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1. Introduction  

Residential solid fuel combustion for cooking, heating, and other purposes, such aslighting, boiling 
water, contributes to indoor and outdoor air pollution and associated impacts on human health, global 
and regional climate change, health of snow and ice covered regions of the world, and ecosystems and 
agriculture. Some of these impacts have been studied more than others, and most studies focus on the 
impacts of solid fuel cooking or solid fuel heating. However, in some cases, research on the impacts of 
solid fuel combined cooking and heating stoves and coal heating stoves is available. In other cases, 
relevant information comes from studies on solid fuel cooking or solid fuel heating, such as on 
household-level air quality and health impacts. This paper therefore focuses on what is known about the 
air quality, health, climate, cryosphere, and other environmental impacts of solid fuel cooking and 
heating stoves and coal heating stoves, as well as identifies key knowledge gaps and research needs. 
 
Household air pollution was associated with 2.9 million premature deaths and was ranked as the eighth 
leading risk factor globally in 2015 based on its contribution to global disability-adjusted life years 
(Forouzanfar et al., 2015). In countries with low socioeconomic development, household air pollution 
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ranks as the fourth leading risk factor and the second leading environmental risk factor behind unsafe 
water source. Household air pollution is a substantial contributor to ambient air pollution, contributing 
an estimated 12% of ambient fine particulate matter (PM2.5) globally (Chafe et al., 2014). Ambient PM2.5 

itself is associated with 4.2 million premature deaths globally in 2015, making it the sixth leading risk 
factor globally. Exposure to ambient PM2.5 is the ninth leading risk factor among countries with low 
socioeconomic development, and continues to affect health even in countries with high socioeconomic 
development, where it is ranked as the 19th leading risk factor. These estimates indicate that residential 
solid fuel combustion imposes a substantial burden on public health globally. Figure 1 shows the ranking 
of the top 20 countries in terms of the size of the population using solid fuels for cooking, net 
contribution to global cookstove climate impacts, and net contribution to global premature deaths from 
cookstove-derived ambient PM2.5. Some countries, including China, India, and Bangladesh, are ranked 
highly for all three of these variables, while others are ranked for only one or two, indicating where 
mitigating cookstove emissions could be very effective per unit cookstove replaced, even if the 
population using solid fuels for cooking in these locations is relatively small. 
 
A current limitation of household air pollution global burden of disease estimates is that they do not 
differentiate between household air pollution produced from different end uses, including cooking and 
heating. In low income countries where solid fuels are burned for cooking or heating or both, population 
exposures to both household and ambient air pollution often exceed World Health Organization (WHO) 
air quality guidelines many times over (WHO, 2014a). In high income countries where solid fuels are 
burned for heating, often with a chimney that carries the pollution outdoors, ambient air pollution can 
reach levels that far exceed national standards and provoke public concern. Understanding the 
magnitude of the contributions by end use and fuel type can inform mitigation approaches. 
 
This white paper is the third in a series of four white papers developed in advance of the Climate and 
Clean Air Coalition Summit on Black Carbon and Other Emissions from Combined Cooking+Heating and 
Coal Heating Stoves. This paper focuses on the air quality, health, climate, cryosphere, and other 
impacts of combined cooking and heating stoves and coal heating stoves globally and in key regions. It 
also highlights key gaps in knowledge and needs for improving understanding of impacts and potential 
benefits of mitigation. 
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Figure 1. The top 20 countries ranked in terms of three variables: population using solid fuels for cooking 
(blue), total net contribution to the global surface temperature change from the emissions from 
cookstove solid fuel emissions (green), and the total net contribution to global premature deaths from 
exposure to ambient PM2.5 from cookstove solid fuel emissions (red). Figure reproduced from Lacey et al. 
(Lacey et al., 2017). 

 

2. Impacts on indoor and ambient air quality 

Emissions from residential solid fuel combustion contribute to both indoor air pollution and ambient air 
pollution, regardless of whether the purpose is for cooking, heating, or another household need, such as 
lighting and water boiling. High levels of indoor and outdoor air pollution lead to potentially dangerous 
levels of exposure to fine particulate matter (PM2.5), black carbon (BC, a component of PM2.5), carbon 
monoxide (CO), and other hazardous air pollutants. As discussed in White Papers #1 and #2, emissions 
from combined cooking and heating stoves and coal heating stoves can be substantial, and the mixture 
and magnitude of emissions depends on the type of fuel burned and the combustion efficiency of the 
stove, among other factors. This section describes what is known about the impacts of these emissions 
on indoor and outdoor air quality. 

 

2.1. Indoor air quality 

When solid fuels are burned indoors, they contribute to indoor air pollution. Impacts on indoor air 
quality can be lessened by increasing ventilation rates, such as with a chimney, though the emissions will 
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still contribute to ambient air quality. Personal exposure monitoring is considered the most accurate 
method of determining the influence of indoor solid fuel burning on individual exposure to pollutants. 
Room area pollutant concentration monitoring provides information on indoor sources and the indoor 
concentrations resulting from those sources. This information can provide insight on whether cleaner-
burning stoves improve indoor air quality, which contribute substantially to overall personal air pollution 
exposures.  

Although solid fuel combustion for combined cooking and heating has not been studied extensively, 
contributions to indoor air pollution may be larger for combined use than for cooking-only stoves. 
Combined cooking and heating stoves may contribute even more to indoor air pollution since the dual 
end-uses could lead to longer burn times and higher fuel consumption. For example, in a community in 
the Eastern Tibetan Plateau that burned biomass in traditional stoves and open fires for both cooking 
and heating, mean daily hours of combustion activity increased from 5.4 hours in summer to 8.9 hours 
in winter (Carter et al., 2016). In addition, whole-home and room (e.g. kitchen) air exchange rates, which 
influence the rates at which indoor air pollution vents outdoors, may be lower in winter if windows and 
doors are shut more often. In the same Eastern Tibetan Plateau, air-exchange rates decreased nearly 
20% from the summer to the winter. The combined effect of longer burn times and lower ventilation 
rates in the winter led to indoor geometric-mean 48-hr PM2.5 exposures and indoor concentrations that 
were over two times higher in the winter than in the summer, despite little seasonal variability in 
outdoor PM2.5 concentrations (Carter et al., 2016; Ni et al., 2016). Other studies have also observed 
higher indoor concentrations in the winter than in the summer in China and Eastern Tibetan Plateau, 
which is attributed to increased burn time for home heating (Baumgartner et al., 2011; Edwards et al., 
2007; Fischer and Koshland, 2007; He et al., 2005; Jin et al., 2005). Further, household energy programs 
that target cookstove replacement in regions where combined cooking and heating is common may see 
little to no impact of the intervention cookstoves in winter, so long as heating behavior remains 
unchanged. 

 

2.2. Ambient air quality 

Indoor air pollution ventilates to the outdoor air and contributes to ambient air pollution. In some cases, 
densely populated areas with high prevalence of residential solid fuel combustion can have very high 
local ambient concentrations primarily driven by indoor pollution traveling outdoors (Chafe et al. 2014). 
Although ambient concentrations may be lower than indoor concentrations, outdoor air pollution may 
affect populations on broader scales across cities and regions, leading to potentially substantial public 
health impacts.  

Contributions of residential solid fuel use to ambient air quality are typically estimated using a 
combination of in situ monitoring where available, chemical transport modeling, and, more recently, 
satellite observations. In situ monitors are prevalent in many countries particularly in industrialized 
economies, and are still sparsely located in many developing countries, though the situation is 
improving as monitoring costs decline over time (Brauer et al., 2016; Turner, 2016). Satellite 
observations of column optical absorption can be combined with chemical transport modeling to derive 
ground-level PM2.5 concentrations where in situ monitoring is unavailable (Brauer et al., 2016). In 
addition to total concentrations, contributions from residential solid fuel combustion can be ascertained 
using chemical transport modeling (Lacey et al., 2017; Ramanathan and Carmichael, 2008). Impacts of 
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interventions on concentrations can be evaluated using well-placed in situ monitors, personal exposure 
monitors, and chemical transport modeling.  

In areas of the world where residential solid fuel combustion is prevalent, contributions to ambient air 
pollution can be substantial. Globally, ambient PM2.5 from residential cookstoves is estimated to cause 
370,000 to 500,000 global premature deaths annually (Anenberg et al., 2013; Chafe et al., 2014; 
Forouzanfar et al., 2015; Lacey et al., 2017). The Global Burden of Disease study estimated that in 2010 
12% (global average) of ambient air pollution originated from residential solid fuel combustion for 
cooking (Chafe et al., 2014). Broken down by geographic regions, the contribution of residential solid 
fuel combustion to ambient PM2.5 is as high as 37% (2.8 μg/m3) in sub-Saharan Africa and 26% (8.6 
μg/m3) in South Asia, where prevalence of solid fuels for cooking is very high, reaching over 90% of the 
population in countries in these regions. In China, the residential solid fuel combustion sector (including 
biomass and coal used for cooking and heating) contributed 53%, 65%, 85%, 32%, and 9% of primary 
PM2.5, BC, OC (organic carbon), SO2, and NOx emissions respectively, in January and February 2010 (Liu 
et al., 2016). There is generally an inverse relationship between country-level economic status and the 
contribution of household cooking to ambient PM2.5 (the higher the economic status, the lower the 
contribution of household cooking to ambient PM2.5). Contributions of residential heating to ambient air 
pollution globally could be underestimated, because in low-light conditions (e.g. at night, when solid 
fuels are often burned for home heating in colder climates), satellite observations of light scattering by 
ambient particles are unavailable (Brauer et al., 2016; Turner, 2016).  

A recent study estimated the influence of residential solid fuel emissions from specific countries on 
ambient air quality and resulting health and climate impacts (Lacey et al., 2017). Figure 1 shows that 
most of the health benefits from eliminating residential solid fuel burning are from reduced OC. SO2 is 
also an important contributor, particularly in countries using a combination of traditional wood and 
herbaceous fuels along with coal. China and India contribute most to deaths avoided from eliminating 
residential solid fuel use. Nepal, Pakistan, and Vietnam also have large contributions, since their 
emissions are frequently transported over highly populated areas. Ukraine and Romania are large 
contributors since the exposed population in these countries have high disease incidence rates.  
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Figure 2. Global transient premature deaths avoided due to changes in ambient PM2.5 from a phased 
removal of residential solid fuel emissions by 2020. (A) The annual and speciated cumulative health 
impact response. (B) National contributions to annual avoided deaths in 2050 from changes in ambient 
PM2.5. China’s and India’s impacts are shown in purple on the y axis. Figure reproduced from Lacey et al. 
(Lacey et al., 2017).  

 

3. Impacts on human health  

3.1. Health effects from solid fuel cooking and heating emissions 

Exposure to PM leads not only to acute exacerbation of disease, these studies suggest, but may also 
accelerate or even initiate the development of chronic diseases (WHO, 2013). Long-term high-level 
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exposure to wood smoke in low-income countries has been associated with lower respiratory infections 
(including pneumonia) in children; chronic obstructive pulmonary disease (COPD), reduced lung function 
and lung cancer in women; stillbirths and low birth weight of newborn babies (WHO, 2014b).  

Even short-term, secondary use of solid fuels for heating (i.e. use of fireplace to supplement a primary 
heat source) has been found to significantly impact health outcomes. Triche et al. found that each hour 
of fireplace use (in non-smoking US homes) was associated with increased cough (1.05; 1.01-1.09) and 
sore throat (1.04; 1.00-1.08) (2005). The researchers also found that every four-hour per day increase in 
fireplace use were associated with 20% increases in the rates of chest tightness, cough, and sore throat 
increase. 

The particles in wood smoke cause harm to human health through oxidative stress, direct cellular 
toxicity, impaired renewal of damaged cells, lung damage with secondary inflammation and genotoxicity 
(causing increased risk of respiratory cancer). Pulmonary inflammation may further lead to systemic 
inflammation. Particulate polycyclic aromatic hydrocarbons (PAHs) and their derivatives may cause 
many of these effects. A WHO report concluded that, “Ambient levels of particulate air pollution from 
wood combustion appear to be associated with exacerbation of respiratory diseases – especially asthma 
and COPD (Gan et al., 2013) – and including bronchiolitis (Karr et al., 2009) and otitis media, beginning 
as upper respiratory infection (MacIntyre et al., 2011)” (WHO, 2014b).  

Household combustion of both biomass and coal create BC particles. BC is a chemically and biologically 

active pollutant that can generate oxidative stress, induce inflammation, and can be mutagenic (Hussey 

et al., 2017; Janssen et al., 2011). New research on BC indicates that exposure to BC may have far-

reaching effects on bodily systems, for example, by enhancing resistance of pneumonia to commonly-

used drugs (Hussey et al., 2017). In addition, long-term exposure to BC has been associated with all-

cause and cardiopulmonary mortality in a single pollutant model (Smith et al., 2009). 

The health effects of household coal combustion in particular have been recognized by major 

international health entities. For example, the International Agency for Research on Cancer (IARC) has 

determined that indoor emissions from household combustion of coal are carcinogenic to humans 

(International Agency for Research on Cancer, 2012). The WHO, in its Indoor Air Quality Guidelines, 

strongly recommend that unprocessed coal should not be used as a household fuel, given its health 

effects (WHO, 2014a). The recommendation was based on three main reasons: 1) The International 

Agency for Research on Cancer has concluded that indoor emissions from household combustion of coal 

are carcinogenic; 2) In those parts of the world where it is most extensively used as a household fuel and 

the evidence base is strongest, coal contains toxic elements, such as fluorine, arsenic, lead, selenium, 

and mercury, which are not destroyed by combustion; and 3) Technical constraints make it difficult to 

burn coal cleanly in households. Exposure to these trace toxic elements can lead to high blood lead 

levels and chromosomal abnormalities, among other effects. 

 

3.2. Global and regional burden of disease from household air pollution 

Estimates of the global burden of disease from household heating with solid fuels are lacking, in part 
due to poor data on the use of solid fuels for heating. While in recent years there have been several 
estimates of the global burden of disease from household cooking with solid fuels (Smith et al., 2014) or 
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for all residential, sometimes including commercial, combustion of solid fuels (Lelieveld et al., 2015), 
there are few estimates of the burden from household heating specifically.  

As shown in Table 1, exposure to outdoor air pollution only from household solid fuel combustion for 
space heating is estimated to be associated with 110,000 premature deaths per year (WHO, 2014b). 
Globally, Europe has the highest proportion of outdoor PM2.5 emissions attributable to household 
heating with solid fuels at 12% of total PM2.5 in western Europe, 21% in central Europe and 13% in 
eastern Europe, in 2010. This corresponds to average population- weighted PM2.5 concentrations of 1.7, 
3.4 and 1.4 μg/m3, respectively. In comparison, 8% of the total ambient PM2.5 in North America (Canada 
and the USA) comes from household heating with solid fuels (1.1 μg/m3). Outdoor air pollution from 
household heating with solid fuels (wood and coal) is estimated to be responsible for 61,000 premature 
deaths and one million disability adjusted life years (DALYs) in Europe in 2010, about 55% of the global 
estimated total. Note that these estimates are expected to be updated in the coming year. When 
considering only Europe and North America, Central Europe is the region with the highest proportion of 
outdoor PM2.5 that can be traced to residential heating with solid fuels (21% in 2010). 

 

Table 1. Residential heating contribution to outdoor PM2.5 and burden of disease, selected regions, 1990 
and 2010 (WHO, 2014b). 

 

 

Some regional estimates of the burden of disease from household heating with solid fuels are beginning 
to emerge, especially in areas with relatively stronger and more specifically framed data sources for 
household solid fuel use and related impacts. However, to date none of these estimates appears to 
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address the overlap between cooking and heating specifically, nor do many specifically quantify the 
health impacts by fuel type within the household sector. If they do, they tend to focus on residential 
wood combustion, rather than coal. 

For example, in China, Archer-Nicholls et al. estimated that about 159,000 premature deaths and 3.18 
million DALYs are attributable to heating emissions (Archer-Nicholls et al., 2016), presumably from 
biomass and coal heating, with no knowledge of the overlap with cooking. This indicates that 17% of 
total premature deaths attributable to air pollution in China are likely from household heating 
emissions, despite heating emissions being negligible for six to nine months of the year.  
Domestic coal-burning has also been estimated to account for more than 15% of the ambient PM2.5 in 
Guizhou and 25% in Inner Mongolia (Health Effects Institute, 2016). This group estimated 807,000 
premature deaths for all solid fuel combustion at the household level, for both cooking and heating, in 
China in 2013. In Europe, Sigsgaard et al. estimated the health impacts of biomass heating in Europe (at 
least 40,000 premature deaths per year), but did not present estimates for coal heating (Sigsgaard et al., 
2015). 

 

3.3. Need for including solid fuel heating in global burden of disease estimates 

Though the Global Burden of Disease (GBD) assessment of “household air pollution” estimates the 
health burden associated with both indoor and outdoor air pollution from household cooking, it does 
not incorporate estimates of the health burden associated with household heating. Despite now 
including estimates of both the indoor and outdoor air pollution from cooking with solid fuels, in recent 
versions of the assessment, the GBD “household air pollution” indicator is still incomplete in that it does 
not include premature deaths or DALYs from household heating (Smith et al., 2014).  

Of particular note is the fact that the term “household air pollution” is not clearly defined in either the 
GBD databases or most of the summary papers that report major findings from the assessment 
(Forouzanfar et al., 2015), so household air pollution is often incorrectly assumed to include the burden 
from household heating as well as cooking. For example, Lelieveld et al. incorrectly assumes that both 
heating and cooking are included in the GBD burden calculated for HAP: “The calculated burden from all 
residential and commercial emissions, including heating, cooking, and diesel generator use…is in 
addition to the estimated 3.54 million deaths per year caused by indoor air pollution due to use of solid 
fuels for cooking and heating” (Lelieveld et al., 2015). The methods paper that describes the data 
sources and definitions used for the household air pollution calculations for GBD 2010 does clearly state 
that only cooking emissions are included in calculation of HAP impacts (Smith et al., 2014). 

There is a need to clarify the system boundaries of relevant indicators, especially as estimates of the 
health burdens of both indoor and outdoor pollution related to household combustion proliferate. 
Specifically, an effort should be made to specify whether “residential” or “household” emissions and 
impact estimates refer to household cooking, household heating, or a generalized combination of all 
residential and commercial energy uses, which is the default for most models that are built on energy 
use sectors).  
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4. Climate impacts  

Previous estimates conclude that with a set of ambitious short-lived climate pollutant (SLCP) emission 

reduction measures, it would be possible to reduce the anticipated global warming by 0.4 Kelvin (K) by 

2050 (Shindell et al., 2012; United Nations Environment Programme and World Meteorological 

Organization, 2011). The reduction measure targets residential combustion accounted for 30% of the 

total. Most of the residential sector emission reduction potential was estimated to be in the developing 

world, where 25% could be achieved via modernization and replacement of biomass heating and 

cooking stoves and 4% by replacing lump coal with coal briquettes in heating and cooking stoves. The 

remaining 2% was accounted for by replacement of current wood burning technologies with advanced 

pellet stoves and boilers in the developed world. 

These estimates however do not account for location, only gross emissions.  From a climate impacts 

standpoint, it stands to reason that sources closer to cryosphere regions will have a greater climate 

impact, due to the deposition effect in particular of black carbon on snow and ice.  Characteristic for 

black carbon, unlike longer-lived SLCPs such as methane is that its geographical pattern is concentrated 

close to the emission sources, which leads to an inhomogeneous climate response (Stohl et al., 2015). 

Studies have shown that the effect of black carbon is markedly pronounced in the snow and ice covered 

areas and that, for example, the Arctic surface temperatures are most sensitive to emissions from 

countries and emission sources close by and within the Arctic (Arctic Monitoring and Assessment 

Programme (AMAP), 2015; Sand et al., 2015; Stohl et al., 2015; World Bank and International 

Cryosphere Climate Initiative, 2013). Heating and cooking stoves using biomass or coal as fuel are 

important emitters of black carbon among other co-emitted species. Recent research about the Arctic 

impact of SLCPs suggested that residential sector emissions from all parts of the globe that are 

transported to the Arctic are net-heating and that the sector is among the largest contributors to Arctic 

warming (Arctic Monitoring and Assessment Programme (AMAP), 2015; Sand et al., 2015; Stohl et al., 

2015). These studies also demonstrated that it has a relatively large potential compared with other 

sectors in cutting down the warming, especially for sources close to these regions.    

Residential solid fuel burning emits a variety of climate forcing agents, including CO2, methane (CH4), 

ozone producing gases like CO, SO2, OC, and BC (Anenberg et al., 2013; Bond et al., 2013; Lacey et al., 

2017). CO2 contributes to long-term warming, while methane, ozone producing gases, and BC contribute 

to near-term warming. SO2 and OC reflect radiation, thereby cooling the atmosphere. Even these 

reflecting agents, however, can be warming over the highly reflective snow and ice. The net climate 

impact of emissions from residential solid fuel burning depends on many factors, including the type of 

stove and fuel, which determine the mixture of emissions, as well as the geographical location, which 

determines the per-unit impact of emissions in the mixture on the climate system. Climate impacts from 

fuel and stove production and distribution should also be considered. For stoves burning biomass, the 

fraction of non-renewable biomass must be accounted for to calculate overall net climate impacts (Bailis 

et al., 2015; Wilson et al., 2016).  

The net impact of total removal of global residential solid fuel burning emissions is estimated to cause 

cooling of 77 milli-Kelvin (mK) (ranging from a 20 mK warming to a 278 mK cooling) in 2050 (Lacey et al., 

2017). The net cooling impact is largely driven by removal of BC, with growing contributions of CH4 and 
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CO2 removal over the course of the century, which together counteract warming from removal of OC 

and sulfate. The large uncertainty bounds are primarily due to uncertainty in the influence of aerosols, 

which produce a cooling effect, on the climate system. By 2100, the uncertainty bounds no longer span 

zero due to the growing contribution of CO2 and CH4 to net cooling impacts. 

 

Figure 3. The global transient surface temperature response to a phasing out of residential solid fuel 
emissions by 2020. (A) The global mean surface temperature response (net impact shown as solid black 
line). (B) National contributions to global surface temperature response in 2050 for the countries with 
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the largest contribution, along with Brazil and Mexico for comparison. China’s and India’s contributions 
are shown in purple on the y axis. Figure reproduced from Lacey et al. (Lacey et al., 2017). 

 

Figure 3 also shows that emissions from residential solid fuel burning in China, India, and Ethiopia will 

contribute most to global surface temperature change in 2050. However, per-cookstove climate impacts 

(inclusive of solid fuel combustion for both cooking and heating) are much larger in some countries less 

commonly targeted for interventions, such as Azerbaijan, Ukraine, and Kazakhstan (Lacey et al., 2017). 

The larger influence of residential solid fuel use emissions from these latter countries is primarily driven 

by BC transport to the Arctic and over snow, as well as the ratio of BC to OC emissions which are 

dependent on the fuel type burned. Similar results were found in previous work, which shows that while 

the total global temperature change contribution from residential solid fuel emissions was highest for 

China and India, the climate impact per unit emission was highest for countries in Eastern Europe and 

Central Asia (Lacey and Henze, 2015).  

These countries where emissions have outsized climate impacts may have high usage of coal heating 

stoves and combined cooking and heating stoves. They could, therefore, present an opportunity for 

effectively mitigating near-term and long-term climate change, while also improving air quality and 

public health, by reducing emissions from coal heating and combined cooking and heating. To be able to 

assess the climate impacts of combined cooking and heating and coal heating stoves, greater 

understanding of residential solid fuel combustion by end use (heating, cooking, lighting, or some 

combination of these) and fuel type is needed. With disaggregated emissions inventories, such as the 

one developed by Winijkul (Winijkul et al., 2016), the methods underlying the Lacey et al. (Lacey et al., 

2017) paper can be used to quantify the impacts of coal heating and combined cooking and heating in 

different countries. 

 

5. Cryosphere impacts - Arctic, Andes, Himalayas 

Climate change is happening faster and in a dramatically more visible way in the Earth’s “cryosphere” 

than anywhere else on earth: average temperature has risen at over twice the global mean in the Arctic, 

Antarctic Peninsula and much of the Himalayas and other mountain regions, and is well above the global 

mean in virtually all regions of ice and snow around the globe.  Not large to begin with, yet providing 

freshwater to millions in the major urban centers of the Andean nations, the high tropical glaciers of the 

Andes and Patagonia are disappearing more rapidly perhaps than any others on the globe.   The glaciers 

of East Africa have lost 90 percent of their mass in the past century, and today comprise less than 5 

square kilometers in total area. 

 

While the ecosystems and human communities – many of them indigenous -- of these regions have felt 

the impacts of such rapid cryosphere warming most directly, the changes it brings will be felt by billions 

more, especially in the developing world.  The Himalayas store more freshwater ice and snow than any 

region outside the poles: nearly 10% of the global total, directly impacting the water resources of up to 
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1.5 billion people, and providing other services such as food and electricity to twice that number..1   

Large populations in Asia rely on the major river systems emanating from the Himalayas. 

 

A rise of even one meter in sea level would directly inundate over 100 million people globally2, with over 

50 million in Asia; and many more made susceptible to flooding and tidal surges accompanying 

hurricanes and typhoons such as that seen in the Philippines (Typhoon Bopha) and northeastern United 

States (hurricane Sandy) in 2012.  Small island states and coastal communities in least developed nations 

face the greatest risk and difficulties in adaptation.  The Arctic Council has projected that sea level rise 

from glacial melt and other factors likely will exceed one meter in this century (range 0.9-1.5 meters)3.  

Research into the stability of the West Antarctica Ice Sheet and its role in past sea level rise indicates it 

may be an even more important contributor than melting on Greenland, and its disintegration 

ultimately could press these figures even higher4.   

 

Changes in the cryosphere caused by rapid climate change also have the potential to accelerate climate 

change globally.  When Arctic sea ice disappears to a greater extent each summer, less sunlight is 

reflected from the northern hemisphere and the darker ocean absorbs heat, warming the entire globe.  

Similar regional warming occurs due to loss of this “albedo effect” as snow cover and high mountain 

glaciers shrink.  Perhaps most seriously, both the Arctic and high mountain regions hold large amounts 

of methane and carbon dioxide (CO2) in frozen form.  As these regions thaw, greenhouse gases will be 

released into the atmosphere, speeding warming further.  

 

These impacts emphasize the need to deploy the most rapid and effective measures possible alongside 

CO2 to slow warming, and combined cooking and heating stoves, and coal heating stoves may have an 

outside impact to their numbers due to their deployment near these regions. Slowing warming by 

reducing pollutants from stoves will allow both local and global populations a better chance to adapt; 

and to the greatest extent possible, mitigate the ongoing ecological changes already occurring in the 

cryosphere. 

 

The UNEP/WMO Assessment began with over 2000 “measures” (mostly technical ways to reduce these 

pollutants), and modeled their impact on health, crop yields and climate.   For a measure to be included 

in the Assessment, it needed to combine health-crop benefits with climate benefits, taking into account 

all emissions from that source.  The first phase of the Assessment found that nearly 90 percent of the 

                                                           
1 Armstrong, R.L. (2010). The Glaciers of the Hindu Kush-Himalayan Region. A summary of the science regarding 

glacier melt/retreat in the Himalayan, Hindu Kush, Karakoram, Pamir, and Tien Shan mountain ranges. Technical 
Paper. Kathmandu. ICIMOD and USAID. ISBN 978 92 9115 173 8 
2 Rowley, RJ et al (2007).  Risk of Rising Sea Level to Population and Land Area. EOS 88(9):105-107. 
3 Arctic Monitoring and Assessment Program (AMAP), 2011. SWIPA (Snow, Water, Ice and Permafrost in the 

Arctic), www.amap.no. 
4 Bamber JL and WP Aspinal. 2013. “An expert judgment assessment of future sea level rise from the ice sheets.” 

Nature Climate Change. Published online January 6. DOI: 10.1038/NCLIMATE1778 
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climate benefits came from just 16 of these “measures;” and as noted above, three of these related to 

stoves that might encompass combined cooking and heating, as well as coal heating.  

    

The Assessment did note one intriguing response based on latitude bands: a temperature decrease in 
the Arctic as a result of the mitigation measures was nearly twice that of the globe as a whole.  Indeed, 
late in the evaluation stage of the Assessment, modelers were able to add one additional measure 
aimed primarily at a northern European source of black carbon – replacement of wood logs by pellets in 
biomass stoves -- and were surprised that this single measure led to about 15 percent greater cooling in 
modeling of the Arctic region: a full one-tenth of a degree, an extremely large result in global modeling 
terms (Figure 4).5  

 
Figure 4. Global and regional temperature change relative to the reference scenario (source: 
UNEP/WMO, 2011). 

 

The 2013 On Thin Ice therefore focused on regional modeling of these measures.  For stoves, measures 

included biomass stoves used for cooking or heating; or combined cooking and heating).  By far, 

cookstoves measures emerged as the greatest single source of benefits for health and the cryosphere in 

                                                           
5 All temperature measurements in this study use degrees Celsius (C). 
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the modeling, and it can be inferred that those cookstoves also used for heating have a de facto greater 

influence as these would naturally be located closer to cryosphere regions such as the Andes, Himalayas, 

and East African highlands; the Arctic; and potentially have some impact on Antarctica in far southern 

hemisphere regions such as Chile and South Africa.  The On Thin Ice modeling did indicate that from a 

cryosphere preservation standpoint, addressing this source provided the largest benefit, in all regions 

from the Himalayas to the Arctic to (rather surprisingly) Antarctica.  Most of this benefit arose from 

direct forcing of black carbon in the atmosphere, which over snow and ice provides a clear degree of 

radiative forcing.   

 

On Thin Ice modeling of the emission reduction measures for biomass and coal heating stoves improved 

on previous studies by placing use of these stoves when it most often occurs: during the colder months.  

This resulted in clearly higher climate impacts in the Arctic and Eastern Himalayas; somewhat higher 

health impacts in northern Europe where biomass stove use is growing, and in parts of Eastern Europe 

and China for coal stoves.  

 

6. Other environmental impacts   

Combined cooking and heating and coal heating stoves may have substantial environmental impacts 
that are additional to their impacts on health, climate, and cryosphere. This section discusses potential 
impacts of fuelwood used for combined cooking and heating on deforestation and forest degradation, as 
well as the impacts of coal burning on ecosystems from acid rain. 

 

6.1. Deforestation and forest degradation from fuelwood 

The use of fuelwood for cooking and heating has been shown not to be sustainable in various studies 
around the world and the pressure on forestry to vary by region (e.g. temperate > sub-tropical > 
tropical) (Bhatt et al., 2016) and the proximity of populations to available fuelwood (Winijkul and Bond, 
2016). In the Eastern Himalaya there is a fuelwood availability deficit of 61% between demand and 
supply which is expected to increase to 83% by the year 2021 (Bhatt et al., 2016).  

The present dense forest area in the Himalayan zone is not estimated to be sustainable, as the dense 
forest area in the region is only about 38% currently, whereas to maintain the ecological balance, the hill 
and mountain zone needs a minimum of 66% area under tree cover. To meet the growing demand for 
firewood, efforts are needed for mass afforestation through suitable firewood tree species. For 
example, bamboo species have considerable socio-economic value and there use for firewood has 
increased to 50% in some areas to meet energy requirements (Bhatt et al., 2016). 

In African savannas and forests, harvest of trees by humans for cooking and heating is an often 
overlooked disturbance (Tredennick and Hanan, 2015). The savanna state is generally resilient to all but 
high levels of tree harvest because of the resprouting abilities of savanna trees, but demand for wood 
fuels (firewood and charcoal) is high and projected to increase in most countries of sub-Saharan Africa 
(Bailis et al., 2015). In the arid and semiarid lands (ASAL) of Kenya, fuelwood and charcoal constitute 95–
98% of the total energy demand for cooking, heating and lighting and the resultant deleterious 
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ecological effects have been severe (Kirubi et al., 2000). 
 

6.2. Acid rain 

Coal typically requires a higher ignition and combustion temperature and has a higher content of sulfur 
and nitrogen than wood and other biomass. As a result, residential coal combustion produces 4% of SO2 
and 1% of NOx emissions globally, in addition to toxic pollutants adsorbed (adhering to the surface in an 
extremely thin layer) or absorbed to particulate matter (WHO, 2014b). In China, residential coal 
combustion accounts for 7-8% of national SO2 emissions. 

As stated above (section 2.2), in China, the residential solid fuel combustion sector (including biomass 
and coal used for cooking and heating) contributed 32% of primary SO2 emissions (9% NOx) in January 
and February of 2010 (Liu et al., 2016), which could substantially contribute to acidic deposition in 
regions with sensitive soils, such as parts of southern China (Duan et al., 2016; Hicks et al., 2008), 
especially where high sulphur coal is burnt. Soil acidification has effects on nutrient cycling, vegetation 
growth, biodiversity and can affect the water quality of streams and rivers (Duan et al., 2016). 

A recent village based energy consumption survey in China has shown that the combustion of fuelwood 
and coal poses a severe threat to the environment and rural residents' health (Wang and Jiang, 2017). 
For cooking, fuelwood is the most commonly used fuel in rural areas, and most rural residents living in 
northern and central eastern Chinese provinces use coal for heating in winter season.  

Emissions from cooking/heating stoves will comprise both primary PM and secondary PM precursors 
and ozone precursors. Tropospheric ozone is a highly phytotoxic air pollutant, causing large scale 
negative effects on crop production and natural ecosystem (Ainsworth, 2016) and PM can also cause 
eutrophication and acidification effects when deposited on sensitive ecosystems (Duan et al., 2016).  
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