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EXECUTIVE SUMMARY

1  AMAP. 2021. “Arctic Climate Change Update 2021: Key Trends and Impacts”. https://oaarchive.arctic-council.org/handle/11374/2586

2  Enhanced Black Carbon and Methane Emissions Reductions: An Arctic Council Framework for Action: https://oaarchive.arctic-council.org/handle/11374/610 

3  Previous reports were delivered to Arctic Ministers at the 2017 Fairbanks Ministerial, and 2019 Rovaniemi Ministerial: https://oaarchive.arctic-council.org/browse?val-

ue=EGBCM%20summary%20report&type=subject 

4	 	It	is	important	to	note	that	black	carbon	can	be	co-emitted	with	other	pollutants	that	have	a	cooling	effect.

Key indicators show that changes in the Artic are 
widespread and rapid. The Arctic Monitoring and 
Assessment Programme’s (AMAP) latest report, Arctic 
Climate Change Update 2021: Key Trends and Impacts1,  
estimates that the annual surface temperature in the 
Arctic has increased at three times the rate of the 
global average over the last 50 years. Black carbon 
and methane are air pollutants and short-lived climate 
pollutants (SLCPs). Both black carbon and methane are 
powerful atmospheric warming agents and contribute 
significantly to climate warming. Additionally, black 
carbon contributes to increased rate of melting of ice 
and snow when it settles on and darkens these surfaces. 
Black carbon is a component of fine particulate matter, 
a ubiquitous pollutant which is associated with human 
health impacts, such as premature mortality and 
cardiovascular disease. Ground-level ozone is formed 
by the chemical reaction of methane and other pre-
cursor pollutants, and is associated with adverse health 
effects such as respiratory and metabolic effects. The 
health risks associated with these pollutants increase 
with exposure. Based on the climate, human health, and 
environmental impacts of these emissions, an Arctic 
Council Framework2 was adopted in April 2015 that 
outlined approaches for national and collective action 
to reduce black carbon and methane emission. The 
Expert Group on Black Carbon and Methane (Expert 
Group) was established to review, analyze, and assess 
progress toward the common vision of the Framework 
based on a compilation of national reports, relevant 
output of Arctic Council Working Groups and other 
information. The Expert Group produces a “Summary 
of Progress and Recommendations” report (Summary 
Report) on a biennial basis, including conclusions and 
specific recommendations for further action.

At their 2017 meeting the Ministers of the Arctic States 
adopted an Expert Group report that recommended 
a collective, aspirational goal to further reduce black 
carbon emissions by 25-33 percent relative to 2013 
levels by 2025. All Arctic States support the collective 
goal. 

This third Summary of Progress and Recommendations 
from the Expert Group provides an overview of the 
progress by Arctic States and Observer States to reduce 
emissions of black carbon and methane3. As emissions 
of black carbon4 and methane outside of the Arctic 

contribute to both Arctic and global warming, Observer 
States have been invited to join the Arctic States in efforts 
to reduce emissions of black carbon and methane and to 
submit similar reports on their progress. The summary 
of progress is based on national information submitted 
in early 2020 and, where appropriate, other available 
data. These recommendations are continued from 
those outlined in the 2017 and 2019 reports developed 
by the Expert Group, with minor adjustments, and are 
offered as a menu of voluntary actions for countries to 
apply, according to their own national circumstances. 
The recommendations are specific to the major sources 
of black carbon and methane among Arctic States; 
mobile and stationary diesel-powered engines, oil and 
gas operations, residential combustion activity, solid 
waste disposal, and agriculture and animal husbandry. 
Though not considered an anthropogenic source of 
emissions, recommendations are also made regarding 
wildfires, recognizing that wildfires are a major source 
of black carbon emissions and are increasing in size 
and intensity due to the impacts of climate change. 

Based on the data available at the time of writing 
this report, the Expert Group on Black Carbon and 
Methane has assessed that Arctic States have reduced 
their collective black carbon emissions by 20% in 
2018, compared to 2013, and are on track to achieve 
the collective, aspirational goal to reduce black carbon 
emissions by 25-33% of 2013 levels by 2025. Collective 
methane emissions have increased by 2% from 2013 
to 2018, and are projected to continue increasing 
to 2025. Continued efforts are required to maintain 
progress on black carbon emission reductions, and 
more ambitious efforts are required to reverse the 
trend of increasing methane emissions. The sector-
specific recommendations made in this report remain 
relevant in order to achieve the goals laid out in the 
Arctic Council Framework on Enhanced Black Carbon 
and Methane Emissions Reductions. 
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MOBILE AND STATIONARY DIESEL-
POWERED SOURCES
The priority area concerning diesel engines includes 
both mobile and stationary diesel engines. Mobile 
diesel engines continue to be used across many 
countries, and emission reduction strategies require 
shifts towards cleaner modes of transport on land and 
for marine shipping. Stationary diesel engines, which 
include generators for heat and electricity production, 
are important local sources of black carbon emissions 
in remote communities in the Arctic. Switching to 
renewable, clean energy sources is required to address 
emissions from this source.

Recommendation 1a: Reduce emissions from 
new diesel vehicles and engines by adopting and 
implementing world-class particulate matter exhaust 
emission standards and ensuring wide- spread 
availability of ultra-low sulphur fuels. 

Recommendation 1b: Reduce emissions from 
legacy diesel vehicles and engines by adopting targeted 
policies and programs. 

Recommendation 1c: Reduce black carbon by 
stimulating the shift to alternative vehicle technologies 
and modes of transportation, and through efficiency 
measures. 

Recommendation 1d: Work to accelerate efforts to 
mitigate black carbon from international shipping and 
implement measures to mitigate black carbon from 
domestic shipping activities.

Recommendation 1e: Reduce emissions from 
stationary diesel engines by adopting targeted policies 
and programs, including shift to new technologies and 
improved efficiency. 

 OIL AND GAS
The oil and gas sector is an important emitter of methane 
and black carbon. Flaring of excess gas is a source 
of black carbon, while methane is emitted through 
purposeful venting and from unintentional leaks 
along the production chain. The recommendations 
underscore the actions already being taken in many 
parts of the oil and gas sector.

Recommendation 2a: Adopt and implement oil 
and gas methane emission reduction strategies.

Recommendation 2b: Encourage the adoption 
of best practices in reducing routine flaring and in 
improving gas capture.

Recommendation 2c: Urge firms to engage in 
international and domestic voluntary methane and 
black carbon emission reduction activities, including 
the implementation of methane management 
strategies.

Recommendation 2d: Identify and  promote 
targeted and cost-effective mitigation measures 
at super-emitting oil and gas production sites and large 
methane emission point sources, as appropriate.

 

CURRENT 2021 
RECOMMENDATIONS
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 RESIDENTIAL COMBUSTION
Emissions of black carbon from residential combustion 
sources contribute to particulate air pollution and 
adverse health impacts, in addition to having local, 
short-term warming impacts. The recommendations 
underline the importance of deploying clean heat-
generation technology, the proper use of the appliances 
and associated fuel treatment, and raising awareness 
of the impacts of residential combustion amongst both 
appliances users and general public. 

Recommendation 3a: Reduce emissions from 
new solid fuel combustion appliances by accelerating 
deployment of cleaner and more efficient heating 
sources.

Recommendation 3b: Reduce emissions from 
legacy solid fuel combustion appliances by accelerating 
replacement with cleaner and more efficient new 
heating sources.

Recommendation 3c: Reduce emissions by 
promoting enhanced energy efficiency in residential 
dwellings reducing the need for heating, especially in 
buildings heated with oil or solid fuels.

Recommendation 3d: Reduce emissions from 
appliances by promoting proper operation and 
maintenance of appliances, including storage and 
treatment of fuels, and by raising awareness of the 
emissions impact of combustion practices amongst the 
general public.

SOLID WASTE
Solid waste disposal in landfills is a major source of 
methane among Arctic States. The recommendations 
encourage the capture of methane currently being 
emitted by landfills, and avoidance of future methane 
emissions by preventing and diverting organic waste 
from landfills to alternative disposal solutions. The 
Expert Group recognizes that Arctic conditions may 
require specific designs for remote communities 
that may not have access to typical waste treatment 
facilities.

Recommendation 4a: Avoid methane emissions by 
preventing food waste and the landfilling of organic 
waste. Improve resource efficiencies as appropriate 
for Arctic conditions, including new ways of reusing 
organic material based on more efficient sorting of 
waste, composting and biogas production.

Recommendation 4b: Adopt regulations or 
incentives for landfill gas capture and control.

Recommendation 4c: Promote best practices 
for waste management in Northern and remote 
communities. 
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AGRICULTURE AND ANIMAL 
HUSBANDRY
Agriculture and animal husbandry is a major source 
of methane from livestock, and black carbon from 
agricultural burning practices. The recommendations 
identify approaches that can be part of actions tackling 
methane emissions and black carbon emissions from 
the agricultural sector. 

Recommendation 5a: Promote food consumption 
patterns including Traditional Knowledge of 
Indigenous peoples, that utilize Arctic food chains 
sustainably and efficiently, support the preservation 
of carbon sinks, and minimize life-cycle emissions of 
methane.

Recommendation 5b: Promote work on 
possibilities to reduce emissions of enteric methane, in 
co-operation with relevant organizations.

Recommendation 5c: Develop agricultural policies 
and practices to reduce open burning of agricultural 
waste. Encourage studies and piloting of innovative 
solutions that reduce the need for open burning. 

MANAGEMENT OF WILDFIRES
Wildfires cause annually significant losses of natural 
resources and property in the Arctic and beyond, in 
addition to emitting significant quantities of black 
carbon into the atmosphere. The recommendations 
reflect that management and mitigation of wildfires 
demand multiple actions that vary depending on 
specific regional circumstances such as ecosystem 
health, climate and weather patterns, access to wildfire 
sites, and proximity of people and infrastructure.

Recommendation 6a: Build and maintain 
international mutual aid and resource exchange 
arrangements amongst Arctic States that have 
specialized experience in wildfire management, 
suppression, and monitoring in boreal forests.

Recommendation 6b: Develop region-specific 
public education campaigns on wildfire prevention 
and safety.

Recommendation 6c: Develop and implement 
regionally appropriate forest management practices 
that reduce the risk of severe wildfires.

Recommendation 6d: Use the best available 
science to develop prediction models that can be used 
to examine fire risks at daily to decadal scales to support 
drafting of prevention and emergency response plans.
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CONTEXT

5  AMAP. 2021. “Arctic Climate Change Update 2021: Key Trends and Impacts - Summary for Policy-Makers”. https://oaarchive.arctic-council.org/handle/11374/2586 

6  AMAP. 2019. “Arctic Climate Change Update 2019: An Update to Key Findings of Snow, Water, Iceand Permafrost in the Arctic (SWIPA) 2017”. https://www.amap.no/

documents/download/3295/inline   

7  AMAP. 2015. “AMAP Assessment 2015: Black carbon and ozone as Arctic Climate Forcers”. https://www.amap.no/documents/doc/amap-assessment-2015-black-carbon-

and-ozone-as-arctic-climate-forcers/1299 

8  IPCC. 2013. Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on 

Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United 

Kingdom and New York, NY, USA, 1535 pp.  https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf 

9	 	Health	effect	of	black	carbon	have	been	reported	in	Janssen,	N.A.H.,	Gerlofs-Nijland,	M.E.,	Lanki,	T.,		Salonen,	R.O.,	Cassee,	F.,	Hoek,	G.,	et	al.	2012.	“Health	Effects	of	

Black	Carbon”.	In:	Bohr,	R.,	Ed.,	WHO.	https://www.euro.who.int/__data/assets/pdf_file/0004/162535/e96541.pdf;  

also Luben et al. 2017. “A systematic review of cardiovascular emergency department visits, hospital admissions and mortality associated with ambient black carbon”. In Environmen-

tal International: https://www.sciencedirect.com/science/article/pii/S0160412017300843?via%3Dihub 

10	 	IQALUIT	2015	SAO	Report	to	Ministers:	Enhanced	Black	Carbon	and	Methane	Emissions	Reductions	-	An	Arctic	Council	Framework	for	Action.	https://oaarchive.

arctic-council.org/handle/11374/494 

The Arctic has warmed at three times the global 
average rate since 1971, and these changes in the Arctic 
affect regions well beyond the Arctic Circle5.  Arctic 
permafrost continues to thaw at alarming rates, shifting 
the Arctic ecosystem from a natural carbon sink to a 
natural source of carbon emissions. The Arctic marine 
environment is experiencing increasing rates of sea-ice 
melt, which is triggering shifts in marine algal blooms 
and impacts on the Arctic food web6. Urgent action 
is needed to slow the rate of warming in the Arctic 
and avoid further damage to Artic ecosystems, and 
subsequent impacts on Arctic Indigenous populations, 
infrastructure, and human health. 

Black carbon is a short-lived climate pollutant (SLCP) 
of particular concern in the Arctic. In addition to its 
contribution to atmospheric warming, black carbon 
that falls on snow and ice accelerates the melting of 
these reflective surfaces and consequently intensifies 
the effects of global warming. Due to their proximity 
to the Arctic, Arctic States are uniquely positioned to 
slow Arctic warming caused by emissions of black 
carbon. Despite generating just ten percent of global 
black carbon emissions, Arctic States are responsible 
for 30 percent of black carbon’s warming effects in the 
Arctic7. This is because black carbon emitted locally has 
a stronger warming impact than emissions transported 
over long distances from other parts of the globe. 

Methane is another short-lived climate pollutant and 
well-mixed, powerful greenhouse gas that exerts a 
much stronger warming on the atmosphere than CO2. 
While it is 28-36 times as potent as carbon dioxide 
over a 100-year timeframe, it has a warming potential 
of 84 times that of carbon dioxide over a 20-year 
timeframe. Methane also has a much shorter lifetime 
in the atmosphere; approximately 12 years compared 
to an average of 100 years.8 Therefore, reductions in 
methane, whether from Arctic or non-Arctic States, can 

mitigate warming of the Arctic in the near-term.

Other SLCPs include ground-level ozone and 
hydrofluorocarbons (HFCs). Black carbon and methane 
also contribute directly to air pollution that harms 
human health in addition to contributing to climate 
change itself and its health impacts9. Black carbon 
affects human health as a component of particulate 
matter (PM), while methane does so by contributing 
to the formation of ground-level ozone. Ground level 
ozone also impairs agricultural productivity.

It is important to note that black carbon and methane 
can be co-emitted with other climate forcing pollutants 
which have a cooling impact on the atmosphere, such as 
sulphur or organic carbon. The overall impact of these 
co-emitted species can be difficult to predict, and vary 
between different sources of pollutants. For example, 
wood burning tends to have a higher proportion of 
organic carbon emitted along with black carbon than 
diesel engine use. Despite this complexity, the Expert 
Group endorses efforts to reduce emissions of black 
carbon and methane from these sources to achieve 
both climate and air quality benefits. Recent scientific 
assessments completed by AMAP have concluded that 
reductions in black carbon and methane emissions, 
even if co-emitted with cooling species, is critical for 
mitigating warming in the Arctic. 

In response to the climate, human health, and 
environmental impacts of SLCPs, the Ministers of the 
Arctic Council adopted a framework titled Enhanced 
Black Carbon and Methane Emissions Reductions: An 
Arctic Council Framework for Action10 in April 2015 that 
outlined approaches for national and collective action 
to reduce black carbon and methane emissions. 
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The Framework includes commitments by Arctic 
States on:

• Taking “Enhanced, ambitious, national and 
collective action to accelerate the decline in our 
overall black carbon emissions and to significantly 
reduce our overall methane emissions”;

• Adopting an ambitious, aspirational and 
quantitative collective goal on black carbon, and 
to consider additional goals”; and

•  To submit biennial national reports on existing 
and planned actions to reduce black carbon and 
methane emissions, national inventories of these 
pollutants and, if available, on projections of 
future emissions. 

These actions are supported by the scientific 
assessments of the AMAP11, specific pilot projects 
by ACAP, policy work related to shipping by PAME 
and policy synthesis by the Arctic Council Expert 
Group on Black Carbon and Methane (Expert Group). 
This science rests on the sustained and growing 
efforts of Arctic States and others to ensure that the 
atmospheric observations, emissions characterization 
and modelling activities continue to advance enabling 
these groups and the Expert Group to continue to 
evaluate and refine emission reduction plans. 

At their 2017 meeting the Ministers of the Arctic States 
adopted an Expert Group report that recommended 
a collective, aspirational goal to further reduce 
black carbon emissions by 25-33 percent relative 
to 2013 levels by 2025. All Arctic States support the 
collective goal. For methane, no specific goal was set, 
noting that methane is part of the efforts to reduce 
greenhouse gas emissions under the United Nations 
Framework Convention on Climate Change (UNFCCC). 
As the Arctic is affected by long-range transport of 
pollutants and their effects, Observer States also have 
been invited to join the Arctic States in the work to 
reduce emissions of black carbon and methane. In 
the 2019 meeting the Ministers adopted an Expert 
Group report that recommended two new priority 
areas agriculture and animal husbandry as well as 
wildfires. Recommendations were put forward in each 
priority area. The Expert Group concluded that the 
topics of earlier recommendations were still relevant 
in identifying possible courses of actions. Some 
recommendations were modified in the light of the 
experiences and policy changes.

Arctic States agreed in 2015 to submit biennial 
national reports on emissions and actions reducing 

11  AMAP. 2015. “Summary for Policymakers: Arctic Climate Issues 2015.” Available at: http://www.amap.no/documents/doc/sum- mary-for-policy-makers-arctic-climate-is-

sues-2015/1196	and	specific	studies	such	as	M.	Sand,	T.K.	Berntsen,	K.	von	Salzen,	M.G.	Flanner,	J.	Lagner,	and	D.G.	Victor.	2016.	“Responses	of	Arctic	Temperatures	to	Changes	in	

Emissions of Short-term Climate Forcers. Nature Climate Change 6: 286-289.

12	 	All	national	reports	are	available	on	the	Arctic	Council	Open	Access	Repository:	https://oaarchive.arctic-council.org/handle/11374/1167 

emissions starting in 2015. Observer States were 
encouraged to submit similar national reports. This 
work complements work on SLCPs undertaken under 
other international fora. For instance, parties to the 
UNECE’s Convention on Long-Range Transboundary 
Air Pollution (LRTAP) voluntarily report information 
on black carbon emissions under the LRTAP Protocol to 
Abate Acidification, Eutrophication and Ground-Level 
Ozone (Gothenburg Protocol), as amended in 2012. 
Methane emissions are reported under the UNFCCC. 
Globally, some countries have included black carbon 
in their nationally determined contributions (NDC) 
and/or their long- term low greenhouse gas emission 
development strategies (i.e., mid-century strategies) 
under the Paris Agreement.

This report provides an overview of the progress by 
Arctic States and Observer States to reduce emissions 
of black carbon and methane since 2013, including 
information on new measures to reduce emissions 
introduced since publication of the 2019 Summary 
Report. All Artic States actively participated in the 
preparation of the report. All Arctic States except Russia 
sent in national reports and they are available online. 
12 Russia participated in the Expert Group’s work and 
provided information on national policies and projects. 
Nine Arctic Council Observer States (France, Germany, 
India, Italy, Japan, Poland, Spain, Switzerland, the 
United Kingdom) also sent in a national report, as well 
as the European Union. 

As many of the actions take effect only gradually, the 
report puts specific emphasis on identifying policy level 
actions that are likely to affect the emissions until 2025 
and beyond. The report provides a consolidated set of 
recommendations that are a set of options for Arctic 
States and Observer States to consider in designing 
their own specific policies, taking into account national 
circumstances and needs.
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INFOBOX 1.  
Terminology of key short-lived climate pollutants

Short-lived Climate 
Pollutants (SLCP)

A group of greenhouse gases and airborne particles that remain in the atmosphere for a 
few days to a decade and have warming effects on climate (AMAP SPM 201513). Often 
refers to black carbon, tropospheric ozone and methane, but can also include hydrofluo-
rocarbon (HFC) compounds. 

Black carbon (BC)

Black carbon contributes to climate change and is a part of fine particulate matter 
(PM2.5). Exposure to ambient PM2.5 is associated with premature mortality and cardio-
vascular disease, among other adverse health effects. Particulate matter (PM) describes 
air-borne solid and/or liquid particles, and PM2.5 generally refers to PM measuring 2.5 
micrometers or less. 

Black carbon particles are formed from the incomplete combustion of fossil fuels, wood, 
and other fuels. 

Methane (CH4)

Methane is a powerful greenhouse gas emitted from human activities such as oil and gas 
production and livestock systems, as well as from natural sources such as wetlands. Over 
a 100-year period, methane’s climate impact is 28-36 times greater than carbon dioxide. 
Besides its immense climate impacts, methane also contributes to the formation of tropo-
spheric ozone, which is a harmful air pollutant.14

13  AMAP. 2015. “Summary for Policy-makers: Arctic Climate Issues 2015”   https://www.amap.no/documents/doc/summary-for-policy-makers-arctic-climate-is-

sues-2015/1196 

14  https://www.ccacoalition.org/en/slcps/methane 
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POLICIES AND GOVERNANCE 
STRUCTURES

15	 	Radiative	forcing	in	2011	due	to	historical	emissions	of	methane,	including	effects	on	ozone,	relative	to	forcing	due	to	emissions	of	other	GHGs,	from	Table	8.SM.6	in	

Myhre,	G.,	D.	Shindell,	F.-M.	Bréon,	W.	Collins,	J.	Fuglestvedt,	J.	Huang,	D.	Koch,	J.-F.	Lamarque,	D.	Lee,	B.	Mendoza,	T.	Nakajima,	A.	Robock,	G.	Stephens,	T.	Takemura	and	H.	Zhang,	

2013: Anthropogenic and Natural Radiative Forcing Supplementary Material. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley 

(eds.)]. Available from www.climatechange2013.org and www.ipcc.ch

Actions and policies to address emissions of black carbon and methane are often encompassed in broader, cross-
cutting initiatives. Since methane and black carbon contribute to climate change and poor air quality, they are often 
targets of air quality programs and greenhouse gas reduction strategies. Approaches vary across Arctic States, and 
will be briefly highlighted in this section. 

CLIMATE CHANGE POLICY
As a powerful greenhouse gas (GHG) that is responsible for almost one-third of the global warming produced by 
well-mixed GHGs15,  methane is an important component of climate change policies. Globally, many countries are 
adopting net-zero action plans, which aim to achieve carbon neutrality by emitting net-zero emissions of greenhouse 
gases. Methane will play a major role in the global path to net-zero, since reductions in methane will mitigate 
climate change, but captured methane can also be used a biogas. In this way, methane capture and use in key 
sectors can reduce direct methane emissions while also displacing high-emitting fossil fuels as an energy source. 

The following table provides a high-level scan of climate policies for Arctic States. The importance of methane in 
the goals and strategies outlined below depend on the contribution of methane to each country’s total greenhouse 
gas emissions. 
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CANADA

GHG 
Goal

Committed to reducing emissions to 40-45% below to 2005 levels by 2030, and achieving net-zero 
emissions by 2050.

Policy 
Method

A Healthy Environment and A Healthy Economy; Pan-Canadian Framework on Clean Growth and Climate 
Change; proposed Canadian Net-Zero Emissions Accountability Act (currently being debated in Parlia-
ment)

DENMARK

GHG 
Goal 70% reduction of emissions compared to 1990 levels by 2030. Net-zero emissions by 2050 at the latest.

Policy 
Method The Climate Act16

 FINLAND

GHG 
Goal

Finland’s Climate Act (2015) sets target to cut GHG emissions 80% by 2050 on 1990 levels. According 
to the current Government Programme Finland aims to be carbon neutral by 2035 (net-zero emissions) 
and carbon negative soon thereafter.

Policy 
Method Climate Change Act from 2015 is currently being amended and updated.

ICELAND

GHG 
Goal

55% reduction of emissions by 2030 compared to 1990 levels in cooperation with European Union and 
Norway (increased from previous 40% target). Net-zero emissions by 2030.

Policy 
Method Climate Action Plan, Law on climate change (Act No 70/2012)

NORWAY

GHG 
Goal

At least 50%, and towards 55% reduction of emissions by 2030 compared to 1990 levels (increased 
from the previous at least 40% target.) Net-zero emissions by 2030.

Policy 
Method Climate Change Act; In January 2021, the Norwegian Government presented a white paper describing 

an action plan for how Norway will achieve its climate target and at the same time create green growth.17 

RUSSIA

GHG 
Goal Up to 70% emissions compared to 1990 levels by 2030.

Policy 
Method The Climate Doctrine of the Russian Federation; GHG regulation is under approvement

SWEDEN

GHG 
Goal 85% reduction of emissions compared to 1990 levels by 2045. Net-zero emissions by 2045

Policy 
Method Climate Policy Framework, including a Climate Act.

UNITED STATES

GHG 
Goal

The United States’ Nationally Determined Contribution for the Paris Agreement is an economy-wide 
target of reducing net GHG emissions by 50-52 percent below 2005 levels in 2030.

Policy 
Method

 The United States intends to achieve its NDC through a variety of means, including executive actions 
such as those listed in Executive Order 14008, as well as by a range of other actions by U.S. stakehold-
ers including investing in efficiency, beneficial electrification, clean energy, plugging methane leaks, 
addressing direct greenhouse gas emissions from industrial processes, climate smart agriculture and 
forestry, innovation, and other priorities.

16  The act is not applicable in the Faeroe Islands and Greenland.

17	 	At	the	time	of	writing	this	report,	the	white	paper	was	still	to	be	discussed	in	the	Parliament,	so	this	report	does	not	reflect	the	proposed	action	plan.
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The European Union (EU) has put forward aim 
on reaching climate neutrality by 2050. As part of 
the European Green Deal, the Commission proposed in 
2020 to raise the 2030 greenhouse gas emission 
reduction target, including emissions and removals, 
to at least 55% compared to 1990. The EU has funded 
an initiative towards Action on Black Carbon in the 
Arctic18 with the aim to contribute to the development of 
collective responses to reduce black carbon emissions in 
the Arctic and to reinforce international cooperation to 
protect the Arctic environment.

Though black carbon’s warming impact on the climate 
is well established, it is not generally incorporated 
into national greenhouse gas emission estimates due 
to complications in incorporating black carbon in 
CO2 equivalent metrics. Therefore, actions targeted 
specifically to reduce emission of black carbon are 
typically not included in general GHG reduction action 
plans. Instead, black carbon policies are often included 
in air quality policies and/or policies specifically 
addressing short-lived climate pollutants. Methane, as 
a pre-cursor to ground-level ozone, is also a relevant 
concern for air quality. 

18  The EU-funded Action on Black Carbon: https://eua-bca.amap.no/ 

AIR QUALITY AND SHORT-LIVED 
CLIMATE POLLUTANT POLICIES
EU and European Economic Area (EEA) countries, 
which include Denmark, Finland, Sweden, Norway 
and Iceland, implement the European Union Air 
Quality Standards, which outline maximum ambient 
concentration of PM2.5 (which includes black carbon) 
and ground-level ozone (for which methane is a pre-
cursor). Each member state develops an air quality 
plan or programme to address sources of air pollutants 
to ensure compliance with the EU air quality limits. 

The U.S. Clean Air Act is a federal law that regulates 
atmospheric emissions from stationary and mobile 
sources, which include fine particulate matter, 
ozone precursors, and greenhouse gases. Individual 
U.S. States are responsible for implementing and 
enforcing many aspects of the Clean Air Act, which 
are then approved by the federal Environmental 
Protection Agency. 

Canada’s Air Quality Program is a multi-faceted 
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approach to tackling air pollution, which includes 
Canadian Ambient Air Quality Standards for PM2.5 
and ground-level ozone. Canada also has a Strategy 
on Short-Lived Climate Pollutants, which specifically 
outlines a holistic approach to addressing emissions of 
short-lived climate pollutants, including black carbon 
and methane, across 5 pillars of action. 

ARCTIC-SPECIFIC STRATEGIES
Canada and Finland have developed specific policies 
related on action in the Arctic, with linkages to the 
impacts and emission sources of black carbon and 
methane. The International Chapter of Canada’s 
Arctic and Northern Policy Framework, released in 
2019, includes a commitment to support and enhance 
international efforts through the Arctic Council, UN-
bodies and other forums to reduce emissions of short-
lived climate pollutants. Finland’s Arctic Strategy has 
sections that address climate mitigation and adaptation, 
and include black carbon. Norway recently presented 
a white paper on a national strategy on the High North. 
This white paper stresses the urgency for emission 
reductions, and highlights Norway’s commitment to the 
Arctic Council’s aspirational, collective goal to reduce 
black carbon emissions. The Kingdom of Denmark 
is expected to issue an Arctic strategy in the course 
of 2021. Sweden presented a new Arctic strategy in 
September 2020. The strategy points out that enhanced 
efforts are needed to reduce emissions of short-lived 
climate pollutants in the Arctic region. Russia has also 
adopted a “Strategy for the Development of the Arctic 
Zone of the Russian Federation and ensuring national 
security for the period until 2035”19.

REGIONAL ACTION
It is important to note that this report focuses 
predominantly on national and international action 
related to mitigating black carbon and methane 
emissions. However, across all Arctic States, significant 
work is being done by states, provinces, territories, 
regional bodies, municipalities, and Indigenous 
communities to reduce emissions. The Expert Group 
on Black Carbon and Methane recognizes this critical 
work, though it is not able to capture the wealth of 
action in this Summary Report.

19	 	Decree	of	the	President	of	the	Russian	Federation	of	October	26,	2020	No.	645,	“Strategy	for	the	Development	of	the	Arctic	Zone	of	the	Russian	Federation	and	

ensuring national security for the period until 2035”

20  The Summary for Policy Makers is based on the AMAP Assessment 2021: Impacts of short-lived climate forcers on Arctic climate, air quality, and human health.

21  https://arctic-council.org/en/about/working-groups/acap/home/projects/arctic-black-carbon-case-studies-platform/ 

ARCTIC COUNCIL WORK
The Arctic Council is active across several Working 
Groups and Expert Groups to improve and accelerate 
science, policy, and action addressing emissions of 
black carbon and methane. The Arctic Monitoring 
and Assessment Programme (AMAP) Working Group 
monitors and assess pollution and climate change issues 
in the Arctic, and produces science-based and policy-
relevant assessment to guide policy and decision-making 
processes. Most recently, AMAP released a Summary 
for Policy Makers, Impacts of Short-lived Climate Forcers 
on Arctic Climate, Air Quality and Human Health20. The 
Arctic Contaminants Action Program (ACAP) Working 
Group develops projects to reduce environmental risks 
and prevent pollution of the Arctic environment. Within 
ACAP there is an Expert Group on Short-Lived Climate 
Pollutants, which focuses specifically on implementing 
pilot projects to reduce SLCPs. 

ACAP also hosts the Arctic Black Carbon Case Studies 
Platform21, which showcases how communities are 
taking action to reduce black carbon emissions. These 
informative case studies also demonstrate ways existing 
technologies are being used to provide successful, 
sustainable, and affordable reduction to black carbon 
emissions, but also insight to translate project results 
and share lessons learned.

Other, sector-specific work is done in other Arctic 
Council Working Groups; for example the Emergency 
Prevention, Preparedness and Response (EPPR) 
and Conservation of Arctic Flora and Fauna (CAFF) 
Working Groups include wildland fire in their scope 
of work, and the Sustainable Development Working 
Group (SDWG) scope of work includes implementing 
clean energy solutions and improving human health 
in Arctic communities.

The work done across the different groups within 
the Arctic Council is intended to be coordinated and 
cooperative. The recommendations made by the Expert 
Group are informed by the work of the Arctic Council 
Working Groups. 
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INTERNATIONAL ACTION
Though black carbon and methane are of particular 
concern to the Arctic, the impact of these emissions on 
human health and climate are of global concern. 

The United Nations Framework Convention on Climate 
Change (UNFCCC) is the United Nations entity that 
supports global response to the threat of climate change. 
The Paris Agreement is the legally binding international 
treaty on climate, which aims to hold the increase in 
global temperature to well below 2 degrees Celsius, and 
pursue efforts to limit the temperature increase to 1.5 
degrees Celsius above pre-industrial levels. Nationally 
Determined Contributions (NDCs) outline each country’s 
targets and/or planned efforts to reduce national 
emissions, and emissions are reported annually to 
the UNFCCC, following Intergovernmental Panel on 
Climate Change (IPCC) guidelines. Methane, as a potent 
greenhouse gas, is included in emissions reported to the 
UNFCCC, and targets encompassing methane emissions 
are increasingly being incorporated into Parties’ NDCs. 

The Convention on Long-Range Transboundary Air 
Pollution (LRTAP) addresses harmful pollutants that 
cross international borders and affect air quality in 
places far from where they were emitted. It has been 
supplemented by a number of protocols, the most recent 
being the Gothenberg Protocol. The 2012 amendments 
to the Gothenburg Protocol include adding emission 
reduction commitments for particulate matter. In 
implementing measures to achieve their national 
targets for particulate matter, parties should give 
priority (to the extent appropriate) to emissions from 
those source categories known to emit high amounts 
of black carbon. The Protocol entered into force on 
October 7th, 2019. Some parties already report national 
emissions estimates of black carbon emissions to the 
UNECE under LRTAP on a voluntary basis.

The Climate and Clean Air Coalition (CCAC) and the 
Global Methane Initiative (GMI) are two international 
organizations addressing these emissions at a 
global level. The CCAC is a voluntary partnership 
of governments, intergovernmental organizations, 
businesses, scientific institutions and civil society 
organizations. The CCAC is committed to improving 
air quality and protecting the climate through action 
to reduce short-lived climate pollutants. In December 
2020, the CCAC adopted a new Strategy22 to guide the 
work of the Coalition from 2022-2030 to ensure it is 
positioned to meet the needs of its members, while 
remaining complementary to other international 
initiatives. The GMI is a voluntary, multilateral 

22  https://ccacoalition.org/sites/default/files/resources/CCAC%202030%20Strategy.pdf 

23  https://globalmethane.org/downloads/GMI%20Fact%20Sheet.pdf

partnership that aims to specifically reduce methane 
emissions and advance the recovery and use of 
methane as a fuel source. Since 2004, GMI partners 
have achieved more than 450 MMTCO2e in methane 
reductions through recovery and use projects around 
the world including in biogas (landfill and agriculture) 
and oil & gas methane mitigation projects.23 Canada, 
Finland, Norway, Russian and the U.S. are members 
of both the CCAC and the GMI, while Sweden and 
Denmark are members of the CCAC. 

There are many initiatives and sub-groups within 
initiatives, that address specific industries and 
activities that contribute to black carbon and methane 
emissions. These initiatives will be discussed in the 
sector-specific chapters of this report.
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EMISSIONS AND PROJECTIONS

24  Bond	T.C.,	Doherty	S.J.,	Fahey	D.W.,	Forster	P.M.,	Berntsen	T.,	DeAngelo	B.J.,	Flanner	M.G.,	Ghan	S.,	Kärcher	B.,	Koch	D.,	Kinne	S.,	Kondo	Y.,	Quinn	P.K.,	Sarofim	M.C.,	

Schultz	M.G., Schulz	M.,	Venkataraman	C.,	Zhang	H.,	Zhang	S.,	Bellouin	N.,	Guttikunda	S.K.,	Hopke	P.K.,	Jacobson	M.Z.,	Kaiser	J.W.,	Klimont	Z.,	Lohmann	U.,	Schwarz	J.P.,	Shindell	D.,	

Storelvmo	T.,	Warren	S.G.	&	Zender	C.S.	2013.	Bounding	the	role	of	black	carbon	in	the	climate	system:	A	scientific	assessment, JGR	Atmospheres 2013, 118,	(11),	5380–5552.	DOI:	

10.1002/jgrd.50171

This chapter presents the estimates of anthropogenic black carbon and methane emissions for the Arctic Council’s 
Arctic States and Observers. It includes historical trends from 2013 as well as projections up to 2025, when 
available. The emission data has been updated since the 2019 report. As emission inventories are continuously 
improved, estimates for the reference year (2013) have also changed. Additional emission data can be found 
in Appendix 2, where a complete data set of the available historical and future emission estimates are shown, 
including data aggregated by source sectors. The targeted mitigation measures recommended in this report are 
based on the main contributing sectors to emissions among Arctic States.

BLACK CARBON EMISSIONS AND PROJECTIONS
This section compiles the black carbon emission and projection data for both Arctic States and Observers, as 
reported in 2020. Per unit of emissions, the climate forcing of black carbon is estimated to be 910 times stronger 
than CO2 over a 100-year time period, and 3 200 times stronger over a 20-year time period24. Black carbon is of 
particular significance in the Arctic due to its additional warming effect when deposited on ice or snow. Therefore, 
black carbon emitted near or within Arctic States have a particularly significant impact on Arctic climate.

ARCTIC STATES 
All Arctic States have submitted updated black carbon emissions data, with the exception of the Russian 
Federation, for which an alternative source for the emission estimate was used. All of the seven Arctic States 
that reported their data have already had significant reductions in their national emissions since 2013. Using the 
available emission estimates, Arctic States have collectively reduced their black carbon emissions by 20% in 2018, 
compared to 2013, and are projected to achieve a 32% decrease by 2025 (Table 1, Figure 1). Therefore, nationally 
reported emissions projections indicate that Arctic States are on track to achieve the aspirational collective goal to 
reduce black carbon emissions by 25-33% of 2013 levels by 2025. 

Table 1. Historical trends and projections of black carbon emissions (kt/year) as reported by Arctic States in 
the 2020 national reports or 2020 LRTAP national submissions. All numbers in this table were rounded to two 
significant digits: as a result, totals may not sum exactly.

2013 2018 
CHANGE 
FROM 2013 
TO 2018 (%)

2025 PRO-
JECTION

CHANGE 
FROM 2013 
TO 2025 (%)

Canada 44 37 -15 % 30 -32 %

Denmark* 3.4 2.6 -24 % 2.0 -41 %

Finland 4.6 4.0 -13 % 2.8 -39 %

Iceland 0.22 0.21 -9 % 0.16 -30 %

Norway 3.9 3.0 -24 % 2.7 -31 %

Russian Federation** 180 180 -2 % 170 -6 %

Sweden 3.2 2.3 -27 % 1.9 -40 %

US 270 180 -34 % 140 -49 %
Total 510 400 -20 % 340 -32 %

NE = Not Estimated; * Estimate excludes emissions from Greenland and the Faroe Islands; ** Emission estimates from IIASA (AMAP 2021)
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Figure 1. Past and projected percent change in black carbon emissions relative to 2013 in the Arctic States 

 

Figure 2. Past and projected development of collective black carbon emissions from the Arctic States (the 
aspirational collective goal in dashed lines)
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OBSERVER STATES
Several Arctic Council Observers have produced black carbon emission inventories, and three countries have 
estimated future projections (Table 2, Fig 2). The submitted data suggest that most countries have been able to 
reduce their emissions in recent years and have achieved a collective reduction of 24% from 2013 to 2018.

Table 2. Historical trends and projections of black carbon emissions (kt/year) as reported by Observer States in 
the 2020 national reports or 2020 LRTAP national submissions. All numbers in this table were rounded to two 
significant digits: as a result, totals may not sum exactly.

2013 2018 OR 
LATEST

CHANGE 
FROM 2013 TO 
LATEST (%)

2025
CHANGE 
FROM 2013 TO 
2025 (%)

France 37 24 -35 % NE NE

Germany 19 13 -34 % 11 -44 %

Italy 25 19 -24 % NE NE

Japan 17 11 -33 % 6.6 -61 %

Poland 15 16 5 % 9 -41%

Spain 43 35 -19 % NE NE

Switzerland 1.9 1.3 -34 % 0.83 -57 %

The Netherlands 3.9 2.4 -37 % NE NE

United Kingdom 21 18 -12 % NE NE
Total of all reporting Observer 
States 179 140 -24 % NE NE

EU 27 + UK 229 200* -13 % NE NE

NE = Not Estimated

*2017 emissions

Figure 3. Past and projected percent change in black carbon emissions relative to 2013 in reporting Observer 
States.
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METHANE EMISSIONS AND PROJECTIONS
This section compiles the methane emission and projection data for both Arctic States and Observers, as reported 
in 2020. According to the IPCC AR5 assessment, the climate forcing of methane is 28-36 times stronger than CO2 
per unit of emissions over a 100-year time period. This warming will be concentrated in the first few decades 
after emission, whereas for CO2, the warming effect continues well beyond the 100-year period.

ARCTIC STATES
All Arctic States have submitted updated methane emissions inventory data, and most countries have provided 
projections up to 2030. According to the nationally reported data, collective emissions from Arctic States have 
increased by 2% from 2013 to 2018, and are projected to increase by 8% by 2025 (Table 3, Figure 3). Therefore, 
Arctic States are currently not on track to achieve the common vision for enhanced action to significantly reduce 
overall methane emissions, as laid out in the Framework.

Note that emissions from the Land-Use, Land-Use-Change and Forestry (LULUCF) sector are excluded from the 
Expert Group’s assessment, as LULUCF is generally excluded from projection scenarios. LULUCF is also a minor 
contributor to overall methane emissions, accounting for 4% of emissions from the Arctic States in 2018. 

Table 3. Historical trends and projections of methane emissions (kt/year) as reported by Arctic States in the 
2020 national reports or 2020 UNFCCC national submissions. All numbers in this table were rounded to three 
significant digits: as a result, totals may not sum exactly

2013 2018 CHANGE FROM 
2013 TO 2018 (%)

2025 PROJEC-
TION

CHANGE FROM 
2013 TO 2025 
(%)

Canada 3820 3660 -4 % 3060 -20 %

Denmark 292 295 1 % 278 -5 %

Finland 199 179 -10 % 157 -21 %

Iceland 25.5 25.2 -1 % 21.6 -16 %

Norway 206 192 -7 % 184 -11 %

Russian Fede-
ration 14600 15800 9 % 17000 16 %

Sweden 193 175 -9 % 146 -25 %

US 25700 25500 -1 % NA NA
Total ( excluding 
LULUCF) 45000 45700 2 % 48400* 7%*

NA	=	Not	Available;	*	The	collective	projection	assumes	the	same	relative	development	in	U.S.	emissions	as	reported	in	their	second	Biennial	Report,	as	updated	U.S.	projections	were	

not available at the time of this report. 
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Figure 4. Past and projected percent change in methane emissions relative to 2013 in the Arctic States

OBSERVER STATES
Table 4 compiles the national emission estimates and available projections for the Arctic Council Observers, 
as submitted to the Expert Group or to the UNFCCC. Nationally reported data was received from 9 countries, 
as well as a collective emissions estimate for all European Union countries and the United Kingdom (EU 27 
+ UK). Some Observers also provided projections. Reported methane emissions from Observers States indicate 
that methane emissions from those Observers have decreased slightly since 2013. For the Observer States who 
reported projections, a similar decreasing trend is expected to continue to 2025 (Figure 6).

Table 4. Historical trends and projections of methane emissions (kt/year) as reported by Observers in the 
2020 national reports or 2020 UNFCCC national submissions. All numbers in this table were rounded to three 
significant digits: as a result, totals may not sum exactly.

2013 2018
CHANGE 
FROM 2013 
TO LATEST (%)

2025
CHANGE 
FROM 2013 
TO 2025 (%)

France 2370 2260 -4 % 2150 -9 %

Germany 2360 2140 -9 % NE NE

Italy 1790 1720 -4 % 1600 -11 %

Japan 1300 1190 -8 % NE NE

Poland 2000 1950 -2 % 1880 -6 %

Spain 1540 1590 3 % 1320 -15 %

Switzerland 200 190 -3 % 190 -5 %

The Netherlands 740 690 -6 % 660 -10 %

United Kingdom 2240 2080 -7 % NE NE
Total of all reporting Observer 
states (excluding LULUCF) 14500 13800 -5 % NE NE

EU 27 + UK 18600 17900 -4 % NE NE

NE = Not Estimated
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 Figure 5. Past and projected percent change in methane emissions relative to 2013 in reporting Observer States

MODELLED DEVELOPMENT OF EMISSIONS AND POTENTIAL FOR 
FURTHER EMISSION REDUCTION
The AMAP Working Group has published a scientific assessment of SLCFs in the Arctic, “Impacts of Short-lived 
Climate Forcers on Arctic Climate, Air Quality and Human Health”, which includes an evaluation of emissions of 
black carbon and methane trends and projections based on International Institute for Applied Systems Analysis’ 
(IIASA) global Greenhouse gas - Air pollution Interactions and Synergies model (GAINS)25.

This evaluation concluded that “the Arctic Council’s collective voluntary commitment for reducing black carbon 
emissions of 25-33 percent below 2013 levels by 2025 can nearly be achieved by implementing current policies.” 
The emission data presented in this report, based on nationally submitted data provided by the Arctic States, 
indicate that the collective goal on black carbon would be met. Despite the slightly different conclusions, the two 
data sets used indicate a fairly similar range of projected emissions decreasing; AMAP’s modelling concluded 
that collectively Arctic States are projected to decrease black carbon emissions by 23% below 2013 levels, while 
nationally submitted projections used in this report indicate a collective decrease of 32%. AMAP’s conclusion 
found that significant further emissions reduction can be achieved by using best available technologies. While 
this report finds that Arctic States are on track to achieve their goal, the Expert Group emphasizes that continued 
effort is required to remain on track to meet or exceed the collective goal. 

The nationally submitted projections in this report and the projections modelling in AMAP (2021) indicate that 
emissions of methane are expected to increase. Modelling by AMAP projects that methane emissions from Arctic 
Council States will increase by 8% under current legislation between 2015 and 2025, while nationally submitted 
projection in this report show a collective projected increase of 7% between 2013 and 2025. Differences in 
data and modelling scenarios likely account for the different magnitude of projected increase. Regardless, both 
modelling efforts indicate that ambitious action is required to avoid the projected methane increases, and strive 
towards achieving the Framework’s common vision to significantly reduce methane emissions.

AMAP (2021) also includes theoretical scenarios of Maximum technically feasible reduction for black carbon 

25  https://iiasa.ac.at/web/home/research/researchPrograms/air/GAINS.html
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and methane, where existing best available technologies for air pollutant reduction 
would be applied. Under the maximum technically feasible reduction scenario, 
emissions of black carbon and methane were modelled to be 50% and 40% lower, 
respectively, in 2025 than under the current legislation scenario. This demonstrates 
that further action can be taken to achieve greater reductions.

FUTURE PROGRESS
Though Arctic Council States have made significant progress in achieving reductions 
in black carbon, sustained and ambitious action is still required to address climate 
change and human health impacts on the Arctic. 

The Arctic Council’s Arctic Monitoring and Assessment Programme (AMAP)’s 
most recent Short Lived Climate Forcer Assessment has concluded that further 
implementation of available technologies is required to address modest reductions 
in black emissions, and increasing concentrations of methane observed in the Arctic. 

Therefore, further work under the Framework is necessary, both to remain on 
track to achieve black carbon emissions reductions and to reverse the projected 
increasing trend of methane emissions. Future work of the Expert Group should 
focus on the implementation of the recommendations made in this report amongst 
Arctic and Observer States. To do so, the Expert Group will consider ways to improve 
the communication of its recommendations to its target audience, such as making its 
recommendations available in multiple languages. 

The Expert Group may also consider developing broader, cross-cutting 
recommendations that are not sector-specific. These recommendations could foster 
emissions reductions across major sources through economic or other means.

The Expert Group will also continue to promote the need for continued 
advancements in science, research, and monitoring, as outlined in the 
Framework. Further improvements to emission characterization will enable 
better tracking of progress towards the goals of the Arctic Council. The Expert 
Group acknowledges the excellent work of the scientific communities across the 
Arctic Council itself, including AMAP, and within the Arctic and Observer States, 
and strongly advocates for continued support for this work into the future. 
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ASSESSMENT OF 
PROGRESS AND 
RECOMMENDATIONS 
FOR ENHANCED 
ACTION
The Expert Group has compiled information on progress 
in the fields of recommended action, based on the 
submissions of the Arctic States and Observer States and 
other available sources of information. In general, Arctic 
and Observer States have made progress in implementing 
actions to reduce emissions, though continued action is 
required to achieve future emission reductions. 

The following overview identifies action implemented by Arctic and Observer 
States to achieve emissions reductions from key emitting sectors. A more extensive 
list of detailed actions in each country can also be found in Appendix 1. 

Each section focuses on a key emitting sector, and concludes with a set of 
recommendations for further action. The recommendations provided in this 
report recognize and build on actions that are already in place in Arctic States 
and the lessons learned since the 2019 edition of this report. As in the 2019 report, 
these recommendations are provided as a menu of options for Arctic States and 
Arctic Council Observer States to consider in designing policies and initiating 
actions that reduce emissions of black carbon and methane, and are intended to 
be implemented as appropriate for the national context and circumstances. The 
Expert Group has formulated the recommendations to be broadly applicable. The 
identified actions are chosen with local benefits in mind, including benefits for 
human and ecosystem health. 
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MOBILE AND STATIONARY 
DIESEL-POWERED SOURCES
Diesel exhaust emissions contain many gaseous and 
particulate compounds, including carbon monoxide, 
nitrogen oxides, fine particulate matter (including 
black carbon), ultrafine particles, polycyclic aromatic 
hydrocarbons and volatile organic compounds. Diesel 
exhaust causes significant environmental harm and 
presents human health risks in the Arctic. It is important 
to emphasize that diesel exhaust is a major contributor 
to ambient PM2.5, a component of which is black carbon. 
However, diesel exhaust also contributes significantly 
to ambient concentrations of a variety of air pollutants. 
Actions to reduce black carbon emissions from diesel-
powered mobile sources and stationary diesel engines 
reduces the impact of black carbon on climate forcing, and 
results in air quality and health benefits.
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Arctic States that are parties to the amended 
Gothenburg Protocol report black carbon emission 
using guidelines and the standard format adopted by 
LRTAP’s Executive Body. Mobile diesel engine use is 
reported under “Road Transport” and makes up the 
majority of black carbon emissions reported in this 
category. Off-road diesel engines, such as generators, 
are included under “Offroad” emissions, and similarly 
make up the majority of the black carbon emissions in 
this category. Overall, diesel engine use represents a 
significant portion of black carbon emission emitted by 
Arctic States. At the same time, they are not key sources 
for methane emissions.

Diesel-powered mobile sources include light-and 
heavy-duty vehicles, non-road equipment and engines, 
locomotives, and marine sources, including smaller 
crafts. Mobile sources continue to be the largest emitters 
of black carbon among Arctic States, accounting for 
52,6 % black carbon emissions of overall estimated 
emissions in 2018.

Stationary diesel engines are commonly used for either 
primary or back-up electricity generation in remote 
communities and at off-grid resource exploitation sites 
in Canada, the United States, Russia and Greenland. 
Though total emissions from stationary diesel engines 
are estimated to be relatively small compared with 
emissions from mobile sources, they can present 
serious local air quality issues. This is especially true 
in remote communities who exclusively rely on diesel 
for electricity generation. These engines run 24-hours 
a day, often in close proximity to homes and schools, 
impacting local air quality conditions and contributing 
to local warming impacts. 

Also included in this sector is diesel use for shipping. 
With a warming climate, the Arctic is experiencing 
a decline in sea ice. This has opened up more Arctic 
marine regions to shipping activity, and is extending 
the shipping season. Diesel is a common fuel for 
shipping, and the Arctic is particularly vulnerable to 
impacts of diesel use from shipping; not only from the 
direct emission of black carbon in Arctic regions, but 
also from the risk of fuel spills.

26  https://pame.is/projects/arctic-marine-shipping/arctic-shipping-status-reports/749-arctic-shipping-report-2-heavy-fuel-oil-hfo-use-by-ships-in-the-arctic-2019/file 

LINKS TO WORK OF OTHERS
The International Institute for Applied Systems 
Analysis (IIASA) provides important services to 
the wider research community. According to the 
IIASA modeling data diesel powered engines were 
responsible for 240.8 kt emissions of black carbon 
(48.4% of total black carbon emissions) and 508 kt of 
methane (1% of total methane emissions) emissions in 
2015. IIASA also provides forecasts for black carbon 
emissions up to 2030 for 2 scenarios. The first is a 
baseline scenario which depicts a future state of society 
and/or environment in which no new environmental 
policies are implemented apart from those already in 
the pipeline today. The second is Maximum Technically 
Feasible Reduction (MFR) scenario which starts from 
2025 assuming a stringent policy requiring introduction 
of best available technology for all economic activities 
generating emissions.

The Expert Group is in close contact and cooperation 
with other Arctic Council subsidiary bodies, such as 
the Working Group on the Protection of the Arctic 
Marine Environment (PAME), on the subject of black 
carbon emissions from Arctic marine shipping. PAME 
addresses marine policy measures and other measures 
related to the conservation and sustainable use of the 
Arctic marine and coastal environment in response 
to environmental change, including that caused by 
shipping. Many of its projects aim to help minimize the 
risks posed by shipping activities in the Arctic. These 
projects have resulted in authoritative reports on 
low-impact shipping corridors, threats posed by and 
options for mitigating the risks of heavy fuel oil (HFO) 
use and carriage by ships in the Arctic, and a Forum 
to support the effective implementation of IMO’s Polar 
Code. PAME also created and administers the Arctic 
Ship Traffic Data (ASTD) System, a database which 
contains extensive data on Arctic ship traffic, ship fuel 
consumption, and ship CO2, PM, NOx emissions. The 
ASTD System also contains more detailed information 
about methane and black carbon emissions for 
individual ships during their voyages in the Arctic.

PAME also launched the Arctic Shipping Status Report26 
(ASSR) project to develop and issue concise, accessible, 
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fact-based reports on Arctic shipping based on data 
from the ASTD System. PAME released ASSR #2 in 
October 2020 on the subject of “Heavy Fuel Oil (HFO) 
Use by Ships in the Arctic 2019.” ASSR #2 provides 
information on fuels used by ships in the Arctic in 2019 
with a focus on HFO. The Report shows that 10% of 
ships in Arctic waters as defined by the International 
Maritime Organization’s Polar Code burned HFO as 
fuel in 2019. The Report also shows that between 2016 
and 2019, fuel consumption in the Arctic as defined by 
the Polar Code grew 82%.

The Climate and Clean Air Coalition’s Heavy-Duty 
Vehicles initiative advocates for the adoption of clean 
fuel and vehicle regulations, and supporting policies 
around the world in order to achieve reductions in 
black carbon. The Initiative has specific workstreams 
to address emissions from urban bus fleets, ports and 
marine vessels and freight transport. 

GENERAL PROGRESS OF ACTIONS 
TO REDUCE EMISSIONS IN THE 
SECTOR
A barrier to reducing emissions of black carbon from 
mobile sources in the future may be related to the 
transition of the Arctic States to alternative transport 
technologies and fuel types. These barriers include: 
outdated infrastructure, a lack of economic incentive 
for the adoption of alternative technologies, including 
the high price of electric vehicles, exceptionally low 
temperatures in some Arctic zones, and logistical 
difficulties of transitioning large and sparsely populated 
regions to alternative technologies. There is also a need 
for the development of legal frameworks that regulate 
the use of highly polluting technologies. Despite these 
barriers, Arctic States have been active in adopting 
policies, regulations, and incentive to reduce the use 
of high-emitting diesel engines, whether by targeting 
specific engine-use activities, or more general efforts to 
transition to alternative technologies. 

According to the current government’s program, 
Finland is committed to halve the GHG emissions 
from the transport sector by 2030 and achieve net 
zero emissions by 2045 (Roadmap to Fossil-free Tran; 
currently comments are invited on the Roadmap 
for fossil-free transport, i.e. the Resolution to reduce 
greenhouse gas emissions from domestic transport). 
The intention is to adopt the Government Resolution 

on the reduction of greenhouse gas emissions from 
domestic transport in spring 2021. At the national level, 
many European countries have announced measures 
to support the transition to electric cars and support for 
gas or ethanol conversions of old cars. The introduction 
of a low-emission fleet in the public sector will be 
accelerated in line with EU requirements. In Finland, 
the measures would target specifically road transport 
and aim to foster replacement of fossil fuels, renew 
the vehicle fleet and advance energy efficiency of the 
transport system. The government program includes 
an increase in taxation of transport fuels by €250 
million over the electoral term and legislative changes 
have been introduced in 2020 and 2021. Iceland and 
Denmark have also proposed a ban of registration of 
new petroleum fuel vehicles from 2030. 

Requirement for new Canadian light-duty vehicles to 
meet Tier 3 air pollutant emission standards under 
the On-Road Vehicle and Engine Emission Regulations 
began being phased in with the 2017 model year. This 
includes new PM exhaust emission standards that will 
be fully phased in by the 2021 model year, and limit 
PM emissions to 3 mg/mile; a 70% reduction over the 
already stringent Tier 2 standards. These Tier 3 PM 
standards will further limit black carbon emissions 
from new light-duty vehicles in Canada.

Canada’s Passenger Automobile and Light Truck 
Greenhouse Gas Emission Regulations have been 
driving annual increases in the number of zero-
emission vehicles on the road in Canada since the 
regulations came into force for the 2011 model year. 
Building on the success of its existing regulations, 
Canada has set ambitious federal sales targets for zero-
emissions vehicles (ZEVs); by 2025, 10% of new light-
duty vehicles solid in Canada will be zero-emission; by 
2030, 30% will be zero-emission, and by 2040, 100% will 
be zero emission. To meet these goals, the Government 
of Canada is offering point-of-sale incentives for 
customers who buy or lease eligible ZEVs. Also, the 
Government of Canada expanded tax write-offs offered 
to businesses for the purchase of ZEVs. To support the 
transition to ZEVs, the Government of Canada is also 
investing in a network of vehicle charging stations and 
hydrogen refueling stations. Proposals to strengthen 
the transition towards light, medium, and heavy-
duty ZEVs were announced in Canada’s strengthened 
climate plan, A Healthy Environment and a Healthy 
Economy, in December 2020.
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In Iceland, new modes of transportation are currently 
underway to reduce emissions and enhance 
transportation efficiency, such as the prioritization 
of bike and walking pathways and the construction 
of the public transport eco-projects (“The City Line” 
in Iceland). Norway has an action plan for fossil 
free public transport by 2025 and an action plan for 
infrastructure for alternative fuels. Norway also has 
ambitious targets in terms of ZEVs; all new passenger 
cars and light vans sold in 2025 will be zero-emission 
vehicles; by 2030, all new heavy-duty vehicles, 75% 
of new long-distance coaches and 50% of new trucks 
shall be zero emission vehicles, and the distribution of 
freight in the largest urban centers shall have almost 
zero emissions. Furthermore, an action plan on fossil-
free construction sites for the construction of transport 
infrastructure is presented.

Sweden has adopted a national plan for transport 
infrastructure for the period 2018–2029. It is a total 
investment of 700 billion SEK and includes among other 
things investments in rail infrastructure, fine-tuning 
and environmental measures, urban environment 
agreements, and new main lines for high-speed trains. 
Reduced speed in some streets is another effective 
measure. Cities such as Gothenburg, Uppsala and 
Stockholm have used this measure to decrease black 
carbon emissions. Also connecting car sharing and 
other mobility services to properties in combination 
with a reduced number of parking places could be a 
way to reduce the need of owning a car. 

Some difficulties with reduction of black carbon 
emissions from transport sector could be related with 
legacy petrol vehicles which can emit large amounts of 
black carbon, but unfortunately there is very limited 
data on their contribution to total emissions and 
policies to replace them with modern cars. Also, the 
possible intensification of traffic along the Northern 
Sea Route and the Northwest Passage may lead to a 
significant increase in greenhouse gas emissions and 
black carbon.

Reducing emissions from stationary diesel-powered 
sources is also important. There are some existing 
regulations and initiatives used in Sweden: initiatives 
for wind power training programs in energy-efficient 
buildings, support for solar power, tax reduction for 
micro production of renewable electricity. Programs 
that target stationary diesel engines have been most 
notably changing in Iceland’s fishmeal industry. A 
collaboration was formed between Iceland’s electricity 
transmission system operator Landsnet, HS Veitur, 
Rarik, and the Association of Icelandic Fishmeal 
Producers, to promote increased use of renewable 
energy in the fishmeal industry and drastically 
reducing the utilization of stationary diesel generators 
in large scale projects in Iceland. These targeted actions 

are in addition to the regulations limiting black carbon 
emissions from diesel power generation. 

Canada is also taking action to reduce the reliance 
of remote communities on diesel by promoting and 
supporting their transition to more sustainable, 
clean energy technologies. In addition to health and 
environmental benefits, the installation of local sources 
of renewable energy (such as wind, solar, hydro or 
biomass) supports energy independence, and provides 
local economic development opportunities including 
skills development and job creation.

In the United States, a number of PM2.5 control 
strategies have proven successful in reducing black 
carbon emissions from mobile sources. The two 
principal strategies include: (1) emissions standards for 
new vehicles and engines, with emissions reductions 
occurring as the vehicle and engine fleet turns over 
through cleaner replacements, and (2) controls or 
strategies that reduce emissions from existing in-use 
engines, such as diesel retrofits. It is important to note 
that these strategies are complementary and can be 
employed simultaneously. The main technology for 
reducing black carbon emissions from diesel engines 
is the catalyzed diesel particulate filter (DPF). In the 
United States, stringent PM emissions standards for 
new mobile source engines were phased in across 
different sectors between 2007 and 2020. In most 
cases, the most stringent standards result in the use of 
diesel particulate filters on new engines.

STATUS OF IMPLEMENTATION OF 
THE 2019 ACTIONS TO REDUCE 
EMISSIONS
Recommendation 1a: Reduce emissions from 
new diesel vehicles and engines by adopting and 
implementing world-class particulate matter exhaust 
emission standards and ensuring wide-spread 
availability of ultra-low sulphur fuels. 

The EU has adopted and implemented the most 
recent EURO-regulation and their amendments for 
light passenger and commercial vehicles, heavy duty 
vehicles, off-road vehicles and machinery. The amounts 
of sulfur in gasoline and diesel have been limited 
to 10 mg/ liter (1206/2010). This reduces emissions 
from transport, including black carbon and methane. 
EU Member States have adopted and implemented 
the following relevant Directives of the European 
Parliament and of the Council; Directive 2004/107/EC 
and 2008/50/EC on ambient air quality and cleaner air 
for Europe. Many countries ratified Marpol’s Annex 
VI in 2019. Annex VI limits black carbon precursor 
substances (the sulfur content should be 0.1 weight-% 
for ship traffic on Baltic Sea control area, global limit 
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0.5 %). As part of Canada’s Air Quality Program in 
2020, the Off-road Compression-Ignition (Mobile and 
Stationary) and Large Spark-Ignition Engine Emission 
Regulations were published, and replace Canada’s 
Off-Road Compression-Ignition Engine Emission 
Regulations. The regulations are applicable to large 
spark-ignition engines and stationary diesel engines. 
The emission standards applicable to mobile diesel 
engines, which are currently aligned with those of the 
U.S, remain unchanged. 

Recommendation 1b: Reduce emissions from 
legacy diesel vehicles and engines by adopting targeted 
policies and programs. 

In Norway and some other countries cash payment 
was introduced for scrapping motorcycles, mopeds, 
campers and caravans. Scrapyards get operational 
support for receiving these vehicles. In Iceland, a 
turn-in fee, of roughly 200€, is available for handing 
in vehicles for end-of-life/ recycling treatment. This 
is likely reducing the number of legacy vehicles in 
Iceland’s vehicle fleet. 

The Swedish bonus–malus-system, introduced in 2018, 
is aimed at promoting the sale  of low-emitting cars 
and contribute to a fossil free car fleet.  In the bonus 
malus system low emitting vehicles are, at the time of 
the purchase, rewarded with a bonus of max 60 000 
SEK while new high emitting vehicles are burdened 
with a higher vehicle tax during the first three years. 
Emissions from new cars are expected to decrease with 
the system in place and also reduce emissions of air 
pollutants as black carbon. The system is designed to 
be cost neutral, the costs for bonuses are to be covered 
by the increased malus tax. As the sales of low emitting 
cars has increased rapidly the government will raise 
the tax increase on new high emitting cars and raise 
the bonus for zero emission vehicles from April 1st, 
2021 to keep the system balanced.

Recommendation 1c: Reduce black carbon by 
stimulating the shift to alternative vehicle technologies 
and modes of transportation, and through efficiency 
measures. 

Countries can promote alternative vehicle technologies 
and modes of transportation with several means. 
For example, through subsidies or tax incentives for 
climate-friendly vehicles or banning of new petroleum 
fuel vehicles.

For example, in Norway in 2020, the marked share of 
zero emission cars amounted to 50% for new passenger 
car sales. This is the result of a combination of political 
measures. ZEVs are exempted from VAT, registration 
tax and re-registration tax and have reduced traffic 
insurance tax. Furthermore, the use of fossil fuels in 
vehicles is charged with CO2 tax, which favors the use 

of electric vehicles. Local authorities can introduce 
payments on toll roads and ferries, parking fees and 
restricted access to bus lanes for zero-emission vehicles. 
However, Norway has a national binding standard 
stating that fees for electric cars should not exceed 50 
per cent of the fee for conventional cars.

Denmark has assessed the potential reduction in GHG 
emissions from specific measures. By 2030, all taxis 
must be zero emission vehicles, which could reduce 
CO2 by 0.4 million tons, PM 2.5 by 65 tons, NOx by 970 
tons. If all buses are green by 2030, emissions CO2 will 
be reduced by 1.5 million tonnes, PM 2.5 by 360 million 
tons, and NOx by 13000 tons by 2050. 

One of the best practices and projects between the 
State and a body representing the business and 
industry sector it is Finland example. In 2018 The 
Finnish automotive sector, Ministry of Transport and 
Communications and Ministry of the Environment 
concluded a voluntary agreement to cut greenhouse 
gas emissions from vehicles by 2030. The target of 
the Green Deal is to: (1) reduce the average carbon 
dioxide emissions of newly registered passenger cars 
and vans by at least 4% a year; (2) increase the share 
of vehicles that enable a high biofuel ratio especially 
in the heavy-duty fleet; (3) promote the increase in the 
share of vehicles using other alternative fuels so that in 
total they will represent 25% of the newly registered 
vehicles by the end of 2025; and (4) lower the average 
age of the vehicle fleet and the average scrapping age 
by 1.5% a year.

Recommendation 1d: Develop, as appropriate, and 
report on best practices to reduce particulate matter 
and black carbon emissions from shipping. 

Nordic countries will participate in international 
cooperation project to promote more environment-
friendly cruise ship tourism in the Baltic Sea region in 
cooperation with the industry, local authorities, and 
tourist organizations.

All Arctic States work internationally at the IMO for a 
global regulatory framework to promote innovative 
solutions and technology development to reduce the 
emissions of black carbon, and to promote the use of 
low-sulphur fuels. 

Recommendation 1e: Reduce emissions from 
stationary diesel engines by adopting targeted policies 
and programs, including shift to new technologies and 
improved efficiency.

Canada is one of the countries where great efforts are 
being made to reduce emissions from diesel power 
generation. As part of the Pan-Canadian Framework on 
Clean Growth and Climate Change, the $220 million Clean 
Energy for Rural and Remote Communities program was 
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launched in 2018 to reduce the reliance of rural and 
remote communities on diesel fuel for heat and power. 
The program, lead by Natural Resources Canada, supports 
community-led renewable energy and capacity building 
projects in rural and remote communities and off-grid 
industrial sites. As part of the Impact Canada Initiative, 
Natural Resources Canada also delivers the $20 million 
Indigenous Off-Diesel Initiative, which seeks to achieve a 
breakthrough in efforts to transition remote Indigenous 
communities off diesel as a primary energy source. The 
Initiative supports remote Indigenous communities with 
tailored clean energy training, access to mentors, and 
funding to develop a community clean energy plan and 
launch a clean energy project. An additional $300 million 
over five years to continue supporting the transition of 
these communities towards clean energy was announced 
as part of Canada’s strengthened climate plan, A Healthy 
Environment and a Healthy Economy, in December 2020.

The Northern Responsible Energy Approach for 
Community Heat and Electricity Program (Northern 
REACHE), led by Crown-Indigenous Relations and 
Northern Affairs Canada, funds renewable energy 
and efficiency projects in Canada’s three territories as 
well as the Inuit regions of Nunavik (Northern Quebec) 
and Nunatsiavut (Northern Labrador). The program’s 
primary objective is to support off-grid Indigenous and 
northern communities to reduce their reliance on diesel 
fuel for heat and electricity by promoting the use of local 
renewable energy sources including biomass, wind and 
solar, as well as through improved energy efficiency.

Based on national reports and the information provided 
about various types of projects (public programs and 
private projects), further black carbon emissions 
reductions from mobile and stationary diesel-powered 
sources are achievable by continuing to implement the 
recommendations of the EGBCM.

RECOMMENDATIONS FOR ACTION 
2021
Arctic states have worked towards the 2019 
recommendations regarding stationary diesel-powered 
sources and there is an indication of significant 
progress but also areas for further improvement. The 
2019 recommendations are broad enough to capture 
relevant policies, projects, and plans occurring at 
multiple decision-making levels, and so have been 
carried over as recommendations for 2021. The 
recommendations are presented as a set of options to 
be considered in designing national and subnational 
policies, taking into account specific circumstances and 
needs.

Recommendation 1a: Reduce emissions from 
new diesel vehicles and engines by adopting and 
implementing world-class particulate matter exhaust 
emission standards and ensuring wide- spread 
availability of ultra-low sulphur fuels. 

Recommendation 1b: Reduce emissions from legacy 
diesel vehicles and engines by adopting targeted 
policies and programs. 

Recommendation 1c: Reduce black carbon by 
stimulating the shift to alternative vehicle technologies 
and modes of transportation, and through efficiency 
measures. 

Recommendation 1d:  Work to accelerate efforts  to 
mitigate black carbon from international shipping, and 
implement measures to mitigate black carbon from 
domestic shipping activities.

Recommendation 1e: Reduce emissions from 
stationary diesel engines by adopting targeted policies 
and programs, including shift to new technologies and 
improved efficiency.

NEW EMERGING ISSUES
Some Arctic Council States remain dependent on 
petroleum-based fuel, including diesel, because many 
individuals continue to rely on internal combustion 
engine vehicles, rather than alternative forms of 
transportation. While there are also motivated people 
who are using public transport or other modes of 
transportation, it is necessary to develop policies that 
encourage more motorists to choose alternatives, such 
as biking, walking, or public transit, where feasible. 
Additionally, further action is needed in some countries 
to incentivize the purchase alternatively fueled 
vehicles, and develop the infrastructure needed to fuel 
these vehicles. Consumers are more likely to choose 
electric vehicles when they feel confident that they 
can easily recharge or fuel their car without the risk of 
running out of fuel on the road. Some Arctic States face 
challenges in developing the infrastructure required 
for reliable charging stations, particularly in regions 
with low population densities are large geographic 
areas between communities. Continued innovation on 
solutions to Arctic-specific barriers to the wide-spread 
adoption diesel fuel alternatives is required for future 
action.
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OIL AND GAS SECTOR
In Arctic States upstream oil and gas sector activities 
are major sources of methane and black carbon 
emissions. In this sector, black carbon emissions come 
from combustion activities, especially flaring, and 
are particularly harmful to the climate when located 
near or in the Arctic. Eliminating such flares can be 
difficult and costly, as gas capture and use can be 
inhibited by long distances to gas markets. Methane 
emissions from intentional venting (for safety 
or other operational reasons) and unintentional 
leakages represent a resource waste of a fuel which 
could be used for productive purposes and economic 
losses for the industry. Methane emissions typically 
come from a large number of dispersed sources 
which have historically been difficult to detect and 
measure. Significant advancements have been made 
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in recent years in satellite, mobile and other technology 
for identifying and measuring emissions from the oil 
and gas sector. 

Once detected, emissions are generally technically 
feasible to eliminate, often at low or no net cost to 
the operator. The International Energy Agency has 
recently estimated that 73% of world-wide methane 
emissions from the oil and gas sector could be avoided 
with currently existing technology, while 40 % of the 
emissions can be eliminated at net-zero cost.27

It is also worth noting that in oil and gas extraction 
operations, methane and non-methane volatile organic 
compound (VOC) emissions are linked: Natural gas 
reservoirs contain methane along with volatile organic 
compounds (and other substances), and efforts to 
reduce one will often reduce the other, resulting in 
additional air quality and health benefits.

There are four Arctic States with significant oil and gas 
production – Canada, Norway, the Russian Federation, 
and the United States. Although uncertainty remains 
high on the actual magnitude of emissions28, the 
four countries account for a significant portion of 
short-lived climate pollutants emissions by Arctic 
States. Methane emissions from oil and gas systems 
(exploration, production, refining, distribution etc.) 
reported by these countries to UNFCCC are presented 
in Table 1.

Table 1: Methane emissions from oil and gas operations 
in the main oil and gas producing countries – in ktCH4

COUN-
TRY 2014 2015 2016 2017 2018

CA 1,785 1,716 1,568 1,548 1,535

NO 22 23 21 19 19

RU 6,321 6,160 6,337 6,687 6,932

US 7,666 7,582 7,281 7,400 7,328

TOTAL 15,795 15,481 15,206 15,655 15,814

Source: UNFCCC, category 1.B.229 (all stages throughout exploration to distribution 

included)

27  https://www.iea.org/reports/methane-tracker-2020

28  http://carbonlimits.no/wp-content/uploads/2016/03/Arctic-SLCPs_report_final_public.pdf 

29  https://unfccc.int/process-and-meetings/transparency-and-reporting/greenhouse-gas-data/ghg-data-unfccc/ghg-data-from-unfccc https://di.unfccc.int/

flex_annex1

30 The methane emissions intensity is calculated by dividing total reported emissions (UNFCCC 1.B.2) by total oil and gas production reported in the 

referenced BP statistical review (yearly oil production in million tonnes are retrieved from page 17, and gas totals in bcm from page 34). To get the same unit, toe, 

the bcm number was multiplied with the conversion factor 0.9.  

31  https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf 

32	 2017	data:	4.93	bcm	emitted	by	flares	located	at	latitude	over	66o	–source:	https://www.ngdc.noaa.gov/eog/viirs/download_global_flare.html 

Table 2: Methane emission intensity - in kgCH4/toe30

2014 2018

CA 4.97 3.57
NO 0.12 0.10
RU 5.92 5.95
US 6.62 5.15

Source: UNFCCC, category 1.B.2 + BP Statistical review 202031

According to these data, methane emissions from the 
oil and gas sector in Arctic States have overall remained 
at a similar level from 2014 to 2018. The methane 
emission intensity decreased for Canada, the U.S. and 
Norway and remained relatively constant for Russia 
(see Table 2). It should be noted that both methane and 
black carbon emissions estimates are uncertain with 
different methods being applied for quantification 
across countries. The importance of internationally 
coordinated measures to achieve transparency in 
reporting methane and black carbon should therefore 
be highlighted in the oil and gas sector, and new 
technologies and standards for monitoring, reporting 
and verification should be taken into account. 

Data for flaring is often used as an indicator of the level 
and trends in black carbon emissions from the sector, 
even if emissions are also impacted by combustion 
technologies and the properties of the gas flared. In 
addition, the global warming impacts are very sensitive 
to the location of emission sources. Estimates of flaring 
volumes based on satellite images suggest an increase 
in emissions over the past five years, most notably in 
the U.S. as a result of increased shale oil production, but 
also with an upward trend in the Russian Federation. 
Of the total flared volumes, around 15% are emitted 
North of the Arctic circle.32 It should be noted that U.S. 
emissions for the major part are located further south 
than those of other countries. The flare trends and 
level in Russia estimated from satellite data deviate 
markedly from those of national statistical sources (e.g. 
Russia reported to UNFCCC for 2018 15.7 bcm flared).
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Table 3: Development of flaring volumes in billion 
cubic meters (bcm)

2015 2016 2017 2018 2019

CA 1.81 1.30 1.34 1.33 1.05

NO 0.34 0.36 0.25 0.27 0.129

RU 19.62 22.37 19.92 21.28 23.21

US 11.85 8.86 9.48 14.07 17.29

TOTAL 33.62 32.89 30.99 36.95 41.679

Source:	NOAA,	Colorado	School	of	Mines,	GGFR33	and	ZRF34

Table 4: Flaring intensity

[M3/BBL] [M3/BOE]

Country 2015 2019 2015 2019

CA 1.35 0.65 0.69 0.34
NO 0.48 0.2 0.24 0.10
RU 5.24 5.86 2.63 2.82
US 3.44 3.87 1.31 1.48

Source: GGFR and BP Statistical review 202035

LINKS TO WORK OF OTHERS
Various bodies of the Arctic Council, including the 
EGBCM, are engaged in work to improve knowledge 
and encourage mitigation of oil and gas black 
carbon and methane emissions. AMAP Secretariat 
leads a consortium of partners on a work to reduce 
black carbon emissions and its negative effects on 
the Arctic (heath, climate and environment) with 
a particular focus on gas flaring, domestic heating 
and maritime shipping. The project (“Action on Black 
Carbon in the Arctic region”)36 is funded by the EU. In 
2020, the project delivered a report on Best Available 
Techniques Economically Achievable to reduce black 
carbon emissions from flaring37. Within the Arctic 
Contaminants Action Program (ACAP) Expert Group 
on Short lived Climate Pollutants (SLCP EG) a recent 
project evaluated potential impacts of black carbon 

33 http://pubdocs.worldbank.org/en/503141595343850009/WB-GGFR-Report-July2020.pdf  (https://www.ggfrdata.org/) 

34 https://www.worldbank.org/en/programs/zero-routine-flaring-by-2030#5 

35  Flaring intensities per bbl for Canada, the U.S. and Russia were retrieved directly from https://www.ggfrdata.org/. As Norway is not displayed in the 

charts	at	the	GGFR	website,	this	had	to	be	calculated	using	flaring	volumes	and	oil	production	statistics	from	the	BP	statistical	review	(https://www.bp.com/content/

dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf). Flaring intensities per boe were also calculated from these 

statistics (natural gas in EJ was converted to boe through a conversion factor of 6.1 GJ/boe). 

36  https://eua-bca.amap.no/ 

37  https://eua-bca.amap.no/news/2020/new-report-opportunities-for-reducing-black-carbon-emissions-from-gas-flaring-in-the-arctic 

38  https://arctic-council.org/en/news/best-available-technology-in-the-oil-sector-in-the-arctic/ 

39  Over	two	days,	the	ACAP	webinar	brought	together	over	85	experts	representing:		Arctic	Council	bodies,	national	governments,	oil	and	gas	industries	

with operations in the Arctic, international organizations and initiatives engaged in black carbon and methane emissions and the research community.

40 https://www.globalmethane.org/

41  https://ccacoalition.org/en/initiatives/oil-gas 

42 https://www.worldbank.org/en/programs/gasflaringreduction

and methane from flaring of associated petroleum 
gas (APG) in the Arctic zone of the Russian Federation, 
as well as effects of best available technologies and 
practices (BAT-BEP).38 

The work of the Arctic Council bodies complement the 
actions of a number of international public-private 
partnerships and industry led initiatives with focus on 
reduced methane emissions and flaring, and increased 
cooperation and coordination can create synergies 
and mutual benefits. To this end, in October 2020 the 
Arctic Council’s ACAP Working Group held a webinar 
on Black Carbon and Methane from the Oil and Gas 
Sector, arranged in cooperation with the Ministry of 
Natural Resources and Environment of Russia, the 
Nordic Environment Finance Corporation (NEFCO) 
and Carbon Limits.39 The webinar served as a platform 
for sharing lessons learned and latest findings on the 
ways to quantify and mitigate emissions from the oil 
and gas sector from different stakeholders’ perspective.

The most important international public-private 
partnerships and industry led initiatives engaged in 
black carbon and methane emissions reductions are 
presented below. 

• The Global Methane Initiative’s40 Oil and Gas 
Subcommittee promotes cooperation between 
governments, non-governmental organizations, 
and the private sector to identify and deploy 
cost-effective methane mitigation in oil and gas 
operations across the world. The Climate and Clean 
Air Coalition’s Mineral Methane Initiative41 targets 
both black carbon and methane emissions from 
oil and gas operation by supporting development 
of Nationally Determined Contributions, methane 
science studies, and peer-to-peer regulatory 
support networks.

• The World Bank’s Global Gas Flaring Reduction 
Partnership42 is another initiative that brings 
together governments, oil companies, and 
multilateral organizations working to end routine 
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gas flaring. In the World Bank’s Zero Routine 
Flaring by 2030 initiative governments, oil 
companies and development institutions commit 
to eliminating routine flaring by 2030. 43

• The United Nations Environment Programme 
coordinates the Climate and Clean Air Coalition’s 
Mineral Methane Initiative, including the Oil and 
Gas Methane Partnership (OGMP), a public-private 
partnership. OGMP is a leader in developing an 
international framework for reporting of methane 
emissions from oil and gas sector operations.

• Industry-driven initiatives include the Oil and Gas 
Climate Initiative (OGCI) 44, the Methane Guiding 
Principles (MGP)45, as well as the activities of 
the industry associations (e.g. the International 
Petroleum Industry Environmental Conservation 
Association-IPIECA and the International 
Association of Oil and Gas Producers-IOGP).

GENERAL PROGRESS OF ACTIONS 
TO REDUCE EMISSIONS IN THE 
SECTOR
In order to develop and prioritize effective mitigation 
options, high quality data and methodological and 
technological innovations is crucial. Knowledge of the 
scale and nature of emissions has improved even if 
there still are discrepancies in estimates from remote 
sensing technologies (e.g. satellite-based data) and 
national statistics. New technologies and improved 
company practices play a role, and progress has been 
significant for quantification of methane emissions.

In most oil and gas producing Arctic States, methane 
emissions for national reporting purposes are 
calculated using a detailed bottom-up approach, 
though the level of detail and methods applied differ. 

43  The initiative, as per April 2021, has been endorsed by 32 countries, 44 companies, and 15 development institutions. https://www.worldbank.org/en/

programs/zero-routine-flaring-by-2030

44 	The	OGCI	announced	in	July	2020	their	target	to	reduce	the	collective	average	carbon	intensity	of	member	companies’	aggregated	upstream	oil	and	

gas	operations	to	between	20-21	kgCO2e/boe	by	2025,	from	a	collective	baseline	of	23	kgCO2e/boe	in	2017.	https://www.prnewswire.com/ae/news-releases/og-

ci-sets-carbon-intensity-target-301093317.html 

45 	Currently	with	232	signatory	companies	(many	operating	in	the	Arctic)	and	supported	by	IPIECA	and	IOGP,	the	MGP	have	established	guiding	princi-

ples	covering	both	monitoring,	reporting	and	verification	of	emissions,	as	well	as	mitigation	activities.	https://methaneguidingprinciples.org/ 

46  https://www.miljodirektoratet.no/link/6a48c04068694553b2ba63cdebd97cf7.aspx 

In Norway, for example, leaks are detected with Optical 
Gas Imaging system (IR-cameras) on an annual or 
semi-annual basis.46 

Natural Resources Canada’s funding and partnership 
program has 10 active projects in their portfolio 
receiving funding for innovative work on detecting, 
monitoring and mitigating methane emissions from 
the oil and gas sector: from satellite monitoring to 
detect super-emitters, to aircrafts, drones and field 
instruments that can detect smaller emission sources. 

Progress has also been made in terms of implementing 
regulations and policies to reduce flaring and methane 
emission (see details in section 4). Three broad options 
are being pursued: i) Regulatory requirements or 
standards on specific technologies and/or operational 
practices; ii) Economic instruments that cover 
emission fees/taxes, emission trading systems, and 
tax rebates and financial grants; iii) Public-private 
partnerships and negotiated agreements. National 
circumstances call for different approaches, and policy 
choice differ, but there is still a development towards 
similar technical standards (e.g. BAT requirements, 
emerging international emissions trading schemes and 
international public- private partnerships and industry 
led initiatives as explained in section 2 above.

STATUS OF IMPLEMENTATION OF 
THE 2019 ACTIONS TO REDUCE 
EMISSIONS
Recommendation 2a: Adopt and implement oil 
and gas methane emission reduction strategies.

A number of laws and regulations in the Arctic States 
already exist to address methane emissions to air, from 
petroleum operations. 

Canadian regulations covering key fugitive and 
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venting emission sources in the upstream oil and gas 
sector were published in 201847. The regulations came 
into force in 2020, and include requirements for: 1) 
implementing a program to detect and repair leaks of 
fugitive emissions from equipment; 2) measurement 
of emissions from compressors and corrective action 
when emissions exceed the applicable limit; and 
3) zero venting and conservation of natural gas 
from wells used for hydraulic fracturing. There are 
additional requirements, which take effect in 2023, 
including venting limits and conservation of natural 
gas requirements from pneumatic devices and general 
production facilities. Provincial measures to control 
methane emissions also apply48. The Government of 
Canada intends to report on the efficacy of federal 
actions to achieve its 2025 methane reduction target 
in late 2021, and consult domestically to establish 
new methane emission reduction targets for 2030 and 
2035, and associated regulations, that are aligned with 
international best practices.

To support compliance with regulatory methane 
requirements, and to further deploy best available 
mitigation technologies to address black carbon and 
methane, the Government of Canada has introduced 
the Emission Reduction Fund (ERF). The ERF is expected 
to deploy equipment and mitigation technology that is 
expected to result in emission reductions beyond what 
will be achieved through regulatory measures. 

In Norway, methane is covered under its policies and 
measures for greenhouse gases. Specific emission 
limit values on methane from venting, including 
fugitive emissions, are set in individual facility 
permits required under the Pollution Control Act. 
These emission limits are based on best available 
technologies (BAT). Recovery of waste gases is BAT for 
new field development projects and is re-evaluated 
when modifications on existing field. The BAT 

47 	The	Regulations	Respecting	Reduction	in	the	Release	of	Methane	and	Certain	Volatile	Organic	Compounds	(Upstream	Oil	and	Gas	Sector)	(SOR/2018-6)

48 British	Colombia’s	regulation	Drilling	and	Production	Regulation	under	the	Oil	and	Gas	Activities	Act	(B.C.	Reg	282/2010),	Saskatchewan’s	Methane	

Action	Plan,	Alberta’s	Directives	060	(amended	in	2018	to	include	added	requirements	to	reduce	methane	emissions)	and	017

49  https://www.miljodirektoratet.no/publikasjoner/2017/februar-2017/cold-venting-and-fugitive-emissions-from-norwegian-offshore-oil-and-gas-activities---

module-1-surveying-installations-to-identify-potential-emission-sources/ 

50  https://www.norskoljeoggass.no/contentassets/cd872e74e25a4aadac1a6e820e7f5f95/044---appendix-b-voc-emmissions-guidelineline.pdf

51 	Category	I	companies	according	to	Russian	classification	–	those	companies	that	have	the	highest	negative	impact	on	the	environment.

52  https://eipc.center/wp-content/uploads/docs/north_countries/nr_webinar_bat.pdf

53  https://ec.europa.eu/commission/presscorner/detail/en/IP_20_1833

regulation also include requirements on implementing 
leak detection and repair (LDAR) programmes. Oil 
and gas facilities have been assessed individually to 
identify and map their respective sources of methane 
emissions.49 The annual reporting on methane is 
mandatory and should be based on specific guidelines 
for include requirements for measurement and 
calculation methods (e.g. “Handbook for quantifying 
direct methane and NMVOC emissions”, Guideline 044, 
Appendix B).50 

Since 2019, the Russian Federation has launched 
the pilot version of BAT implementation program. It 
enforces use of BAT technologies and compliance with 
permitted emission levels associated with application 
of the best available technologies (BAT-AELs) for 
300 companies that belong to the group of major 
polluters51, as well as new companies and enterprises 
that volunteer to take part in the pilot. 72 companies of 
those covered in the pilot phase are from the oil and 
gas exploration sectors.52 A number of BAT approaches 
covering methane emissions are included in the sector 
guidance documents – vapor recovery from reservoir 
parks, increased durability of pipelines, compressor 
station optimization, etc.

Regarding EU, in October 2020, the Commission 
published a strategy to reduce methane emissions53 
as part of the European Green Deal. This strategy sets 
out measures to cut methane emissions in Europe 
and internationally. It presents legislative and non-
legislative actions in the energy, agriculture and 
waste sectors. The Commission will work with the 
EU’s international partners and with industry to 
achieve emission reductions along the supply chain. 
One of the priorities under the strategy is to  improve 
measurement and reporting  of methane emissions. 
The Commission states that it will engage in a dialogue 
with its international partners and explore possible 
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standards, targets or incentives for energy imports to 
the EU, and the tools for enforcing them. Prior to the 
publication of the strategy, the Commission issued in 
April 2019 a BAT guidance document on upstream 
hydrocarbon exploration and production.54 This 
document is a non-binding tool designed to support the 
industry and the regulators.

Technical standards as described above can potentially 
have a significant impact on methane emissions. 
Moreover, technology and innovation will play a key 
role in the implementation of regulations by offering 
affordable and accurate ways to monitor progress.

Recommendation 2b: Encourage the adoption 
of best practices in reducing routine flaring and in 
improving gas capture.

Most of the oil and gas producing Arctic States 
have endorsed the Zero Routine Flaring by 2030 
initiative (ZRF 2030).55 Eliminating routine flaring will 
significantly reduce black carbon emissions from the 
sector.

Regulations are in place in Canada56, Russia and 
Norway that limit the amount of flaring that is 
permitted. For instance, in Norway flaring of natural 
gas is only permitted when necessary for safety reasons. 
Implementation of flare gas recovery system (closed 
flares) with automatic flare ignition system is BAT for 
new field development projects and is evaluated as 
part of the plans for development and operation when 
modifications on existing facilities.

In Canada, the credit incentives generated by the Clean 
Fuel Standard could encourage small facilities not 
covered by federal methane regulations, to capture 
methane rather than flaring or venting.

54  https://ec.europa.eu/environment/integration/energy/pdf/hydrocarbons_guidance_doc.pdf

55  https://www.worldbank.org/en/programs/zero-routine-flaring-by-2030#4 

56 	Provincial	regulations	applying	in	Canada	targeting	flaring	reduction:	British	Columbia	Oil	and	Gas	Commission	Flaring	and	Venting	Reduction	

Guideline (2018), Alberta Energy Regulator Directive 060: Upstream Petroleum Industry Flaring, Incinerating, and Venting, Directive S-10: Saskatchewan Upstream 

Petroleum	Industry	Associated	Gas	Conservation,	Newfoundland	and	Labrador	Regulation	120/09:	Offshore	Petroleum	Drilling	and	Production	Regulations

57 	Russia’s	reporting	to	UNFCCC,	2020

58 	Russian	Government	Decree	№	7,	08.01.2009	(revised	08.01.2009)

Russian	Government	Decree	№	1148,	08.11.2012	(revised	13.12.2019)

59 	Russia’s	reporting	to	UNFCCC,	2020

60 	Greenfields	are	allowed	to	flare	beyond	95%	utilization	rate	without	additional	penalties	until	they	reach	a	certain	production	plateau.

The Russian Federation has scaled up its flare 
reduction efforts with higher economic penalties 
for flaring above allowed norms, reaching 84% APG 
utilization rate in 2018.57 A special multiplier for 
the pollution charges for flaring was introduced in 
2013 and was increased several times, with the latest 
revision that came in effect from January 1, 2020 (the 
multiplier amounts to 100).58 Another instrument 
for reducing emissions from flaring in Russia is BAT 
implementation (see paragraph above), which is 
expected to lead to further emission reductions as 
more companies apply best available technologies. 
However, in the last few years, flare volumes in Russia 
have been increasing (by 43% from 2016 to 2018).59 A 
large share of this increase comes from new oil and 
gas field developments due to the specific features 
of regulations.60 Many of the new developments take 
place in the Arctic (the oil output from the Russian 
Arctic fields almost doubled since 2010), leading to 
increased flaring and increased SLCPs emissions.28 

Targeting efforts on regions, new field development 
and planning stages and types of flares that represent 
the biggest share of emissions is central to reduce 
flaring and black carbon emissions.

Recommendation 2c: Urge firms to engage in 
international and domestic voluntary methane and 
black carbon emission reduction activities, including 
the implementation of methane management 
strategies.

As mentioned in section 2, there are several initiatives 
focused on reducing methane and black carbon 
emissions: public-private and industry driven. 

Canada is currently the co-chair of the Global Methane 
Initiative, as well as the co-chair of the Oil and Gas 
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Subcommittee under the Global Methane Initiative. 
There are a number of domestic partnerships in Canada 
that engage oil and gas stakeholders in knowledge 
sharing, deployment of emission reduction strategies, 
and breakdown of barriers to achieving emission 
reductions. This includes the Canadian Emission 
Reduction Innovation Network, The Energy Innovation 
Program, and the Clean Resource Innovation Network.

Oil and gas companies operating on the Norwegian 
Continental Shelf are engaged in fora and programs, 
such as the CCAC, GMI, GGFR, OGCI and OGMP. The 
Norwegian oil and gas companies have set themselves 
the following goals for greenhouse gas reduction (CO2 
and methane): 40% in 2030 compared with 2005, and 
near zero in 2050.61

The Russian companies Rosneft, Novatek and Gazprom 
are signatories of the Methane Guiding Principles.

The Natural Gas STAR Program (launched by the 
U.S. EPA in 1993), a flexible, voluntary partnership 
that encourage companies to adapt cost-effective 
technologies and practices have resulted in cumulative 
domestic methane emission reductions of 46.2 bcm 
from 1993 to 2018.62

Transparent reporting, as advocated for by some of the 
fora, is key under those activities.

Recommendation 2d: Promote targeted and cost-
effective measures at large methane emission sources, 
where relevant.

The oil and gas industry represents some of the 
best opportunities for low or zero-net cost methane 
reduction strategies. Promoting targeted and cost-
effective measures at large methane emission point 

61  https://www.norskoljeoggass.no/contentassets/992dcd6ed1414f5fa6eecaf763b6da25/the-energy-industry-on-the-ncs.-climate-strategy-towards-2030-

and-2050-2.pdf

62  https://www.epa.gov/natural-gas-star-program/natural-gas-star-program-accomplishments 

63  Recent example: https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2019GL083798  

64  https://advances.sciencemag.org/content/6/17/eaaz5120 

65  Recent example: https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2019GL083798 

66  http://kairosaerospace.com/kairos-aerospace-completes-spring-permian-basin-survey-launches-larger-survey-for-second-half-of-2020/ 

67 	Canadian	Emission	Reduction	Innovation	Network,	the	Energy	Innovation	Program,	the	British	Columbia	Oil	and	Gas	Methane	Emissions	Research	

Collaborative,	the	Methane	Emissions	Reduction	Network	within	PTAC,	Alberta’s	Energy	Innovation	Program,	British	Columbia’s	Clean	Growth	Infrastructure	Royalty	

Program,	Alberta’s	Methane	Emissions	Reduction	program

sources involves the identification of those sources 
and the creation of incentives targeting the reduction 
of their emissions.

Airplane and satellite-based remote sensing 
techniques63, 64 are currently being deployed and hold 
even greater promise in the future for detecting large 
methane leaks emission events over large areas, such 
as oil and gas production basins 6566 . 

In Canada, for example, there are several existing 
initiatives. Environment and Climate Change Canada 
has undertaken a number of efforts to reconcile 
top-down estimates of fugitive methane emissions 
with real-world observations; work to understand 
differences between measured and reported methane 
sources; and quantifying methane emissions using 
satellite, aircraft and other methods. Several innovation 
programs and networks are focusing on methane 
emission reductions through cost-effective measures.67

RECOMMENDATIONS FOR ACTION 
2021
The following recommendations are based on lessons 
learnt and recent developments, as described above. 
The recommendations are presented as a set of options 
to be considered in designing national and subnational 
policies, taking into account specific circumstances and 
needs.

Recommendation 2a: Adopt and implement oil 
and gas methane emission reduction strategies.

Although regulations and other efforts exist that 
control and, to a degree, limit methane emissions 
in the main oil producing Arctic States, the share of 
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remaining methane emissions is still significant. In 
addition to adopting and implementing emission 
reduction strategies there is also a need to monitor 
the effectiveness of existing strategies and review 
strategies, if needed.

Recommendation 2b: Encourage the adoption 
of best practices in reducing routine flaring and in 
improving gas capture.

Recommendation 2b is carried out from the 2019 
Summary Report. For this recommendation it is key 
to target the efforts on region, field development and 
planning stages and types of flares that represent 
the biggest share of emissions. Dialogue between 
authorities and industry in the early phase of 
development projects, i.e., before selection and decision 
on development solutions, is important. This includes 
the application of best available technologies.

Recommendation 2c: Urge firms to engage in 
international and domestic voluntary methane and 
black carbon emission reduction activities, including 
the implementation of methane management 
strategies.

Recommendation 2c is carried out from the 2019 
Summary Report. Harmonization of quantification 
methods and transparent reporting, as advocated 
for by some of the fora, is key under those activities. 
Increased number of companies should be encouraged 
to join the existing initiatives.

Recommendation 2d: Identify and  promote 
targeted and cost-effective mitigation measures 
at super-emitting oil and gas production sites and large 
methane emission point sources, as appropriate.

Recommendation 2d is carried out from the 2019 
Summary Report with modified wording. Use of 
new remote-sensing technology as a means for early 
detection and effective mitigation of super-emitters 
should be strongly encouraged.

NEW EMERGING ISSUES
With the Paris Agreement, new requirements for 
reporting on emissions and mitigation efforts will 
come into effect. The Agreement calls for ambitious 
contributions that represent progression over time. The 
quality of emissions data is therefore essential both for 
setting the right priorities in enhanced mitigation efforts 
and for reporting accurately on progress. Countries are 
encouraged to work in collaboration with stakeholders 
to improve the transparency, accuracy, consistency, 
comparability, and completeness of estimation and 
reporting on emissions from the oil and gas sector. The 
collaboration between industry operators, national 
authorities and international bodies and initiatives 
should continue and be further strengthened so as to 
achieve accelerated emission reductions. As has been 
well documented, the oil and gas sector holds a large 
potential for cost- efficient measures with significant 
near- term climate benefits. Arctic States may decide 
to incorporate such opportunities and corresponding 
plans into plans for implementing and achieving their 
Nationally Determined Contributions under the Paris 
Agreement. 

The energy transition is already under way, which will 
have some specific effects on how oil and gas sector 
climate mitigation is addressed. With less growth, and 
eventually decline, in oil and gas demand, investments 
in new supply capacity will be reduced. This means 
that existing, sometimes aged capacity will become 
more important, and more attention should be given 
to refurbishment and maintenance of this capacity so 
as to achieve minimal emissions. 

Despite the above, there will be investments in new 
supply capacity and much of this capacity will be 
scheduled to have a lifetime well into a period where 
global GHG emissions are targeted to be markedly lower 
than they currently are. It is therefore important that 
emissions from these supply chains are at minimum 
of what currently can be achieved and that technical 
standards are set accordingly.
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RESIDENTIAL 
COMBUSTION
Residential combustion of solid fuel for cooking 
and heating is a major source of black carbon 
and a minor source of methane emissions around 
the world. In Arctic Council countries, residential 
combustion is predominantly the combustion of 
wood or wood-products for heating purposes in 
appliances such as boilers and space heaters (i.e. 
stoves, fireplaces, etc.). There are many factors 
that impact black carbon emissions from wood-
burning, the most important of which are the 
water content and the quality of the fuel, the 
type of appliance used, and the way in which the 
appliance is operated by its user. 
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Among Arctic Council States, residential combustion 
accounts for approximately 40% of total black carbon 
emissions. It is a major source of emissions within all 
Arctic States, except Iceland. Unlike many other major 
sources of black carbon or methane, emissions from 
residential combustion are the result of individual 
actions, rather than an industry. The factors that 
influence the choice to use wood or wood-products 
as fuel to heat a home vary greatly. In certain remote 
areas with no or limited access to conventional energy 
grids, wood burning can offer a reliable source of heat. 
Even those with access to conventional energy grids 
may choose to burn wood as personal preference, or 
use wood as a secondary source of heat in the event of 
power disruption. . In some countries wood burning 
can reduce the burden on the electrical power system 
during peak demand periods in winter. Wood burning 
can also be a cultural activity, for example, in Finland 
where wood-heated saunas are an integral part of 
Finnish recreation. While wood burning can displace 
fossil fuel use and associated emissions, the resulting 
black carbon and methane emissions have their own 
climate impacts, especially in the Arctic regions. 

Effective strategies to reduce emissions from residential 
burning of solid fuel target the factors that have the 
greatest impact on emissions. This includes introducing 
measures that ensure new appliances available on the 
market are clean-burning and efficient, and efforts to 
replace old, high-emitting appliances with modern 
alternatives such as heat pumps. However, even the 
cleanest burning appliances can emit significant 
amounts of emissions if not operated correctly and 
with the proper fuel. Therefore, it is critical to pair 
these measures with educational and awareness-
raising campaigns.

LINKS TO WORK OF OTHERS 
There are several global initiatives that aim to 
curb emissions from residential combustion. These 
initiatives employ strategies targeted at the very 
different types of residential combustion that occur in 
different regions of the world. Many Arctic States are 
actively involved in this work. 

The Climate and Clean Air Coalition (CCAC)’s Household 
Energy Initiative aims to reduce short-lived climate 

pollutants, including black carbon, from domestic 
cooking, heating and lighting. The Initiative’s objectives 
are specifically focused on encouraging clean 
household energy solutions in national climate action 
plans and increased ambition included in Nationally 
Determined Contributions. 

The International Cryosphere Climate Initiative has 
been working with the Nordic Council of governments 
and the European Environment Agency to develop a 
program to quickly reduce emissions of black carbon 
and other pollutants from wood stoves and small 
boilers in Nordic and OECD nations. During 2013-2018, 
the Nordic Council of Ministers commissioned the 
“Emissions of Short-Lived Climate Pollutants (SLCP)” 
project. The project was aimed at improving the Nordic 
emission inventories of short-lived climate pollutants 
(SLCP) with a focus on black carbon. A measurement 
program was carried out, resulting in emission factors 
for various combustion technologies used in residential 
biomass combustion in the Nordic countries. 

Within the Arctic Council, the Arctic Contaminants 
Action Programme (ACAP) Working Group completed a 
study in 2015 on how to reduce black carbon emissions 
from residential wood combustion in the Arctic. This 
study recommends reduction methodologies and 
mitigation options, and compiles information on 
wood stove and boiler technologies, emissions and 
measurement techniques.

GENERAL PROGRESS OF ACTIONS 
TO REDUCE EMISSIONS IN THE 
SECTOR
Steady progress has been made in reducing emissions 
from residential combustion, both amongst Arctic 
States and Observer States. As residential combustion 
of solid fuels is a significant contributor to fine 
particulate matter emissions, a component of which is 
black carbon, this emission source is often a focus for 
clean air initiatives, in addition to targeted action on 
short-lived climate pollutants. 

The Finnish National Air Pollution Control Programme 
includes a number of measures that aim to further 
improve air quality by reducing emissions from 
residential wood combustion (information campaigns, 



EGBCM Summary of Progress and Recommendations  |  2021            39

support consumers towards choosing low emitting 
sauna stoves, and updating health and environment 
related guidelines for smoke hazards). The Kingdom 
of Denmark has made development of new 
technologies that reduce air pollution high priority 
for the Environmental Technology Development 
and Demonstration Support Program. The Program 
currently has a large number of projects on reduction 
on particulate matter emissions and black carbon from 
woodstoves. 

Sweden commissioned a mapping and analysis 
project on emissions from small-scale wood burning 
to determine what emission reduction are needed to 
objectives on clean air, and to propose measures to 
reduce air pollution from wood burning. The analysis 
resulted in a proposal to introduce a goal that in 2027, 
all wood-fired boilers used as a primary heating source 
in urban environments shall meet the 1998 BBR 
requirement and be equipped with an accumulator 
tank. To achieve this goal, the Swedish EPA proposed 
an exchange program to replace boilers currently 
in use that do not meet the 1998 BBR requirements, 
development of harmonized information management 
and guidance for use of solid fuel appliances, and 
exploring new regulatory approaches to approve 
boilers based on technology. This proposal is pending a 
formal decision from the Swedish government. 

In many countries, national efforts to reduce emissions 
are complemented by regional actions by sub-national 
agencies. Smoke from the use of solid fuel can cause 
regional air quality issues, especially in areas that are 
susceptible to weather events that exacerbate pollution 
levels, such as atmospheric inversions. Regional 
efforts to reduce emissions from solid fuel combustion 
can include restricting or banning wood burning 
for specified periods of time. The City of Montreal in 
Canada is an example of a municipal region that has 
implemented a burning ban to manage emissions. The 
Finnish Neighbourhood Act and the Health Protection 
Act allow environmental authorities to intervene if an 
individual’s wood heating activity is causing serious 
harm to other local residents. 

STATUS OF IMPLEMENTATION OF 
THE 2019 ACTIONS TO REDUCE 
EMISSIONS

Recommendation 3a: Reduce emissions from 
new solid fuel combustion appliances by accelerating 
deployment of cleaner and more efficient heating 
sources and by promoting proper operation and 
maintenance of appliances, including storage and 
treatment of fuels.

Certification and labelling of new stoves on the market 
is essential for ensuring that any new appliances 
available for purchase on the market employ modern 
technologies to minimize emissions during use. 
Regulating baseline emission standard requirements 
for all new appliances can ensure a minimum standard 
of clean appliances entering the market, while eco-
labelling or other marketing incentives can be effective 
in nudging consumers to purchase the cleanest burning 
technology available. 

As of May 2020, the U.S. EPA’s New Source Performance 
Standards (NSPS) for all new wood and pellet burning 
appliances has been revised from a maximum 
particulate emissions rate of 4.5 g/h, to 2.0 g/h for 
wood-burning appliances and 2.0g/h for pellet 
appliances. In Canada, the vast majority of appliances 
available for sale are manufactured according to U.S. 
EPA Standards or the Canadian national standard for 
wood burning appliances (CSA B415.1), for which the 
limit is 4.5 g/hour for non-catalytic appliances and 2.5 
g/hr for catalytic appliances. Regulatory approaches 
vary across provinces and territories; however most 
regulation in place refer to CCSA B415.1 and/or U.S. EPA 
standards.

The EU Eco-design directive for solid fuel boiler (EU 
2015/1189) and for solid fuel local space heaters (EU 
2015/1185) set minimum emission requirements and 
eco-design requirements for new appliances solid 
within the European Union. A new emission limit for 
solid fuel boilers of 40mg/m3 for automatic boilers 
and 40mg/m3 for manual boilers came into force as of 
2020. New limits for solid fuel space heaters will come 
into effect in 2022, which includes a limit of 50 mg/m3 
for open front heaters, 40mg/m3 for close fronted, and 
20 mg/3 for close front pellet heaters.

In addition to this EU-wide regulation, several Arctic 
States have additional domestic policies and regulations 
related to emissions standards. The Finnish Ministry 
of the Environment has launched a project with the 
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University of Eastern Finland that aims to identify 
cleaner burning sauna stove designs and eventually 
identify opportunities to support consumers towards 
choosing low emitting sauna stoves. In Norway 
residential heating is typically based on electricity due 
to high access of hydro based power supply. Residential 
wood burning account for as much as 5,7TWh yearly 
and reduce effect challenges in the electrical grids 
during cold winter periods. Though not a mandatory 
standard in Norway, the Nordic Swan Ecolabel 
identifies appliances that meet an emission limit of 
4g PM/kg dry wood. This emission limit is determined 
using the same testing requirements as that are used to 
enforce the mandatory emission limit of 10g PM/kg dry 
wood for all new wood heaters approved for sale and 
use in Norway under NS 3058. This limit has been in 
force since 1998. Sweden’s emissions standards relate 
to eco design requirements that are implemented in 
the national Building Regulation.

Education is a key component to ensuring all 
appliances, new and old, are properly maintained and 
operated to minimize emissions. Awareness raising 
among the general public can draw attention to the 
impacts of emissions, both in terms of air quality and 
climate impacts. More specific education on the proper 
maintenance and operation of appliances should be 
targeted directly at appliance users. There are several 
opportunistic strategies that can effectively reach the 
intended audience, such as requiring educational 
material to be distributed at point-of-sale or during 
installation. In addition to its regulatory program, 
the U.S. EPA has conducted extensive education and 
outreach related to residential biomass burning. The 
U.S. EPA’s Burn Wise website includes information that 
emphasizes the importance of burning the right wood, 
the right way, in the right wood-burning appliance to 
achieve health, safety and air quality goals. One of the 
biggest opportunities to reduce wood smoke emissions, 
including black carbon, lies in the hands of those who 
burn wood, regardless of the type of appliance they 
own. The way wood stoves are operated and what 
is burned are as important as the type of stove used. 
State, local, and tribal governments, and the public 
have reported to U.S. EPA that even people who own 
a U.S.EPA-certified wood stove are often times burning 
“green” unseasoned wood, trash, and/or improperly 
operating their appliance, resulting in high wood 
smoke emissions. The videos, brochures and fact sheets 

available on the Burn Wise website and distributed 
by EPA and our Burn Wise partners (e.g., chimney 
sweeps, hearth stores and local governments) can help 
stove users better understand actions they can take 
to increase safety in their home, improve appliance 
efficiency and reduce emissions.

Kingdom of Denmark has campaigns and nudging for 
correcting use of stoves, and to promote ecolabelled 
stoves. Norway’s Burn Right campaigns are organised 
across the country in cooperation with the fire brigade, 
and the Norwegian Environment Agency works with 
stove and wood producers to inform them about the 
health and climate challenges related to their activity. 
Sweden’s EPA website offers information on good 
practices, and occasionally runs awareness campaigns. 

The Canadian Council of Ministers of the Environment, 
an intergovernmental forum of environment 
ministers from the federal, provincial and territorial 
governments, produced the Code of Practice for Wood 
Burning Appliances, an in-depth report on the proper 
use and maintenance of wood burning appliances. 
This report also contains a “Wood Smoke Management 
Toolbox” which contains best practices for regulating 
wood smoke emissions by regional governments. 
The Canadian federal government also promotes 
information on the health risks associated with 
exposure to wood smoke, and promotes best practices 
for wood-burning appliances on its website.

Finland’s ongoing informational campaigns to improve 
user’s wood-burning practices have recently targeted 
emissions from heating and sauna stoves and how to 
reduce them.

Recommendation 3b: Reduce emissions from 
legacy solid fuel combustion appliances by accelerating 
replacement with cleaner and more efficient new 
heating sources and promoting proper operation and 
maintenance of appliances, including storage and 
treatment of fuels. 

The long lifetime of combustion appliances can hinder 
progress on reduce emissions from legacy appliances. 
As appliances may not reach the end of their lifetime 
for decades, good incentives and strong promotion is 
needed to motivate home owners to upgrade to modern 
alternatives and discard high-emitting appliances. 
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Whenever possible, legacy biomass appliances should 
be replaced with clean energy alternatives. For 
example, in terms of problems with fine particulate 
matter, heat pumps can be a simple alternative for 
space and water heating. Regional power grids and 
heating requirements will influence which heating 
options are most viable. 

It is important to note that subsidies or exchange 
programs should include requirements to de-
commission old appliances to ensure they are no 
longer in use. Possible options include collection of old 
appliances by the organization running the program, or 
a requirement to render the old appliance inoperable 
by damaging or removing key components before 
receipt of a rebate. This ensures that old appliances do 
not enter the second-hand market and continue being 
used, thus negating any emission reductions that an 
exchange program aims to achieve. The Kingdom of 
Denmark has allocated funding to a scrapping system 
for old wood burning stoves. The program, launched 
in 2019, will replace an estimated 20 000 wood stoves 
with newer, clean-burning appliances. In addition, 
Kingdom of Denmark has mandated that, upon 
transferring ownership of a private residence, any 
wood-burning stove installed before 2003 be scrapped 
or replaced with a new appliance. 

In Norway, some cities such as Oslo and Bergen have 
exchange programs for residential wood stoves. 
Similarly, switch-out campaigns occur regularly 
across Canada at the regional level. Recent campaigns 
include the city of Ottawa, provinces of Ontario, British 
Columbia and New Brunswick, and Yukon Territory. 

Note that the measures listed under recommendation 
3a pertaining to the promotion of proper operation 
and maintenance of appliances also apply to this 
recommend 3b. 

Recommendation 3c: Reduce emissions by 
promoting enhanced energy efficiency in residential 
dwellings reducing the need for heating, especially in 
buildings heated with oil or solid fuels.

More efficient homes require less fuel to heat, and thus 
promoting retrofits in existing dwellings, and energy 
efficiency in new buildings, is one of the most powerful 
ways to achieve emission reductions. This is especially 

relevant for Arctic States, as the fuel demands to keep 
home heated in winters are substantial. Programs may 
be targeted specifically to solid fuel use, but can also 
be more general in scope by promoting practices that 
improve efficiency regardless of energy source.

Kingdom of Denmark is negotiating new standards 
for insulation of new buildings. For the Faroe Island, 
specifically, increased power production from wind is 
expected to displace heating oil used for space heating 
in houses and buildings.

In Norway, ENOVA SF, which is owned by the Ministry 
of Climate and Environment, has programs to promote 
enhanced home heating efficiency. The Norwegian 
building code (TEK) was tightened in 2017 such that 
dwellings and office buildings must not surpass 100 and 
115 kWh/m2 per year, respectively. Any home that is to 
be sold or rented must obtain and energy performance 
certificate. In 2020 the Norwegian Government put 
in place a prohibition on the use of mineral oil for 
permanent heating of buildings. Schemes to support 
households to phase out the use of mineral oil for 
heating of buildings have been in place for several 
years; the use of mineral oils for heating of buildings 
has been regulated through different measures such as 
CO2-tax, mineral oil tax, standards in the building code 
and support schemes from Enova and municipalities.

Sweden’s chimney sweeping requirements reduce the 
risk of poorly maintained combustion appliances and 
poor combustion practices. 

In Canada, the national “EnerGuide” program is 
available to homeowners and produces personalized 
reports on opportunities to improve a home’s 
efficiency. Obtaining an EnerGuide evaluation provides 
homeowners with a government-backed energy 
efficiency rating and label. Through its Fall Economic 
Statement in late 2021, the Government of Canada 
announced financial incentives of up to $5,000 CAD for 
homeowners to undertake energy efficiency retrofits 
Across provinces and territories, various financial 
incentives are also offering to help homeowners retrofit 
their homes. For example, in Yukon Territory, the Good 
Energy program provinces incentives for retrofits on 
current homes, such as installing heat pumps, as well 
as financial incentive to construct new homes that are 
“super-insulated”.
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RECOMMENDATIONS FOR ACTION 
2021
The recommendation for action on emissions from 
residential combustion remain mostly the same for 
2021. The recommendations have, however, been 
adjusted for clarity, and to expand education and 
outreach efforts to include the general public in 
addition to appliance operators. The recommendations 
are presented as a set of options to be considered in 
designing national and subnational policies, taking 
into account specific circumstances and needs. 

As such, the updated recommendations made by 
the Expert Group on Black Carbon and Methane on 
achieving emission reductions from the residential 
combustion sector are as follows:

Recommendation 3a: Reduce emissions from 
new solid fuel combustion appliances by accelerating 
deployment of cleaner and more efficient heating 
sources.

Recommendation 3b: Reduce emissions from 
legacy solid fuel combustion appliances by accelerating 
replacement with cleaner and more efficient new 
heating sources.

Recommendation 3c: Reduce emissions by 
promoting enhanced energy efficiency in residential 
dwellings reducing the need for heating, especially in 
buildings heated with oil or solid fuels.

Recommendation 3d: Reduce emissions from 
appliances by promoting proper operation and 
maintenance of appliances, including storage and 
treatment of fuels, and by raising awareness of the 
emissions impact of combustion practices amongst the 
general public.

68  https://nilu.brage.unit.no/nilu-xmlui/handle/11250/2634387

69  Some research has already been conducted, for instance,: Mitigation analysis for Norway 2021–2030: short-term climate impacts and co-benefits - Miljødirektoratet 

(miljodirektoratet.no) and Seay et al. (2020) (https://doi.org/10.1029/2020EF001493)

NEW EMERGING ISSUES
Unintended rebound effects are possible when 
advocating for the use of modern appliances. In Oslo, 
Norway, a follow-up study68 that investigated the 
results of a stove exchange program found that despite 
good change-out of appliances, emission reductions did 
not follow. Though the new stoves emitted less per unit 
of wood burned, the study found that users increased 
their wood use, thus negating emission reductions. This 
case emphasizes the importance of advocating, where 
possible, for the adoption of the cleanest technology 
possible in change-out programs. Similarly, energy 
efficiency in buildings is a critical element in achieving 
emission reduction for change-out programs, in order 
to reduce energy required to heat homes.

Arctic Council and Observer states could consider 
initiating further research into the climate effects 
(including emissions of all climate forcing components) 
of technologies used for residential heating in the 
Arctic.69

The view of wood as a renewable alternative to CO2-
heavy fuel can present a roadblock for action to reduce 
black carbon emissions from wood burning appliances. 
Individuals who are motivated to reduce their own 
carbon footprints may opt for solid fuel combustion 
appliances and inadvertently contribute to poor air 
quality and short-lived climate impacts from resulting 
black carbon emissions. Therefore, educational and 
awareness-raising campaigns should endeavour to 
inform the general population on the air quality and 
climate consequences of solid fuel combustion.
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SOLID WASTE
Waste disposal, specifically landfilling of organic 
waste, is a significant source of methane 
emissions. Methane forms when microorganisms 
decompose organic waste under anaerobic 
conditions, such as that created by a modern 
landfill. This decomposition is influenced by 
the types of waste disposed in the landfill, as 
well as landfill conditions such as moisture 
and temperature. Methane generated within a 
landfill gradually escapes into the atmosphere, 
unless oxidized in landfill gas cover material 
or captured by a landfill gas collection system. 
Captured landfill gas can be used to generate on-
site power or be treated and exported to natural 
gas pipelines, among other uses. 
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There are three main strategies for reducing methane 
emissions from organic waste: prevention of future 
emissions by preventing the generation of food waste 
and other organic waste and diverting organic material 
from landfills, and mitigation of the emissions that will 
be released by waste already landfilled. Organic waste 
disposed in a landfill will decompose over 30-50 years. 
Therefore, waste already landfilled over the past several 
decades will continue to emit methane. The capture and 
control of landfill gas is essential to mitigate the current 
effects of historical management practices, while efforts 
to divert future waste from landfill will have positive 
future impacts.

Prevention of food waste and alternative waste disposal 
methods, such as composting, anaerobic digestion and 
energy-from-waste will help prevent methane emissions 
and are also important in improving resource efficiency. 
Composting is an aerobic method to decompose organic 
waste that produces compost, which can be used for 
soil enrichment and improvement. Anaerobic digestion 
of organic waste under controlled conditions is used to 
produce biogas (methane). The biogas can be used for 
heat and power or as fuel in other sectors. The residue 
from anaerobic digestion, the digestate, can be used as 
fertilizer. Energy-from-waste requires plants for waste 
incineration, which generate electricity or heat from 
the combustion of waste. Waste incineration is also a 
common way to treat organic/solid waste, though this 
treatment option will not enable recycling of the biomass 
and the nutrients.

High transportation costs and poor economies-of-scale, 
together with related issues of expensive infrastructure, 
difficulties with operation and maintenance of waste 
management sites, and complex socioeconomic issues 
mean conventional waste solutions are often not 
successful in remote parts of the Arctic region70. In 
some regions where waste disposal infrastructure is 
unavailable, open burning of waste also contributes to 
black carbon emissions.

70  https://www.sdwg.org/wp-content/uploads/2019/02/SDWG-REPORT__BEST_WASTE_PRACTICES_SMALL_COMMUNITIES-14-February-2019.pdf 

71  EU 2018/851

72  https://ec.europa.eu/food/safety/food_waste/eu_actions/eu-platform_en 

73  https://ec.europa.eu/food/sites/food/files/safety/docs/fs_eu-actions_action_platform_key-recs_en.pdf 

74 	Official	Journal	of	the	European	Union	L310

75  https://www.sdwg.org/wp-content/uploads/2019/02/SDWG-REPORT__BEST_WASTE_PRACTICES_SMALL_COMMUNITIES-14-February-2019.pdf 

76	 	Arctic	Council	Senior	Arctic	Officials’	Report	to	Ministers	2021,	(SDWG	and	ACAP	work	plans	2021-2023)

Arctic States currently emit nearly 48 000 kt of methane 
each year, 20% of which is generated from solid waste 
disposal. The share of methane emissions from solid 
waste varying between 6% and 32% in different states. 
Data from Observer States that have provided data show 
that approximately 27% of methane emissions are due to 
solid waste. 

LINKS TO WORK OF OTHERS
The EU has decided, through the Waste Directive, to 
introduce mandatory annual reporting of food waste 
and that all member states should include a program 
for preventing food waste in national waste prevention 
programs.71 The EU has developed a platform on food 
loss and food waste72 where recommendations for action 
was published in December 201973. A manual has been 
prepared for how to measure food waste74.

A study of best waste management practices used in 
remote Arctic communities in Alaska, Canada, and 
Finland was published by SDWG in January 201975. 
Collaborative work under ACAP and SDWG on solid waste 
management in remote Arctic communities will continue 
during the Russian Chairmanship of the Arctic Council, 
and will include development of an online information 
exchange tool, capacity building planning tools, and a 
template for an Arctic community standards model 76.

The Climate and Clean Air Coalition’s Waste Initiative 
strives to mitigate short-lived climate pollutants from the 
municipal solid waste sector in three key areas: 1) organic 
waste diversion, 2) landfill gas capture and use, and 3) 
open waste burning prevention. Various tools, fact sheets, 
and training and capacity-building resources are made 
available by the Initiative. 

The Global Methane Initiative’s Biogas Subcommittee 
co-chaired by Canada and the United States, is another 
international initiative working to reduce emissions 
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from waste. The subcommittee’s focus is specifically on 
methane emissions, and advocates for the proper waste 
management to mitigate emissions, while promoting 
biogas as a clean energy source. The subcommittee strives 
to bridge government organizations, non-government 
organizations, and private industry together to share 
knowledge and best practices on biogas production 
and management. The Biogas Subcommittee develops 
technical resources to facilitate methane recovery and use 
in specific subsectors: landfills (municipal solid waste), 
wastewater treatment plants, and agriculture (manure 
management). These resources include a “biogas toolkit” 
that consolidates diagnostic analytical resources such as 
landfill gas production models, project cost models, and 
project development best practices.77

GENERAL PROGRESS OF ACTIONS 
TO REDUCE EMISSIONS IN THE 
SECTOR
The management of solid waste is intimately linked with 
improving resource efficiency and striving towards an 
overall reduction of waste. In countries where action 
has been taken to sort waste and to improve the separate 
treatment of biodegradable waste, methane emissions 
from the waste sector and landfills in particular have 
dropped significantly. Addressing the full circle of 
production and consumption of biomass, including food, 
and developing a ‘circular bioeconomy’ in which as 
organic material is circulated in use as much as possible 
before conversion to energy, can lead to further lowering 
of emissions. 

STATUS OF IMPLEMENTATION OF THE 
2019 ACTIONS 
Many States have made substantial progress in 
reducing emissions from organic waste treatment. 
The recommendations note that Arctic conditions may 
require specific designs for the waste treatment to deliver 
desired results. The recommendations are presented as a 

77  https://globalmethane.org/biogas/index.aspx

78  https://www.livsmedelsverket.se/matvanor-halsa--miljo/matsvinn/rapporter-och-publikationer 

79  https://www.canada.ca/en/environment-climate-change/services/managing-reducing-waste/food-loss-waste/taking-stock.html 

80  https://wrap.org.uk/sites/files/wrap/Food-Waste-Reduction-Roadmap-Progress-Report-2020_0.pdf 

81  http://www.naturvardsverket.se/Stod-i-miljoarbetet/Vagledningar/Avfall/Matavfall-insamling/ 

set of options to be considered in designing national and 
subnational policies, considering specific circumstances 
and needs.

Recommendation 4a: Avoid methane emissions 
by preventing food waste and the landfilling of organic 
waste. Improve resource efficiencies as appropriate for 
Arctic conditions, including new ways of reusing organic 
material based on more efficient sorting of waste, 
composting and biogas production. 

Several Arctic States, Norway, Sweden and Canada have 
adopted a goal to halve the food waste within 2030 in 
line with the Sustainable Development Goals (SDG). 
Sweden has a national plan for preventing food waste78 
and in Norway there is an agreement between national 
authorities and food industry to reduce food waste. 
Environment and Climate Change Canada has published 
the report “Taking Stock: Reducing Food Loss and Waste 
in Canada”79 report that summarizes the current state of 
knowledge and practices in Canada regarding food loss 
and waste. The Province of Quebec has also produced a 
strategy that will guide actions to achieved its goal to have 
70% of all organic waste diverted to composting by 2030. 
The UK launched the Food Waste Reduction Roadmap in 
2018 to help achieve SDG 12.3 and Courtauld 2025 targets 
through UK food and drink businesses implementing 
target, measures and action. The number of organizations 
committed to Roadmap are 261, generation almost 45% 
of all UK post-farm gate supply chain food waste.80

In 2018, the Swedish Government decided that 
municipalities shall be obliged to provide a system for 
collecting food waste from households. The obligations 
will be applicable in full-scale from 2023. Exceptions 
can be made in less densely populated areas.81 Several 
Arctic Sates, Finland (2016), Norway (2009), Sweden 
(2005) and Denmark (1997), have banned landfilling of 
organic waste. Iceland aims to ban eventually. In Canada 
policies and regulations that mandate or encourage the 
diversion of organic waste from landfills are in place 
or are being developed in British Columbia, Alberta, 
Manitoba, Ontario, Quebec, Nova Scotia and Prince 
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Edward Island. To secure the transition from landfilling, 
other treatment capacity must be made available. The 
Climate Leap in Sweden has supported 42 new facilities 
for biogas production increasing the capacity for biogas 
production in Sweden by 35 %. The new facilities 
will reduce emissions by 0,2 Mton CO2 eqv at a cost 
of 1,2 billion SEK when in full production. In Canada, 
the province of British Columbia recently announced 
funding to expand organics processing infrastructure 
and residential organic waste collection programs. The 
projects under the Organic Infrastructure Program are 
expected to expand the capacity at B.C. compost facilities 
by up to 110,000 tonnes of organic waste per year.

A state-of-the-art gas- and compost plant is currently 
under construction in Iceland and is due to open in 2020. 
The plant is expected to handle 95% of organic municipal 
waste from the capital. Expected production capacity is 
3 million Nm3 of bio-methane and approximately 10-12 
kt of compost material suitable for the reconstruction of 
eroded land, of which there is abundance in Iceland.

Recommendation 4b: Adopt regulations or incentives 
for landfill gas capture and control. 

Actions to improve landfill gas recapture and control is 
being implemented through regulations of landfills. For 
Arctic Council States and Observer States that follow EU 
legislation, the Annex I of the Landfill Directive requires 
appropriate measures to be taken in order to control the 
accumulation and migration of landfill gas; to collect gas 
from all landfills receiving biodegradable waste; and to 
treat and use the gas82. Landfill gas capture is regulated 
in some Canadian provinces.: Ontario, British Columbia, 
and Quebec require landfill gas capture from landfills that 
exceed waste disposal or methane generation thresholds. 
Canada recently announced the intention to develop 
federal regulations to mitigate methane emissions at   
landfills.

 Also, other countries are actively supporting landfill gas 
recovery, but mainly through information campaigns and 
voluntary guidance. For example, the U.S. EPA’s Landfill 
Methane Outreach Program (LMOP) reduces methane 
emissions at municipal solid waste (MSW) landfills by 
supporting the voluntary recovery and use of landfill gas 

82  http://ec.europa.eu/environment/waste/landfill/legislation.htm 

83  https://www.sdwg.org/activities/sdwg-projects-2017-2019/solid-waste-management-in-small-arctic-communities/ 

for energy. This program has assisted the development 
of 682 landfill gas energy projects that have collectively 
reduced and avoided more than 510 MMTCO2e since the 
program began.

Heat and power generation from methane arising in 
landfill gas has been implemented at 91 landfills in 
Poland and aims not only at minimizing emissions of 
methane, but also at replacing the fossil fuel combustion 
processes. 

Incentives are another important driver of emission 
reductions. Incentives can encourage methane capture 
above and beyond what is required by regulation, 
or in jurisdictions where regulations do not exist. In 
Canada, the federal Low Carbon Economy Fund (LCEF) 
provided funding to projects that will generate clean 
growth, reduce greenhouse gas emissions, and help 
meet or exceed Canada’s Paris Agreement commitments. 
Several major landfill gas expansion projects received 
funding through the LCEF, including the City of Regina’s 
landfill gas collection system. The project is expected 
to increase the capture rate at one of Canada’s largest 
landfills 30% in a jurisdiction where methane capture 
is not currently regulated. Canada’s Federal Greenhouse 
Gas Offset System under development will also create 
incentives to reduce methane emissions in sectors such 
as agriculture and waste. Landfill methane management 
is among the first four project types scheduled for federal 
offset protocol development, beginning in 2021. Some 
provincial offset systems are already creating methane 
incentive reductions. 

Recommendation 4c: Promote best practices for 
waste management in Northern and remote communities.

A particular challenge is to manage waste in remote 
regions of the Arctic, such as in Canada, Russia and 
Alaska.83 In March 2017, Environment and Climate 
Change Canada released the Solid Waste Management 
for Northern and Remote Communities – Planning and 
Technical Document. This document was the result of a 
collaborative effort between the Government of Canada 
and territorial governments to provide guidance on the 
planning, design, operation and closure of municipal 
waste management facilities in northern and remote 
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regions of Canada. The recommendations outlined in the 
report were made in context of the unique circumstances 
and challenges that northern and remote communities 
face in managing their waste.

Composting is one option that has been developed in some 
Arctic communities and can be developed further.84The 
Cities of Yellowknife85 in the Northwest Territories 
and Whitehorse86 and the City of Dawson87 in Yukon 
Territory operate municipal composting facilities and 
have implemented programs to increase the diversion 
of organic waste from their landfills. A composting 
operation is planned as part of a new waste management 
system recently funded for Iqaluit in Nunavut.88

RECOMMENDATIONS FOR ACTION 
2021 
Artic states have worked on implementing 
recommendation on solid waste. The 2019 
recommendations are broad enough to capture relevant 
policies, projects, and plans occurring at multiple 
decision-making levels. The following recommendations 
are based on lessons learnt and recent developments, as 
described above. The recommendations are presented 
as a set of options to be considered in designing national 
and subnational policies, taking into account specific 
circumstances and needs.

Recommendation 4a: Avoid methane emissions 
by preventing food waste and the landfilling of organic 
waste. Improve resource efficiencies as appropriate for 
Arctic conditions, including new ways of reusing organic 
material based on more efficient sorting of waste, 
composting and biogas production.

Recommendation 4b: Adopt regulations or incentives 
for landfill gas capture and control.

Recommendation 4c: Promote best practices for 
waste management in Northern and remote communities.

84 https://congress.uarctic.org/program/science-section/sessions/1-environmental-protection/session-36076/abstract-38695/ 

85  https://www.yellowknife.ca/en/living-here/Green-Cart-Program.asp 

86 http://www.whitehorse.ca/departments/environmental-sustainability/waste-diversion/additional-information/organics  

87  http://www.cityofdawson.ca/landfill-and-recycling 

88  https://www.gov.nu.ca/sites/default/files/01_-_nr_-_iqaluit_solid_waste_facilities_-_final_-_en.pdf 

89  Existing compostability standards (ASTM 6400, CAN/BNQ 0017-088) require products to disintegrate within 84 days and biodegrade within 180 days.

NEW EMERGING ISSUES
While representing a very small component of the plastic 
products on the market today, compostable plastics are 
growing in popularity.

Both petroleum-based plastics and biobased plastic can 
be engineered to be biodegradable or compostable. 
Biobased plastic is not automatically biodegradable as it 
can be designed to be structurally identical to petroleum-
based plastic. Whereas biodegradable plastic may be 
engineered to biodegrade in soil or water, compostable 
plastic refers to biodegradation under a certain set of 
conditions found in industrial (aerobic) composting 
facilities. They are not designed to biodegrade in any 
reasonable timeframe in home/backyard composters 
or other environments found in the north, though 
innovations in material design could improve potential 
in the longer-term. 

Compostable plastics have a role in supporting sustainable 
bio-waste management. Bio-waste from households 
and other sources is increasingly collected separately. 
Separate collection or home-composting of bio-waste will 
be mandatory in all EU Member States from the end of 
2023 onwards. Contamination with conventional plastics 
is an increasing challenge for compost quality. Replacing 
conventional plastics with certified compostable plastics 
for items that are often mixed with or attached to food 
waste, e.g. fruit stickers or tea bags, can help reduce 
contamination with conventional plastics. 

Where industrial composting facilities are available, 
many treat compostable plastics as a contaminant due 
to difficulties distinguishing them from conventional 
plastics, and a mismatch between the facility’s normal 
processing times and the biodegradation times required 
for compostable products89.
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AGRICULTURE AND 
ANIMAL HUSBANDRY
The agriculture sector is a major source of 
methane emissions and a minor source of black 
carbon emissions in those Arctic States that have 
submitted a national report to the Expert Group 
on Black Carbon and Methane in 2020. Methane 
emissions from agriculture predominantly arise 
from the production of livestock, as the result of 
enteric fermentation in animals such as cattle. 
Black carbon emissions in the agriculture sector 
are caused by field burning of agricultural 
residues90.

90  Data reported under CLTRAP, https://www.ceip.at/

data-viewer 
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The Arctic states’ national reports on methane and black 
carbon submitted to the Arctic Council show that 29% 
of methane emissions emitted by Arctic States stem 
from agriculture, mostly from enteric fermentation. 
According to these submissions, the agriculture sector in 
the abovementioned states, contributed approximately 
29-30% of total methane emissions in the years 2010-
2018, with slight variance between years. However, 
future projections by these states project that agriculture 
will increase in proportion. According to the projections, 
methane from agriculture is expected to rise to 
approximately 42% in 2025-2030 out of total methane, 
in these states. Methane from enteric fermentation 
can be addressed directly by reducing the amount of 
methane generated by individual animals by converting 
to higher-quality feed additives or selective breeding 
that reduce methane generation. There is ongoing 
work on how to incorporate this better in inventories. 
Methane emissions from enteric fermentation can 
also be reduced indirectly by choosing management 
practices that enhance productivity, such as using more 
efficient breeds of livestock, and improve reproductive 
performance or by shifting food chains away from 
products of high-emitting livestock. These are more 
quantitative effects that are captured in inventories, 
while they often follow the rule of diminishing returns, 
or they come with certain trade-offs. For instance, 
options for food production in boreal regions are often 
limited, while there is often plentiful of water, grass and 
pasture that are suitable for livestock. Therefore, animal 
husbandry forms a natural part of agriculture and diets 
in these regions. In addition to enteric fermentation, 
methane emissions can also occur from manure 
management practices. 

The Arctic States’ national reports on methane and black 
carbon show that all black carbon emissions that stem 
from agriculture, are due to field burning of agricultural 
residue, though only account for 0.8% of total black 
carbon emissions reported. However, agriculture 
burning is still practiced in many countries, and resulting 
black carbon emissions can have significant impacts on 
the Arctic. Large scale burning of agricultural waste 
after harvest is a seasonal source of air pollution and 

91  EU Methane Strategy, 2020, https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12504-EU-Methane-Strategy 

92  Farm to Fork Strategy, https://ec.europa.eu/food/farm2fork_en 

93  https://myintracomm.ec.europa.eu/dg/clima/policies/strategies/Pages/2030-Framework.aspx

94  https://globalmethane.org/biogas/agriculture.aspx

may cause significant emissions of black carbon that 
impact human health, as well as negative impacts on 
soil health and productivity.

LINKS TO WORK OF OTHERS
An initiative is underway within the EU to construct 
a roadmap to tackle methane emissions from energy, 
agriculture, and waste91. This EU Methane Strategy 
aims to reduce methane emissions in the EU, not 
only to reduce the global warming effects of methane 
globally, but also to limit the air quality degradation that 
is linked to the interplay between methane and ozone 
concentration. Therefore, curbing methane emissions 
proves to be a crosscutting measure between air quality 
and climate issues. Moreover, the EU presented the 
European Green Deal at the end of 2019, and part of this 
is The Farm to Fork Strategy92 which aims to address the 
challenges of sustainable food systems. In addition, the 
EU intends to adopt legislation to reduce the EU’s GHG 
emissions by 55% in 2030.93

The Global Methane Initiative’s Biogas Subcommittee is 
dedicated to reducing methane emissions from livestock, 
manure management, and other agricultural sources 
through its dedicated Agriculture Technical Group. 
The group produces summaries of successful policies, 
mitigation tools, and assessments, and is a forum for 
collaboration between governmental, private, and other 
organizations on the topic of methane mitigation from 
this sector.94

The Climate and Clean Air Coalition’s Agriculture 
Initiative supports countries in identify increasingly 
ambitious actions, policies, and targets across the food 
system. The Initiative focuses on showcasing best 
practices on a range of agricultural practices, including 
livestock and rice cultivations, that reduces emission 
of black carbon and methane, while also achieving 
ecosystems and health benefits. 

The Global Research Alliance on Greenhouse Gases 
brings countries and organizations together to find 



50             2021  |  EGBCM Summary of Progress and Recommendations

ways to grow global food production without growing 
greenhouse gas emissions. The GRA fosters increased 
collaboration and investment in research to reduce 
the emission intensity of food production, increase 
carbon storage in soils, and improve the resiliency and 
efficiency of agricultural systems. 

GENERAL PROGRESS OF ACTIONS 
TO REDUCE EMISSIONS IN THE 
SECTOR
The issue of methane emissions from the agriculture 
sector is tackled differently among the Arctic States 
with specific national strategies in terms of policies, 
national programs as well as agreements between 
the state and various organizations. Here below are 
examples from some of the Arctic States:

Sweden has a rural development program 2014-2020 in 
place where different actions in the agriculture sector 
should lead to a diminution of emissions from it such as 
support for investments, capacity building, cooperation, 
and innovation. Biogas production from manure is 
supported leading to a diminution of methane emissions 
from manure management.

In Norway, the White Paper from the Ministry of 
Agriculture and Food aims to reduce emissions per unit 
of livestock produced, increase the uptake of CO2 in 
agricultural soil and adapt the production to a changing 
climate. Reduction of emissions per unit of livestock 
produced should be achieved by selective breeding 
and in this context budget has been allocated to Geno, 
Norway’s cattle breeding organization, for research. 
In addition, an agreement between the Norwegian 
Government and the Norwegian Farmer’ Union 
was signed to commit to increase carbon content in 
agricultural soil and reduce greenhouse gas emissions 
by 5 million tons CO2 equivalents in total over the period 
2021-2030, compared to a baseline level of 4,5 million 
tons CO2 equivalents per year. This could be achieved 
through improvements in e.g. livestock production, 
handling of manure and mineral fertilizers, energy 
use and biogas production alongside improvements 
in consumption and reduction in food loss and waste. 
In Norway, the regulation concerning fertilizer […] of 
organic origin restricts where, when and how much 
manure and other organic fertilizers can be applied, in 

order to reduce emissions from manure. This is under 
revision. In order to preserve carbon sinks, Norway put 
in place a ban in 2020 on the cultivation of bog areas for 
agricultural purposes. 

In Finland, the Rural Development program 2014-2020 
focusses mainly on emissions from soils and includes 
also funding for local biogas plants helping to reduce 
the emissions of methane from manure management. 

Denmark has observed decreases in methane from 
agriculture due to the establishment of biogas plants. 
Moreover, Denmark expects a slight increase in the 
number of livestock as well as increased milk yield 
per dairy cow. The expected emissions are however 
expected to be further decoupled from output in the 
sector, I.e., each production unit is expected to have 
lowered emissions due to, e.g., treatment of manure 
both in biogas plants and by acidifying manure during 
storage.

In Iceland, initiatives have been established regarding 
greenhouse gas emissions from the agriculture sector, 
both in the context of sheep- and cattle farming. The 
focus on the reduction of emissions is cross-cutting 
and includes soil erosion, manure management 
and the relationship between feedstock and enteric 
fermentation. 

Black carbon emissions due to burning of agricultural 
waste have been reduced in several Arctic States 
through a combination of awareness campaigns and 
regulations. In Denmark, one of the measures - a ban 
on burning of straw residues on fields - was introduced 
in 1989 taking effect from 1990. The ban has resulted in 
reductions in emissions of black carbon and a greater 
return of carbon to the soil, and therefore increased 
carbon storage in the soil, as well as increased use of 
straw as a fuel. The measure was implemented in the 
form of a statutory order under the Environmental 
Protection Act. A ban on field burning is currently part 
of cross compliance under EU Common Agricultural 
Policy thus affecting all Arctic States and Observer States 
following EU law. 

STATUS OF IMPLEMENTATION OF 
THE 2019 ACTIONS TO REDUCE 
EMISSIONS
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The implementation of the 2019 recommendations for 
action shows a different approach among the European 
Arctic States. 

Regarding recommendation 5a “Promote food 
consumption patterns that utilize Arctic food chains 
sustainably and efficiently, support the preservation of 
carbon sinks, and minimize life-cycle emissions of methane” 

Improved consumption patterns and preservation 
of carbon sinks are also focal areas for Nordic co-
operation under the Nordic Council of Ministers. 
Societal challenges need to be worked on holistically 
and collaboratively. The “food knot” initiative is an 
example of such an approach, where The Norwegian 
Environment Agency and the Norwegian Agriculture 
Agency participated together with key actors from 
across the food chain to share insights and find solutions 
on how to provide a more sustainable food system in 
the future. This report recognizes that Arctic food chains 
are unique, and are especially relevant to Indigenous 
communities who often rely on Arctic wildlife as a 
main food source. Shifts in diet or changes to livestock 
practices that are key actions to reduce methane from 
large-scale agricultural production may not be relevant 
to the Arctic food chain. Therefore, promotion of food 
consumption practices for communities that rely on 
Arctic food chains should be adapted to suit the needs 
of those communities. Moreover, this recommendation 
affirms the necessity of integrating the perspectives of 
the Arctic Indigenous peoples into state and regional 
agricultural policy programs that directly impact the 
cultures and traditional sectors. It is also important to 
recognize that pastureland, especially pastures on non-
arable land, can function as a method to preserve land 
as a carbon-sink. Agricultural policies should consider 
the carbon-sink protection role that pastureland can 
play, and develop policies accordingly.

Regarding recommendation 5b “Promote work 
on possibilities to reduce emissions of enteric methane 
under Arctic conditions, in co-operation with relevant 
organizations”, 

The European Arctic States are financing and 
encouraging research studies to diminish enteric 
fermentation from ruminants. In Norway, a project is 
looking into selective breeding to minimize methane 
emissions while in Finland research is carried out to 

investigate the use of feed additives in order to obtain 
a methane reduction from cattle. In any case research 
activities in this field are long-term. In Iceland’s 2020 
Climate Action Plan a specific action is set out to 
establish the possibilities to reduce emission from 
cattle, specifically from enteric fermentation with 
compounds from algae. 

Canada has released “A Food Policy for Canada: 
Everyone at the Table”, a policy that aims to build a 
more sustainable food system while supporting growth 
for farmers, producers, and food businesses in Canada. 
One of the six priority outcomes for the strategy is the 
use of sustainable food practices along the food chain 
that reduce environmental impacts while improving 
climate resiliency of the food system.

Regarding recommendation 5c “Develop 
agricultural policies and practices to reduce open burning 
of agricultural waste. Encourage studies and piloting 
of innovative solutions that reduce the need for open 
burning”.

The Arctic European countries have a set of regulatory 
frameworks in place, banning or strongly regulating 
the possibility of field burning of agricultural waste. 
Very often authorities on a local level can give special 
permits for field burning but this practice is not common 
as can be seen by the relatively low emissions of Black 
Carbon from agriculture compared to other sectors. 
More detailed explanations of the implementation of 
these actions can be found in the National Reports. 
Black carbon emissions from the agriculture sector 
are a minor source compared to the total emissions as 
field burning of agricultural residues is not a common 
practice among Arctic States in Europe and legislatively 
banned or strongly regulated such as in Iceland and 
Finland.

RECOMMENDATION FOR ACTION 
2021
Enteric fermentation remains a significant methane 
source and the prospects of minimizing emission 
from enteric fermentation with feed additives is 
still in its initial stages. Although open burning of 
agricultural waste and black carbon emissions have 
been reduced significantly this remains the only 
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source of black carbon emission from agriculture and 
as such there remains room for improvement. The 
recommendations are presented as a set of options to 
be considered in designing national and subnational 
policies, taking into account specific circumstances 
and needs. Recommendation 5a was amended from 
2019 to include a reference to Traditional Knowledge 
of Indigenous peoples. Recommendations 5b and 5c 
are carried over from 2019 and are deemed to still be 
relevant.

Recommendation 5a: Promote food consumption 
patterns including Traditional Knowledge of 
Indigenous peoples, that utilize Arctic food chains 
sustainably and efficiently, support the preservation 
of carbon sinks, and minimize life-cycle emissions of 
methane. 

Recommendation 5b: Promote work on 
possibilities to reduce emissions of enteric methane, in 
co-operation with relevant organizations.

Recommendation 5c: Develop agricultural policies 
and practices to reduce open burning of agricultural 
waste. Encourage studies and piloting of innovative 
solutions that reduce the need for open burning. 

NEW EMERGING ISSUES
Emission reduction strategies in the agriculture sector 
should be developed while keeping in mind that several 
measures may have co-benefits for other greenhouse 
gas emissions along with other emissions to air and 
water. Furthermore, co-benefits can be achieved in the 
context of mitigating the impact of resource depletion, 
biodiversity loss and eutrophication given the strong 
connection between these factors and intensive 
agriculture by means of production and utilization of 
fertilizers and utilization of land with high biodiversity 
for mono-crops or other uniform agricultural practices. 
Therefore, it is essential to look at synergies between 
emission reduction measures and impacts on other 
sectors to achieve an increasingly holistic view of the 

95 	The	Icelandic	Ocean	Cluster,	http://www.sjavarklasinn.is/en/ 

sector’s social, environmental, and economic impacts. 

Further studies on ways to reduce emissions from 
enteric fermentation and additional efforts to generally 
reduce methane emissions from agriculture can open 
up possibilities for specific actions. As food consumption 
indirectly influences the methane emissions from 
the agriculture sector, consumption patterns 
should therefore be analyzed thoroughly. Recent 
developments in the Icelandic fish industry95 include a 
special focus on utilizing the produce more efficiently 
by developing new products and utilizing what would 
have otherwise been considered as waste of the total 
catch; this could be used as an example for other food 
production sectors. By analyzing the whole food chain 
and sustainable consumption and production patterns, 
life-cycle emissions can be minimized as more produce 
is harnessed for the same amount of energy spent on 
making the produce. Consumption patterns among the 
Arctic states should be analyzed with respect to food 
waste at all stages of production and consumption. 

It is therefore important, when developing new 
strategies aimed at mitigating emissions from the 
agriculture sector, to integrate all relevant aspects 
including life-cycle and co-benefit analyses for all 
related sectors.

Though not considered an activity within the 
agriculture sector, open burning of forestry waste 
is an activity with similarities to opening burning of 
agricultural waste. This activity occurs in areas where 
the remote location of forestry operations is a barrier 
to other disposal or use options. The EGBCM may 
consider examining this issue across Arctic States and, 
if appropriate, develop recommendations to address 
emissions from the burning of forestry waste. 
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WILDFIRES
Tundra, peatland, and forest fires are increasingly 
important sources of black carbon in the Arctic, 
where a warmer climate is contributing to larger, 
more frequent, and higher intensity fires. Globally, 
the number of fires was up 13% in April 2020 
compared to last year, and several unprecedented 
wildfires have occurred since the 2019 Summary 
report in many regions of the world. In the Arctic, 
according to the Global Wildfire Information 
System96, the number of fires has more than 
tripled since 2018 in the AMAP region. The 
majority of wildfires are started by human 
actions, while natural spontaneous ignition and 
lightning are rare. Change has had a considerable 
impact on this trend; increased temperatures 
contribute to decreased soil moisture and arid 
conditions that create dry forest fuel loads ready 
to combust. Moreover, human activity continues 
to expand into wilderness areas increasing the 
likelihood of the accidental and negligent ignition 
of wildfires.

96  https://effis-gwis-cms.s3-eu-west-1.amazonaws.com/gwis/

reports-and-publications/ercc-daily-map/20200717_Arctic_Wildfires.png 
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Shifting patterns of precipitation, increasing 
temperatures, and occurrence of lightning can produce 
more frequent and intense wildfires. These changing 
climatic conditions can influence wildfires since they 
are often spatially and seasonally concentrated along 
with depending on the co-occurrence of dry litter 
and ignition sources, which may also be influenced 
by weather and climate. Increased wildfire activity is 
not only a symptom of a changing climate; wildfires 
can also influence climate change through emissions 
of SLCPs, especially black carbon. Wildfires may 
amplify surface melt contributing to accelerated sea 
level rise, additional heat absorbed by the oceans, and 
thus making it harder for ice to regrow in the fall and 
winter. 

High intensity forest fires, which also consume ground 
fuels, release large amounts of black carbon high into 
the atmosphere, thus enabling an efficient pathway 
for long-range transport of emissions97 98. Fires that 
affect boreal peatlands are a particular concern 
in Arctic States. These peatlands, which are found 
across circumpolar forests, store 30% of the world’s 
terrestrial carbon. However, draining of wetlands and 
accelerated climate change is shifting the fire regime 
of this ecosystem. Instead of acting as a carbon sink, 
increased fire activity can turn peatlands into a net 
source of carbon dioxide. Furthermore, peatland 
wildfires tend to smolder, which produces higher 
methane and particulate matter emissions compared 
to flaming combustion99. Finally, peatland fires can be 
very difficult to extinguish. These fires can smolder for 
months, even under the snow layer where incomplete 
combustion results in large black carbon emissions 
that can immediately settle on ice and snow. 

The Arctic is particularly sensitive to these emissions, 
as black carbon emissions from mid-to-high-latitude 
fires can be transported and deposited on Arctic ice and 
snow in great quantities. Deposits of black carbon on 
ice and snow turn them from white to black, increasing 
the heat that can be absorbed by the blackened ice/

97  Ditas et al (2018) https://www.pnas.org/content/115/50/E11595 

98  Thomas et al (2017) https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017GL073701 

99  Kohlenberg et al. 2017. Control on boreal peat combustion and resulting emissions of carbon and mercury. Environmental Research Letters, 

13:035005

100  https://advances.sciencemag.org/content/5/2/eaau8052/tab-pdf 

101  https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017GL073701 

snow. This accelerates surface melting since there is 
much less reflection (vs a white surface) contributing 
to a rapidly warming Arctic.

Biomass burning, which includes wildfires, agricultural 
burning, and biofuel combustion, account for around 
one-third of black carbon sources annually in the 
Arctic and are the dominant source of black carbon 
during summer100. Using satellite-detected fire data, 
recent research shows that boreal forest fires produce 
the largest fraction of elevated smoke plumes, while 
agriculture fires inject smoke within the planetary 
boundary layer. This is important because fire-driven 
weather phenomena can cause smoke to remain in the 
atmosphere for months having global climate impact 
especially for lower intensity fires (prescribed and 
agricultural fires) which pose less long-range transport 
risks. For example, a recent study sourced black carbon 
deposited over Greenland ice sheets in 2013 to wildfires 
in Canada’s boreal forest101.

The complete elimination of these emissions is not 
possible. Fire is an integral component of the boreal 
ecosystem. However, action can be taken to reduce 
the occurrence of high-intensity forest fires, thus 
mitigating the magnitude of black carbon emissions in 
the future. Frequent, low intensity fires reduce forest 
fuel loads, thus preventing larger, more intense fires in 
the future. Lower intensity fires also likely produce less 
black carbon per area burned and are far less likely 
to inject black carbon into the stratosphere where it is 
more easily transported to the Arctic. The extreme fires 
occurring in the last decade are the result of the effect 
of a changing climate and the fire-exclusion policies 
that were implemented in most countries, leading to 
the accumulation of fuels that resulted in high intensity 
fires, with dramatic effects to the environment and to 
the population 103.

Biomass burning, which includes a large contribution 
from wildfires and to a lesser extent agricultural 
burning and biofuel combustion, account for around 
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one-third of black carbon sources annually in the 
Arctic and are the dominant source of black carbon 
during summer. Using satellite-detected fire data, 
recent research shows that boreal forest fires produce 
the largest fraction of elevated smoke plumes, while 
agriculture and prescribed fires inject smoke lower 
in the atmosphere within the planetary boundary 
layer. This is important because fire-driven weather 
phenomena can cause elevated smoke to remain in the 
atmosphere for months having global climate impact 
especially for lower intensity fires (prescribed and 
agricultural fires) which pose less long-range transport 
risks. For example, a recent study sourced black carbon 
deposited over Greenland ice sheets in 2013 to wildfires 
in Canada’s boreal forest . 

The complete elimination of these emissions is not 
possible. Fire is an integral component of the boreal 
ecosystem. However, action can be taken to reduce 
the occurrence of high-intensity forest fires, thus 
mitigating the magnitude of black carbon emissions in 
the future. Frequent, low intensity fires reduce forest 
fuel loads, thus preventing larger, more intense fires in 
the future. Lower intensity fires also likely produce less 
black carbon per area burned and are far less likely 
to inject black carbon into the stratosphere where it is 
more easily transported to the Arctic. The extreme fires 
occurring in the last decade are the result of the effect 
of a changing climate and the fire-exclusion policies 
that were implemented in most countries, leading to 
the accumulation of fuels that resulted in high intensity 
fires, with dramatic effects to the environment and to 
the population96.

LINKS TO WORK OF OTHERS
The Arctic Monitoring and Assessment Programme 
(AMAP)’s 2021 SLCF Assessment report analyzed 
fire activity in Arctic regions using a custom-made 
model. This model found that, while the majority of 
fires occur between 50o and 60oN in latitude, there is 
an increasing trend in fires above 60oN. AMAP found 
increasing evidence that climate change has played a 
role in large, uncontrollable fires, and an earlier start 
to the fire season each year. Future climate conditions 
are expected to be favorable for large, high intensity, 

102  https://eppr.org/projects/circumpolar-wildland-fire-project/ 

and more frequent wildfires in Arctic ecosystems.

The Circumpolar Coordination on Wildfire Prevention, 
Preparedness, and Response102 is a project lead 
by the Gwich’in Council under the Arctic Council 
EPPR Working Group. The project aims to improve 
coordinated response of Arctic States and Permanent 
Participants related to wildland fires in the Arctic 
ensuring emergency prevention, preparedness, and 
response is effective and contemporary. 

GENERAL PROGRESS OF ACTIONS 
TO REDUCE EMISSIONS IN THE 
SECTOR
Across the Arctic States, there has been various work 
on national strategies, projects, and plans to reduce 
emissions related to wildfire:

• In Sweden the central research body for the 
Swedish forestry sector, Skogforsk, has developed 
guidelines for risk management of forest fires. 
These are common guidelines for the Swedish 
Forestry Agency, the Swedish Civil Contingencies 
Agency, the Fire and Rescue Services, and the largest 
forest owners in Sweden. The guidelines include 
measures to prevent forest fires and to limit fire 
spread. Related to existing regulatory instruments, 
municipalities and county governments in Sweden 
can issue temporary fire bans due to dry and hot 
weather conditions. 

• The IBA-ForestFires project in Finland focuses on 
forest fires in Fennoscandia under a changing 
climate and forest cover. The project synthetizes 
the current knowledge of the occurrence, 
monitoring, modeling and extinction of forest 
fires in Fennoscandia and surrounding regions. In 
addition, the project investigates how forest fires 
can promote black carbon emissions over Arctic. 
Regarding protection and action on forest fires, 
the dense network of voluntary fire departments 
provides additional resources for the national 
rescue department throughout the country, and an 
existing agreement system ensures coordination 
between the two networks.
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• In Norway, local authorities have the responsibility 
to manage wildfire response and prevention. In 
the case of high-intensity wildfires, the authorities 
have forest fire preparedness plans that includes 
forest fire troops and equipment at the local level, 
and governmental financed aerial support and 
incident commander support to assist the local 
chief fire officer. The Norwegian Civil Defense 
has 8000 men and women that can support local 
municipalities with troops and gear, and there are 
obligations for the municipalities to have sufficient 
preparedness plans to prevent forest Amongst the 
main responsibilities of the Norwegian Directorate 
for Civil Protection (DSB) are emergency planning 
and fire safety, with important cooperation with 
other actors such as the Norwegian Civil Defence, 
the Emergency Planning College (NUSB), the 
Norwegian Fire Academy (Norges brannskole) and 
the Civil Defence Academy103. 

• The Canadian Interagency Forest Fire Centre 
(CIFFC) is a not-for-profit corporation owned and 
operated by federal, provincial and territorial 
wildfire management agencies. CIFFC coordinates 
resource sharing, mutual aid, and information 
sharing across regions and agencies. On the 
international stage, CIFFC works closely with the 
Government of Canada to coordinate Canadian 
response to international requests for assistance. At 
the national scale, the Canadian Forest Service, part 
of Natural Resources Canada, works closely with 
provinces and territories on forest management. 
The Canadian Forest Service produces a range of 
tools for forest managers for assessing fire danger, 
predicting fires and responding as necessary.

• In the United States, the U.S. Forest Service has 
been engaged in determining potential transport 
of wildfire emissions and surface impacts in the 
Arctic region. The Pacific Northwest Research 
Station’s AirFire Team has established routine 
smoke forecast model runs as part of the 
Interagency Wildland Fire Air Quality Response 
Program (IWFAQRP) to support Air Resource 
Advisors (trained smoke specialists) in developing 
smoke outlooks for fine particulate (PM2.5) for 
communities in order to reduce human health 

103  https://www.dsb.no/menyartikler/om-dsb/about-dsb/ 

risks and exposures. These operational smoke 
impact model runs are available at https://tools.
airfire.org/websky/v1#status . Additionally, in 2020 
the USFS and the IWFAQRP in partnership with 
EPA launched the AirNow Sensor Data Pilot which 
integrated fixed long-term air quality monitoring 
sites with temporary monitors and low-cost air 
sensors for PM2.5 into a publicly available map 
(computer and mobile friendly) at https://fire.
airnow.gov/ to provide smoke impact information 
and access to Smoke Outlooks generated by the 
IWFAQRP to reduce smoke exposure of the public 
and lessen public health impacts from wildfire 
smoke. The AirFire Team also maintains daily 
automated forecasts of Arctic transport potential 
available at https://www.airfire.org/projects/arctic-
transport which is most useful when wildfire 
activity is high in the Arctic region.

STATUS OF IMPLEMENTATION OF 
THE 2019 ACTIONS TO REDUCE 
EMISSIONS
Recommendation 6a: Build and maintain 
international mutual aid and resource exchange 
arrangements amongst Arctic nations that have 
specialized experience in wildfire management, 
suppression, and monitoring in boreal forests. 

Arctic States are engaged in several international 
and bilateral mutual aid and resource exchange 
arrangements. One of the cornerstones of Nordic 
cooperation is a framework agreement for Nordic 
cooperation over rescue services, known as NORDRED. 
Under NORDRED, regional and local governments 
can also enter into regional or local agreements 
for cross-border cooperation over rescue services. 
Nordic cooperation also includes annual meetings 
of the ministers responsible for rescue services and 
preparedness, a permanent working group of public 
officials that meets before ministerial meetings, 
meetings of the departmental heads of ministries, 
meetings of Nordic rescue commissioners, a pan-
Nordic high-level preparedness course, as well as 
cooperation in the spheres of fire prevention, statistics, 
local information and research.
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Arctic States also work bilaterally to strengthen 
cooperation in wildfire management, suppression, and 
monitoring. For example, Finnish rescue personnel 
and equipment were sent to Sweden during 2018 forest 
fires under the EU Civil Protection Mechanism104, which 
strengthens EU Member State cooperation with a view 
to improve prevention, preparedness, and response to 
disasters. Bilateral rescue service cooperation between 
Finland and Russia is founded on an agreement 
on cooperation for the prevention of accidents and 
their consequences (Finnish Treaty Series 52/1996). 
Cooperation between ministries is based on the work 
of a permanent bilateral working group set up among 
ministers in 2013.

International cooperation in suppression and support 
of wildland fire incidents has been a decades-long 
program amongst North American partners, as well as 
with their Australasian counterparts. The result of long 
standing, codified bilateral international agreements 
and accompanying operating plans, coupled with 
the willingness of nations to assist each other for 
the common good, has developed strong trusting 
relationships. Some of the results of this program 
include the development of common expectations, 
qualifications of personnel, the sharing of wildland fire 
management techniques, advancements in science-
based research, and the acceptance of a common 
operating picture. The international agreements 
allow for the mutual, coordinated suppression of fire 
occurring within the border region of both countries 
(defined as 10 miles on each side of the border) 
through regional/local agreements and operating 
plans (i.e., Canada/United States Reciprocal Firefighting 
Agreement Operating Plan 2020). The international 
agreements also provide a process for requesting and 
ordering resources for support of fires outside the 
border region on a reimbursable basis, and allow for 
the exchange of personnel for pre-suppression, fire 
suppression, and post-fire activities.

In Finland, the Ministry of the Interior Department for 
Rescue Services engages in international cooperation105 
through three Northern European regional councils: 

104  https://ec.europa.eu/echo/what/civil-protection/mechanism_en 

105  https://www.pelastustoimi.fi/rescue-services/international-rescue-service-cooperation 

106  https://en.ilmatieteenlaitos.fi/forest-fire-warning  

107  https://firesmartcanada.ca/  

the Joint Committee on Rescue Cooperation (JCRC) of 
the Barents Euro-Arctic Council (BEAC), which includes 
representatives from Finland, Norway, Sweden and 
Russia; the Council of the Baltic Sea States (CBSS); and 
the permanent Emergency Prevention, Preparedness 
and Response Working Group (EPPR) of the Arctic 
Council.

Recommendation 6b: Develop region-specific 
public education campaigns on wildfire prevention 
and safety. 

In Finland, province and municipality-specific 
warning systems are designed to inform the general 
public and the fire authorities about regional forest 
fire risks caused by dry terrain. Forest fire warnings 
are issued by the Finnish Meteorological Institute (FMI) 
based on a fire risk index106 (see recommendation 6d). 
Information about the situation is provided via the 
FMI website as well as the mobile app. During the 
hot summer in 2018, Norway’s Directorate for Civil 
Protection (DSB) developed an ambitious media strategy 
with educational campaigns to increase awareness on 
how to help prevent forest fires, such as promoting a 
prohibition on barbecues (that several municipalities 
enforced). According to a questionnaire by DSB, 72% 
of the population took preventive measures as a 
consequence of the high fire risk that summer.

Canada’s National FireSmart program107 leads the 
development of resources and programs designed 
to increase wildfire resilience across the country. 
FireSmart Canada offers information about the 
wildland-urban interface, and how Canadians living in 
close proximity to wildland areas can help reduce the 
risk of wildfire ignition. This information is targeted to 
homeowners, neighbourhoods, and fire departments 
through the recognition programs and a Wildfire 
Community Preparedness Day. This information 
is tailored to the needs of individual regions and 
communities through FireSmart neighbourhood 
leaders, who advocate for the implementation of 
FireSmart principles in their communities. 
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In the United States, the U.S. Forest Service through 
the Interagency Wildland Fire Air Quality Response 
Program is leading efforts around building Smoke 
Ready communities in partnership with the U.S. EPA 
and other partners at more local levels. Tools are found 
at wildlandfiresmoke.net and see Smoke Ready section.

In 2019, the EU reinforced and strengthened 
components of its disaster risk management by 
upgrading the EU Civil Protection Mechanism108. The 
latest element introduced - rescEU - has the objective 
of enhancing both the protection of citizens from 
disasters and the management of emerging risks. In 
addition, rescEU establishes a new European reserve of 
resources (the ‘rescEU reserve’) which includes a fleet of 
firefighting planes and helicopters, medical evacuation 
planes, as well as a stockpile of medical equipment and 
field hospitals that can respond to health emergencies, 
and chemical, biological, radiological, and nuclear 
incidents. Each country (or entity) handles aviation 
for civil protection differently; however, fire aviation 
programs can follow the International Fire Aviation 
Guidelines produced by the International Fire and 
Aviation Working Group under the United Nations 
Office for Disaster Risk Reduction.

Recommendation 6c: Develop and implement 
regionally appropriate forest management practices 
that reduce the risk of severe wildfires. 

In Finland, forest management practices (private 
ownership of forests, dense network of forest roads, 
forestry practices) in connection with early detection 
and efficient prevention and distinguishing seem to 
have been efficient in preventing large-scale forest 
fires in recent decades in Finland. As described 
in section 3, Sweden’s work on guidelines for risk 
management of forest fires from their central research 
agency, Skogforsk, contributes to this recommendation. 
Following the hot and dry summer of 2018, with its 
high number of forest fire incidents, Norway’s DSB 
issued an evaluation report109 (Norwegian) with 
lessons learned and recommendations for the future.

In Canada, the Canadian Council of Forest Ministers, a 

108  https://ec.europa.eu/echo/what/civil-protection/resceu_en 

109  https://www.dsb.no/globalassets/dokumenter/rapporter/skogbrannsesongen_2018.pdf 

110  https://en.ilmatieteenlaitos.fi/forest-fire-index 

cooperative group of federal, provincial, and territorial 
ministers, regularly produce and update the Canadian 
Wildland Fire Strategy. This strategy summarizes 
current state of wildfire management in Canada and 
progress made towards the goals of the Strategy, and 
outlines next steps required to continue to meet the 
challenges of wildfire management across the country.

Recommendation 6d: Use the best available 
science to develop prediction models that can be used 
to examine fire risks at daily to decadal scales to support 
drafting of prevention and emergency response plans.

In Finland, a state-of-the-art model forms the basis 
for the national forest fire warning system110 (see 
recommendation 6b). Operated by the Finnish 
Meteorological Institute (FMI), the model describes 
moisture conditions in the top soil layer measuring 
about 6 centimetres in thickness. As described in section 
3, Sweden’s work on guidelines for risk management of 
forest fires from their central research agency, Skogforsk, 
also contributes to this recommendation. In Norway, the 
Norwegian Meteorological Institute has developed a 
wildfire hazard index for 100 locations. 

Canada has a robust suite of tools for monitoring and 
predicting wildfires events and their impacts. The 
Canadian Wildland Fire Information System monitors 
fire danger conditions and fire occurrence across 
Canada. The Canadian Forest Fire Danger Rating System 
is a national system for rating the risk of forest fires in 
Canada to guide fire management activities. In addition, 
satellites are used to detect fires, and reported fire 
locations are collected from fire management agencies. 
Fire detection and monitoring data is used to inform 
the air quality forecast and provide smoke dispersion 
over North-America, including most of the Canadian 
Arctic. The Canadian Land Surface Scheme is capable 
of generating future projections of area burned and 
fire emissions that respond dynamically to changes in 
fuel load and soil moisture conditions due to changes 
in climate and atmospheric CO2 concentrations. These 
projections will enable studies of how future fire 
regimes may change in Canada, and globally, and affect 
the climate and the Arctic.
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In 2020, Canada prepared the implementation of a 
WMO Vegetation Fire and Smoke Pollution Warning and 
Advisory System (VFSP-WAS) centre. This information 
hub111 consolidates information on weather and 
atmospheric composition relevant to the risk and 
impacts of wildfires for the North-American domain, 
including Alaska and the Canadian Arctic. This includes 
a multi-model ensemble forecast of PM2.5. The new 
VFSP-WAS centre is entering its demonstration phase 
with WMO as of fall 2020.

RECOMMENDATIONS FOR ACTION 
2021
Detailed projects and plans on 2019 recommendations 
for the wildfire sector indicate both significant progress 
and areas for improvement (Section 4). However, these 
recommendations continue to remain relevant and 
act as a baseline to understand Arctic States’ progress 
related to wildfires. The 2019 recommendations are 
broad enough to capture relevant policies, projects, 
and plans occurring at multiple decision-making levels 
(international, 6a; national to sub-national, 6b and 
6c). Moreover, there is emerging science related to 
development of prediction models that are improving 
simulation of wildfires including their spread, formation, 
and impacts (e.g., smoke). The recommendations 
are presented as a set of options to be considered in 
designing national and subnational policies, taking into 
account specific circumstances and needs.

Recommendation 6a: Build and maintain 
international mutual aid and resource exchange 
arrangements amongst Arctic States that have specialized 
experience in wildfire management, suppression, and 
monitoring in boreal forests.

Recommendation 6b: Develop region-specific 
public education campaigns on wildfire prevention and 
safety.

Recommendation 6c: Develop and implement 
regionally appropriate forest management practices 
that reduce the risk of severe wildfires.

111	 	Based	on	contributions	from	Canada,	Europe	(ECMWF	and	Copernicus),	Finland	(FMI),	USA	(NOAA	and	NASA)	and	Japan	(JMA),

112  Kolden and Rogan (2013). Arctic, Antarctic, and Alpine Research. https://www.tandfonline.com/doi/pdf/10.1657/1938-4246-45.1.64 

113  Lindenmayer and Taylor (2020). PNAS. https://www.pnas.org/content/117/22/12481.short 

Recommendation 6d: Use the best available 
science to develop prediction models that can be used 
to examine fire risks at daily to decadal scales to support 
drafting of prevention and emergency response plans.

NEW EMERGING ISSUES
Recent scientific research indicates growing interest and 
products related to remote sensing or satellite-derived 
data to help understanding wildfires and its effects 
in the Arctic. Especially in areas with limited ground 
data collection, remote sensing can provide additional 
analysis and long-term monitoring to help supplement 
existing observations, and potentially be used as input 
into prediction models. For example, remote sensing 
can help map and quantify wildfire burn severity112. 
The most recent 2019-2020 wildfires in eastern Australia 
have demonstrated the importance of spatial and 
temporal analyses of the fires to better inform future 
forest management, policy reforms, protection of key 
natural assets, and conservation planning113.

The impact of climate change on Arctic forests, 
peatlands, and tundra are expected to continue creating 
favorable conditions for more larger, more intense, 
and more frequent fire events. It is very likely that the 
fires in the Arctic Council region will continue to be a 
major, and increasing, emission source of black carbon 
and methane. Actions to reduce anthropogenic sources 
of black carbon and methane, as well as reductions in 
CO2 emissions, are critical to slowing the pace of climate 
change in the Arctic, and mitigating the impacts of 
climate change that lead to increasing trends in wildfire 
events.
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APPENDIX 1: LIST OF ACTIONS
This appendix examples of national actions, action plans and mitigation 
strategies contributing to the reduction of black carbon and methane emissions, 
related to each of the 2019 recommendations.
NA in this appendix 1 refers to “not applicable”.

MOBILE AND STATIONARY DIESEL-POWERED SOURCES
Status of recommended actions 2019 related to the reduction of emissions from 
mobile and stationary diesel engines

Table 5: Actions related to 2019 recommendation 1a: Reduce emissions from new diesel vehicles and 
engines by adopting and implementing world-class particulate matter exhaust emission standards and ensuring 
widespread availability of ultra-low sulphur fuels.

Actions to reduce emissions from new diesel vehicles and engines

STATE STATUS

Canada

Off-road Compression-Ignition (Mobile and Stationary) and Large Spark-Ignition Engine Emission Regula-
tion 
Clean Fuel Standard 
Sulphur in Diesel Fuel Regulations 
Carbon pollution pricing (federal backstop, and provincial systems)

Kingdom of 
Denmark

EURO-regulations 
Roadside inspections to prevent emission manipulation in heavy-duty including use of remote sensing 
New low emission zoe regulation requiring particulate filters for all heavy and light duty vehicles. The 
final stages will come into force in 2022.

Finland EURO-regulations

Iceland

EURO-regulations 
Sulphur requirements on marine fuels  
Ban on idling vehicles to run their engines  
Ban on new diesel and gasoline vehicles in 2030

Norway

More ambitious national goals for NO2, PM10, SO2 and benzene 
Rapid transition to electric mobility through incentives such as tax breaks and reduced toll fares 
ENOVA and Innovation Norway offer economic support. 
Carbon tax

Russian 
Federation

Application of requirements for technical emission standards - Euro-5 for all new vehicles.  
Ban on the sale of fuel below the Euro-5 standard.

Sweden

Sweden has implemented the Euro 6 standards for passenger cars, light duty vehicles and heavy-duty 
vehicles. 
For working machinery step 5 was implemented from January 1st 2019 for almost all categories. 
Exhaust emission control – adjusted regulations
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The U.S.

New heavy-duty, on-highway diesel engines have met 0.01 g/BHP-hr PM standards since 2007. Tier 
4 standards for non-road diesel equipment/vehicles are completely phased in. The latest locomotive 
engine standards may result in diesel particulate filter installation. Also, national emission standards 
require that older locomotives that are remanufactured must be certified to more stringent emission 
standards than their prior certification level. For U.S. passenger cars and light-duty trucks, the national 
PM emission standard of 0.003 g/mile (known as Tier 3 standards) will take effect for between 2017 
and 2025.

EU The EC intends to propose more stringent air pollutant emissions standards for vehicles with a com-
bustion-engine.1

Poland Euro/EURO standards

Table 6: Actions related to 2019 recommendation 1b: Reduce emissions from legacy diesel vehicles and 
engines by adopting targeted policies and programs.

Actions to reduce emissions from legacy diesel vehicles and engines

STATE STATUS

Canada

Mandatory emission testing in some provinces for heavy-duty diesel vehicles (Ontario, British 
Columbia)

Carbon pollution pricing (federal backstop, and provincial systems)

Kingdom of Den-
mark

Increase of scrapping premium from € 293 to € 667 for old diesel cars (before 2006) without 
filters. 

Finland

Scrapping premium of €1,000 - 2,000 for the buyer of a new car who scraps an old car (time 
limited)

Voluntary Green Deals to cut greenhouse emissions from vehicles

Iceland

Payment for scrapping old vehicles of approx. €150  
Action plan to reduce soot emissions from diesel motors and studded tires 
Action in Iceland’s Climate Action plan to enhance the energy transition for heavy duty trans-
port vehicles 

Norway Cash payment for scrapping passenger cars, motorcycles, mopeds, campers and caravans. 
Scrapyards get operational support for receiving these vehicles.

Russian Federation  

Sweden

National plan for transport infrastructure

Congestion tax – increased fees

Low emission zones – new legislation for light vehicles

Bonus malus

Counsel municipalities and property owners on parking

Reduced speed in some streets – national roads

Tolls for certain heavy vehicles

1	 	The	European	Green	Deal,	COM(2019) 640; https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf
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The U.S.
Efforts to address older vehicles and engines through voluntary programs and grants or loans 
to operators to upgrade diesel engines and controls continue have significant positive impacts 
on overall diesel and related black carbon emissions.

Italy Economic incentives to replace older Diesel vehicles with newer low emitting vehicles.

Poland Regulation to eliminate the use of vehicles with non-functional or removed diesel particulate 
filters (DPF)

Table 7: Actions related to 2019 recommendation 1c: Reduce black carbon by stimulating the shift to 
alternative vehicle technologies and modes of transportation, and through efficiency measures.

Actions related to the reduction of black carbon by stimulating the shift to alternative vehicle technologies and 
modes of transportation, and through efficiency measures

STATE STATUS

Canada

The i-ZEV rebate program for purchase or lease of a zero-emission vehicle and tax write-offs 
offered to businesses for the purchase of zero-emission vehicles

Clean Fuel Standard – ZEVs are to a compliance option

LDV, HDV standards – ZEVS and hybrids are compliance options

Province of British Columbia’s “Go Electric Program” and Province of Quebec Roulez vert 
Program, both of which include a rebate program for eligible zero-emission vehicles

Carbon pollution pricing (federal backstop, and provincial systems)

Zero-emission vehicle procurement targets for Government of Canada’s light-duty vehicle fleet.

Kingdom of Den-
mark A number of initiatives to support the political target of 775.000 electric cars in 2030 in DK.

Finland

A subsidy of €2,000 for purchasing a new electric car (time limited)

A subsidy of €1,000/2,000 for people who convert a petrol- or diesel-powered passenger car 
for use with gas/ethanol, respectively. (time limited)

Scrapping premium of €1,000 - 2,000 for the buyer of a new car who scraps an old car (time 
limited)

Voluntary Green Deals to cut greenhouse emissions from vehicles

Iceland

Public procurement of low-emission vehicles

Improved public transport and infrastructure for alternative modes of transportation

Carbon tax

VAT exemption for “zero-emission” vehicles

Parking benefits for low emission vehicles

Use of shore side electricity in harbours

Shift to alternative non-fossil fuels for ferries 

Energy efficiency program for ships owned by the government
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Norway

Proactive policies promoting electric mobility (mainly electric vehicles, as well as initiatives in 
the maritime sector)

Public procurement requirements

Economic support schemes for energy efficiency improvement, clean technology development 
and local initiatives on climate change mitigation, such as fossil free construction sites and 
more environmentally friendly ferries

Russian Federation

 Retirement of the transport tax for electric cars in the several regions.

Parking benefits for electric cars 

Subsidies until 2024 for switching the car to natural gas fuel (over 90% of all price)

Sweden

Inter alia

Procurement requirements

Tax on air travel

Eco-bonus system for freight transport

Climate bonus for electric trucks, buses and mobile machines

Tax reduction for micro production of renewable electricity

Energy tax

Tax reduction for shore side electricity

Italy

Economic incentives to promote alternative transportation modes, including biking, walking, 
and car-sharing.

Promotion of public transportation system and renovation of bus fleet with less polluting vehi-
cles, such as electric buses.

Reduction of pollutant emissions by promoting the use of electric and hybrid vehicles in urban 
areas and changing vehicle taxation system.

EU

The European Green Deal priority on “accelerating the shift to sustainable and smart mobility” 
contains a proposal to adopt a strategy to shift toward a cleaner alternative to current mobility. 
The European Commission intends by 2021 to propose measures to manage better and in-
crease capacities of railway and inland waterways. A support to development of smart systems 
for traffic management through EC funding instruments is foreseen.  

Poland Programs promoting electromobility, clean transport and collective forms of transport
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Table 8: Actions related to 2019 recommendation 1d: Develop, as appropriate, and report on measures and 
best practices to reduce particulate matter and black carbon emissions from shipping.

Actions to develop and report on measures and best practices to reduce particulate matter and black carbon 
emissions from shipping

STATE STATUS

Canada

Canada has been actively engaged in IMO’s work on reduc-
ing the impact on the Arctic of black carbon emissions from 
international shipping since 2011. In 2020, Canada led a 
Correspondence Group advancing the development of a stan-
dardized sampling, conditioning and measurement protocol 
for black carbon emissions from marine engines. Canada also 
established an international technical working group in 2020 to 
develop the aforementioned standardized protocol.

Marine Emissions Inventory Tool

Kingdom of Denmark

Denmark is engaged in the work in IMO both with black carbon 
from shipping as well as the fuel ban of HFO in the Arctic.

The Government of Greenland supports a ban on the carriage 
and use of HFO as fuel by ships operating in the Arctic as 
approved in IMO in 2020.

Denmark has led the efforts to develop and adopt a Ministerial 
Declation on more sustainable cruise tourism in the Greater 
Baltic Sea Area Greenland, the Faroe Islands, Åland and all 
Nordic Ministers of Environment and Climate have adopted the 
Declaration.

Finland
Engagement in IMO processes: Workshop on black carbon 
from shipping and background studies for the discussion in the 
February 2020 PPR

Iceland

The Icelandic government launched its most recent Climate 
Action Plan in 2020, where key maritime element are wider 
use of alternative fuels, increased fuel-efficiency in ships, use 
of shore-side electricity in harbors and shift from heavy fuel oil 
with new sulphur requirements.

Norway
The Norwegian government launched its action plan for green 
shipping in 2019, where a key element is wider use of alterna-
tive fuels.

Russian Federation

Russian Federation works internationally within the IMO to 
coordinate joint measures to protect the marine environment, 
improve maritime safety, and prepare for the design and con-
struction of ships.

Sweden

Sweden works internationally within the IMO for a global regu-
latory framework to promote innovative solutions and technolo-
gy development to reduce the emissions of BC, and to promote 
the use of low-sulphur fuels.

The U.S.

Marine diesel engines with per cylinder displacement less than 
30 liters are subject to PM emissions standards. Engines above 
600 kW are subject to the most stringent tier of PM controls 
that may require advance emission control technology, begin-
ning with engines built in 2014.  
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EU

During the revision of the Energy taxation Directive the EC will 
look at current prices of transport, including aviation and mari-
time transport, to reflect its impact on environment and health. 
There will be a proposal to extend the emissions trading to the 
maritime sector. (The European Green Deal, COM(2019) 640)

Poland

Innovative technologies in inland navigation

Emission standards and energy efficiency requirements for 
ships

•

Table 9: Actions related to 2019 recommendation 1e: Reduce emissions from stationary diesel engines by 
adopting targeted policies and programs, including shift to new technologies and improved efficiency.

Actions to reduce emissions from stationary diesel engines by adopting targeted policies and programs

STATE STATUS

Canada

Clean Energy for Rural and Remote Communities program

Indigenous Off-Diesel Initiative

Northern Responsible Energy Approach for Community Heat and Electricity Program

Kingdom of Den-
mark NA

Finland

Obligation for the share of bio-liquid in light fuel oil

Promotion of the use of biogas in machinery

A voluntary Green Deal to promote emission reductions from machinery

Iceland Action on providing renewable electricity to all fish meal production in Iceland’s Climate Action 
Plan

Norway
No policies or single programs targeted at this specifically, but state-owned ENOVA makes 
financial contributions so that individuals and businesses can start using the newest and most 
climate friendly technologies.

Russian Federation

 Large-scale gasification program for remote regions until 2025

Reduction of the specific fuel consumption for the supply of electric energy at the sources of 
combined production of electric and thermal energy

Development of pilot projects on the use of renewable energy sources in the Far North

Sweden NA

The U.S.

Voluntary emissions reduction programs, such as grants and rebates, can be used to upgrade 
legacy diesel engines (including stationary engines like generators). U.S. federal emission 
requirements for stationary engines are covered by the New Source Performance Standards 
(NSPS) for stationary spark ignition and compression ignition internal combustion engines. 
Most new stationary diesel engines are required to meet the Tier 1-4 emission standards for 
mobile non-road engines sources, which results in PM reductions.

EU
EU is taking part (closely monitoring) in the IMO discussions linked to reporting, measurement 
methodologies and best practices with a view of developing addressing the reduction PM and 
BC emissions from international maritime transport.
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SDWG

SDWG renewable energy projects that contribute to efforts to switch to renewable energy 
sources:

The Arctic sustainable energy futures toolkit completed in 2019 (https://sdwg.org/what-we-do/
projects/arctic-sustainable-energy-futures-toolkit/)

The Arctic renewable energy atlas (AREA) completed in 2020 (https://sdwg.org/what-we-do/
projects/arctic-renewable-energy-atlas-area/)

The Arctic remote energy networks academy (ARENA), which is ongoing (https://sdwg.org/
what-we-do/projects/arctic-remote-energy-networks-academy-arena-ii/)

Poland N/A
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OIL AND GAS
Status of the recommended actions 2019 to reduce emissions from on oil and 
gas production

Table 10: Actions related to 2019 recommendation 2a: Adopt and implement oil and gas methane emission 
reduction strategies.

Actions to adopt and implement oil and gas methane emission reductions strategies

STATE STATUS

Canada

Federal Regulations Respecting Reduction in the Release of Methane and Certain Volatile Organic 
Compounds (Upstream Oil and Gas Sector) (SOR/2018-6)

British Columbia’s new regulation to reduce methane emissions from upstream oil and gas opera-
tions by 45% by 2025 (Jan 2020) 

Alberta’s Directives 060 and 017

Saskatchewan’s Oil and Gas emissions Management Regulation (2019) (Chapter 0-2 Reg 7)

Kingdom of Den-
mark

Methane emissions from oil and gas production in the Danish part of the North sea are 
minimised and venting of methane is not acceptable during normal operations on manned 
platforms.

Denmark’s oil and gas methane emission reduction strategy is embedded in Denmark’s climate 
change mitigation policies. Oil and gas methane emissions are included in Denmark’s non-ETS 
greenhouse gas emissions regulated under the EU Effort Sharing Directive in 2013- 2020 and 
under the EU Effort Sharing Regulation in 2021-2030.

In December 2020, Denmark made a historic decision on the future of fossil extraction in the 
North Sea. A broad majority in the Parliament has agreed on a final phase-out date of fossil 
extraction in the North Sea by 2050 as well as to cancel all future licensing rounds by imme-
diate effect. The Danish government consider it an important step for the joint, global effort to 
curb demand of fossil fuels, and it is now calling on friends and allies around the world to do 
the same.

Initiating an analysis of the potential of electrification of current North Sea production of oil 
and gas to reduce emissions was also an element in the agreement.

Finland Leak detection and management strategy for natural gas distribution network

Iceland A new biogas- and composting plant has been built 

Norway

Emissions are regulated through the Pollution Control Act and The Greenhouse Gas Emission 
Trading Act, the CO2 Tax Act (offshore) and the Sales Tax Act.

Specific emission limit values are set on a case to case basis in individual permits, based on 
best available techniques (BAT) as defined nationally or in the EU.

Russian Federation

Increase in the share of capture and disposal of pollutants in the fuel and energy complex 
sectors in accordance with the national Energy Development Strategy

Oil and gas companies strategies of energy saving and energy efficiency improvement (for 
example Gazprom strategy for 2011-2020).

Sweden NA



68             2021  |  EGBCM Summary of Progress and Recommendations

United States

In May of 2016, U.S. EPA finalized three rules that together address methane, VOC, and other 
air pollution emissions from new, reconstructed and modified oil and gas sources. In August 
2020, U.S. EPA finalized rules that include amendments that rescind some methane standards 
and reduce the requirements for reporting and recordkeeping. In January 2021, the Executive 
Order on “Protecting Public Health and the Environment and Restoring Science to Tackle the 
Climate Crisis” tasks U.S. EPA with reviewing these amendments and as well as considering 
proposing new regulations to establish comprehensive standards of performance and emission 
guidelines for methane and volatile organic compound emissions from existing operations in 
the oil and gas sector, including the exploration and production, transmission, processing, and 
storage segments. The U.S. DOT’s Pipeline and Hazardous Materials Safety Administration is 
developing a suite of new regulations to require pipeline operators to extend their programs 
to detect and repair pipeline defects, and to increase use of automatic shut-off valves for retail 
customers primarily to ensure public safety.

Italy Leak Detection and Repair program

Table 11: Actions related to 2019 recommendation 2b: Encourage the adoption of best practices in reducing 
routine flaring and in improving gas capture.

Actions to encourage the adoption of best practices in reducing routine flaring and improving gas capture

STATE STATUS

Canada

British Columbia Oil and Gas Commission Flaring and Venting Reduction Guideline (2018) and 
CleanBC Industry Fund

Alberta Energy Regulator Directive 060: Upstream Petroleum Industry Flaring, Incinerating, and 
Venting 

 Saskatchewan’s Oil and Gas Emissions Management Regulations, 2019: Directive 
PNG036: Venting and Flaring Requirements and Directive PNG017: Measurement Requirements 
for Oil and Gas Operation 

Newfoundland and Labrador Regulation 120/09: Offshore Petroleum Drilling and Production 
Regulations 

Carbon pollution pricing (federal backstop, and provincial systems)

Endorsement of the World Bank’s Zero Routine Flaring by 2030 initiative

Kingdom of Den-
mark

Unnecessary and routine flaring is in practice not allowed on Danish oil and gas facilities. Off-
shore flaring is further minimized through a series of actions by limiting unnecessary flaring in 
permits for oil and gas infrastructure expansions, annual production permits (regulated by the 
Danish Subsoil act) and through the ongoing supervision of oil and gas production promoting 
initiatives on e.g. energy efficiency.

Emissions of CO2 incl. emissions from flaring are subject to the EU ETS providing an economi-
cal incentives to reduce flaring and bring the gas to market instead.

In 2017, Denmark endorsed the World Bank’s Zero Routine Flaring by 2030 initiative.

Finland Participation in and financial support for the World Bank’s Global Gas Flaring Reduction Part-
nership (GGFR)

Iceland A new biogas- and composting plant has been built for improved gas capture
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Norway

Flaring of natural gas is only permitted when necessary for safety reasons.

CO2 tax and the EU ETS has resulted in improvements in technology and emission-reducing 
measures, e.g. flare gas recovery (“closed flare system”).

Implementation of flare gas recovery system is BAT for new field development projects. For 
large-scale modification projects on existing installation flare gas recovery is evaluated as part 
of the PDO, e.g. safety issues and cost.

Russian Federation

Increase in the share of capture and disposal of pollutants in the fuel and energy complex 
sectors in accordance with the national Energy Development Strategy

Oil and gas companies strategies of energy saving and energy efficiency improvement (for 
example Gazprom strategy for 2011-2020).

Sweden NA

United States

In conjunction with the National Association of Regulatory Utility Commissioners, the U.S. DOE 
supports the Natural Gas Infrastructure Modernization Partnership, which provides technical 
assistance to states on model regulatory practices to enhance distribution pipeline reliability 
and cost-effective methane control technologies to mitigate methane emissions

The Federal Energy Regulatory Commission’s Cost Recovery for Natural Gas Facilities Modern-
ization allows interstate natural gas pipelines to use surcharges to recover costs for capital ex-
penditures to modernize pipeline system infrastructure, resulting in enhanced system reliability, 
safety, and methane emissions reductions.

Italy Zero routine flaring initiative.

Poland
Improved coalbed methane capture from mines

Increased economic use of methane

ACAP “Mitigation of Short-Lived Climate Pollutants (SLCP) from Associated Petroleum Gas flaring” 
project

Table 12: Actions related to 2019 recommendation 2c: Urge firms to engage in international and domestic 
voluntary methane and black carbon emission reduction activities, including the implementation of methane 
management strategies.

Actions to urge firms to engage in international and domestic voluntary methane and black carbon emission 
reduction activities, including the implementation of methane management strategies.

STATE STATUS

Canada Canada is currently co-chair of the Global Methane Initiative, as well as co-chair of the Oil and 
Gas and Biogas Subcommittees under the Global Methane Initiative.

Kingdom of Den-
mark

Oil and gas production companies active in the Danish part of the North Sea have in the past 
been encouraged to engage in activities promoting energy efficiency and emission reductions.

The major operator in the Danish North Sea has endorsed the World Bank’s Zero Routine Flar-
ing by 2030 initiative and participate in initiatives such as CCAC and OGCI.

Finland Participation in and financial support for the World Bank’s Global Gas Flaring Reduction Part-
nership (GGFR)

Iceland Iceland’s Climate Action Plan urges all stakeholders to participate in minimizing greenhouse 
gases and air pollutants.

Norway Companies operating on the Norwegian Continental Shelf are encouraged to engage in im-
portant fora and programs such as the CCAC, GMI, GGFR and OGCI.

Russian Federation Participation of Russian representatives in the Global Gas Flaring Reduction Partnership 
(GGFR)
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Sweden NA

The U.S.

Hosts voluntary domestic programs to achieve methane reductions, including the Natural Gas 
STAR, Methane Challenge, and the Landfill Methane Outreach Program. The U.S. also hosts 
the secretariat for the Global Methane Initiative and serves as co-chair for the Global Methane 
Initiative Biogas and Coal Subcommittees.

Poland

GEO-METAN programme (cooperation between mines and oil and gas companies to use coal-
bed methane for energy generation)

Methane emission reduction projects run by mining companies in cooperation with scientific 
institutes

Table 13: Actions related to 2019 recommendation 2d: Promote targeted and cost-effective measures at 
large methane emission sources, where relevant. 

Actions to promote targeted and cost-effective measures at large methane emission sources

STATE STATUS

Canada

Developing a national Clean Fuel Standard

Emission Reduction Fund for on shore and offshore oil and gas companies

Canadian Emissions Reduction Innovation Network 

British Columbia’s Clean Growth Infrastructure Royalty Program and CleanBC Industry Fund

Kingdom of Den-
mark NA

Finland NA

Iceland NA

Norway

Recovery of waste gases in new installations is BAT for emission sources/processes where 
recovery is feasible, whereas in existing installations, recycling waste gas require technical 
modifications and the cost vary with facility and gas volumes.

All the facilities on the Norwegian Continental Shelf, onshore refineries and gas terminals are 
scanned with IR-cameras on an annual or semi-annual basis to detect leakage.

Russian Federation Participation of Russian representatives in the  Global Gas Flaring Reduction Partnership 
(GGFR)

Sweden NA

The U.S.

The U.S. DOE’s Advanced Research Projects Agency-Energy (ARPA-E) MONITOR (Methane 
Observation Networks with Innovative Technology to Obtain Reductions) program develops low-
cost, highly sensitive systems that detect and measure methane associated with the production 
and transportation of oil and natural gas. 
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RESIDENTIAL COMBUSTION
Status of the recommended actions 2019 to reduce emissions from residential 
combustion.
Table 14: Actions related to 2019 recommendation 3a: Reduce emissions from new solid fuel combustion 
appliances by accelerating deployment of cleaner and more efficient heating sources and by promoting proper 
operation and maintenance of appliances, including storage and treatment of fuels.

Actions to reduce emissions from new solid fuel combustion appliances by accelerating deployment of cleaner 
and more efficient heating sources and by promoting proper operation and maintenance of appliances, including 
storage and treatment of fuels.

STATE STATUS

Canada

Provincial/Municipal Regulations

Canadian Council of Ministers of the Environment Code of Practice for Residential 
Wood Burning

Canadian Council of Ministers of the Environment Guidance Manual on Regulating 
Air Emissions from Small Solid Biomass Combustors (under development)

Kingdom of Den-
mark

Emission standards for new wood burning stoves of 5 g PM/kg dry wood.

The Nordic Swan Ecolabel requires additional testing with an emission limit of 4 g/
kg.

Burn right campaigns

Finland
A project with the University of Eastern Finland aims to identify cleaner burning sau-
na stove designs and eventually identify opportunities to support consumers towards 
choosing low emitting sauna stoves.

Iceland NA

Norway

National emission standards (NS 3058 for enclosed wood heaters and NS 3059 (10 
g PM/kg dry wood) for stove and fireplaces)

The Nordic Swan Ecolabel requires additional testing with an emission limit of 4 g/
kg.

Burn right campaigns in cooperation with the fire brigade

Sweden

Information regarding efficient household wood burning

The Building Regulations

The Eco-Design directive

The U.S.

In 2020, the U.S. developed emission standards for new wood burning appliances 
that reduce emissions of PM and black carbon. Also, the Burn Wise program pro-
motes best practices for the use of wood burning appliances, including storage and 
treatment of fuels.

Italy Obligation to use high-quality pellets for residential heating (class A1 relative to UNI 
EN ISO 17225-2).

Poland Supporting deployment of energy-efficient and low-emission heating sources by pro-
grammes like Clean Air, Stop Smog and other financial support measures.
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Table 15: Actions related to 2019 recommendation 3b: Reduce emissions from legacy solid fuel combustion 
appliances by accelerating replacement with cleaner and more efficient new heating sources and promoting 
proper operation and maintenance of appliances, including storage and treatment of fuels.

Actions to reduce emissions from legacy solid fuel combustion appliances by accelerating replacement with 
cleaner and more efficient new heating sources and promoting proper operation and maintenance of appliances, 
including storage and treatment of fuels.

STATE STATUS

Canada

Ottawa Wood Burning Change-out Program

Ontario Home Energy Conservation Incentive Program

Nova Scotia Heating Systems Rebates

Yukon Heating Systems Rebate Program

British Columbia CleanBC Better Homes, CleanBC Better Buildings, Wood Stove Exchange 
Program, Indigenous Community Heat Pump incentive, and CleanBC Better Homes Low Interest 
Financing Program

Kingdom of Den-
mark

Obligation to replace wood burning stoves in private homes upon change of ownership, if the 
stove is from before 2003. 

Finland Informational campaigns that aim to improve stove user’s combustion practices

Iceland NA

Norway

Some cities have exchange programs and subsidise residents who exchange their old wood 
stoves.

Burn right campaigns in cooperation with the fire brigade

Sweden

Government commission on mapping and analysis of emissions from small-scale wood burning

Eco Labels

Chimney sweeping

The U.S.

In May 2020, the U.S. EPA finalized standards to limit the amount of particulate matter (PM) 
that new wood heaters manufactured and sold in the future can emit. These standards reflect 
significantly improved technology to make a range of models cleaner burning and generally 
more efficient.

The U.S. EPA’s Burn Wise website includes information that emphasizes the importance of 
burning the right wood, the right way, in the right wood-burning appliance to achieve health, 
safety and air quality goals.

Italy

Ban to install or use wood stoves characterized by lower emission standards.

Replacement of old wood burning appliances with low-emitting appliances and introduction of 
more stringent requirements for financial incentives, to acquire biomass heat generators.

Poland Supporting replacement of old-type heating sources with energy-efficient and low-emission 
heating sources (Stop Smog, Clean Air and other support programmes).
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Table 16: Actions related to 2019 recommendation 3c: Reduce emissions by promoting enhanced energy 
efficiency in residential dwellings reducing the need for heating, especially in buildings heated with oil or solid 
fuels.

Actions to reduce emissions by promoting enhanced energy efficiency in residential dwellings reducing the need 
for heating, especially in buildings heated with oil or solid fuels.

STATE STATUS

Canada

Many financial incentive programs offered at the provincial and municipal level, including:

Energy Savings Rebate program in Ontario

Rebates offered through the Arctic Energy Alliance, in partnership with the Government of the 
Northwest Territories

Métis Energy Efficiency Offers from Efficiency Manitoba, 

Heating systems rebate offered by Efficiency Nova Scotia

EnerGuide, a national energy efficiency rating program 

Kingdom of Den-
mark

Tax refund for expenses related to improving the energy efficiency of private homes. 

In the Faroe Islands tax is refunded for heat pumps.

Legal standards for energy efficiency in new buildings.

Finland Regional eEnergy counselling since to provide information about the means available to im-
prove energy efficiency and the use of renewable energy

Iceland 90% of Iceland’s residents use geothermal water for heating households

Norway

The use of mineral oil for heating of buildings is prohibited. Economic schemes to support 
households to phase out the use of mineral oil for heating of buildings were in place for sever-
al years before the prohibition entered into force (January 2020). 

State-funded (ENOVA) programs on energy efficiency, including enhanced home heating 
efficiency

Sweden The building regulations

Italy Obligation to install photovoltaic power system in new or renewed buildings, to promote hybrid 
energy production system for residential heating.

Poland

Regulations and programmes supporting energy efficiency of buildings (Clean air, Stop smog)

Programmes supporting thermo-modernization of buildings (Thermal Modernisation and Reno-
vation Fund, Stop Smog, Clean Air)

Programmes supporting RES installations in residential buildings (My Power, Credit with Cli-
mate and other central and local measures)

SDWG SDWG’s Zero Arctic Report (released in Dec 2020) (https://sdwg.org/what-we-do/projects/ze-
ro-arctic-concepts-for-carbon-neutral-arctic-construction-based-on-tradition/)
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SOLID WASTE
Status of the recommended actions 2019 to reduce emissions from solid waste 
treatment
Table 17: Actions related to 2019 recommendation 4a: Avoid methane emissions by 
preventing food waste and the landfilling of organic waste. Improve resource efficiencies as 
appropriate for Arctic conditions, including new ways of reusing organic material based on 
more efficient sorting of waste, composting and biogas production.

Actions to avoid methane emissions by preventing food waste and the landfilling of organic waste. Improve 
resource efficiencies as appropriate for Arctic conditions, including new ways of reusing organic material based 
on more efficient sorting of waste, composting and biogas production.

STATE STATUS

Canada

 Food Waste Reduction ChallengeFood Policy for Canada

Reducing Food Loss and Waste in Canada Workshop (June 2019)

Love Food, Hate Waste Canada 

Municipal landfills bans, food waste prevention, and provincial diversion objectives in British 
Columbia

Mandatory organics diversion programs in Alberta and Prince Edward Island.

Provincial diversion goal in Manitoba Proposed landfill ban in Ontario, Quebec, and Nova 
Scotia

Kingdom of Den-
mark

The Government of Greenland together with the five municipalities established an intermunic-
ipal waste management company ESANI A/S. The waste management company’s responsibili-
ties include operating two new incineration plants, located in Sisimiut and Nuuk, respectively. 
The incineration plants will receive waste from towns and settlements from across the whole 
country, ensuring a better use of combustible waste in energy production.

The first biogas plant in the Faroe Islands FÖRKA opened in 2021. It will process about 
100,000 tonnes of biological waste from aquaculture hatcheries and farmers around the 
Faroes.

Finland Disposal of organic waste on landfills has been prohibited since 2016

Iceland

Proposed measures to ban landfilling and incineration of bio-waste in 2021  
Proposed measures to ban landfilling of biodegradable waste in 2023 
Icelandic authorities published its first waste management plan in 2004. The waste manage-
ment plan aims at treating waste as a resource to prevent losses of valuable materials. The new-
est waste management plan was published in 2013 and a new one for 2021-2032 is under way. 
A roadmap for food waste and sustainable consumption patterns are presented in Iceland’s 
food waste initiative, United Against Waste

Norway

Landfilling of wet-organic waste was prohibited from 2002, and in 2009 replaced by the wider 
prohibition of depositing from 2009 that applies to all biodegradable waste.

Agreement between national authorities and food industry to reduce food waste in line with the 
SDG target of 50% by 2030
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Sweden

Under the Ordinance on Landfilling of Waste there is a ban on landfilling of organic waste 
since 2005.

Landfill tax

Extended producer responsibility

Municipal waste planning requirement

The Climate Leap supports new facilities to convert biodegradable waste or manure to biogas, 
and also projects to prevent food waste.

Target for food waste: By 2023, at least 75 percent of food waste from households, commer-
cial kitchens, shops and restaurants must be sorted out and treated biologically so that plant 
nutrients and biogas are utilized.

EU
The Farm to Fork initiative aims to reduce the food environmental impact, targeting transport, 
storage, packaging and food waste 
(The European Green Deal, COM(2019) 640)

Poland

National 2020 target relating to maximum amount of biodegradable waste that is allowed to be 
landfilled (National Waste Management Plan 2022). 

Stricter regulations relating to selective collection and recycling of municipal waste.

Table 18: Actions related to 2019 recommendation 4b: Adopt regulations or incentives for landfill gas 
capture and control.

Actions to adopt regulations or incentives for landfill gas capture and control

STATE STATUS

Canada

Federal Greenhouse Gas Offset System, landfill methane management project type 
(under development)

Federal regulations to mitigate methane emissions at landfills (under development)

Ontario requirements for landfill gas collection and flaring (O. Reg 232/98 and Reg 
347) 

British Columbia Landfill Gas Management Regulation

Quebec Regulations respecting the landfilling and incineration of residual materials

Alberta Carbon Competitiveness Incentive Regulation (does not directly target landfills, 
but includes landfill that emit over 1000 kt CO2e annually)

Kingdom of Den-
mark

Since 2015, the Danish Environmental Protection Agency has administered a subsidy 
scheme that provides subsidies for the establishment of biocover at Danish landfill 
sites with for the purpose of reducing methane emissions.

 In 2021, an initiative are being initiated that can lead to local socio-economic CO2 
reduction actions at landfills and waste treatment plants.

Finland Finnish regulation requires capture and control of landfill gas
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Iceland
EU Landfill Directive (EC/31/1999) was implemented in 2003. Also, in 2014, Ice-
land implemented national rules regarding landfill gas recovery at small landfills, as 
an addition to the general rules laid out in the Directive.

Norway All landfills with biodegradable waste must have a system for extracting landfill gas, 
in accordance with the adopted Landfill Directive.

Sweden The ordinance on Landfilling of Waste also regulates the collection and disposal of 
methane gas from landfills.

The U.S.

In January 2021, the Executive Order on “Protecting Public Health and the Environ-
ment and Restoring Science to Tackle the Climate Crisis” tasks EPA with reviewing 
New Source Performance Standards for new and modified landfills and guidelines 
for existing landfills in order to reduce emissions of methane-rich landfill gas.

Poland Regulation (the Act on Waste) includes pro-environmental principles in waste man-
agement, including landfill gas treatment.

Table 19: Actions related to 2019 recommendation 4c: Promote best practices for 
waste management in northern and remote communities.

Actions to promote best practices for waste management in northern and remote communities.

STATE STATUS

Canada Solid Waste Management for Northern and Remote Communities: Planning and Technical 
Guidance Document (Environment and Climate Change Canada, 2017)

Kingdom of Den-
mark NA

Finland Waste regulation is enforced in the whole country. The regional authorities are responsible for 
regional planning.

Iceland EU Waste Management Framework Directive partially implemented in 2014 and fully imple-
mented in 2017.

Norway NA

Sweden NA

Poland NA

ACAP/ SDWG

ACAP Kola Waste Project: Cleaning of the Sámi Territory in the Murmansk Region. 

The aforementioned project will be linked to the joint project by ACAP and SDWG on Solid 
Waste Management in Remote Arctic Communities, which was endorsed in 2020. 
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AGRICULTURE AND ANIMAL HUSBANDRY
Status of the recommended actions 2019 to reduce emissions from agriculture.

Table 20: Actions related to 2019 recommendation 5a: Promote food consumption 
patterns that utilize Arctic food chains sustainably and efficiently, support the preserva-
tion of carbon sinks, and minimize life-cycle emissions of methane.

Actions to promote food consumption patterns that utilize Arctic food chains sustainably and efficiently, support 
the preservation of carbon sinks, and minimize life-cycle emissions of methane.

STATE STATUS

Canada

National Food Policy (under development); Supporting food security in Northern and Indige-
nous communities is one of four key areas identified as priorities in developing this Strategy

Federal Greenhouse Gas Offset System, enhanced soil organic carbon project type (under 
development) 

Kingdom of Den-
mark

Financial support for the projects: 

Reinventing the Arctic Kitchen. The aim of the project is to bind together Arctic cuisine in 
the form of the creation or the reinvention of a NEW ARCTIC KITCHEN with a starting point 
in traditional raw materials that will be put it into a modern and innovative framework where 
research and development of the raw materials, especially the seal, are at the center”. 

Sustainable food tourism in rural areas in the Nordic region. The aim of the project is to 
produce a catalog of best cases” of innovative food experiences emphasizing sustainability and 
new types of experience. These cases will be from all of the Nordic regions. 

Finland

Measurement campaign of the amount of food waste, with the aim to build a national monitor-
ing system together with food chain actors and ministries

Future roadmap and a constantly updated tool for helping to reduce food waste in the most 
cost-efficient and holistic ways

Iceland

A roadmap for food waste and sustainable consumption patterns are presented in Iceland’s 
food waste initiative, United Against Waste 
Financial incentives for sheep farmers to meet sustainability criteria

Carbon neutrality goal for cattle farmers in Iceland’s Climate Action Plan. 
The Ministry for the Environment and Natural Resource published an action plan for restoring 
wetlands in Iceland, to reduce greenhouse gas emissions.  
Action towards efficient utilisation of fertilizer in Iceland’s Climate Action Plan

Norway

Agreement with the food industry to halve food waste by 2030

Agreement with the farmer’s organizations to reduce emissions by five million tons of CO2 eq. 
(2021-2030) and increase CO2-uptake from agriculture. 

Regulations restricts where, when and how much manure and other organic fertilizer can 
be applied and demands farmers to ensure appropriate storage, handling and spreading of 
manure.

Support scheme which encourages delivery of manure from farms to biogas plants and invest-
ment support for biogas plants

Sweden NA

Poland NA



78             2021  |  EGBCM Summary of Progress and Recommendations

SDWG

Arctic as food producing region project, completed in 2019 (https://sdwg.org/what-we-do/proj-
ects/the-arctic-as-a-food-producing-region/)

The Arctic Food Innovation Cluster project that will be completed spring 2021 (https://sdwg.
org/what-we-do/projects/arctic-food-innovation-cluster-afic/)

The Sustainable Development Goals in the Arctic: The Nexcus Between Water, Energy and 
Food (https://sdwg.org/what-we-do/projects/sustainable-development-goals-in-the-arctic-the-nexus-
between-water-energy-and-food-wef/)

Table 21: Actions related to 2019 recommendation 5b: Promote work on possibilities 
to reduce emissions of enteric methane under Arctic conditions, in co-operation with rele-
vant organizations.

Actions to promote work on possibilities to reduce emissions of enteric methane under Arctic conditions, in co-
operation with relevant organizations.

STATE STATUS

Canada Agricultural Greenhouse Gases Program (funding for technology, practices, and pro-
cesses that will mitigate GHGs)

Kingdom of Den-
mark

A comprehensive plan for reducing carbon print from Danish agriculture is expected 
to be decided upon in the course of 2021.

Ongoing research on livestock feeding strategies. 

Finland Studies about feeds that reduce methane from enteric fermentation

Iceland
Icelandic study about feeds that reduce methane from enteric fermentation with 
seaweed 
Action towards efficient utilisation of fertilizer in Iceland’s Climate Action Plan

Norway

Ongoing research on livestock feeding strategies that may decouple production from 
emissions while allowing for continued or increased use of domestic feed resources

R&D project run by the Norwegian cattle breeding organization (Geno) to investi-
gate the potential for reducing methane emissions from milking cows by selective 
breeding

Sweden NA

The U.S.
The U.S. EPA’s AgSTAR voluntary technical assistance and outreach program is de-
signed to reduce methane emissions from livestock waste management operations by 
promoting the use of biogas recovery systems in the livestock and organics sectors.

Poland
Support for mitigation measures in agricultural holdings, improvement of monogas-
tric livestock systems and the reduction of methane emissions from animal waste. 
Support for scientific research in these areas.
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Table 22: Actions related to 2019 recommendation 5c: develop agricultural policies 
and practices to reduce open burning of agricultural waste. Encourage studies and pilot-
ing of innovative solutions that reduce the need for open burning.

Actions to develop agricultural policies and practices to reduce open burning of agricultural waste. Encourage 
studies and piloting of innovative solutions that reduce the need for open burning.

STATE STATUS

Canada

Canadian Council of Ministers of the Environment Guidance Document for Canadian 
Jurisdictions on Open-Air Burning

Provincial and municipal regulations limiting open burning activities 

Kingdom of Den-
mark Open burning is banned in Denmark and in the Faroe Islands.

Finland Open burning is banned in Finland or can be practiced only under special permit-
ting

Iceland Open burning is banned in Iceland or can be practiced only under special permitting

Norway
The Pollution Act gives authority to the municipalities to prohibit crop residue burn-
ing on the fields. Residue burning takes place to a small extent and has a downward 
trend since 1990.

Russian Federation

Sweden Ban on straw burning. Municipalities may specify regulations for burning of straw on 
crop land.

Italy
Ban of any open burning activity in areas with altitude below 300 m in winter.

Rural development plans - focus area 5C (financial incentives).

EU

Addressed by Annex III of Directive (EU) 2016/2284; Annex II, Cross-compliance, 
of Regulation 1306/2013, GAEC (Global Agriculture and Environmental Conditions) 
6, “Maintenance of soil organic matter level through appropriate practices including 
ban on burning arable stubble, except for plant health reasons”

Poland

Legal ban on field burning of meadows, pastures and fallows as well as straw and 
stubble.

Good Practice Code in Agriculture prohibits thermal treatment of any agricultural 
waste out of facilities serving as incinerators.
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MANAGEMENT OF WILDFIRES
Status of the recommended actions 2019 to reduce emissions from wildfires.

Table 23: Actions related to 2019 recommendation 6a: Build and maintain interna-
tional mutual aid and resource exchange arrangements amongst Arctic nations that have 
specialized experience in wildfire management, suppression, and monitoring.

Actions to build and maintain international mutual aid and resource exchange arrangements amongst Arctic 
nations that have specialized experience in wildfire management, suppression, and monitoring.

STATE STATUS

Canada Canadian Interagency Forest Fire Centre Canada/United States Reciprocal Forest 
Fire Fighting Arrangement (CANUS)

Kingdom of Den-
mark NA

Finland International and bilateral mutual aid and resource exchange arrangements

Iceland NA

Norway
The Norwegian Directorate for Civil Protection (DSB) is the national contact towards 
the European Union Civil Protection Mechanism, under which the Arctic countries 
can ask for bilateral aid.

Sweden NA

The U.S.

The United States has bilateral agreements with Canada and several other countries 
for fire management support and exchanges. The United States will continue to 
engage in appropriate Arctic Council Working Groups to help develop cooperative 
cross-border wildland fire agreements

EPPR

Circumpolar Wildland Fire project: https://eppr.org/projects/circumpo-
lar-wildland-fire-project/

Relates also to the other recommendations under the wildfire management priority 
area

Poland NA

Table 24: Actions related to 2019 recommendation 6b: Develop region-specific public 
education campaigns on wildfire prevention and safety.

Actions to develop region-specific public education campaigns on wildfire prevention and safety.

STATE STATUS

Canada FireSmart Canada.

Kingdom of Den-
mark NA

Finland Forest fire warning system designed to inform the general public and the fire authori-
ties about regional forest fire risks caused by dry terrain

Iceland NA

Norway
Media strategy with educational campaigns to increase awareness on how to help 
prevent forest fires, such as advising municipalities to temporarily ban barbecues and 
bonfires during hot and dry periods

Sweden NA
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The U.S.

The USFS continues to lead efforts in wildfire prevention and participates in inter-
national forums such as the International Wildland Fire Conference held in Brazil in 
2019 to share messages, experience and tools with the worldwide fire community 
faced with increasing wildfire risks.

Poland
Education campaign under the project “Comprehensive project for the adaptation 
of forests and forestry to climate change -protection, prevention and reduction of the 
effects of threats related to forest fires”.

Table 25: Actions related to 2019 recommendation 6c: Develop and implement regionally 
appropriate forest management practices that reduce the risk of severe wildfires. 

Actions to develop and implement regionally appropriate forest management practices that reduce the risk of 
severe wildfires.

STATE STATUS

Canada
Canadian Wildland Fire Strategy

- Ecosystem-based Management Emulating Natural Disturbances (EMEND) project.

Kingdom of Den-
mark NA

Finland

The Finnish forest management practices (private ownership of forests, dense 
network of forest roads, forestry practices) in connection with early detection and 
efficient prevention and distinguishing

Needs to adjust the forest management practices for example under changing cli-
mate conditions are studied

Iceland A steering committee with the Icelandic Forest Service published a handbook in 2018 
on risk prevention actions in relation to wildfires

Norway  Evaluation (Norwegian) with lessons learned and recommendations for the future, 
following the hot and dry summer of 2018

Sweden
Guidelines for risk management of forest fires

Temporary fire bans

The U.S.

-The USFS and many partner agencies at the federal, state, tribal, and local levels and 
with private land owners are working to reduce wildfire risk across the U.S. through 
fuels management programs, grants and actions.

- The National Cohesive Wildland Fire Management Strategy and its regional pro-
gram coordination efforts continue to build on all facets of the Strategy including 
increasing use of prescribed fire and removal of barriers to appropriate forest man-
agement practices to reduce wildfire risk.

Italy National and regional fire management plans

Poland Comprehensive project for the adaptation of forests and forestry to climate change 
-protection, prevention and reduction of the effects of threats related to forest fires.
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Table 26: Actions related to 2019 recommendation 6d: Use the best available science 
to develop prediction models that can be used to examine fire risks at daily to decadal 
scales, to support drafting of prevention and emergency response plans.

Actions to use the best available science to develop prediction models that can be used to examine fire risks at 
daily to decadal scales, to support drafting of prevention and emergency response plans.

STATE STATUS

Canada

Canadian Wildland Fire Information System

Canadian Forest Fire Danger Rating System

Canadian Fire Effects Model

FireWork air quality forecast system

Smoke dispersion modelling

WildFireSat (under development)

Kingdom of Den-
mark NA

Finland State-of-the-art calculation model to describe moisture conditions in the top soil layer, 
that provides an index which forms a basis for the national forest fire warning system

Iceland NA

Norway

The Norwegian Meteorological Institute has developed a wildfire hazard index for 
100 locations in Norway.

Monitoring is also done using aircraft, drones and satellites to detect wildfires at an 
early stage.

Sweden Guidelines for risk management of forest fires

The U.S.

-The John D. Dingell, Jr. Conservation, Management, and Recreation Act (“2019 
Dingell Act”) requires the USFS to establish and maintain a system to predict the 
locations of future wildfires for fire-prone areas in the United States. Progress on this 
task at the USFS Rocky Mountain Research Station is underway to assist in meeting 
this objective.  

-There are significant health and safety risks posed by wildfire smoke to the public 
and firefighters which is acknowledged in the 2019 Dingell Act.  The USFS led Inter-
agency Wildland Fire Air Quality Response Program has worked with EPA to develop 
and launched in 2020 the Fire and Smoke Map, https://fire.airnow.gov/ to help 
address this significant risk of wildfire and communicate effectively with the public 
about the risks posed by wildfire smoke.

EU

The European Forest Fire Informa on System (EFFIS) and Global Wild Fire Informa-
tion System (GWIS) provides early warning for forest fires, often evidenced by fire 
danger anomalies, and monitors wild fire regimes and impact in EU, the pan-Europe-
an region and global scale, respectively.
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APPENDIX 2: EMISSION DATA
BLACK CARBON EMISSION DATA 
ARCTIC STATES
Table A2.1. Historical trends and projections of black carbon emissions as reported by Arctic 
States in the 2020 national reports or 2020 CLRTAP national submissions (kt/year). All numbers 
in this table were rounded to two significant digits: as a result, totals may not sum exactly.

2013 2014 2015 2016 2017 2018 2025 2030

Canada 44 43 38 35 36 37 30 28

Denmark 3.4 3.1 2.9 2.8 2.7 2.6 2.0 1.7

Finland 4.6 4.5 4.2 4.3 4.1 4.0 2.8 2.5

Iceland 0.22 0.23 0.22 0.21 0.21 0.21 0.16 0.15

Norway 3.9 3.6 3.3 3.2 3.0 3.0 2.7 2.5

Russian Fede-
ration* 180 176 171 173 175 177 169 154

Sweden 3.2 2.9 2.7 2.6 2.5 2.3 1.9 1.7

US** 270 240 220 200 190 180 140 NE
Total 509.32 473.33 442.32 421.11 413.51 406.11 348.56 190.55

NE =Not Estimated 

* Emission estimates from IIASA (AMAP 2021). Linear interpolations have been used for 2014, 2016-2018 

** US has reported emissions for 2011, 2014 and 2017 as well as projections from 2018 to 2025. Linear interpolations have been used for other years.
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Figure A2.1 Historical and projected trends of back carbon emissions in the Arctic States (kt/year). The lower 
graph presents the same emissions for Nordic countries in a close-up. Projections of future emissions are 
presented in lighter color.

Table A2.2. Historical trends of black carbon emissions by sector, as reported by Arctic States in the 2020 national 
reports or 2020 CLRTAP national submissions (kt/year). For some countries, emissions from 2017 onwards were 
only estimated as sums of all sectors. All numbers in this table were rounded to two significant digits: as a result, 
totals may not sum exactly. 

2013 2014 2015 2016 2017

Industry and 
power genera-
tion

51 45 44 45 46

Residential and 
other small-scale 
stationary com-
bustion

62 61 62 62 62

Road transport* 110 94 84 74 65

Off-road trans-
port* 120 110 110 94 87
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Shipping and 
aviation 25 25 20 18 16

Fugitive from 
fuel production 
and distribution 
(inlc. flaring)

77 72 67 67 68

Field burning 
and agricultural 
wastes

40 41 40 39 38

Other (incl. solid 
waste manage-
ment)

24 26 25 24 23

Total 510 480 450 420 400
* Only total traffic emissions were available for the Russian federation. A 50/50 split is assumed between Road and Off-road transport

 
Figure A2.2 Historical trends of black carbon emissions by sector in the Arctic States (kt/year)

OBSERVERS 
 Table A2.3. Historical trends and projections of black carbon emissions as reported by Observer States in the 
2020 national reports or 2020 CLRTAP national submissions (kt/year). All numbers in this table were rounded 
to two significant digits: as a result, totals may not sum exactly. Cells marked in italics have not been reported 
separately and are linear interpolations from other years. 

2013 2014 2015 2016 2017 2018 2025

France 37 33 31 29 27 24 NE

Germany 19 17 16 15 14 13 11

Italy 26 23 22 21 21 19 NE

Japan 17 15 13 13 12 11 6.6

Poland 15 14 14 15 16 16 9.0
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Spain 43 34 38 37 35 35 NE

Switzerland 1.9 1.8 1.7 1.5 1.4 1.3 0.83

The Nether-
lands 3.9 3.4 3.1 2.8 2.6 2.4 NE

United King-
dom 21 19 19 18 18 18 NE

Total of all 
states 180 160 160 150 150 140 NE

EU 27 + UK 230 220 210 210 200 NE NE

NE = Not Estimated

 
Figure A2.3. Black carbon emissions by sector in reporting Observer States in 2025 
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METHANE EMISSION DATA
Table A2.4. Sectors in the Common Reporting Format (CRF) explained.

CRF SECTOR MAIN EMISSION SOURCES RELATED TO RECOMMENDATION 
GROUP(S) IN THIS REPORT

Energy
Combustion processes and fugitive 
emissions from production and distri-
bution of fuels

Mobile and stationary diesel-pow-
ered sources 

Oil and gas

Residential combustion

Industrial Processes Manufacturing and use of products 

Agriculture Livestock, manure management, fertil-
izer use and agricultural waste burning Agriculture and animal husbandry

Land Use, Land-Use Change and For-
estry (LULUCF) Changes in land use Management of wildfires

Waste Management of solid waste and sludge Solid waste

ARCTIC STATES
Table A2.5. Historical trends and projections of methane emissions (without LULUCF) as reported by Arctic 
States in the 2020 national reports or 2020 UNFCCC national submissions (kt/year). All numbers in this table 
were rounded to three significant digits: as a result, totals may not sum exactly.

2013 2014 2015 2016 2017 2018 2025 2030

Canada 3820 3890 3820 3700 3680 3660 3060 3120

Denmark 292 291 288 290 291 295 278 276

Finland 199 195 193 188 183 179 157 145

Iceland 25.5 26.0 26.3 25.9 25.6 25.2 22.1 21.6

Norway 206 204 202 198 195 192 184 175

Russian 
Federa-
tion

14600 14500 14500 14700 15400 15800 17000 17900

Sweden 193 188 184 180 179 175 146 135

US 25700 25600 25500 25000 25200 25400 NE NE
Total 
(without 
LULUCF)*

45000 44900 44800 44200 45100 45700 48000 49200

NE = Not Estimated

*The	collective	projection	assumes	the	same	relative	development	in	U.S.	emissions	as	reported	in	their	second	Biennial	Report
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NE = Not Estimatedve projection assumes the same relative development in U.S. emissions as reported in their second Biennial Report

Figure A2.4. Historical and projected trends of methane emissions in the Arctic states (kt/yrear). The lower graph 
presents the same emissions in Nordic countries in a close-up. Projections of future emissions are presented in 
lighter color.

Table A2.6. Historical trends of methane emissions by sector, as reported by Arctic States in the 2020 national 
reports or 2020 UNFCCC national submissions (kt/year). For some countries, projections were only available as 
sums of sectors. All numbers in this table were rounded to three significant digits: as a result, totals may not 
sum exactly. 

SUMMARY 
BY SECTOR 2013 2014 2015 2016 2017 2018

Energy 22291 22083 21635 21017 21655 21902

Industrial 
Processes 34 35 39 41 43 46

Agriculture 13292 13275 13543 13675 13867 14055

LULUCF 1333 1538 1797 1443 1796 2049

Waste 9401 9504 9558 9496 9551 9739
Total 46352 46437 46572 45671 46913 47792

Total (without 
LULUCF) 45018 44899 44775 44228 45117 45743
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Figure A2.5. Historical trends of methane emissions by sector in the Arctic States (kt/year)

OBSERVERS 
Table A2.5. Historical trends and projections of methane emissions as reported by Observer States in the 2020 
national reports or 2020 CLRTAP national submissions (kt/year). All numbers in this table were rounded to 
three significant digits: as a result, totals may not sum exactly. Cells marked in italics have not been reported 
separately and are linear interpolations from other years.

2013 2014 2015 2016 2017 2018 2025 2030

France 2370 2360 2330 2310 2300 2260 2150 2090

Germany 2360 2310 2310 2260 2220 2140 NE NE

Italy 1790 1760 1760 1740 1750 1720 1600 1530

Japan 1300 1280 1240 1230 1210 1190 NE NE

Poland 2000 1970 1990 1970 1970 1950 1880 1770

Spain 1540 1520 1580 1580 1590 1590 1320 1160

Switzer-
land 200 200 200 200 200 190 190 190

The Net-
herlands 740 720 730 730 720 690 660 630

UK 2240 2160 2130 2060 2080 2080 NE NE
Total 
(without 
LULUCF) of 
all states

14500 14300 14300 14100 14000 13800 NE NE

EU27 + UK 18600 18400 18400 18200 18100 17900 16800 16400

NE = Not Estimated
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Figure A2.6. Methane emissions by sector in reporting Observer States in 2018
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