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expected reductions in other high-emitting sectors, such as road-
diesel engines, by 2020. 

Consumption of wood for residential heating has increased in most 
Arctic Council countries over the past 10–15 years, especially in the 
Nordic region. Wood-burning boilers are widely used in Sweden, 
Canada and Denmark, whereas fireplace inserts are common in the 
USA, and masonry stoves and sauna stoves are common in Finland. 
Nonetheless, there has been a shift towards cleaner-burning stoves 
during the past decade; the use of pellet stoves has, for instance, 
increased significantly in Denmark and Sweden.

The technology upgrade has kept BC emission levels from residential 
wood combustion more or less constant, despite the increase in 
wood consumption. Total annual BC emissions in Canada, Denmark, 
Finland, Norway and the USA for the period 2000–2010 came to 
38–40 ktonnes. The projections for 2020 and 2030 show a slight 
decrease in total BC emissions from Denmark, Finland, Norway and 
the USA (from 31 ktonnes in 2010 to 30 ktonnes in 2020 and 29 
ktonnes in 2030). This is mainly due to an anticipated increase in the 
use of new technology. 

Although wood-stove combustion technology has come a long way 
in the last two decades, there is still room for further reductions 
of BC emissions from the residential sector in all the participating 
countries. Such emission reductions are relevant, especially since 
wood consumption is expected to increase in the future because of 
comparatively low energy costs and policies promoting renewable 
energy. 

National black carbon inventories
All six countries in the study have prepared a national black carbon 
inventory as a tool to design and evaluate emission reduction 
strategies. The inventories assume that black carbon is similar to 
elemental carbon and are derived from wood consumption data 
and technology-specific BC emission factors. In general, black 
carbon emission factors have been based on a small number 
of measurements and have been attributed to specific national 
categories of combustion technologies. The BC emission factors 
studied in this report differ from less than 1 mg/MJ (pellets-fired 
boiler, Finland) to 600 mg/MJ (old wood-fuelled boiler, Denmark). 
The differences can be explained, but they make direct comparisons 
between countries and technologies challenging. Despite the 
underlying uncertainties, however, the emission inventories and BC 
emission projections are important in order to both understand and 
manage BC emissions. 

Emission reduction strategies
BC emission reduction instruments and 
measures should be as robust as possible. 
That is, they should contribute to BC 
reductions, irrespective of future changes to 
emission measurement methods, emission 
factors, or technology categorization and 
certification schemes. Replacing old wood 
stoves with high-efficiency heating appliances 
produces additional climate change benefits by 
reducing both gaseous and particle emissions, 
e.g. CH4, CO2, CO and BC, as a result of both 
improved combustion and reduced wood 
consumption. Future low-energy buildings 
with reduced heating demand will also help 
to reduce wood consumption and therefore 
emissions.
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Introduction
This pamphlet presents key findings from an Arctic Contaminants and 
Action Program (ACAP) project to identify actions that can contribute 
to reducing emissions of black carbon (BC) from residential wood 
combustion in the pan-Arctic region. Nominated experts from 
Canada, Denmark, Finland, Norway, Sweden and the USA have 
worked together and shared their national data and expertise on 
BC emissions inventories and their experience with various black 
carbon abatement instruments and measures. Their contributions 
and expertise are compiled and expressed throughout the full data 
analysis, discussions and recommendations of the ACAP report.

Black carbon contributes to climate 
change in the Arctic
Recent modelling studies, building on the UNEP Assessment (The 
World Bank & The International Cryosphere Climate Initiative (ICCI), 
2013) and other assessments, strongly suggest that the Arctic, as well 
as other alpine regions, may benefit more than other regions from 
reducing emissions of black carbon (BC), including those deriving 
from biomass sources such as wood burning for residential heating. 
This is because co-emitted substances from wood combustion, 
such as organic carbon (OC), which is relatively light in colour and 
thus reflects the sun’s rays, can have a cooling effect on regions with 
non-reflective surfaces. Near snow and ice-covered regions, however, 
organic carbon and other reflective co-emitted substances (even 
sulphate-containing aerosols) can be warming in the atmosphere 
because the resulting mix is less reflective than the surface below. 

Black carbon’s dual action, both atmospheric warming and increased 
melting when deposited on snow and ice, is what makes it such 
a powerful warming agent. In and near the Arctic, the benefits of 
addressing wood burning are well-documented. Wood burning 
releases BC and other short and long-term climate forcers such as 
carbon monoxide, methane and CO2. Action plans should always be 
based on considerations of net climate and health effects of BC, OC 
and all co-emitted substances from wood combustion. 

Targeting wood-burning stoves and boilers
Wood-burning stoves and boilers have emerged as a target for BC 
mitigation strategies in the Arctic. This is because they represent a 
significant source of black carbon emitted close to Arctic regions, 
particularly during the winter and early spring, when the climate 
impact of BC is greatest both at middle and higher latitudes, due to 
greater ice and snow cover. The relative share of BC emissions from 
wood-burning stoves and boilers is also forecast to increase, due to 



It must be kept in mind that in addition to the clear health co-benefits 
of reducing black carbon emissions, the objective is also to reduce 
regional-scale climate impacts of black carbon, for example black 
carbon emitted in or transported into the Arctic from the Arctic 
countries. Addressing local air quality problems alone is not sufficient 
to achieve the necessary overall black carbon emission reduction 
and mitigation of climate impacts. For example, widely spread 
households that burn wood in rural communities might not achieve 
the concentrations necessary to be targeted by air quality measures, 
yet still produce BC emissions which are effectively transported to the 
Arctic and cause climate impacts there.

Since knowledge of black carbon and its impact on the climate is 
relatively new, none of the current policy instruments or measures 
identified in this ACAP project was originally designed to specifically 
reduce BC emissions, but were aimed at achieving PM reductions. 
Measures to reduce PM may not necessarily reduce BC emissions to 
the same extent. They remain BC relevant however, because similar 
means could be used to target BC emissions in future. Although the 
same policy instruments may be used to achieve both PM and BC 
emission reductions, black carbon should be specifically targeted 
in addition to PM to ensure the most effective results from both a 
regional climate and health perspective. 

Need to define an effective policy mix
One important finding of the project’s comparison of the different 
Arctic Council countries’ strategies for reducing BC emissions, is the 
need to define an effective policy mix. In other words, what would 
constitute the most effective combination of policy instruments. 
For example, how can emission limit regulations be combined with 
economic incentives and information campaigns to supplement and 
support the policy emission reduction targets? 

Many factors influence the level of BC emissions from wood 
combustion. The potential for BC emission reductions afforded 
by new stove technology will not be achieved if the stove is not 
maintained, wet wood is used and/or the household operating the 
stove does not ensure sufficient draft. For policy makers, therefore, 
it is important to attack the problem from several different angles. 
It should also be noted that the best mix of policy instruments may 
not look exactly the same for each country. The most effective mix of 
policy instruments depends on national opportunities and constraints, 
and the spatial distribution and share of black carbon emissions from 
residential wood combustion. A national action plan with a thorough 
analysis of BC emission sources and an assessment of emission 

reduction opportunities could potentially help decision-makers to 
implement the most cost-effective instruments and measures.

Recommendations
Current knowledge regarding wood stove technologies and the 
variables that affect PM (read BC) emissions, makes it clear that the 
full potential for PM reduction cannot be achieved, even with today’s 
or tomorrow’s modern stoves, without introducing complementary 
policy instruments, such as emission limits and measures to promote 
fuel homogeneity, regular end-user training, information campaigns 
and stove inspections. 

Based on the information provided by Canada, Denmark, Finland, 
Norway, Sweden and the USA, the ACAP project has drawn up a set 
of recommendations that could be considered on a voluntary basis at 
country level and at the pan-Arctic regional level. 

POTENTIAL FOR ACTION AT NATIONAL LEVEL 

• Develop national action plans to reduce emissions of black carbon 
from residential heating stoves and boilers. 

• Establish emission limits for new and resold stoves, if such 
standards do not exist, or more stringent emission limits, if existing 
standards can be improved. 

• Introduce voluntary black carbon emission testing and ecolabelling 
by interested producers.

• Introduce legal instruments that would enable local authorities to 
implement bans on wood burning in certain areas where many 
people are affected by poor air quality.

• Establish national or regional programmes to replace old appliances 
with clean-burning modern units.

• Introduce regular stove inspections, combined with compulsory 
maintenance.

• Introduce regular end-user “burn right” information campaigns. 

• Establish fuel wood guidelines or information campaigns to 
promote fuel homogeneity.

• Advocate the development and use of stoves with improved 
combustion efficiency or increased heat storage capabilities.

• Support the transition from wood stoves to pellet stoves.
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POTENTIAL FOR PAN-ARCTIC COLLABORATION

While many policy instruments intended to reduce black carbon 
emissions naturally belong at the national or local level, many may 
also benefit from complementary regional actions. The list below 
describes potential collaborative actions that could be taken. ACAP or 
other working groups under the Arctic Council could:

• Establish a black carbon outreach strategy for AC members, 
observer countries and others. The Arctic Council could 
consistently and regularly encourage its members and observers 
to consider actions to reduce emissions from residential wood 
and solid fuel use, including emissions from residential wood 
combustion.

• Develop uniform BC measurement methods and emission 
limits. The Arctic countries that are members of the European 
Union could encourage EU member countries to reach a consensus 
on a BC measurement protocol and wood stove emission limits to 
reduce particulate and black carbon emissions from wood-burning 
stoves and boilers. 

• Establish uniform BC reporting guidelines. A common 
framework for BC inventories would be of great use when 
comparing BC emission inventories across nations, and across 
scenarios in various countries. The updated CLRTAP Gothenburg 
Protocol is a natural arena for such work. The AC countries could 
be active promoters, make joint statements and work actively 
with the LRTAP secretariat and specialized groups to help develop 
uniform BC reporting guidelines. 

• Create a regional toolbox for developing national action 
plans or equivalent measures. The Arctic countries could share 
information and experiences with regard to the development of 
national action plans whose primary or secondary aim is to reduce 

black carbon emissions from residential wood combustion. Such 
mitigation plans and actions should consider emissions, impacts, 
mitigation instruments and measures, and their cost-effectiveness.

• Facilitate information sharing. A lot of work is underway to 
reduce PM/BC emissions from residential wood combustion, and 
knowledge is constantly evolving. Examples include task forces 
under the Arctic Council, projects under the Nordic Council, 
reporting requirements under the Convention on Long Range 
Transboundary Air Pollution and directives from the EU. ACAP is in a 
position to gather this knowledge on a pan-Arctic level and facilitate 
capacity-building by making the information more easily available. 

• Encourage shared research efforts to close knowledge 
gaps. BC inventories and reduction strategies have to overcome 
knowledge gaps and inherent uncertainties. The number of 
knowledge gaps could be reduced more efficiently by joint research 
at a regional level. The Arctic region hosts substantial research 
capacity and many BC-relevant research projects are on-going or 
planned. It would be interesting to explore the potential for even 
more structured cooperation and development. This could be done 
through common research programmes and/or demonstration 
projects under ACAP or other coordinated projects. 

• Run demonstration projects. To verify the effect of mitigation 
instruments and measures. Possible demonstration projects could 
document:

- The effect of technology replacement and the assessment of 
methodology for emission measurements and modelling.

- The effect of regular maintenance of stoves and boilers.

- The effect of technology choice.

- The effect of end-user information campaigns.

This is a summary of the report “Reduction of Black Carbon Emissions from Residential Wood Combustion in the Arctic – Black 
Carbon Inventory, Abatement Instruments and Measures” (2014). The original report is available from the ACAP website at 
acap.arctic-council.org.
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