for
adaptation measures, as is also called for by the National Plan for Adaptation to
Climate Change 2022.

Examples of recent research and assessment efforts include the following:

— Opverall Evaluation of the Implementation of the National Policy on
Climate Change Adaptation (KOKOSOPU) - a project under the
Government’s analysis, assessment, and research activities between 2021 and
20222,

— Assessment of the Cost of Inaction Regarding Climate Change (KUITTI)
— a project under the Government’s analysis, assessment and research
activities between 2020 and 20223;

— Report on the state of the research supporting adaptation to climate change
by the Ministry of Agriculture and Forestry between 2021 and 2022;

— Climate change adaptation: regional aspects and policy instruments
(SUOMI) - a project funded by the Finnish Climate Change Panel and

coordinated by the Finnish Meteorological Institute between 2020 and 20224,

The list of references contains more examples of the research and assessments
utilised in compiling this chapter. Section 6.2 of Finland’s Seventh National
Communication also provides various examples of relevant research in the
recent past.

6.2.1 Impacts on environment and natural resource sectors

Natural environment and biodiversity

Different components of biodiversity will have different vulnerabilities
depending on local conditions, species and habitats. The increase in mean
temperature and annual heat summation and decrease in severe frost periods
have already given rise to wide-ranging changes in the Finnish natural
environment and biodiversity. Many native species in the south could find
favourable living conditions further north in the warming climate. The
prevalence of certain species of southern origin such as butterflies and birds has
increased, and the distribution has moved northwards. At the same time, the
number of species of northern origin has decreased in Southern Finland.

2 Hildén etal. 2022a and 2022b http://urn.fi/URN:ISBN:978-952-383-118-6

heeps://tietokayttoon.fi/julkaisu?pubid=42102
3 Perrels et al. 2022 heep://urn.fi/URN:ISBN:978-952-383-056-1

4 Gregow et al. 2021 https://www.ilmastopaneeli.fi/wp-content/uploads/2021/09
SUOM I-raportti_final.pdf
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It has also been identified that changes in the ratio of abundance of certain
species are reflected in the composition of species communities. For example,
the average composition of communities of birds has moved towards the
northeast during the last 20 years. In the future, a continued rise in mean
temperate will lead to a continued decrease of numbers of species that have
adapted to colder northern climates, and there is a risk that these species will
largely disappear from Finland. On the other hand, southern-oriented species
will increase in numbers and will partly replace species adapted to a cooler
climate. In lakes, the spring peak of phytoplankton will occur earlier and will be
considerably more pronounced than it is today. The littoral zone is likely to be
more sensitive to the effects of climate change than the pelagic ecosystem.

The effect of non-native species on the displacement of native species is
currently most significant in Southern Finland, but the effect is predicted to
strengthen and spread more broadly by the end of the century. Non-native
species can already now displace native species specifically in human-
influenced environments, and it is expected that the effect will also increase in
waterbodies.

An increasing mean temperature also affects habitats across the whole of
Finland. Habitats that are typically found in cooler climates, such as fjelds

in Northern Finland, are especially vulnerable to climatic changes, and may
completely disappear by the end of the century. Especially species that are
limited to specific habitats (e.g. the Saimaa ringed seal and freshwater pearly
mussel) are highly vulnerable to climate-induced changes in their habitats.
Northern boreal species of forests, mires and Arctic mountain habitats are
threatened and predicted to decline due to the warming climate. The most
sensitive habitat types identified are coastal drift lines and the habitat types
related to primary succession stages, snowbeds, mountain birch forests,
mountain heaths, first-order streams, small inland waters in northern Lapland,
traditional rural biotopes, southern aapa mires, springs and spring mires, and
open and semi-open rock outcrops.

Increased precipitation induced by climate change is also projected to affect
the natural environment. Open habitats are vulnerable to overgrowth due

to mild rainy winters, increasing carbon dioxide content in the atmosphere,
and nitrogen deposition. For example, taken together, these contribute to the
growth of moss and trees in dunes, and accelerate overgrowth. The increase of
precipitation during the winter also increases the washing away of nutrients

in waterbodies. For coastal waters, this can be identified along the coast of the
Baltic Sea as higher prevalence of reed beds, filamentous alga, and overgrowth.
Increased runoff in winter will also influence the washing away of nutrients
and solid matter into inland waters. It is expected that climate change will be a
threat to more than 80 per cent of inland water and coastal habitats.

Protected area networks of natural habitats alleviate the negative effects
of climate change and provide resilience in preserving declining species of
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conservation concern. However, recent studies have indicated that there is
great variation in the growing degree days, the mean temperature in January,
and the annual water balance across protected areas in Finland, and by the end
of the century, significant changes to the microclimates of Finnish protected
areas are expected. This calls for consideration and anticipation of changes in
conservation planning.

Water resources

The most significant climate risks in the water resources sector are related

to the increase of pluvial floods, changes in fluvial floods, and the increase

in droughts. Other risks include increases in frazil ice and coastal floods,
decreasing water quality, and increases in algal blooms. Of the above risks,
increases in frazil ice floods have already occurred, and frazil-related problems
will be common in the near future. The role of climate change in increasing
flood risks and damage in Finland is expected to become more pronounced
from mid-century onwards. This is especially the case for coastal floods, but
continuous monitoring of the risk is required, as the potential effects of such
floods can be significant.

Floods in Finland rarely have direct impacts on human health and security, but
especially if floods become more widespread and enduring, these impacts will
become more significant. Based on the EU Floods Directive® and the national
Finnish Flood Risk Management Act®, areas of potential significant flood risk
are identified through preliminary flood risk assessments. Currently, 22 areas of
significant flood risk have been identified in Finland — 17 of these are located
inland, and five along the coast.

Occurrences of heavy rain are expected to increase due to climate change.
Pluvial floods resulting from heavy rain and snow melting can generate
considerable damage in urban areas, and anticipating these floods is
challenging. Damage is usually incurred to property, human health, security,
and the transport sector. The densifying trend in the built environment in
urban areas is expected to continue for the next couple of decades, which
increases the share of impervious surfaces. In turn, it increases the amount
and intensity of surface runoff water. Due to denser and more technical
construction, the vulnerability increases, and possible spillover effects become
more complex.

The effect of climate change on fluvial floods varies across different
waterbodies. The effect is expected to be greatest in central lakes and outlet
rivers. The greatest risk of fluvial flooding is assessed to be in the City of Pori
on the coast of the Gulf of Bothnia. Apart from damage to property, floods
can have negative impacts on water quality, as they wash away debris, waste,

5 2007/60/EC
6 620/2010
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sand, organic matter, nutrients, and acidifying compounds from fields, forests,
and riverbeds. On the other hand, spring floods caused by melting snow are
expected to become less frequent, except in the Lapland area. With spring
floods currently the most common type of flood, this may signify an overall
decrease in flood risks in many locations.

In the Baltic Sea, the effects of climate change can be identified as physical,
chemical, and biological changes in the sea. An increasing water temperature
enhances biological processes and may increase the intake of harmful
substances in organisms. Studies have shown that the spring bloom of
phytoplankton has been brought forward, and the length of the growing season
has doubled. An increasing temperature probably also alleviates the spreading
of non-indigenous species originating from more southern seas. Moreover, due
to the increase in atmospheric CO,, it has been projected that the pH of the
seawater will decline, which may affect the living conditions of bivalves with
calcium-containing shells.

Salinity is also a fundamental factor in the Baltic Sea, because many organisms
live at the edge of their salinity tolerance levels. Recent modelling suggests
that the distribution areas of marine species like bladderwrack, blue mussel,
and eelgrass will be significantly reduced if the surface water salinity decreases.
The reduction of these habitat forming species will affect the structure and
functioning of the ecosystems and may decrease the ecosystem services such as

fish yield provided by these habitats.

Climate change has also been predicted to worsen the eutrophication of the
Baltic Sea because of increasing nutrient runoff into the sea. As the temperature
also rises, the decomposition of organic matter caused by microbes will
accelerate, and especially in late summer, anoxia can increase. Cyanobacterial
blooms are especially projected to increase, although this forecast is also subject
to uncertainties. However, model studies have shown that direct human
activity has a greater impact on the state of the Baltic Sea than climate change.
A recent study has shown how climate change affects agricultural practices
(crops, cultivars, land use), how climate affects the hydrological cycle, and

how soils and lakes retain nutrients in a changing climate. The results show
that climate change increases nitrogen loading into the sea, but that economic
factors such as crop and fertiliser prices significantly affect the outcome, and
that a significant reduction in nutrient loading can be achieved by farm-level
adaptation to climate change.

Climate change and alien species pose new threats to the small waters of
Finland, the status of which has been assessed as poor in the national habitat
threat assessment. Small waterbodies, streams, and ponds are particularly
sensitive to temperature stress. At worst, streams can dry out almost completely,
which can damage their ecology. For example, changes in the hydrological
seasonal rhythm have been found to affect the species composition of benthic
organisms, especially in small waters.
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Water supply

Droughts generate risks for agriculture, industry, and the water supply of
communities and properties. Droughts in the summer are expected to increase
in Southern and Central Finland due to earlier spring onset, less snow, and an
increase in evaporation. Droughts give rise to water sufficiency problems, and
the lowering of surface water levels creates water quality issues. For example,
the summer droughts of 2018 and 2020 showed the need for preparedness in
water supply management. Reduced groundwater levels may lead to a shortage
of dissolved oxygen and high concentrations of dissolved iron, manganese

and other metals in the groundwater. The shortage of dissolved oxygen may
generate ammonium, organic matter, methane and hydrogen sulphide gases,
causing the water to taste and smell bad. In the winter, increasing precipitation
and snowmelt will produce fresh and oxygen-rich groundwater.

The expected increase in droughts, storms, and heavy rainfall can be identified
in water supply as drying of smaller groundwater areas, lower quality of
ground- and surface water stemming from washed away nutrients and
pathogens in flood water and the limited capacity of wastewater networks.
Storms and heavy rainfall and winds also increase water quality risks. Storms
generate risks for the supply of electricity to water supply sites, especially
peripheral regions and areas, thereby endangering both water distribution and
treatment. It also remains necessary to prepare for larger power outages that
affect larger regions.

In general, the Finnish water utility sector is in a good position to adapt

to climate change. According to a recent survey conducted by the Finnish
Climate Panel in 2019, water supply site actors are highly aware of climate
change, seeing it as a general threat to water security in Finland. The survey
results show that almost all actors find that their site can respond adequately
to threats generated by weather variability. Some actors see that climate
change threatens water security on their own sites. However, only less than
half the survey respondents are prepared for heatwaves, prolonged droughts,
mild winters, or floods. This finding can be explained by the fact that the
respondents represent smaller groundwater sites that have yet to suffer from the
aforementioned weather phenomena.

Different forms of floods, including runoff water and melted snow, can
threaten the water quality of the inlet wells of urban areas and properties,
which in turn generates risks to human health (e.g. waterborne diseases) and
the reliability of water supply. These risks also affect about a quarter of a
million Finnish households that rely on their own wells for the supply of water.

Agriculture

Climate change is projected to improve crop productivity in Finland if the rise
in temperature is moderate, and if the adaptation measures are implemented
in a timely manner. Due to the longer thermal growing season, higher
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accumulated temperature sum and milder overwintering conditions, the
current cash crops are cultivated further north, and many novel crops may be
introduced in cultivation.

However, possible increases in the variability of climatic conditions within
and between seasons, more frequent extreme weather events, and increased
risks of disease and pest outbreaks may cause uncertainties for agricultural
production. Variation in precipitation within a growing season may further
increase and cause substantial challenge for the sustainable development of
agricultural systems. Early summer droughts may become more frequent and
interfere with crop growth and yield formation, while increasing rains outside
the growing season may put soils and their functionality at risk. It may also
increase the leaching of pesticides and nutrients into the water systems, which
are particularly vulnerable, as a third of the field parcels in Finland are next to
waterways.

The risk of animal diseases may also increase, although it is expected to remain
relatively low in the future. Diseases associated with the poor quality of water
may become more common. All these potential changes call for early and
powerful adaptation measures to reduce risks induced by climate so that society
can benefit from the opportunities.

Forestry

Climate change affects forest ecosystems. The rise in average temperatures and
atmospheric CO, levels has already accelerated the growth rate of trees, but the
risk of more severe forest damage has increased simultaneously. Compared to
Central and Eastern Europe, large-scale forest damage has been relatively rare
in Finland, but this is likely to change due to climate warming. For Finland, the
relevant risks are both abiotic (wind, drought, snow, etc.) and biotic (insects,
diseases, wildlife, etc.), but as they also interact, the potentially negative effects
on the forestry sector are complex. Yet it is noteworthy that tree mortality

is always a natural and essential component of any healthy forest ecosystem.
The management of forest damage is therefore never about suppressing it
completely, but more about pre-emptive measures that can be used to prevent
large-scale damage.

Wind and snow are amongst the most severe damage agents in Finland. Wind
damage in the form of windthrow are predicted to increase in the future due
to loss of ground frost, which makes trees more susceptible to wind damage

— even though the winds themselves will not be any stronger. Snow damage

is predicted to decrease in the southern parts of the country, but it is likely to
increase in northern and eastern areas. Trees damaged due to wind or snow can
increase the risk of cascading biotic damage.

Climate change increases the frequency ‘fire weather’, suitable weather for

ignition and the spread of fire. In the long-term, the amount of burning
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material in forests is also expected to increase. Days with simultaneous high
winds, high temperatures and low humidity increase the risk of fires spreading.
However, most forest fires ignite due to human behaviour. In general, fires are
not a major issue in Finland due to efficient fire monitoring and suppression
work, and a dense forest road network that allows efficient fire suppression.
The risk caused by droughts will therefore be more related to large-scale
weakening of trees (esp. spruce), and how this increases the risks of insect
damage.

Various biotic pest agents will benefit directly from climate warming, with
more rapid development, a prolonged growing season, a further northward
spread, etc. Yet they will also benefit from the increased number of weakened
trees (e.g. due to wind or droughts) they use as breeding material. This is
especially valid for the spruce bark beetle, which has caused unprecedented
damage across Central and Eastern Europe, and the occurrence of damage is
also becoming more common in southern Finland. Other bark beetles (such
as Ips acuminatus) are also benefiting from warming, which may increase their
future role as pests.

Decaying fungi such as the Heterobasidion root rot can remain active and
produce spores for a longer time as the spring and autumn warm. Root

rot also benefits from increased windthrow and diminishing snow cover,
which often results in harvesting damage to unprotected tree roots: both
phenomena result in cuts in the trees through which the spores can infect
them. Here, Finland is also facing difficulties because of the increased use of
spruce in forest regeneration: spruce is the tree species most susceptible to
droughts and wind damage, while its main pests, the spruce bark beetle and
root rotting fungi, benefit from warming. Here, forest management should
emphasise mixed forests and the use of optimal tree species at any given site,
but in certain areas, dense ungulate populations prevent the use of deciduous
species to replace spruce.

In addition to the native pests, climate change and global trade will bring

new species into Finland. Insect species such as the nun moth (Lymantria
monacha) have become increasingly abundant in the 2000s. Similarly, a new
tungal pathogen, Diplopia sapinea, was confirmed to cause mortality to Scots
pines in the record-hot summer of 2021 — something researchers assumed

the fungus could not do in Finland. While the spread of these two species is
natural, global trade is a pathway for invasive alien species. Climate change is
not a direct factor here, but the Finnish climate will also become more suitable
for various invasive pests because of it. The increasing global trade and current
legislative restrictions in controlling the spread of exotic pests and pathogens
will unfortunately ensure that the risks of invasive alien species will remain
topical, regardless of the progress of climate change.
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Fisheries and game

The effects of climate change on aquatic ecosystems are especially strong with
extreme weather events such as prolonged hot summers. In general, there is
variation in how well fish species can tolerate the changing conditions, with
some species and life-stages more vulnerable than others.

An increasing water temperature generally benefits fish species that prefer
warmer and more nutrient-rich waters, and this has improved the reproduction
of many spring and summer spawners. However, the dissolving of oxygen

from the air into the water is weaker as the air temperature increases. During
extreme warm temperatures, this can result in oxygen deprivation, and the
consequences can be severe. During hot summers, the stratification of water
can be strong, resulting in a layer of warm water in which oxygen dissolving
from the air is poor, and fish that cannot tolerate warm surface waters move
deeper. Simultaneously, various other species benefit from the warming, and
as their activity increases, they consume oxygen from within lakes, including
from the bottom. This causes difficulties for bottom-dwelling fish, but also to
those that have moved to deeper waters to escape the warm surface waters. An
increasing water temperature also affects the spatial distribution of fish species.

Eutrophication is coupled with climate-induced impacts in aquatic systems.
An increasing water temperature exacerbates eutrophication. With more
cutrophied conditions, additional risks of anoxia and widespread algal blooms
emerge, as the decaying algae consume oxygen from the bottom areas and
further increase the dissolving of nutrients from bottom sediments. This
results in ‘internal’ load, a state in which the eutrophication process continues
even though no nutrients flow into the waters from any external sources. This
process concerns the Baltic Sea, as well as Finland’s isolated small ponds and
inland waterbodies.

Aquaculture facilities with flow-through water intake will suffer from
increasing water temperatures, which have already led to widespread

fish deaths in the hot summers of 2014, 2018 and 2020, for example.
Similarly, increasing eutrophication also has negative effects on aquaculture
production, both inland and in coastal waters, through potentially more
strict environmental licensing.

Commercial fishing is affected directly by what happens to fish stocks, but also
by changing environmental conditions such as ice conditions. While prolonged
ice-free periods may lengthen the season for marine trawling fishing, other
winter fishing will suffer from a shortage of ice.

Invasive alien species will remain highly relevant for aquatic ecosystems, as
Finland has already seen the establishment of several alien fish species in coastal
waters (for example, the round goby, Neogobius melanostomus), as well as in
inland waterbodies (for example the pumpkin seed Lepomis gibbosus). While
climate change does not itself cause the relocation of these species, it may make
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the Finnish climate more suitable for certain invasive species that might not
otherwise survive.

Climate change affects the abundance, species composition and distribution of
game populations in Finland. Southern species and certain invasive species are
benefiting and becoming more abundant, and the range of species adapted to
winter conditions is narrowing. Climate change will affect all levels of the food
web and change the relationships between species. Changes in snow and ice
conditions can drive certain species into crowded conditions, increase winter
predation or loss of breeding habitat for cubs.

Reindeer husbandry and herding

Reindeer herding is a large-scale Arctic subsistence livelihood based on

both the reindeer’s ability to obtain food and survive on natural pastures

and reindeer herders’ traditional knowledge of reindeer and the grazing
environment. Reindeer husbandry is a traditional livelihood of the indigenous
Sami people and is therefore an integral part of the Sdmi culture.

Reindeer herding is vulnerable to the negative effects of climate change.
Climate change is expected to be particularly severe in the northern regions
where the Sdmi homeland and the reindeer husbandry area are located.
Climate change and changing weather conditions directly affect reindeer food
supply, health and wellbeing, as well as practical reindeer husbandry activities.
Climate change also has indirect effects through changes in the grazing
environment. Regional and annual variations in weather and snow conditions
and their changes have a significant impact on the ability of reindeer to obtain
food from the wild and on the quality of the food, as well as on the prevalence
of parasites and diseases.

In addition to the industry’s own activities and weather variability and

climate change, the ecological, social and economic sustainability of reindeer
husbandry is influenced by many local, regional and global factors. The

effects of the changes caused by reindeer grazing, forestry, and a range of other
land uses, such as gold mining, tourism development and tourism services
accumulate. At the same time, interlinked changes have degraded, reduced and
fragmented reindeer pastures.

Changing conditions due to weather variability and climate change, combined
with land-use changes, create economic uncertainty for reindeer herders.

The consequences of significantly variable weather conditions result in
disadvantages for reindeer husbandry, increase costs, reduce income for
reindeer herders, and cause a significant reduction in wellbeing.

Natural Resources Institute Finland regularly assesses the quantity, quality
and availability of reindeer grazing resources through reindeer pasture
inventories. Based on the reindeer pasture inventories for 2016 to 2018, the
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lichen biomasses in the experimental areas are most significantly influenced by
the seasonal timing of grazing with lichens and the reindeer densities on areas
covered by lichens, as well as by changes in forest structure and old-growth
forest in the reindeer herding cooperatives. The extent of other land uses in the
cooperatives and probably ecosystem changes caused by climate change have
contributed to the condition of lichen pastures and changes in plant species.

Adverse changes in the reindeer grazing environment have gradually altered
reindeer management and increased the need for additional winter feeding
and the use of feeding enclosures. The reduction and fragmentation of
pastures have created conflicts and problems between reindeer husbandry and
other livelihoods. In areas covered by lichens that have not been grazed for
along time, the impact of forestry on the amount of lichen was much lower.
In recent decades, changes in the structure of commercial forests have been
more favourable to reindeer grazing. The limited possibilities to control the
pressure of other land uses make it difficult to organise and develop reindeer
management in a controlled way, to regulate the use of pastures, and to respond
to changes in climate.

6.2.2 Impacts on infrastructure and other economic sectors

Energy

Weather-related hazards like wind and snowstorms, lightning strikes and
floods are the major source of weather and climate risks for the energy sector
in Finland. Challenges to energy production and distribution are also created
by some enduring weather episodes often coinciding with relatively high
energy demand and demanding conditions for the maintenance of power
systems, such as long periods of extreme cold, long-term snowfall, and snow
load. Storms and heavy snow loads on tree crowns have caused power outages
for customers. Nuclear power plants have had issues with seawater being too
warm for optimal cooling, leading to part-load operation and with stormwater
levels. Long periods of very low precipitation causing hydrological drought
reduce hydropower production. This matters in Finland, because hydropower
plays a central role as a regulating power source, and more widely, because
Scandinavian precipitation largely determines the electricity price on the
Nordic power exchange.

The renewal of the energy infrastructure is slow due to long-term investments.
Therefore, for example, electricity blackouts caused by weather events will also
be experienced in the future, although investments in the electricity network
are increasing its resilience to weather events.

There are opportunities to reduce CO, emissions with renewable energies.
Especially wind but also solar energy production is increasing (see Section 2.6),
which also increases weather-related variability in production. Weather risks to
wind turbines, e.g. due to icing, seem manageable. Bioenergy production and
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harvesting face risks due to climate change: in the winter, long warm periods and
frost delay may hinder access to remote sites on soils with a low bearing capacity.

Energy systems need to be resilient and not under-dimensioned, because very
cold winter episodes will remain possible during the latter part of the century,
leading to high demand for heating capacity, especially in Eastern and Northern
Finland. On the other hand, due to warming summers, heatwaves which increase
the need to cool buildings can affect the country in any location.

Future impacts of climate change will partly depend on how the energy
system changes as a result of the ongoing green energy transition. The impacts
are likely to affect both energy production, transmission, distribution and
consumption.

Land-use planning and buildings

In the land-use and building sectors, the impacts of climate change are fairly
well known, and the need for adaptation measures is commonly acknowledged.
The main climate-related risks to land-use planning and buildings are related to
a shifting temperature, rainfall, floods, rising sea levels and droughts. Climate
change presents complex challenges to the built environment in Finland due to
variability across regions and seasons. For example, there is a need to prepare
for both increased snow loads in some regions and humidity risks to buildings
caused by increased precipitation in the form of rain in others.

Climate change gives rise to moisture risks, which affect all the buildings in
every part of Finland. Moisture risks generated by precipitation are already
currently significant, and these risks are expected to grow in the future due to
increased rainfall. The increase in mean temperature also converts snow into
rain, which further increases buildings’ moisture risks. Increasing humidity and
a rise in temperature intensify the growth of mould and microbes in building
structures. The most risk-prone structures among the current building stock
are poorly ventilated wooden frame constructions and brick-clad structures.

Prolonged heatwaves increase the risks of heat-related sickness and residents’
mortality if the buildings cannot be ventilated and the room temperature
cannot be lowered.

Concrete structures are susceptible to frost shattering during the winter due

to increasing wind-driven rain load in the form of water and sleet. Buildings
along the coast are currently the most vulnerable to such risks. In the future,
the current coastal climate conditions are expected to spread to inland
Finland, where risks of frost shattering have been lower. High wind speeds are
increasingly causing material damage to buildings, e.g. through the detachment
of surface structures and trees falling nearby.

The main flood risks to the built environment are related to pluvial and
fluvial floods, which place burdens on urban sewer networks and cause
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significant economic damage. Pluvial flood risks are greatest in the most
densely populated areas like the Uusimaa region. In recent decades, the share
of impervious surfaces in the built environment has increased sharply, which in
turn intensifies pluvial floods.

The largest risks related to the rise in sea level affect the existing building stock.
In coastal areas, the risk of flooding due to the sea level rise is relatively low so
far, especially in areas where the land uplift is the most significant. In the long
term, the risk of coastal floods is expected to increase, as the average rate of

sea level rise exceeds the speed of land uplift. The most problematic areas on
the Finnish coast are those where coastal and fluvial floods coincide — the best
known of these areas is Pori.

Cultural heritage

Cultural heritage sites — or the ‘cultural environment’ as they are called in
Finland — are places and environments created by human activity and through
interaction between humans and the natural environment. The sites include
the built and natural environments, cultural landscapes and archacological
sites, typically with elements of historical significance.

Climate change has a tangible impact on the preservation of cultural heritage
and the cultural environment. Cultural heritage sites are strongly influenced
and damaged by climate change. According to the Cultural Heritage
Barometer (2021), 51 per cent of the respondents to the survey estimated that
climate change posed a threat to the preservation of cultural heritage.

Increasing humidity and rising temperatures, eutrophication and constipation,
the acidity of air and rain, freezing and melting cycles and extreme weather
phenomena such as storms, flooding, erosion, heavy rains and thick snow

may damage the landscape and other cultural heritage places and objects

on land, underground, or in the water. The degradation of biodiversity and
loss of natural habitat affect cultural landscapes and semi-natural habitats by
threatening traditional biotopes and impoverishing the natural heritage.

The impacts of climate change are more severe, and global warming is faster

in the Arctic than elsewhere in the world. Therefore, for example, the Sami
indigenous people are facing drastic changes in the Sdmi homeland in Finland,
Norway, Sweden and Russia. The traditional livelihoods of the Sdmi, such as
fishing, gathering, and reindeer husbandry, as well as the traditional knowledge
associated with them, are especially vulnerable to climate change (see Section
6.2.1 for reindeer herding). Traditional knowledge of nature is subject to
change. The intangible cultural heritage is disappearing and will no longer be
passed on to future generations.

6 Vulnerability assessment, climate change impacts
and adaptation measures

306



Industry and commerce

Finnish industry is energy-intensive, and the need to mitigate climate change
has been a focus in the industrial sector. The effects of climate change and
the need to adapt to its effects have not had a central role in the discussion.
However, climate change does cause varying risks to industrial operations in
Finland. For example, disruptions in industrial production caused by floods
and storms may be significant, and rare major floods may pose major risks

to some industrial operations, especially if the disruptions in operations are

prolonged.

However, the most significant impacts of climate change on industrial
operations and commerce in Finland are most likely to be indirect. Such
indirect risks result from the global impacts of climate change or in other
sectors within Finland. The relevant risks vary, depending on the industry
sector, value chains, and the location of operations. For example, the effects

of climate change on the Finnish transport and energy sectors may indirectly
affect industrial operations and commerce through logistics and power outages.
The challenges to wood harvesting posed by the worsening and longer thaw
weakening period may affect industries reliant on wood supply. The effects of
climate change and the natural phenomena related to it, such as floods, storms,
and droughts, may pose risks to industries requiring an industrial water and
cooling water supply.

Value chains are in a key position when considering the vulnerability of Finnish
industrial sectors to the indirect effects of climate change. The industries most
vulnerable are those with critical points in the value chain in areas outside
Finland. For example, if the operations at these critical points are sensitive

to extreme weather events, the effects may be serious. Such disruptions

may affect the price and availability of raw materials and thus affect both
industrial operations and commerce. For example, supply chains relevant for
agriculture or the food industry in Finland are affected by weather and climate
events related to crop failures and supply chain logistics and the availability

of fertilisers. Although cross-border impacts are considered a very relevant
category of climate change impacts, they have been little addressed thus far (see
Section 6.7 for cross-border effects in general).

Mining

The most significant climate impacts on the mining sector are related to water
management. In particular, with the increase in heavy rainfall, the risks of water
management in mines may increase. Historical data show that roughly half

the documented exceptional situations in mines have been caused by water
management problems. In turn, more than half of these were related to dams.
A Mining Environmental Safety Report published in 2014 emphasised the
significance of design floods stemming from sudden and/or large amounts of
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excess water. However, the report does not examine the potential impact of
climate change on these specific floods or on mining in general.

Climate change needs to be addressed when planning overall water
management. With cold winters, recycling of process water is restricted, while
large amounts of frozen water from tailings is added to the water management
system in the spring with ordinary snowmelt water. A sudden and very warm
spring can cause melting to be extremely quick, so facilities need the capacity
to address this. So in some sense annual water management can be more evenly
distributed if winters get milder, with less snow and freezing. Long dry periods
and warmer summers require increased attention to management of dusting, as
dust from mines can contain harmful particles.

Securing energy supply is crucial, as processes are controlled or operated by
electric technologies and machinery. Typically, water management is based on
collecting water and steering waterflow by pumping. If pumping is prevented,
control of water masses can become impossible. A longer power blackout

may cause various environmental and health risks and endanger the whole
operation. Steering the process at the plant can be endangered if power is cut.
This can create a risk of unexpected emissions.

Access to and from a mining area must be secured, even in unusual weather
conditions. Critical points can be bridges and low-lying areas, which are
sensitive to flooding. Buildings and constructions on a mine site should be
placed and planned so that rainwater has natural ways and places to gather and
be absorbed without mixing with process water that requires more treatment.
Otherwise, the capacity of water treatment can occasionally be overloaded.

In the mine planning stage, all aspects of risks caused by climate change

must be addressed and considered. Risks and threats to mining operations
are analysed in the mining safety permit required from all operating mines
according to the Finnish Mining Act’. A mining safety permit requires that
all risks that the operation can face are identified, and that the risks and any
consequences are mitigated and avoided. The mining operator is responsible
for the internal rescue plan. The rescue plan specifies how to manage possible
incidents, and how environmental and human accidents are prevented.

Transport and communications

The transport and communication sector and its infrastructure are highly
vulnerable to changeable weather conditions, and disturbances in the
transport sector affect other sectors. Due to weather conditions (e.g. heavy
rain and snowfall), accidents and/or delays in the transport chain may
occur which mean that goods are not delivered on time, commuters cannot
rely on timetables and businesses suffer from loss of earnings. Besides rain
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and snow, roads, railways, ports, airports and communication networks

in Finland are occasionally subjected to other weather conditions such as
storms, floods, extreme cold, and heatwaves. However, conditions vary
within and tend to affect different parts of the country, as well as transport
modes, in different ways, e.g. due to the population distribution and the
condition of road network.

Key climate risks in the transport sector include complications in seafaring
and shipping due to ice conditions, difficulties in air traffic due to storms

and increased rainfall, challenges in the road and railway network due to
erosion, changes in ground frost and poor weather conditions, and problems
in conveyance dependability. Changes in ground frost, soil moisture,
groundwater level and snow cover cause problems to the road, railway, and
airport infrastructure. The transport of raw materials from forests will get
more difficult as the period during which the ground is frozen shortens, and
changes in the load-bearing capacity of roads may have significant cost impacts
as the repair and maintenance costs of the road network rise. In road traffic,
road closures remain the most significant vulnerability. A reasonable amount
of natural resources (aliments, soil and forest industry raw materials) in Finland
is transported by way of the minor road network, which is mainly gravel and
sensitive to rainy winters and dry summers. Road and railway infrastructure
and traffic are affected by frost heave, which also occurs during the winter,

not only in the spring. The surface structure of roads and bridges is damaged
by icing-melting periods occurring more often and weakened by hot and dry
periods, which also cause dusting problems. Heat may also cause problems to
rollingstock. Floods, which may be stronger due to climate change, can cause
breakages in roads and railway banks and bridges.

The risks vary depending on the season, the section of the transport sector, and
the region of the country. In sea areas, ice cover in the Gulf of Finland and the
Sea of Bothnia will continue to form in winters, but it will happen increasingly
later. Strong winds can cause packing of ice, which increases the need for
icebreaking. Rising sea levels will change the location of sediment layers and
shallows. All these will make navigation more demanding and expose safety
equipment to a strong weather burden. These in turn will increase transport
time and costs. For rail, wind impacts, causing e.g. the falling of trees (during
the autumn) are expected to cause harm more often. Fog with increases in
humidity and freezing rain are risk factors for aviation. Winter conditions

will cause challenges to air traffic and airports and their safety in Finland.
De-icing of planes and removing snow from runways will take more time. In
telecommunications, the aerial cables network may be especially vulnerable to
storms and icy rain. Sea cables may be damaged by packed ice causing problems
to electric and communication networks, which in turn causes power outages,
leading to delays and cancellations. Power outages affect traffic control and
electric traffic. Challenges in energy supply increase energy costs. Lightning
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can cause disturbances and harm hardware and equipment. Heat may cause
overheating of data centres and affect information systems.

Tourism and recreation

Finland is an attractive destination for tourists mainly because of its nature.
Dependence on nature and seasonal variation makes tourism and recreational
activities vulnerable to climate change.

Snow-based activities such as cross-country skiing, alpine skiing, riding
snowmobiles, and ice fishing are vulnerable to climate change. The
vulnerability of cross-country skiing is strongest in southern and western
Finland, particularly in coastal regions. However, at least in the near future,
ski resorts in the north may benefit from relatively good snow conditions
compared to ski resorts in central Europe or southern Finland. Awareness of
climate change and the capacity to adapt to it are improving among tourism
enterprises, but many regional differences remain. The type of tourism and
its economic importance in the region, the image of tourism, and the region’s
social and community characteristics define how vulnerable to climate change
the region is as a tourism destination.

A warmer and longer summer season would improve the conditions for
summer sports and many water-based recreational activities (e.g. boating,
swimming, and fishing). On the other hand, algal blooms in warmer waters,
increased amounts of summer precipitation, or extreme weather events may
reduce the attraction of such activities in the summer.

The impacts of key changes have already been observed: snow conditions have
weakened, including the number of snow cover days, which is especially seen
in the delay of the arrival of snow cover in the early season. This is already
affecting winter tourism, especially in southern parts of the country.

In the future climate, snow cover days will decrease even further in the season,
particularly at the beginning of the season. They will decrease by at least 30
per cent by the end of the century, which is, however, less than in other winter
tourism areas in Europe. Long delays to the onset of winter are expected to
become more common in the future, posing challenges for Christmas and
other Arctic nature-based tourism, including downhill skiing and other winter
sports. Average winters will become shorter. The magnitude of the change will
vary according to the climate scenario and time horizon.

Winter tourism is vulnerable to the changing climate, as it is highly dependent
on reliable winter conditions. Adaptive measures such as snow storage and
snowmaking can be too costly or create greenhouse gas emissions, depending
on the energy sources. Other strategies include alternative activities and
technical solutions like indoor sports arenas.
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Finance and insurance

In Finland, bank loans are often secured by real estate. Population and
economic activity, and thus also properties used as loan guarantees, are mainly
located in coastal areas, and the share is increasing. This exposes the collaterals
to increasing coastal flood risks, amounting to hundreds of millions of euros of
collateral exposed to climate risks if no further protection measures are taken.

Climate change is likely to increase damage caused by extreme weather, and
indemnities for damage are thus also expected to increase in the future. In
addition, insurance companies will face higher levels of uncertainty in their
risk estimates, and as a result, they may have to pay higher than anticipated
amounts in damages. These changes may be reflected in insurance premiums
and available coverage. Climate change will affect insurance companies directly
in three different ways: through claims; their investments; and the terms of
trade of reinsurance. Growing risks and changing attitudes will also affect who
will be insured in the future; many investors have already withdrawn their
investments in companies that create a heavy environmental load.

Forests are insured by private insurance companies in Finland. Private forest
owners have little by little insured more of their forests: some 50 per cent of
private forest owners are now insured against forest damages, while twenty
years ago, only 30 per cent of private forests were insured. Forest insurance
products offered by insurance companies provide variable cover against damage
caused by storms, snow loads, forest fires, floods, pests and fungal diseases, for
example. On average, some 60 to 70 per cent of forest insurance compensations
are paid for storm damages, making annual compensation highly dependent on
storm activity in each year. For example, in December 2011, the Boxing Day
storm alone led to compensations totalling nearly EUR 30 million. Between

2012 and 2021, insurance companies paid storm compensation amounting to
EUR 139 million.

Weather episodes favourable for forest fires are becoming more common due
to higher temperatures increasing potential evaporation and the drying of the
soil surface layer. When high temperatures, strong winds and low humidity
coincide, they increase the risk of forest fires igniting and spreading. By the
end of this century, the average number of forest fire warning days per year
will probably be five to ten days larger than currently. The growth in the
forest fire risk will be stronger in southern Finland. Despite the effectiveness
of forest fire prevention in Finland, the cost of large fires can rise to tens of
millions of euros.

6.2.3 Impacts on health and welfare

The eftects of climate change on health will be significantly less drastic in
countries like Finland with a highly developed economy and technological
and institutional infrastructure than in developing countries. However,
climate change will also affect health and wellbeing in Finland via multiple
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pathways. Maintaining and strengthening the existing public health and
other infrastructure, including housing, transport and energy, and preventing
poverty are crucial for successful adaptation.

Increasing summer temperatures and especially the increased frequency and
duration of heatwaves threaten to increase future heat-related mortality and
morbidity in Finland. The ageing population, increasing number of people
living alone, the low prevalence of air conditioning, and urbanisation further
amplify the effect of heat. Heat also poses a challenge for occupational health.
The number of days with heat stress will increase in both outdoor and indoor
work environments, resulting in a need to revise instructions regarding work-
rest cycles among high-risk groups. The thermal control of the built working
environment will also need to be modified.

In future, milder winters will probably lead to lower cold-related mortality
from cardiopulmonary diseases. On the other hand, because of the large winter
climate variability, society and individuals will also have to be prepared for
cold spells in future. During the winter, darkness and icy walkways and roads
cause health risks. The number of days when the temperature hovers around

0 °C will increase and may lead to an increased number of slipping injuries

and traffic accidents. Thinner ice and the shorter duration of ice cover on
waterways will be a safety risk. Darker winters, caused by a shorter snow cover
period, increased precipitation, and cloudiness, may also increase cases of
winter blues or seasonal affective disorder and related medical conditions. In
part of the population, climate change causes environmental or climate anxiety.

Changing climate contributes to the northward spread of ticks, partly via
changes in ecological factors such as the density of key host species, and may
therefore result in an increased incidence of tick-borne diseases. The incidence
of tick-borne diseases also depends on social and societal factors. An increased
incidence of Lyme disease (borreliosis) and tick-borne encephalitis have already
been observed in Finland. Changes in ecosystems associated with a warmer
climate will probably also affect the spread of other infectious diseases. For
example, warmer winters may lead to less pronounced population fluctuations
of small rodents, which may decrease the incidence of some rodent-borne
diseases. On the other hand, the anticipated increase in the number of
medium-sized predators such as the red fox and the raccoon dog may increase
the risk of rabies and Echinococcus multilocaris spreading to Finland.

Changes in hydrology such as an increase in heavy precipitation events and
winter flooding may increase water epidemics in the future. The leaching

of nutrients into waterways due to increased precipitation, with higher
summertime temperatures, increases the risk of blue-green algae blooming. A
warming climate may also increase the risk of infectious diseases spreading via
swimming water and introduce new infectious species such as Vibrio cholerae.
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Increased precipitation and higher temperatures threaten to increase the risk
of crop diseases and pests, which may require increased use of biocides, further
leading to human exposure to chemicals; more effort is needed to prevent
health risks related to mycotoxins in crops. The same changes in climate will
also increase the risk of moisture damage in buildings, which may further
aggravate microbial indoor air problems. Finally, climate change may lead to
increased exposure to allergenic pollen and therefore severer symptoms via e.g.
changes in the distribution of plant species and increased amount of pollen.

In Finland, socioeconomic health inequalities are already relatively large, so as

the possibilities for adaptation vary depending on socioeconomic status, these
differences may also increase health inequalities. For example, a stable financial
position facilitates adaptation to extreme weather phenomena such as making
energy-efficient and cost-effective air conditioning decisions in houscholds. At
worst, climate change adaptation will increase societal division, as different types
of climate-friendly housing and mobility are available for some of the population,
while some will have to settle for old technology. If the structural change in society
continues to mean the destruction of jobs in industrial and old technologies,
attitudes may become even less favourable to policies promoting adaptation. At
worst, strong societal divisions may lead to the strengthening of ‘identity politics’
if, for example, vegetarian food and cycling are strongly linked to a certain urban
lifestyle in which there is no desire to participate. The regional perspective

should be considered to reduce inequality. In addition, consideration of different
population groups in both social welfare and healthcare should be kept in mind,
considering especially children and young people and the indigenous Sami people.

In adapting to climate change in healthcare, changes affecting the need for
health services or counselling in the population should be considered. These
changes may be caused by e.g. the spread of vector-borne diseases and increased
risk of weather-related accidents. On the other hand, the need for services may
also reflect changes in the living conditions of different population groups,
caused by climate change adaptation actions in other sectors and the impacts
of these actions on the operating environment of healthcare. Most phenomena
related to climate change are progressing slowly and can be at least partly
anticipated. It is therefore possible to prepare for changes in the long term.
The potential impacts of climate change on healthcare may be complex, and
they also involve issues in other sectors and society in general. The general
requirements for improving efficiency in the use of resources and energy

are also reflected in the adaptation of healthcare, which is responsible for a
significant part of the total production of societies and the use of resources.

6.2.4 Economic impacts

According to a recent national study, climate change can be expected to have
slightly negative effects on the Finnish economy as a whole, expressed as

a percentage change in gross domestic product (GDP) over the period
between 2020 and 2070 (Table 6.1). In a scenario with higher greenhouse gas
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concentrations (RCP4.5), and hence more global warming, the percentage change
in GDP is larger than in a scenario with less global warming (RCP2.6). The study
was unable to account for all potential economic impacts, but the results are
sufficiently indicative for the period covered, and somewhat beyond, provided
global warming pathways exceeding three degrees can be avoided globally.

In the study, climate change scenarios RCP2.6 and RCP4.5 were combined
with socioeconomic scenarios. RCP2.6 is combined with SSP18, which
represents a cooperative sustainable development-oriented world in which
innovations spread quickly. RCP4.5 is combined with SSP3, which represents
a divided world inclined to defend current interests, and in which innovations
spread more slowly and only within certain regions.

Considering the uncertainties and incompleteness of the collection of included
effects, the study’s most important message was that a proactive adaptation
approach was clearly more beneficial for the economy than a reactive approach.
A proactive approach entails adaptation in which public and private actors
concertedly make timely use of risk projections and act accordingly, aiming

to avoid the occurrence of major damage. In a reactive approach, emphasis

on certainty postpones serious action until significant damage occurs. Even

for a country like Finland, with a considerably more modest expected value

of climate change damage than the global average, the cumulative benefit of
proactive adaptation over the period between 2020 and 2070 was estimated

to be between EUR 5 and 8 billion (present value at 2 per cent discount

rate), depending on the scenario. The model exercise included differentiation
of results at provincial level, which showed that some provinces, with
overrepresentation of vulnerable economic sectors, were expected to suffer
more than others, even though disparities did not rise to very high levels.

Table 6.1

Estimated changes in Finnish GDP at national level and indications of regional
variability in different climate economy scenarios by 2070 due to climate
change while distinguishing between a proactive and a reactive adaptation
approach*

SSP1-RCP2.6 SSP3-RCP4.5
Proactive, %  Reactive, % Proactive, %  Reactive, %
GDP: percentage change from baseline —-0.05 -0.11 -0.10 -0.26

GDP: regional variability of change in GDP -0.4 ~+0.2 -06-0 -05~+01 -1.0-0

*) Only a selection of effects could be accounted for. Not included are international logistic disruptions (how-
ever, these are temporary), effects of increased heat stress, part of the biotic risks for humans, agriculture,
the forest sector, land-based and marine ecosystems, or possible surpassing of climate tipping points.

In contrast to the macro-economic results, results become often less
clear-cut when measured in absolute monetary terms at sectoral level. An
important reason for this complication is that stronger economic growth in a
sustainability driven world as represented by SSP1 with less global warming

8  SSP=Shared Socioeconomic Pathway
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(RCP2.5) creates more assct value that can be damaged compared to a divided
world as represented by SSP3 with less economic growth and more global
warming (RCP4.5). For example, as illustrated in figure 6.4, in the case of
coastal and riverine flooding in Finland, the changes in expected damage
value in the absence of further adaptation are dominated by the effects of
economic growth and associated changes in the value of real estate. On top

of the economic growth effect, the climate change effects on flood risks do
start to kick in after 2060 in the scenario with more global warming (RCP4.5)
because of changes in river discharge and stronger storm surge risks along the
southern coast. The economic risks of flood nonetheless remain very moderate
by international standards. When the current flood risk management plans are
all realised, the residual economic risks will remain small.

Figure 6.4

Relative contributions of changes in population, economic growth, and climate
change effects on water levels to the development of the expected monetary
value of flood damage in SSP1-RCP2.6 (left) and SSP3-RCP4.5 (right) starting
from reference year 2020 (=1).

Relative contribution to flood risk change compared to 2020 Relative contribution to flood risk change compared to 2020

2020 2030 2040 2050 2060 2070

M Population change  mEconomic growth ~ mClimate change

The study also indicated that permanent changes in the operating environment
of various economic sectors, e.g. related to average temperature trends,
development in average precipitation, typical duration and thickness of snow
cover, etc., will eventually be more important for economic development than
damage caused by extreme events, even though the latter may cause significant
disturbance for a limited period. This is summarised in Table 6.2. It should

be noted that the first two items, floods and power disruptions, are expressed
in terms of rising costs. In contrast with the forest? and agriculture sectors,

the effect is expressed in terms of change in earnings, and hence the effect is
negative, as earnings go down compared to the reference development.

Proactive adaptation with respect to these gradually progressing changes in
operating environments can significantly reduce the negative effects of climate
change and enhance the positive effects of new opportunities, either created

9 In this case the forest sector encompasses both the forest product industry and forest
resources management.
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through adaptation-aware innovation efforts or resulting from climate change
as such. An example of the former is innovations in forest management and
the cultivation of subspecies, while an example of the latter is the relative
improvement of the tourist amenity value of the Finnish summer climate.
Generally, these notions are especially relevant for sectors strongly dependent
on ecosystem services such as agriculture and the forest sector (Table 6.2).
The same notions apply also to tourism and urban planning and architecture,
as these largely determine working conditions in service sectors, as well as for
daily life in general.

Table 6.2

Expected risk developments in terms of extra damage or reduced earnings
in selected sectors associated with climate change in two socioeconomic
climate scenarios for the period between 2041 and 2070 compared to the
current levels of expected damage”

SSP1-RCP2.6 SSP3-RCP4.5

Proactive Reactive  Proactive Reactive

Sectoral effects — extra costs or production loss (EUR million/year)

Built environment — floods decreasing™* +6  decreasing™

Households — Electricity distribution disruptions  stable/decreasing™* +9 stable/ ecreasing™*

Forest sector (output value) —450 —600 -550 -800
Agriculture (farm income)*** -180 -290

*) Only a selection of effects could be accounted for. Not included are international logistics dis-
ruptions (however, these are temporary), effects of increased heat stress, part of the biot-
ic risks for humans, agriculture, the forest sector, land-based and marine ecosystems, or the
possible surpassing of climate tipping points.

**) For both coastal and inland flooding and electricity distribution, disruptions apply that, if exist-
ing adaptation plans are completed, the expected cost levels of these hazards are projected
to decrease or at least stabilise in the case of electricity, as the significant cost of underground
cabling is eventually borne by consumers.

***) The change (loss) in farm income in the reactive approach is expressed as the difference with
the proactive approach.

The cost figures presented above are mostly based on physical damage and
production losses. These are referred to as ‘tangible cost. Costs can also be
‘intangible] referring to a reduction in levels of wellbeing and non-monetisable
environmental changes. Examples of intangible costs are extreme weather-
related disruptions in electricity distribution to houscholds (which also
include tangible costs) and the loss of wellbeing associated with the temporary
or permanent health effects of vector-borne diseases. A crude guideline

for inferring the cost of non-pecuniary welfare losses (i.e. net of actual
expenditures) is that these add between 100 and 200 per cent to the original

— pecuniary — cost levels. The resulting cost figures can be used to assess
justifiable investment levels for adaptation plans. On the other hand, such
compound cost figures should not be used for macroeconomic comparisons
or the assessment of public budget developments without recourse to their
foundation. Part of these welfare effects may later nevertheless result in
tangible costs.
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Availability of sectorial impact data is essential for efficient adaptation
planning and implementation. Physical impact data tend to be better available
than economic impact data, but significant impediments exist for both
categories. Problems with missing or poor economic impact data are partly
caused by the lack of (exact) physical data. Furthermore, private ownership of
data and absence of damage prices for nature, and various health effects add to
the availability problems of economic impact data.

The regional economic impacts vary by region due to regional differences in
climate change and the shares of climate change sensitive economic activities.
For example, analysis of ski lift ticket sales data across Finland has shown that
the number of visitors to ski centres in Southern and Central Finland are about
twice as sensitive to adverse snow conditions than ski centres in Northern
Finland. Furthermore, a lack of snow in Southern and Central Finland tends to
increase ski lift ticket sales in Northern Finland. Given the gradual reduction
in the duration of the ski season, especially in Southern and Central Finland,
where these durations are already shorter than in the north, an inter-regional
rebalancing of visitor numbers can be foreseen to the benefit of Northern
Finland, which may also face a growth in foreign visitors. Overall, at a national
level the turnover of ski centres may therefore grow moderately over the next
few decades, even though this also depends on the effects of mitigation policies
on long-distance travel. The impact of climate change becomes more visible
and diversified when zooming in to the regional level. This notion underlies
the regional variation summarized in Table 6.1. Regions in Finland with higher
shares of agriculture and forest sector in their regional product tended to face
stronger setbacks owing to effects of climate change.

6.3 Assessment of risks and vulnerability
to climate change

6.3.1 Methodological approaches for assessing risks
and vulnerability

In the context of climate change, risk is often defined arising from dynamic
interactions among hazards, exposure and vulnerability. Here, hazard refers
to climate-related events and trends that may induce adverse impacts such

as losses or damages to livelihoods and environmental resources. Exposure is
described as the presence of people, livelihoods, species or resources in places
and settings that could be adversely affected by the hazard. Vulnerability

is defined as the propensity or predisposition of the exposed entity to be
adversely affected. It encompasses concepts such as sensitivity, susceptibility
and lack of capacity to cope and adapt10.

10 IPCC (2022)
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To improve the efficiency of disaster risk management and climate change
adaptation, a government funded research project proposed a governance
model to produce sector-specific risk assessments from inter-operable basic
data, ultimately combining them cost-effectively into a national climate risk
assessment at regular intervals, has been proposed.!! It can also guide regional
and municipal risk assessments. It is suitable for assessing the consequences of
harmful weather events, emerging risks, and cross-border effects.

The proposed operating model consists of 1) cross-sectoral, joint monitoring,
and anticipatory work that monitors and anticipates hydro-meteorological and
climate hazards, and general societal development with the help of scenarios;
2) sector-specific risk assessments in which exposure, vulnerability, and risk
realisation and management are assessed; and 3) a joint, synthesising, climate
risk assessment that merges sector-specific risk assessments into a national
climate risk assessment.

The climate risk assessment is linked to the preparation and evaluation of
policy measures. It utilises societal development scenarios for exposure and
vulnerability assessments and provides a knowledge base for developing climate
change adaptation measures and governmental security and foresight activities.

The governance model requires nationwide coordination with a wide range of
expertise, e.g. key ministries, research institutes, and other stakeholders. Each
sector would be responsible for its own risk assessments, but the model would
ensure that the monitoring, forecasting, and scenario information of risk
management was COMMON across Sectors.

The model suggests an update of the national climate risk assessment every

six years. It is thus possible to integrate the climate risk assessment with the
National Risk Assessment, which is carried out every three years in accordance
with the national Security Strategy for Society.

A multi-sectorial climate change risk assessment was undertaken in 2018, and
the results were used in the national risk assessment!2. The climate change risk
and vulnerability assessment was updated in 2022 as part of the development
of the second national climate change adaptation plan. Assessment included
three different perspectives: 1) national risk and vulnerability assessment with
a focus on sectorial and cross-sectorial risks and vulnerabilities, 2) regional
vulnerabilities, and 3) national and local level institutional vulnerabilities.

11 https://tietokayttoon.fi/documents/113169639/113170760/23-2018-Assessing+and+

monitoring+hydrometeorological+and+climate+risk.pdf/67449197-bb59-439¢c-a96f

6d7d507bfa20/23-2018-Assessing+and+monitoring+hydrometeorological+and+climat
e+risk.pdf?version=1.0&t=1536559699000

12 National Risk Assessment 2018,
https://intermin.fi/julkaisut/julkaisu?pubid=URN:ISBN:978-952-324-249-4
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The results will also be used as an input to the update of the national risk
assessment. In addition, a government funded project assessed institutional
vulnerabilities, with a particular focus on regional and local levell3.

The operating model also provides an input for other reports and assessments
that are required by the Climate Act, the Energy Union Governance
Regulation of the EU, reporting on the planned implementation mechanism
of the Sendai Framework, the EU Civil Protection Mechanism, the National
Rescue Service Reform, and the UN Framework Convention on Climate
Change, for example. The model has yet to be put fully into practice but
forms a framework for ongoing development work within and across sectors.
The revised National Climate Change Adaptation Plan 2030 aims to develop
means to implement the proposed model.

Work is also ongoing to test a model-based response surface approach for a
national-scale climate change impact and adaptation assessment, applying
impact models across sectors within a standard analytical framework. This
secks to represent three aspects potentially relevant for policy: (i) sensitivity
— examining the sensitivity of the sectors to changing climate for readily
observable indicators; (ii) urgency — estimating risks of approaching or
exceeding critical thresholds of impact in alternative scenarios as a basis for
determining the urgency of response; and (iii) response — determining the
effectiveness of potential adaptation and mitigation responses.

6.3.2 Assessment of disaster risks

In Finland, extreme weather events include low-pressure storms,
thunderstorms, hot and dry spells, frosty periods, heavy rain and heavy
snowfall. Climate change will affect their likelihood and thus alter the
associated risks. Climate change will also increase the risk of large-scale
forest fires. As the climate warms, days with simultaneous high winds, high
temperatures, and low humidity will become more frequent and increase

the risk of fires spreading. The risk of flooding, for example, from the sea,
watercourses and stormwater, will also change as the climate warms. Sea
levels will rise in the Gulf of Finland, and storms may intensify, increasing
the risk of marine flooding. Exposure will depend significantly on where you
are on the coast. Similarly, the change in the risk of watercourse flooding will
depend on location: in some places, it will decrease due to there being less
snow, but in large central lakes and their estuaries, for example, the risk of
flooding will increase.

Extreme weather events can pose immediate risks, for example, to human
health and safety, and damage or disruption to infrastructure in a region. For
example, storms can cause electricity supply disruptions when trees fall on
power lines. In turn, electricity supply disruptions can cause further disruption

13 Hildén et al. 2022a and 2022b http://urn.fi/URN:ISBN:978-952-383-118-6

https://tietokayttoon.fi/julkaisu?pubid=42102
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to infrastructure and critical functions in the area through cascading effects.
However, in global comparison, extreme hydro-meteorological events do not
generally create disasters in Finland.

6.4 Domestic adaptation policies and strategies

6.4.1 National adaptation policy framework

In publishing its first National Strategy for Adaptation to Climate Change

in 2005, Finland was among the first countries in the world to produce such

a strategy. The current national adaptation policy framework is described in
the Government Resolution of the National Climate Change Adaptation Plan
2022 (Nov 2014) 14,

The aim of the adaptation plan is that Finnish society has the capacity to
manage the risks associated with climate change and adapt to changes in the
climate. Three objectives were set to be achieved by the end of 2022:

A. Adaptation has been integrated into the planning and activities of both the
various sectors and their actors.

B. The actors have access to the necessary climate change assessment and
management methods.

C. Research and development work, communication, and education and
training have enhanced the adaptive capacity of society, developed
innovative solutions, and improved citizens’ awareness of climate change
adaptation.

The first objective highlights the approach of mainstreaming adaptation, i.e.
integrating the perspective of managing climate risks and adaptation needs into
regular activities in different sectors. Following this, further identification and
definition of more detailed adaptation measures has been tasked to each sector
ministry for their areas of responsibility.

Implementation of the NAP has been supported and monitored by a broadly
based Monitoring Group for Climate Change Adaptation since 2015.

The group is chaired by the Ministry of Agriculture and Forestry, with
representatives from the relevant ministries and other authorities, regional and
local actors, research institutes, expert organisation in fire and rescue services,
and financial services.

14 https://mmm.fi/documents/1410837/5120838/ MMM-_193086-v1-Finland_s
National_climate_Change_Adaptation_Plan_2022.pdf/582041ee-3518-4a63-

bf60-7133aed95a9¢/MMM-_193086-v1-Finland_s_National _climate_Change
Adaptation_Plan_2022.pdf?t=1507187377000
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Between 2018 and 2019, a mid-term evaluation was carried out to assess
progress in the implementation of the NAP. In the lead up to updating the
National Adaptation Plan, a final evaluation of the NAP was carried out
between 2021 and 2022.

National adaptation planning has been stipulated as part of Finland’s Climate
Act since 2015. The law provides a framework for planning, implementing,
and assessing climate policies and improves cooperation among government
offices in mitigation and adaptation. According to the Climate Act, the
Government approves and presents to Parliament long-term and short-term
strategic mitigation and adaptation plans. According to the Climate Act, a
national adaptation plan should be approved at least every ten years. Between
2020 and 2022, the Climate Act was revised, and the updated Climate Act!>
entered into force on 1 July 2022. In the future, a National Adaptation Plan
will be adopted every other electoral period (essentially every eight years).
The revised Climate Act further stipulates that an evaluation will be carried
out halfway through the NAP’s implementation period to assess progress and
needs for additional measures.

The Climate Act stipulates that each ministry is responsible for implementing
and monitoring the progress of the climate plans included in the climate policy
planning framework defined by the Act. In essence, this means that while the
Ministry of Agriculture and Forestry is responsible for coordinating overall
national adaption policy, each ministry has the responsibility to ensure and
follow up its implementation within their own areas of responsibility. The
current NAP includes a measure that detailed climate risks and vulnerability
assessments, as well as the identification of measures needed to manage them,
should be undertaken by each sector ministry. Where required, sectoral
adaptation (action) plans should be developed to guide more detailed
adaptation actions in different sectors. Currently, sectoral adaptation plans
have been developed by the following sector ministries (further information in

Section 6.4.2):

— 'The Ministry of the Environment’s Action Plan (2008, revised in 2011
and 201616). The environmental administration’s sectoral adaptation
action plan includes measures for biodiversity, land use, buildings and
construction, environmental protection, and the use and management of
water resources.

— The Ministry of Agriculture and Forestry’s Adaptation Action Plan (2011,
revised 202217). The sectoral adaptation action plan includes measures for

15 423/2022

16 Adaptation to Climate Change in the Administrative Sector of the Ministry of the
Environment Action Plan 2022, http://urn.fi/URN:ISBN:978-952-11-4736-4

17 https://mmm.fi/en/adaptation-in-the-ministry-of-agriculture-and-forestry-

administrative-branch
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agriculture, forestry, fisheries, game management and reindeer husbandry,
water supply, and flood risk management.

— 'The Ministry of Social Affairs and Health’s Adaptation Plan (202118)

Furthermore, adaptation has been integrated into broader climate/
environmental policy programmes in other sectors, including transport and
communications, and defence. In 2022, work is underway in the Ministry of
Defence to develop a dedicated sectoral climate change adaptation plan.

Adaptation to climate change has been recognised in National Energy

and Climate Strategies (2005, 2008, 2013, 2016, 2022). Climate change
adaptation has been further integrated in various national policies, such as
Finland’s Strategy for Arctic Policy adopted in June 2021 where mitigation
and adaptation to climate change is one of the strategy’s four priorities (further
information in Section 6.7).

6.4.2 Sectoral adaptation planning

Water resources and water supply

In the water resources sector, climate change has been integrated into the
implementation of the EU’s water framework and flood directives, national
dam safety legislation, water supply site risk assessment, and the review
process of watercourse regulation permits. The selection and prioritisation
of measures presented in the 2nd flood risk management plans and 3rd

river basin management plans include the estimation of climate resilience

of different strategies and measures. The Finnish Environment Institute has
produced preliminary stormwater flood maps for municipalities’ stormwater
risk assessments and regional Centres for Economic Development, Transport
and the Environment (ELY Centres) have prepared flood maps to enhance
preparedness and to be considered in land-use planning. A national drought
risk management strategy is under development. A pilot for a regional drought
management plan was carried out in 2020, and a national drought risk
analysis is in progress. Indicator-based drought early warning systems are also
under development. Watershed regulation and permits require reassessment
due to seasonal changes in water levels and discharges. Adaptation may
require changes in the regulation permits. Dam safety legislation requires
the estimation of design floods for classified dams. Climate change affects
the magnitudes of the design floods, and this should be considered in the
estimation of the design floods in the watersheds where floods are expected
to increase. The new Water Resources Management Strategy 203019 also

18 Climate change in the healthcare and social welfare sector: Climate change
adaptation plan of Ministry of Social Affairs and Health (2021-2031),
http://urn.fi/URN:ISBN:978-952-00—8424—0

19 http://urn.fi/URN:ISBN:978-952-366-185-1
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emphasises climate change adaptation and mitigation in the management of
water resources.

Agriculture

Adaptation measures for agriculture are included in the Ministry of
Agriculture and Forestry’s sectoral adaptation plan for 2022 to 2027.
Guidelines for water management in agriculture and forestry in a changing
environment (2020)20 set out objectives and measures for sustainable water
management in agriculture and forestry, including in the light of changing
climate conditions. A work programme has been published to support

the guidelines’ implementation. In addition, emergency plans and risk
assessments for various existing and emerging pests and diseases are discussed
in Section 6.6.2.

Forestry

Adaptation measures for forestry are included in the Ministry of Agriculture
and Forestry’s sectoral adaptation plan for 2022 to 2027. The Forest Damages
Prevention Act?! took effect in 2014, and it was altered most recently in 2022
to decrease the risk of extensive forest damage caused by insects or root rot due
to climate change.

Climate-resilient forestry is an integral part of the National Forest Strategy
2025. The main goal is to maintain and improve the resilience of forests

by integrating climate change considerations into forest management.

This is achieved by improving knowledge of and practical tools for the
enhancement of carbon storage and sequestration in forests, as well as on

the impacts of forests and forest management on climate change adaptation.
The preparation of the new Strategy is underway and will be finalised by the
end of 2022. Increased financing for research and development, as well as
updated legislation and guidelines on forest management and climate change,
also contributes to improved risk management carried out by forest owners,
operators and the authorities. The updating of the state financing scheme for
sustainable forest management in private forests is also underway. One of the
main goals is to promote management practices that enhance forests’ resilience.

Reindeer husbandry and herding

In 2021, the Ministry of Agriculture and Forestry established a working group
on the future of reindeer husbandry with the aim of 1) promoting active,
sustainable and progressive reindeer husbandry, 2) developing the subsidy
system and securing investment support for reindeer husbandry, and 3)

20 Maa- ja metsitalouden vesitalouden suuntaviivat muuttuvassa ymparistossa - Valto
(valtioneuvosto.fi)

21 1087/2013
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promoting the development of reindeer husbandry as a profitable, sustainable,
and culturally significant livelihood. The working group’s first task is to prepare
a working model for reindeer pasture management plans for each reindeer
herding cooperative, which will ensure the sustainable use of reindeer pastures
in accordance with the reindeer numbers stipulated in a government decree?2.
The working group’s work will also include the sector’s work on anticipating
the effects of climate change and planning adaptation measures.

Fisheries and game

Commercial fishing is steered by the Fishing Act?3. The Fishing Act provides
for national fisheries management plans to ensure the sustainable use and
management of fisheries resources. Climate change plays a marginal role in
policymaking and commercial fishing documents.

Finnish hunting legislation and hunting activities are based on the principle of
sustainable use. Sustainable use is determined by estimates of the size of animal
populations and species-specific management plans. The impact of climate
change on the success of animal populations has not been considered in recent
management plans.

Energy

Adaptation measures in the energy sector are included in the National Climate
and Energy Strategy published in 2022.

In energy distribution the Act on Electricity Markets?4 requires the network
operators to prepare for extremes and also to compensate users for failures to
maintain distribution of electricity. This has made network operators invest in
ways to reduce the risk of distribution failures due to for example storms.

Act on Peak Load Reserve?> secures a balance between electricity production
and consumption. Amendments in 202126 make it possible to secure supply of
electricity also in abnormal situations and disturbances. In the future, the need
for and volume of peak-load capacity would be assessed at least every two years.
Participation in peak-load reserve would be extended when necessary.

Transport

e Ministry of Iransport an ommunications is responsible for adaptation
The Ministry of Ti tand C t ble for adaptat
planning in the transport and communications sector at national and strategic

22 414/2020
23 379/2015
24 588/2013
25 117/2011
26 1239/2021
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levels. Adaptation is part of standard sectoral policies, plans, and programmes
in the transport sector.

In 2021, the Government adopted the National Transport System Plan for
2021 to 2032, which is a strategic plan for the long-term development of the
entire transport system. The plan includes an action plan and brings together
the measures taken by central and local government. The plan notes that
climate change is changing the transport system’s operating environment.
According to the plan, adaptation to climate change will require transport
system operators to be more aware of weather and climate risks, for example.
There is a need for measures in the planning of both the rail and road networks
and especially in the winter maintenance of the networks. Sustainability is one
of the key goals of the plan, and the plan’s measures will increase opportunities
for climate change adaptation policies in the sector.

In March 2022, the Government adopted a new Transport Safety Strategy?’.
The strategy notes that acknowledging the needs of climate change adaptation
throughout the transport network is key to the improvement of traffic safety.
All the authorities responsible for the transport network’s maintenance

must ensure that changing conditions and increasingly extreme weather are
considered in the maintenance and development of the transport network. The
plan also includes policy measures on the better collection and communication
of meteorological information.

The Finnish Transport Infrastructure Agency (FTTA), which operates under
the Ministry of Transport and Communications, is responsible for road,
railway, and waterway construction and maintenance and operates in close
cooperation with the regional Centres for Economic Development, Transport
and the Environment (ELY Centres). According to the steering contract
between the Ministry and the Agency, as part of its continuous tasks, the
Agency produces information regarding adaptation.

Built environment, natural environment, and biodiversity

In the built environment sector, the legislative steering of adaptation to climate
change is based on the Land Use and Building Act?8. Another important
method for steering land use regarding adaptation has been the national
land-use guidelines (Government Decision 2008), one of the focus areas

of which is adaptation. According to the Land Use and Building Act, the
national land-use guidelines must be taken into account in regional planning,
municipal land-use planning and in the operations of the authorities. In 2014,
the Land Use and Building Act was amended with provisions on stormwater
management. Increasing rain levels have been considered through the issuing

27 https://www.lvm.fi/-/government-resolution-transport-safety-strategy-aims-to-improve-

the-safety-of-all-modes-of-transport-1703498

28 132/1999
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of a decree on the preparation of moisture control plans in construction in
2014. Urban flood management is also covered by the Flood Risk Management
Act?®. A reform of Land Use and Planning Act is currently ongoing, and its
main targets are the mitigation and adaptation of climate change.

Adaptation actions in the built and natural environments are included

in the Action Plan for the Adaptation to Climate Change of the
Environmental Administration 202230, adopted in 2016. Progress of the
plan’s implementation from 2016 to 2019 was reported in 2020 (for further
discussion see Sections 6.6.1 and 6.6.2).

Cultural heritage

The Ministry of the Education and Culture, with other ministries, agencies,
and third sector actors, prepares the first national cultural heritage strategy.
The Cultural Environment Strategy from 2014 to 2020, which was completed
under the leadership of the Ministry of the Environment, will continue to
direct the work on the cultural environment. In addition, the Ministry of the
Environment is currently preparing the definition of landscape policy. In all
these strategies, climate change is a key theme.

Industry and commerce

The most significant risks caused by climate change to the Finnish industry and
commerce are indirect and closely connected to other sectors within Finland as
well as to global developments. Because of the cross-sectoral nature of the risks,
no specific adaptation plan has been prepared for Finnish industrial operations
or commerce31. The adaptation planning is carried out through cross-sectoral
work in which the adaptation needs of the Finnish industry and commerce are
taken into consideration.

The mitigation and adaptation needs caused by flooding, droughts and other
extreme weather conditions are researched and implemented in connection
with the ongoing reform of the Land Use and Building Act. Climate change
mitigation and adaptation as the main objectives of the reform improve the
ability of the Finnish industry and commerce to adapt to the direct effects of
climate change.

Research has identified problems in logistics caused by climate change as a
potential indirect risk to Finnish industrial operations. In March 2021, the
Finnish National Emergency Supply Agency under the Ministry of Economic
Affairs and Employment of Finland started the implementation of the
Logistics 2030 programme. Logistics 2030 programme takes into account

29 620/2010
30 http://urn.fi/URN:ISBN:978-952-11-4736-4

31 No specific plan for adaptation has been prepared for mining either. As for the built
environment in general, securing the function of infrastructure is essential.
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the impacts of climate change on the logistics sector and aims to strengthen
the operating conditions and operational capacity of critical logistics
infrastructure.

Indirect risks caused by disruptions in the energy supply are addressed as part
of the Finnish Climate and Energy Strategy prepared by the Finnish Ministry
of Economic Affairs and Employment. Energy security and security of supply
play a major role in the Finnish approach to climate change adaptation and as
such support the ability of the Finnish industry to adapt to problems in the

energy supply.

Tourism

Adaptation measures for the tourism sector are an integral part of Finland s
tourism strategy 2019-2028 and action plan 2022-2023. The updated
strategy will be finalized by autumn 2022. The strategy states the role of
tourism as a cross-sectoral industry and its potential to enhance a shift towards
more sustainable, cleaner, lower-carbon economic growth to minimize

the effects of climate change. At the same time, the strategy calls for new,
innovative solutions for sustainable tourism products and experiences.

According to the strategy, proactive adaptation measures and successful
green transition are a prerequisite for ensuring the profitability and social
acceptability of tourism business activities. The tourism sector needs
investments in measuring and reducing carbon dioxide emissions, reforming
operating practices and in-creasing cooperation. These all actions are
included into the Finland s tourism strategy. In addition, in June 2022, 60
tourism businesses, destinations and associations together with Visit Finland
signed Glasgow Declaration for Climate Action in Tourism. By signing the

organizations commit to halve emissions by 2030 and reach Net Zero as soon
as possible before 2050.

Tourism is a horizontal sector and many adaptation planning described in this
chapter has direct or indirect impact on the tourism sector. Especially transport
is an essential part of the tourism sector.

Health and welfare

Adaptation actions for health and welfare sectors are included in the Climate
Change Adaptation Plan for the Social and Health Sector32 published by

the Ministry of Social Affairs and Health in 2021. The aim of the sectoral
Adaptation Plan is to assess the current state of adaptation and the structures
supporting it, identify current and new adaptation measures in the health and
wellbeing sector, and translate the measures into more concrete terms within
the administrative branch of the Ministry of Social Affairs and Health.

32 http://urn.fi/URN:ISBN:978-952-00-8424-0
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The intention is to introduce the Adaptation Plan to healthcare and

social welfare operators and to increase risk awareness in the healthcare

and social welfare sector. The Adaptation Plan contains 43 objectives and

92 recommendations for measures. The measures cover areas related to
environmental health, health, and social services (incl. occupational safety
and health), social effects, and mitigation measures and repercussions. The
Ministry of Social Affairs and Health is responsible for implementing,
monitoring, and assessing the Adaptation Plan. The Drinking Water
Directive33 (EU) on the quality of water intended for human consumption to
ensure healthy drinking water is being implemented. Planning on legislative
amendments across several branches of government, particularly in the
administrative branches of the Ministry of Social Affairs and Health, the
Ministry of the Environment, and the Ministry of Agriculture and Forestry, is
currently ongoing.

6.4.3 Disaster prevention and management

There is no single national disaster risk reduction strategy in Finland, but there
are legislative government resolutions, various strategies and programmes that
together form the necessary preparedness of the society to various disasters.
The legislation includes the Emergency Powers Act34, Rescue Act3?, and Act
on Security of Supply3®.

The Security Strategy for Society 201737 is a government resolution that
harmonises national preparedness principles and guides preparedness in

the various administrative branches. The first part of the strategy presents a
cooperation model for comprehensive security, based on which preparedness
measures and other actions are taken concerning a range of incidents in
Finland. The principles of the Security Strategy for Society cover preparedness
in different types of incidents and emergencies. The strategy lays out seven
vital functions in society, i.c. the basic functions that must be safeguarded in all
conditions and at all operative levels. The second part of the strategy outlines
the tasks and areas of responsibility of the Government’s ministries pertaining
to preparedness. They are the starting point for preparedness planning at

all activity levels. To safeguard the vital functions, the Security Strategy for
Society 2017 defines 57 tasks and areas of responsibility for the Government’s
ministries pertaining to preparedness.

The Report on Internal Security assesses the state of internal security in
Finland, and the national and global drivers of change affecting it. It defines
the internal security objectives and the direction of development until 2030.

33 Drinking Water Directive (EU) 2020/2184
34 1552/2011

35 379/2011

36 1390/1992

37 https://turvallisuuskomitea.fi/wp-content/uploads/2018/04/YTS_2017_english.pdf
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It aims to ensure the further development of internal security so that Finland
will be an even safer country for all people and population groups in the future.
Climate change was identified as one of the drivers affecting internal security.

The statutory tasks of the Regional State Administrative Agencies include
coordinating regional preparedness and organising the related cooperation,
which includes cooperation with the various authorities in the region, as well
as with non-governmental organisations and the private sector. The Regional
State Administrative Agencies organise large-scale preparedness exercises to
promote a common regional risk management capability between actors.
Regional risk assessments are actively used for preparedness exercises and for
general preparedness planning and training activities.

In 2018, climate change impacts were included in the National Risk
Assessment by describing the diversity of weather and climate risks and
the challenges posed by growing risks to society. Ministry of the Interior
re-established the National Sendai Network in 2021 to offer a common
national podium for the relevant 26 different stakeholders. The Network
consists of ministries, research and development, central national agencies
and non-governmental organisations, all having responsibilities in
implementing the Sendai Framework. This Network strengthens national
and international cooperation, forms the audience for better information

sharing and enhances implementing national strategies within the Disaster
Risk Reduction (DRR) issues.

6.4.4 Sub-national and local adaptation plans

A significant share of adaptation measures is implemented at the regional and
local levels. Various measures promoting preparedness for climate change,

such as flood protection, have already long been implemented at regional or
municipal level. Adaptation measures are included in many recent programmes
and strategies at the regional and local levels, but the dominant focus of climate
action has been on climate change mitigation.

The need for systematic implementation of adaptation measures has been
widely recognised in municipalities, and regional climate risk knowledge
and awareness have increased. This has led to active development efforts
and collaboration with different actors. Typical adaptation measures focus
on improving preparedness for climate risks, such as flood risk mapping or
emergency planning related to water management and storms.

Bigger cities and municipalities have been especially active in developing
and implementing adaptation policies and actions. In 2021, the Helsinki
Region Environmental Services Authority (HSY) finalised their Sustainable
Urban Living Programme, which includes new measures for climate change
adaptation in the metropolitan area. The programme supersedes the
metropolitan region’s adaptation strategy adopted in 2012. Individual cities
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in the metropolitan region have since engaged in more detailed adaptation
planning, and the focus of measures at the metropolitan region level have
therefore shifted to common learning, supporting awareness raising,
networking, and monitoring and evaluation. Some larger cities are involved

in the Covenant of Mayors for Climate and Energy, which requires cities to
prepare risk and vulnerability assessments and plan adaptation measures as part
of their climate action plans.

Finland’s Regional Councils established a collaboration network in 2020

to improve knowledge sharing and cooperation in relation to climate issues,
including adaptation to climate change. The regional Centres for Economic
Development, Transport and the Environment (ELY Centres) have carried
out a systematic assessment of the current and future needs of adaptation
action in their areas of work. ELY Centres are active across the country, and
through the ELY Centres’ internal network on climate change issues, the
Centres collaborate on national-level actions. Many regions are also proactive
in promoting regionally important adaptation action and creating adaptation
plans in collaboration with other regional actors.

6.5 Monitoring and evaluation framework

National adaptation actions are guided by the National Adaptation Plan
(NAP) of 2014. A mid-term evaluation of the NAP was published in the
spring of 2019, and a final evaluation of the plan was carried out between 2021
and 2022. Annual monitoring of the NAP has focused on tracking the progress
of the actions included in the plan. Efforts to monitor adaptation more broadly
are ongoing. Some sectoral adaptation plans have also included efforts to
follow up their implementation: for example, the Ministry of the Environment
has monitored its own adaptation programme by systematically tracking the
actions and identifying progress and challenges. Evaluations of the Ministry of
Environment’s adaptation plan were published in 2013 and 2020.

The final evaluation of the current NAP (2014 to 2022) focused on assessing
the success and challenges of the plan’s implementation, as well as identifying
needs for further adaptation efforts. The evaluation approach combined
multiple methods. Policy and legislation documents were assessed to identity,
inter alia, the state of climate adaptation in different policy fields and the
policy coherence of adaptation across fields. Three workshops involving
public officials working at the regional level across Finland were organised, in
which the participants provided inputs on the current state, challenges, and
knowledge gaps of climate adaptation work in their respective regions. Two
national-level workshops involving representatives from multiple ministries
were organised to discuss how to better concretise adaptation work within
the next 10 years and to present objectives and actions to achieve them. A
survey was sent out to all Finnish municipalities to gain a better understanding
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of the current state of climate adaptation at the local level. Interviews with
regional and national public sector actors were conducted to assess the level

of both human and economic resources dedicated to adaptation measures. In
addition, various adaptation policy development paths were identified through
a literature review of reports across EU countries.

Prior to the recent final evaluation of the NAP, a mid-term evaluation was
carried out between 2018 and 2019, in which a two-phase process applied.

In the first phase, a facilitated self-evaluation process was carried out with
sectoral administrations at the national level, consisting of group interviews
with representatives of ministries and associated agencies and national research
institutes in eight sectors, as well as key regional and local level representatives.
The second phase focused on engaging stakeholders beyond the national-level
administrations. Regional and local stakeholders from 11 different sectors were
consulted via an online survey, and five regional stakeholder workshops were
organised around the country to discuss the progress of adaptation work from a
regional perspective.

Further to periodical evaluation efforts, more regular monitoring of the
implementation of adaptation policies is undertaken by the National
Monitoring Group for Climate Change Adaptation. The monitoring group
brings together a broad range of stakeholders from both the national and
regional levels. As part of this work, key indicators for monitoring climate
impacts, risks and adaptation were compiled between 2015 and 2017 in
dialogue with stakeholders. The further development, application and
communication of adaptation indicators is an ongoing process led by the
national adaptation monitoring group. In 2022, work is ongoing with Finland’s
national Climate Change Panel to identify indicators suitable for monitoring
adaptation, especially in the human health and water services sectors.

The Helsinki Metropolitan Area had formulated a regional adaptation
strategy for 2012 to 2020 focusing on urban adaptation. In 2021, the
implementation and effectiveness of the strategy, coordinated by the
Helsinki Region Environmental Services Authority (HSY), was assessed by
an external evaluator. According to the assessment, the strategy was most
influential in the first years of its implementation, because the concept of
adaptation was still novel, bringing a new perspective to urban planning.

The strategy was considered useful for recognising climate hazards and
vulnerabilities. What added most value to the adaptation planning during
the strategy period was the development of fruitful cooperation and
knowledge exchange between the cities in the Metropolitan Area. During the
strategy period, the need for the cities’ own adaptation measures gained more
attention, and some of the measures of the regional strategy were exported in
the cities’ adaptation action plans.
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6.6 Progress and outcomes of adaptation action

6.6.1 Progress of national adaptation plan

A mid-term evaluation of Finland’s National Adaptation Plan 2022 was carried
out in 2018-2019. Results of the evaluation were used to steer and strengthen
the Plan’s implementation. In August 2022, a final evaluation of the progress of
Finland’s national adaptation policy was published. Results of the final evaluation
have informed preparation of Finland’s next NAP that looks to the year 2030.

According to the final evaluation, climate change impacts are receiving
increasing attention in all administrative sectors in Finland. This is evident
in references to climate change in the development of regulation and other
policies. It is assessed that the NAP has positively contributed to goal setting
and increasing general awareness of the need for adaptation. Sectors have,
however, progressed at a different pace in terms of actions and guidelines that
would concretely strengthen adaptive capacity. For example, advances have
been made in construction, infrastructure maintenance, water management,
and the use and protection of water bodies. These are typically sectors in
which weather and climate fluctuations have long been relevant for normal
operations. In other fields, such as game management, fisheries and healthcare,
climate change has only recently gained attention as a concrete phenomenon
that requires action.

Finland has maintained R&D activities that support the development of
adaptation measures and the preparation of policies promoting adaptation.
Until recently, R&D activities have focused either on short-term examinations
on the one hand or long-term academic research. However, there is also a
need for applied R&D projects, in which joint development methods would
be created using tools such as checklists and guides for different sectors to
implement concrete adaptation measures.

In Finland, monitoring the state of the environment has developed over a long
period of time, and the data has also been used to verify and assess climate
change impacts. Adaptation measures are reported nationally in connection
with the Annual Climate Report to Parliament. Policy measures promoting
adaptation are also regularly reported to the EU and the UN Paris Climate
Agreement. Monitoring of individual adaptation measures at the regional and
local level is developing, but monitoring is still fragmented. Moreover, there

is no unified data base which could be utilised to develop adaptation planning
measures and activities and to share good practices of actions taken.

In addition to evaluations of the NAP, progress in the implementation of
certain sectoral adaptation plans has also been assessed. In 2020, Progress in the
implementation of the Action Plan for the Adaptation to Climate Change of
the Environmental Administration from 2016 to 2019 was reported.
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The results show that the implementation of almost all measures described in
the Action Plan for which a timetable had been set has progressed as planned,
and they have been completed. In terms of the steering instruments, progress
has been made in considering the needs for adaptation, but the consistency of
the guidance should be further improved. Further details on the progress of
actions are described in Section 6.6.2 below.

6.6.2 Progress of sectoral adaptation actions

Natural environment and biodiversity

The Action Plan for the Adaptation to Climate Change of the Environmental
Administration 2022 was adopted in 2016. The Action Plan contributes to
the implementation of the National Climate Change Adaptation Plan 2022
(Government Resolution of 20 November 2014).

The Finnish Nature Conservation Act is one of the key instruments to ensure
the biodiversity of the Finnish natural environment. The act has recently been
revised. Compared to the Conservation Act of 1996, in the revised version,
adaptation to climate change-induced impacts is more clearly integrated into
the aim of the act, and the need for identifying interdependences between
climate change and biodiversity measures has been acknowledged. As the need
to consider climate change impacts has become part of the proposed new law,
the linkages between conservation and climate change adaptation are therefore
further strengthened.

The protection of habitats takes a major leap forward in the new Act. The
protection of certain habitat types that are already protected will be further
strengthened. In addition, the Act provides the statutory framework for the
protection of threatened habitat types and imposes a prohibition on degrading
strictly protected habitats. The protection of species will also be intensified and
clarified, which, with the protection of habitats, will significantly promote the
protection of biodiversity in Finland. The Act also promotes the rights of the
Sami people by taking their rights as an indigenous people into account in the
implementation of the Nature Conservation Act more strongly than before.
The new Act includes a prohibition on weakening traditional Sdmi livelihoods
and culture.

Worldwide and in Finland, invasive alien species constitute one of the leading
threats to biodiversity. Climate change is anticipated to substantially increase
the number of alien species in Finland and the damage they cause. Climate
change also affects the relationships between plants and plant diseases. The
EU Regulation on Invasive Alien Species, Finland’s national legislation on
Invasive Alien Species, and related national management plans will increase
preparedness to react to changing circumstances, as climate change increases
the potential for invasive alien species to spread northwards and thus extends
their range, as well as their invasiveness. The more tangible actions are used to
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address the negative effects by invasive alien species, the more biodiversity will
be maintained and adapted to the climate.

Water resources

Adapting to the impacts of climate change has long been important for the water
sector. The current water conservation enhancement programme (2019 to 2023)
funds projects that support adapting to climate change and prevent biodiversity
loss in different sectors. For example, the programme is expected to generate

and develop measures to prevent nutrient runoffs in the agricultural sector and
manage rainwater in an integrated fashion (incl. nature-based solutions). The
water conservation enhancement programme also funds studies and assessments
of the state of the Baltic Sea and inland lakes, which supports adaptation to
climate change. In addition, the new Programme of Measures of Finland’s Marine
Strategy from 2022 to 2027 deals with anthropogenic stress factors, as well as the
impacts of climate change, which can aggravate other problems and thus call for
more effective measures. In addition, the flood risk management plans for 2022
to 2027 for significant flood risk areas were updated in 2021. The objective of
the plans is to develop measures to minimise flood damage and flood risks, such
as flood forecasting and flood warnings. In 2022, new river basin management
plans and action programmes were adopted for 2022 to 2027 to achieve and
sustain the good state of waters.

Water supply

In the new Programme for the National Water Services Reform, attention has
been paid to securing the undisturbed operation of water supply management
and improving the management of risks, including climate risks. The Water
Resources Management Strategy 203038 lists key change factors to the operating
environment, such as the use of water resources, management of risks and self-
sufficiency, and adaptation to climate change, by utilising nature-based solutions,
for example. The goal of the strategy is to support and enable the supply of
clean water, the reliability of water supply, and the water-related wellbeing of
society and nature. Additionally, water responsibility and security are given more
attention, and these will also be advanced at an international scale.

Agriculture

Further development of cultivation methods and systems is required to reduce
risks and increase the resilience and competitiveness of agricultural production
in a changing climate. The existing networks in place for farmers, farmers’
associations, and advisory services help improve the exchange of knowledge
about the means for adapting to climate change and variability. Agricultural
research has been well designed to support and prioritise the development

of primary adaptation measures. Research on climate change impacts and

38 http://urn.fi/URN:ISBN:978-952-366-185-1
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available adaptation means has thereby already provided useful information
for farmers and agricultural entrepreneurs. In the agricultural sector, measures
for adaptation to climate change often also work as climate change mitigation
measures. Adapting to a changing climate is also instrumental in achieving the
climate mitigation targets set for the agricultural sector.

The adaptation measures include developing risk profiles and emergency plans
for various existing and emerging pests and diseases. Although the main drivers
for the risk assessment have been the pest and disease risks caused by increasing
international trade, the impacts of climate change are also included where
relevant. Finnish plant breeding has expanded the breeding strategies to cover
novel crops that will probably be introduced to diversify Finnish crop rotations
in the future. These, coupled with improved disease resistance and resilience
through plant breeding, are important elements in improving the future
adaptive capacity of Finland’s agriculture.

The EU’s Common Agricultural Policy (CAP) provides many tools for the
abovementioned adaptation needs. Diversified production, the stability of
the business economy, and the management of the growing condition of the
field and water management play a key role in adapting to climate change.
Organic production also promotes biodiversity and thus helps farmers adapt to
climate change. Investment subsidies, advice services and various data transfer
projects have helped develop production and modernise the equipment base.
Adaptation to climate change in livestock farming is strongly linked to animal
welfare and production hygiene. In Finland, animal welfare and hygiene are

at a high level, and measures to promote them are well funded by the Rural
Development Programme. Measures related to adaptation are included to the

Finnish national CAP plan for the new CAP period from 2023 to 2027.

An indication of farmer’s readiness to adapt to climate change is that they
have already adopted later-maturing cultivars and crops, and they have started
sowings earlier than a couple of decades ago. Since 1995, there has been a
significant shift to the cultivation of more diverse cash crop choices in larger
field areas. The warming climate has been the primary driver, but such a
change has been possible only when supported by well-adapted cultivars,
active markets and financial compensation. Cultivation methods and systems
have been further developed to reduce risks and increase the resilience and
competitiveness of agricultural production in a changing climate. These
include sustaining soil structure and conditions by diversitying crop rotations,
applying measures that increase soil organic content, increasing the period
with soil cover by using autumn-sown and cover crops, and developing warning
systems for the occurrence of pest and disease epidemics. However, farmers
have prioritised the maintenance of subsurface drainage over the future use

of irrigation. Farmers hesitate to adopt irrigation because of uncertainties in
future precipitation, crop prices, irrigation costs, and thus whether investment
pays back, and how long it will take. Adaptation measures on farms have been

6 Vulnerability assessment, climate change impacts
and adaptation measures

335



supported and monitored by several recent or ongoing research projects in
collaboration with farmers, advisory services, farmers’ unions, policymakers
and private companies. To enhance adaptation to exceptional weather
conditions, measures to improve and increase farms’ energy self-sufficiency and
energy security of supply have been promoted and implemented.

Forestry

The Forest Damages Prevention Act3? took effect in 2014, and it was altered
most recently in 2022 to decrease the risk of extensive forest damage caused by
insects or root rot due to the changing climate.

Finnish forest administration has prepared contingency plans for extensive
storms and other damage in forests. The plans cover storm damages, forest
fires, snow damage, drought and frost damage, air pollution carried over a
distance, and pests previously unobserved in Finland. The authorities have also
started to draft contingency plans for various invasive alien species, as well as
domestic pests such as the spruce bark beetle, which are expected to cause more
damage in the future.

One of the foremost targets of the genetic improvement set in the Forest Tree
Breeding Programme 2050 (2008) is the adaptation of future reforestation
materials to climate change. The use of high-quality seed, suitable for different
climatic conditions, is promoted by establishment of new seed orchards. Next
generation seed orchard programme is being prepared during 2022. New
deployment area maps that take into account climate warming predictions have
been released in 2017 for improved seeds and seedlings of pine and are under
preparation for spruce.

Energy

Finland has taken measures to adapt to the changing climate conditions,
especially to the severe winter and summer storms that cause extensive and
long-lasting power outages. Energy utilities have replaced a significant amount
of the overhead electricity lines with underground cables. This has drastically
decreased the number of blackouts throughout the country compared to

the situation in 2011, when a major storm caused a blackout for more than
500,000 households. After the storm, the new requirements of a weatherproof
network were introduced to the Electricity Market Act?0. Among other things,
the Act sets time limits for power outages beyond which compensation must
be paid and includes measures for increasing the security of supply.

The Government is currently introducing new measures to the Electricity
Market Act to enable the energy transition and help consumers better manage

39 1087/2013
40 Electricity Market Act 588/2013
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their consumption and deliver energy-efficient solutions. New provisions allow
consumers to save money. They contribute to the overall reduction of energy
consumption. New types of services will enable more efficient system use.
Intelligent electricity networks will work as a service platform in the transition
to a more decentralised and carbon-neutral electricity system. Almost all users
of electricity in Finland have smart meters that allow customers to participate
in a variety of markets, improve security of supply, and cost-effectively create
new business opportunities for companies. The smart meters provide network
companies with online information about the network status, including
detailed geographical information about disturbances caused by trees that
have fallen on overhead lines, for example. This enables network companies

to quickly restore the electricity supply and minimise the duration and
consequences of events.

To fully use the demand side response and optimise the system, distribution
network companies must also prepare a network development plan explaining
how to employ demand response and storage and energy efficiency measures as
an alternative for network investments for more efficient system use.

Land-use planning and buildings

In the land-use planning and building sectors, climate change and its impacts
present significant challenges, which are also commonly recognised. In the
currently ongoing reform of the Land Use and Building Act (2021 to 2022),
one of the central goals is to better take climate change into account. The
ambition is to make changes to the existing land-use planning system so that
planning can better contribute to climate change mitigation and adaptation.

The Action Plan for the Adaptation to Climate Change of the Environmental
Administration 2022 was adopted in 2016. The Action Plan contributes to
the implementation of the National Climate Change Adaptation Plan 2022
(Government Resolution of 20 November 2014).

Cultural heritage

The major legal basis for protecting cultural heritage sites and the
environment is the Land Use and Building Act. The national land-use
guidelines also contribute to the efforts to adapt to climate change and
extreme weather events and their consequences. Cultural environments are
among the guidelines’ themes.

The Constitution defines nature and its diversity, as well as the intrinsic value
of cultural inheritance intrinsic. Furthermore, the Sdmi indigenous people have
the right to maintain and develop their own language and culture. According
to the Act on the Sdmi Parliament#!, the Sdémi indigenous people have

41 1727/1995
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autonomy over their own language and culture in the Sémi homeland. The
new Climate Act (2022)42 contributes to ensuring the ability of the Simi to
maintain and develop their own language and culture.

The Cultural Environment Strategy from 2014 to 2020, completed

under the leadership of the Ministry of the Environment, pointed to the
recognition of how the cultural environment helps in mitigating climate
change and adaptation to it. However, the measures focused mostly on the
impacts of the management of the built heritage in the mitigation of climate
change. The Ministry of the Environment is to update the ‘Climate Change
and the Cultural Environment — Recognised Impacts and Challenges in
Finland’ report (2008). The threats to cultural heritage caused by climate
change and related mitigation and adaptation measures will be discussed in
the revised report.

A practical tool to assess the impact of floods on the built heritage and
landscape is the flood map service of the Finnish Environment Institute. It can
be used to map risks to the cultural environment.

The national cultural heritage strategy, which is under preparation, will
propose measures related to adaptation and mitigation to climate change. For
example, cultural heritage should be included in climate change mitigation and
adaptation plans, and the impacts of climate change on cultural heritage and
the cultural environment should be monitored.

Finland actively participates in international networks that promote the
adaptation of cultural heritage to the effects of climate change. The Finnish
Heritage Agency is part of the international Climate Heritage Network that
secks solutions for the tensions between the protection of cultural heritage
and climate change mitigation and adaptation. In 2021, The Nordic and Baltic
countries arranged a forum, called Cultural Heritage in a Changing Climate,
in which Finnish delegates participated. Cooperation is also active at the
European Union level.

Industry and commerce

The need for risk management due to weather variability and extreme weather
conditions has been obvious in some weather-sensiti