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 Introduction 

Approximately three billion people globally burn solid fuels in open fires or in inefficient stoves for 

cooking, space heating, boiling water, and other household needs. Fuels typically burned include 

biomass, such as sustainably or unsustainably harvested biomass, agricultural residues, dung, and fossil 

fuels, such as coal and charcoal. Solid fuel combustion in inefficient stoves produces typically significant 

emissions of air pollutants, i.e., carbon monoxide (CO) and particulate matter (PM) including black 

carbon (BC). Programs to reduce these household sources of air pollution have largely focused on 

replacement of cooking stoves and cooking fuels. While currently sold residential wood-burning stoves 

in developed countries are often subject to regulation and design guidelines, coal heating and cooking 

stoves used mainly in Eastern Europe and some parts of Asia are typically rather old, have low efficiency, 
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and are not subject to any particular legislation with exception of some urban areas that introduced 

bans on solid fuel use for residential heating.  

Multiple research efforts have produced results suggesting that reducing short-lived climate pollutants 

(SLCPs), such as BC, could have substantial climate and health co-benefits. Residential stoves used for 

both cooking and heating may be particularly important to target for mitigation of SLCPs, given that such 

stoves are used daily for long periods of time, such as overnight for heating as well as two to three 

discrete cooking events per day. In addition, these stoves are often used in colder climates and at higher 

elevations, near snow- and ice-covered regions. In these areas, a wider range of combustion emissions, 

including lighter-colored particles, can reduce the reflectivity of the underlying surface, causing a 

warming influence on the climate.  

Reducing emissions from combined cooking and heating stoves presents a special challenge as stoves 

designed to improve efficiency frequently concentrate heat and limit the ability of the stove to convey 

heat to the room or house. Combined cooking and heating stoves have not received the same 

technological, financial, and policy-focused attention as stoves designed solely for cooking. This paper is 

the first of 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 and Heating and Coal Heating 

Stoves. This first paper characterizes the known global extent of combined cooking and heating using 

solid fuels and identifies where these stoves are used around the world. This paper draws attention to 

key knowledge gaps to estimating the potential health and climate benefits of replacing combined 

cooking and heating devices, as well as the development of viable alternative household energy 

packages to serve cooking and heating needs, and identification of key regions for implementation.  

 

 Lack of research on global and regional emissions from combined heating and cooking 

stoves 

Combined cooking and heating with solid fuels impacts human health and the environment through 

pollution of both indoor air and ambient air. While the magnitude of overlap between cooking and 

heating activities using the same stove has not been well-quantified, it can be assumed that a portion of 

the approximately three billion people who use solid fuels each day will use them for both cooking and 

heating in regions where space heating is needed. 

Users of stoves that burn solid fuels for both cooking and heating can generally be classified into three 

categories: 

 Fire or stove, with or without chimney, primarily used for cooking, with some of the waste heat 

used for space heating. The stove may function as a heater only during cooking times or the 

time during which the stove is in operation may be extended to provide additional heating 

beyond the time needed for cooking. This operation might typically occur in low- and middle-

income countries among populations without access to cleaner fuels, and for which the climate 

is generally warm enough to preclude needing space heaters throughout the day. 

 Fire or stove, with or without chimney, primarily used for space heating throughout the day and 

night, with heat concentrated towards a cooktop for cooking needs at mealtime. This operation 
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might typically occur in low- and middle-income countries among populations without access to 

cleaner fuels, and for which the climate is cold enough to need space heating throughout the 

day.  

 Stove with chimney primarily used for space heating, with one or two burners that allow for 

using the same heat source for cooking, primarily used by populations with access to cleaner 

fuels. These types of appliances may be used in countries with colder climates, where solid fuel 

stoves are popular. 

 

Globally, a large number of what are now considered cookstoves or heating stoves are actually used for 

both purposes, especially in high latitude or high altitude regions, or in the wintertime when there is a 

greater need for space heating. Though a study by Aggarwal and Chandel (2004) does report 

multipurpose use of stoves, overall limited research is available characterizing typical utilization patterns 

and resulting fuel use and emissions. Combined stove and heating utilization are not accounted for in 

global or regional emissions inventories and models, including the Greenhouse Gas Air Pollution 

Interactions and Synergies (GAINS) model developed by the International Institute for Applied Systems 

Analysis (IIASA) as well as several regional and global emission inventories (Bond et al., 2004; Chen et al., 

2009; Lei, Zhang, He, & Streets, 2011; Masera et al., 2007; Pine et al., 2011; Ruiz-Mercado, Masera, 

Zamora, & Smith, 2011; Streets & Aunan, 2005; C. Venkataraman, Habib, Eiguren-Fernandez, Miguel, & 

Friedlander, 2005; Chandra Venkataraman, Sagar, Habib, & Smith, 2010).  

The emissions of these combined cooking and heating stoves are driven by a variety of factors, including 

type of fuel burned (e.g. wood, dung, agricultural residues), combustion efficiency, and emission control 

devices. Heating and cooking stove efficiencies can vary greatly – some more advanced stoves may have 

relatively high efficiencies and low emissions compared to the most rudimentary stoves. It may be 

possible to reduce emissions from combined cooking and heating in several ways, including fuel 

switching, using devices that burn fuel more efficiently, installing emission control equipment, improving 

the home ventilation through chimneys or other methods, and improving home insulation so that the 

household needs to burn less fuel for space heating.  

Little information is available about how much fuel of different types is burned in different locations and 

for which purposes. Information about the amount of pollutants emitted by different stove/fuel 

combinations comes largely from laboratory testing, complemented with a relatively small amount of 

field testing. Emissions in field conditions are generally larger than those observed under laboratory 

conditions, as in-use testing depends on more of the household system than is currently represented in 

the laboratory. 

Several regions highlight the need for reducing emissions related to cooking and heating stoves, and for 

which stove utilization is accounted for in existing research. These regions, the Himalayas, Andes, and 

Arctic, are discussed in further detail here. 



4 
 

 

Figure 1. Traditional space heating metal stove in a village in Himachal Pradesh, the Western Himalayan 

Indian state. Source: (Aggarwal & Chandel, 2004) 

 Himalayas perspective  

The Hindu Kush Himalayan (HKH) region encompasses 3,500 kilometers over eight countries, spanning 

from Afghanistan in the west to Myanmar in the east (Figure 2 and  

Table 1)1. Heating and cooking stoves vary across the region depending upon culture and cooking needs 

and are influenced by neighboring countries. There is a much higher percentage of electrification than 

access to cleaner stoves in the Himalayan region. In some places, such as Nepal, households may have 

access to electricity, but opt not to use it because it is expensive. Peak heating and cooking 

requirements for almost all regions span from early November to February.  

 

                                                           
1 International Centre for Integrated Mountain Development (ICIMOD). Hindu Kush Himalayan Region. 2017. 
Accessed May 10, 2017. Available at: http://www.icimod.org/?q=1137 

http://www.icimod.org/?q=1137
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Figure 2. Hindu Kush Himalayan Region  

 

Table 1. Hindu Kush Himalayan regional area (Total estimated area: 3,441,719 km2) 

Estimated Afghanistan Bangladesh Bhutan China India Myanmar Nepal Pakistan 

HKH part (km2)* 390,475 13,189 38,394 1,647,725 482,920 317,640 147,181 404,195 

Proportion of 

country 
60% 9% 100% 17% 14% 47% 100% 51% 

Source: Sharma. P,, Pratap, T., 1994, Population, Poverty, and Development issues in the Hindu Kush Himalayas, Development of Poor 

Mountain Areas, ICIMOD ;* Estimate based on earlier definition of the HKH region, which is smaller than the area used for population 

estimates. 
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Table 2. Percentage of HKH population with access to electricity and clean cooking fuel, 2012-2014 

(Source: International Energy Agency (IEA) and World Bank 2017, Sustainable Energy for All, 2017) 

 

 

(Source: IEA & World Bank 2017) 

Figure 2. Percentage of HKH population with access to electricity and clean cooking, 2014 

 

 

Design and structure of the heating and cooking stoves are heavily dependent on socioeconomic status. 

Rural populations of developing countries such as Myanmar, Pakistan, Bhutan and Nepal primarily use 
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three stone or iron tripod stoves. Open fires and stoves are often left burning in poorly ventilated homes 

for heating. Traditional bukhari stoves area also found in Himanchal Pradesh of India and Bhutan.  

In Afghanistan, traditional large round flatbreads, naan, are baked in a two-foot deep clay ovens, 

requiring enormous quantities of firewood and cow dung.  The same oven is used for cooking by placing 

a large wok over the top.  During winter in high altitude areas (2000 to 4000 meters), family members 

often live in the same room, sometimes the smallest, to maximize firewood.  Following meal 

preparation, fire pits provide heat to the home.  The family spends many hours in this position to savor 

the remaining heat.   

Solid fuel is the most common fuel for cooking and heating purposes throughout HKH followed by 

bushes and agricultural waste and dung (3).  In China, a large percentage of the population continues to 

use solid fuels for cooking and heating. Although there is a rapid trend to replace traditional household 

solid fuels with cleaner fuels, approximately 600 million Chinese people use coal and biomass fuels for 

cooking and almost 30% of households continue to heat their homes with solid fuels (GACC, 2016).  Coal 

is less commonly used in Afghanistan and Bangladesh has not reported space heating needs. 

Table 3. Fuels used for space heating and cooking in HKH region. 

Afghanistan Bangladesh Bhutan China India Myanmar Nepal Pakistan 

Bushes and 

Branches, 

Dung, Wood, 

coal  

 Both hard 

wood and 

soft wood  

Coal, 

firewood, 

agro waste 

charcoal, 

firewood, 

agro waste 

Firewood, 

and 

charcoal 

Firewood, 

Dung, agro 

waste 

Agro 

waste, 

Biomass 

and dung 

 

Further in depth case studies on combined cooking and heating in Mongolia, China, and India can be 

found in Appendices A through C.  

3.1 Mongolia 

In Mongolia, traditional stoves are used for both heating and cooking. In urban areas, such as the capital 

Ulaanbaatar, the heavy usage of coal cooking and heating stoves has led to a spike in air pollutants and 

associated human health impacts have been observed, particularly during winter and among children. 

Nearly half of the population in Ulaanbaatar lives in traditional ger-houses, which do not retain heat 

well. These 198,000 households use simple stoves for heating and cooking purposes, with coal as the 

dominant fuel; Mongolians burns 900,000 tons of coal annually. During winter (October to mid-March) 

due to effects of the Asian anticyclone, air flows in the downward direction, and polluted air does not 

disperse. In addition, due to Ulaanbaatar’s location being surrounded by mountains on all four sides, 

horizontal air flow is also limited. Thus, air pollution in Ulaanbaatar exceeds air quality standards set in 

July 2016 by more than 10%, especially in the winter months when coal burning for heat is higher. 

 

3.2 China 

Although there is limited quantitative evidence, use of energy generated from combustion of solid fuels 

for cooking and heating in combination is likely a common practice in communities and regions in China 

with the following characteristics: 1) seasonally cold temperatures; 2) lack of devoted space heating 
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stove or system; 3) available “waste” heat from household combustion of solid fuel for cooking. 

Increases in fuel use and stove use have been observed during winter months, which is attributable to 

space heating. Solid fuel burning for space heating may occur independent of, or in conjunction with, 

solid fuel burning for cooking. Throughout a typical day, distinguishing between use of solid fuel for 

cooking only, cooking and heating, and heating only, is challenging. In much of rural southwestern 

China, space heating is achieved by burning wood or wood-charcoal in several ways: 1) directly in the 

cooking stove chamber; 2) in an open fire at the base of the cookstove combustion chambers; 3) in a 

small, easily transportable metal firepan. Wood-charcoal refers to wood that is usually burned during 

cooking activities first and subsequently smoldered directly below the stove combustion chamber for 

space heating and water boiling or in a mobile firepan. 

 

3.3 Ladakh, India 

The region of Ladakh in the northern Indian state of Jammu and Kashmir (J & K) is bounded by some of 

the world’s highest mountains, including the Great Himalaya Range and the Karakoram. The high 

altitude (averaging over 3,000 meters) ensures long, cold winters. The majority of Ladakh’s 

approximately 300,000 people are subsistence farmers and pastoralists who have historically relied 

primarily on solid biomass (mostly dung) to meet their cooking and space heating needs. In recent 

decades, a significant portion of the population has adopted liquefied petroleum gas (LPG) to meet 

some of their cooking needs. New hydroelectric facilities and transmission infrastructure has slowly 

come online, increasing the number of hours and reliability of electricity for those villages in proximity 

to these projects. In many remote areas, however, the supply of both LPG and electricity remains 

sporadic, tenuous, and easily disrupted by natural hazards and political developments.  

A common scene in many households in the village of Ladakh, especially in the long winters, but 

throughout the year, is a pot of thukpa or water for tea simmering on a thap, a large, centrally-located 

stove in the winter kitchen that is also used for heating. In Ladakh and Zanskar, many people still use 

these large stoves for dual heating and cooking purposes. As the infrastructure for more reliable delivery 

of electricity and gas is slowly put in place in this remote border region, people will continue to use their 

dual-use stoves for cooking and heating throughout the Himalayan winters. It is likely the stove will 

remain an important fixture in Ladakhi households for years to come. More modern dual-use stoves 

may gain acceptance among consumers, but many challenges in terms of cost, durability, culture, and 

others remain. 

 

 Andes perspective  

The countries where black carbon from combined cooking and heating is understood to contribute most 

to pollution in the Andes include: Argentina, Bolivia, Brazil, Ecuador, Peru, Venezuela, and Chile (World 

Bank, 2013). While limited information exists about the extent to which combined cooking and heating 

stoves are used in this region, household use of solid fuels for cooking and energy needs is common. For 

example, in 2010, 36% of households in Peru, 25% in Bolivia and 6% in Brazil used solid fuels as their 

main cooking fuel  with smaller percentages are estimated in Argentina, Ecuador, and Venezuela 
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(Bonjour et al., 2013). These percentages do not include the percent of households burning solid fuels 

for heating as in some locations, households may use the same device for both cooking and heating. 

Case studies of combined cooking and heating use in Chile and Peru can be found in Appendices D and E 

and are described briefly here. 

 

4.1 Chile 

Combined cooking and heating stoves are used commonly in Chile and are most prevalent among rural 

and low-income households. Household air pollution contributes to ambient air pollution in both rural 

areas and urban areas and both daily and annual limits for PM2.5 are significantly exceeded in southern 

cities. Wood burning for residential heating and cooking is considered to be the main cause of air 

pollution in the south of Chile and an important source in the Metropolitan Region of Santiago. 

Reduction of household wood-burning would substantially improve air quality and public health. Nearly 

two million (1,873,804) households across Chile use firewood appliances. Of these, approximately 17% 

use combined cooking and heating stoves. Combined cooking and heating is more prevalent in rural 

households (25% of households) compared with urban areas (12%). The majority of combined cooking 

and heating stoves (90%) are used by the three poorest social classifications in Chile (out of five). 

Households using combined cooking and heating stoves often use additional wood-burning appliances 

and/or gas cooking stoves, making it difficult to evaluate the amount of fuel used by the combined 

cooking and heating device.  

 

4.2 Peru 

In Peru, especially in rural areas, households use firewood as primary source of energy for cooking, 

heating water (domestic use) and heating. The device used for cooking is the traditional cookstove, 

which generates a series of disadvantages as: excessive use of firewood, indoor air pollution, 

environmental contamination, health problems and global consequences.  

This device is still used in families owing an improved cookstove or gas cookstove because it offers the 

following advantages: 1) no cost; 2) easy to build and use; 3) easy to rearrange and adapt to the 

container; 4) use different types of fuels; and 5) provide light and heat.  

According to the Peruvian National Institute of Statistics and Informatics, in rural areas where 

temperatures fluctuate, 46% of households only use firewood as main fuel for cooking and heating. To 

burn wood, households often use inefficient devices such as open fire or traditional cookstoves; 

however, these devices present some convenient usage characteristics such as heating, where families 

place around the stove sitting or kneeling to get warm despite the fact that the stove is emitting high 

levels of smoke concentration. As the highest levels of indoor air pollution is about one meter about 

floor level, common practice is to locate sitting areas around the cookstove below this level. 

 Arctic perspective  

Within the Arctic itself, little combined cooking or heating has been identified.  The larger cities of Arctic 

Russia rely on district heating and electricity; the smaller, largely-indigenous communities elsewhere in 



10 
 

the region most often rely on other sources for cooking and heating, such as national electric grids or 

community diesel generators.  Little combined cooking or heating occurs at the household level. 

Countries around the Arctic region similarly represent primarily an OECD perspective, where heating 

with biomass is often a lifestyle choice and is rarely combined with cooking; but with pockets of poverty 

where combined stoves occasionally meet cooking needs as well.  This is especially the case in rural 

areas of Russia and Eastern Europe, and Central Asia (note that Central Asia occasionally may have Arctic 

as well as Himalayan impact, but are covered in the Himalayas section, above).  Combined stoves in this 

region tend to be masonry or cast iron, but as in the regions noted above are not captured in current 

emissions inventories, and instead categorized as either heating (primarily) or cooking stoves. 

It is assumed that combined stoves in these regions also comprise primarily coal-fueled stoves, and 

these are covered in the section focused on coal heating stoves.  The extent to which these coincide 

with combined stoves remains a strong information gap in addressing this source in near-Arctic regions, 

with no known case studies of the phenomenon.  Potential countries for case studies might however 

include those of Eastern Europe and the NIS, especially rural areas of Poland, Russia and Ukraine for 

example.   
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Appendix A: Case study: Mongolia 

By Adiyasuren Tsokhio 

 

In Mongolia, traditional stoves have been used for both heating and cooking for years and are still 

widely used today. Particularly in urban areas, like the capital Ulaanbaatar, the heavy usage of coal 

cooking and heating stoves has led to a spike in air pollutants and higher levels of associated human 

health impacts have been observed, especially in the winter and among children.  

Simple traditional stoves that generally burn coal are used for both heating and cooking in all 21 

provinces in Mongolia. Since the 1950’s, Mongolians have used iron stoves for both heating and cooking 

purposes, especially in urban areas, although recently concern has grown about their high black carbon 

and other pollutant emissions. The composition of the raw coal from different mines varies, but the 

carbon emissions are always high.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Traditional three stone stove and open fire stove in Ulaabaatar 

While raw coal is the most commonly used fuel in cities and other settled areas, manure, firewood, and 

briquettes are also used in small quantities depending on availability. For example, in Gobi areas, dried 

cattle and camel dung and wood are used. Dried cattle and horse dungs are mainly used for firing in 

steppe zones, and wood is used in forest steppe zones. Because there is an insufficient quantity of clean 

fuels available (95% of power is generated by coal-fired power plants), coal, dried cattle dung, and wood 

will probably remain in use in Mongolia for a long time. 

Nearly half of the population in Ulaanbaatar, Mongolia’s capital, lives in traditional ger-houses, which do 

not retain heat well. These 200,000 households use simple stoves for heating and cooking purposes, 

which with coal as the dominant fuel burn 900,000 tons of coal annually. 

The performance indicator of simple ger stoves is very low, about 30%, and so household heating and 

cooking stoves contribute to worsening air quality, especially in Mongolian cities. Researchers estimate 

that 45kg of СО2, 12kg of SO2, 5kg NO2, and 6kg of PM10 (68 total kg of pollutants) are emitted from 
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burning one ton of coal (“Capacity Development Project for Air Pollution Control in Ulaanbaatar City 

Mongolia: Final Report,” 2013). According to studies, 61.2 million kg of toxic substances are emitted per 

year in Ulaanbaatar (Air Quality Agency of Ulaanbaatar City). 

During winter (October to mid-March) due to effects of the Asian anticyclone, air flows in the downward 

direction, and polluted air does not disperse. In addition, due to Ulaanbaatar’s location surrounded by 

mountains on all four sides, horizontal air flow is also limited. Thus, air pollution in Ulaanbaatar has 

exceeded the air quality standard set in July 2016 by more than 10%, especially in the winter months 

when coal burning for heat is higher (Figure 4). 

 

 
 

 

Figure 4.  Air pollutants associated with coal burning in Ulaanbaatar (mkg/m3 = μg/m3). Source: National 

Agency of Meteorology and Environmental Monitoring, 2016).  

Observations have shown an upward trend in air pollution related diseases each year in Ulaanbatar 

since 2005. About 80% of children with pneumonia are diagnosed during the winter period at a time 

when emissions from coal burning are particularly high, and the number of severe cases of pneumonia is 

higher than World Health Organization criteria (“Air Pollution and Human Health” documentary, 

National Center for Public Health, Ministry of Health and Sport, UNICEF, 2015). 

 

  



15 
 

Appendix B: Case study: China 

By Ellison Carter and Jill Baumgartner 

 

Although there is limited documented and quantitative evidence for it, using energy generated from 

combustion of solid fuels for cooking and heating in combination is likely a common practice in 

communities and regions with the following, or similar, characteristics: 1) seasonally cold temperatures; 

2) lack of devoted space heating stove or system; 3) available “waste” heat from household combustion 

of solid fuel for cooking. In communities in southwestern provinces in China, we have observed 

increases in fuel use and stove use during winter months, which we attribute to seasonally-driven 

variation in household energy use behavior to provide needed space heating. Although these regions are 

not classified as cold climatic zones and temperatures rarely falling to zero degrees Celcius or below, at 

moderate to high elevation (>1000 meters), temperatures can regularly fall below 10oC. In this 

temperature range, many households respond by burning solid fuel for warmth. Solid fuel burning for 

space heating may occur independent of, or in conjunction with, solid fuel burning for cooking. 

Throughout a typical day, distinguishing between use of solid fuel for cooking only, cooking and heating, 

and heating only is challenging.  

 

 

 
Figure 5. Combined cooking/heating in China. Left: cooking stove in kitchen, which also provides heat to 

the room. Right: Harvested wood for fuel supply. Photo credit: Ellison Carter. 

 

 

Traditional wood-burning chimney cookstoves in China typically have two combustion chambers. 

Fuelwood is loaded through a front or side opening (~100-200 cm2), into a combustion chamber over 

which rests a large, sunken pot (approximately 50-80 cm diameter) that is supported within a concrete 

enclosure. Many stoves of this design have more than one pot. The chimney is integrated into the stove 

structure, with some venting through a rooftop chimney and others though an opening on the side of 

the house. Most homes store fuelwood outside of their kitchen and small quantities are brought inside 
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the kitchen as needed. For meals, dishes with vegetables and meat are typically flash-fried and served 

with rice, which is cooked in an electric rice cooker. Other dishes prepared with less frequency using the 

traditional stoves include soups, dumplings, and noodles. In much of rural southwestern China, space 

heating is achieved by burning wood or wood-charcoal in several ways: 1) directly in the cooking stove 

chamber; 2) in an open fire at the base of the cookstove combustion chambers; 3) in a small, easily 

transportable metal firepan. Wood-charcoal refers to wood that is usually burned during cooking 

activities first and subsequently smoldered directly below the stove combustion chamber for space 

heating and water boiling or in a mobile firepan, as shown. 

In these settings, quantitatively differentiating fuel and stove use for heating versus cooking is 

challenging if not impossible. Stove use monitoring with temperature sensors is a common approach 

undertaken to objectively measure use of individual stoves and other cooking devices. However, 

because temperature sensors are affixed to an individual stove or device, they will often fail to capture 

solid fuel burning in open fires or firepans that occurs adjacent to or at a distance from the primary 

cookstove. Real-time measurement of diurnal and seasonal variation in pollution (i.e. fine particulate 

matter, PM2.5) resulting from indoor solid fuel use can be used to separate cooking only combustion 

from combined cooking and heating combustion. Measuring daily fuel and stove use in non-heating and 

heating seasons provides a crude quantitative basis for comparing seasonal differences in these two 

metrics. After accounting for seasonal differences in ambient concentrations and household/kitchen 

ventilation rates, seasonal differences in fuel and stove use—particularly if these measures are higher in 

winter—may be readily interpretable as evidence for space heating combustion concurrent with and in 

addition to solid fuel combustion for cooking. To further isolate solid fuel use and indoor pollution 

exclusively from heating would require additional detailed information on time-activity patterns, but 

may be challenging or impractical to obtain. 
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Appendix C: Case study: Ladakh, India 

By Jonathan Mingle 

 

The setting:  

The region of Ladakh in the northern Indian state of Jammu and Kashmir (J & K) is bounded by some of 

the world’s highest mountains, including the Great Himalaya Range and the Karakoram. In the local 

language “Ladakh” (la dags) literally means “land of high passes” – an apt name that hints at the central 

role that its rugged terrain has played in the region’s social, economic and political development. Ladakh 

falls on the dry side of the “rain shadow” formed by the Great Himalaya Range on its southern border, 

ensuring it receives little precipitation. The high altitude (averaging over 11,000 feet) ensures long, cold 

winters. The majority of Ladakh’s approximately 300,000 people are subsistence farmers and 

pastoralists who have historically relied primarily on solid biomass (mostly dung) to meet their cooking 

and space heating needs.  

In recent decades, a significant portion of the population has adopted LPG to meet some of their 

cooking needs. New hydroelectric facilities and transmission infrastructure has slowly come online, 

increasing the number of hours and reliability of electricity for those villages in proximity to these 

projects. In remote areas. In many remote areas, however, the supply of both LPG and electricity 

remains sporadic, tenuous, and easily disrupted by natural hazards and political developments.  

 

The problem: 

Zanskar, a remote valley averaging 12,000 feet in elevation in southern Ladakh, offers a prime example 

of the challenges in extending access to gas, electricity and technologies to reduce emissions of 

household air pollution.   

For over half the year, heavy snows cut the road link between the border town of Kargil and Zanskar’s 

20,000 inhabitants. Temperatures range down to negative 30 degrees Celsius in parts of Ladakh and 

Zanskar. In winter, all activity centers on the hearth and the kitchen. Traditionally, it’s the only room 

that is heated. Practices are changing, but it wasn’t unusual until relatively recently for all family 

members to sleep in the heated kitchen throughout the winter, and to spend much of their waking 

hours around the stove. 

Dr. Stenzin Namgyal is one of the two doctors serving all of Zanskar. In winter he sees a spike in 

respiratory complaints, especially cases of chronic obstructive pulmonary disease in older adults.  

 “In Zanskar the chronic diseases, the chronic pulmonary diseases, they are because of smoke,” he says. 

“I see more women with obstructive problems, more women than men with these problems.”  

“In winter people are almost always indoors,” he explains. Men are more likely to go outside the home 

for work, at army camps or in shops. “In minus 25 [degrees], the children go to fetch water, that’s the 

only time when they’re out of the house.” 
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“In Padum (the biggest town in Zanskar) you will see nowadays in summer most use LPG [for cooking]. In 

winter they will be using the chulhas, with cow dung, everybody will be using. These LPGs are not 

enough for minus 25, 30 [degree temperatures], to heat. You have to have fire.” 

“With time people are improving (their stoves), but there are many people who have the old style 

stoves. Even me! You will see this is well furnished, everything’s okay,” he says as he gestures around his 

new house, “but if you visit my old house, it has been there for forty to fifty years. The ventilation 

condition is almost the same.” 

“Zanskaris know how to cope with the cold,” he summarizes. “But the smoke is hard to manage.” 

 

  

An elderly Zanskari man cooks thukpa, local 

stew, in his simple winter dwelling. Most 

households cook with metal stoves or LPG, 

but in many villages that are far from the 

road, burning scavenged wood and dung in 

simple stoves remains the primary winter 

cooking and heating solution.  

 

 

 

 

Fuel consumption:  

A common scene in many Ladakhi households – especially in the long winters, but throughout the year – 

is a pot of thukpa or water for tea simmering on a thap, a large, centrally-located stove in the winter 

kitchen that is also used for heating.  

In Ladakh and Zanskar, many people still use these large stoves for dual heating and cooking purposes. 

Trees are a scarce resource and most wood is saved for use in construction. The primary fuels used for 

cooking and heating in most villages are dried dung (from sheep, goat, cow and yaks), gathered brush 

and roots (from sage-type plants, for example) and some small wood.  

Very few systematic studies have been done on fuel consumption, stove type and household air 

pollution exposure in rural Ladakh and Zanskar. Zanskari villagers estimate that an average household 

burns 10 to 15 kilograms of dried dung in a typical day. In winter, they consume at least twice that 

amount— maybe one full tsepo (a deep woven basket the length of a tall man’s torso) load every day for 

both cooking and heating. 
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The supply chain for gas cylinders and burners in Zanskar is tenuous: a few summers ago the LPG 

distributor in Kargil had a dispute with their supplier, and no new cylinders arrived in Padum for weeks. 

Empty cylinders piled up in the depot, and people shifted to using kerosene camp stoves to supplement 

their dung stoves. Even when the deliveries of LPG cylinders are steady, the cost and difficulty of 

transporting them are prohibitive for many families in the most remote parts of Zanskar. So they do 

almost all of their cooking and heating with dung. 

 

A relatively new metal stove in a Ladakhi home, used for both 

cooking and heating. 

 

 

Interventions:  

Both international NGOs (e.g. GERES) and local NGOs (such as 

LEDEG, SECMOL, and LEHO) have worked for many years in 

Ladakh to promote interventions for reducing fuel demand 

via passive solar space heating, building insulation retrofits, 

and adoption of both simple and vacuum tube solar water 

heaters.  

There have been relatively few organized efforts to design 

and disseminate cleaner-burning stoves tailored to Ladakhis’ 

needs and cultural practices. (One of the few available resources on this subject is the report “Stove 

Improvement in Ladakh, J&K, India”, May 2011, by the NGOs GERES and PALAAM.) 

Instead, there has been some incremental progress made by metalsmiths fabricating cheap, popular 

stoves in Kargil, Leh and Manali. Over the past couple decades, they have produced slightly less leaky, 

more durable metal stoves that are an improvement over their mud predecessors, but don’t seem to 

lead to significant increases in combustion efficiency or reductions in emissions. 

Most households use LPG for cooking, especially cooking tasks that require fast boiling. But they still fuel 

stack, using dual-use heating stoves for simmering and cooking of certain meals. After all, the thinking 

goes, if you have to keep the stove fired all day to warm the kitchen, why not keep a pot on it and save 

scarce LPG?  

 

Recent trends and attitudes:  

As in many places, in Ladakh income level is an important constraint on the shift to cleaner fuels like LPG 

and electric space heaters (which some of the wealthiest households in the city of Leh have adopted). 

But an even more important constraint is the availability of gas and electricity.  
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LPG supply chains are tenuous, prone to disruption by road blockages and black market maneuvering, 

and access to LPG and electricity is very limited in many villages that aren’t near a road. New 

hydroelectric dams have come online in recent years, but the transmission infrastructure lags behind. 

Blackouts are common, many villages still depend on sporadically operating diesel generators, and many 

villages still lack reliable connections to any kind of electric grid.  

Widespread use of electric space heating could be a viable heating solution in Ladakh – which is one of 

the sunniest places in the world, with vast potential for photovoltaic electric generation –  but it remains 

a distant possibility, at least until further investment in grid infrastructure and/or microgrids.  

Whole-house solutions – incorporating passive solar design, insulation, solar water heating – can yield 

significant reductions in fuel demand and combustion emissions. But recent NGO programs to promote 

building retrofits in Ladakh have run into obstacles, and haven’t led to wider uptake of more energy-

efficient building practices to reduce heating demand. 

In the meantime, as the infrastructure for more reliable delivery of electricity and gas is slowly put in 

place in this remote border region, people will continue to use their dual-use stoves for cooking and 

heating throughout the long Himalayan winters. The stove will remain an important fixture in Ladakhi 

households for years to come.  

There might be some scope for a modern, well-designed dual-use stove to gain acceptance among 

Ladakhi consumers. But it will be a challenge: most of my conversations with homeowners suggest that 

people’s primary concern with their stoves is cost and durability. The perceived costs of burning lots of 

dung are pretty low – it’s such a deeply embedded cultural practice, simply a part of living in the high 

mountains that one must accept.  

On the other hand, people keep fewer animals these days, as more children are in school and there’s 

less labor to tend livestock – leading to less available dung. (Many people told me that one silver lining 

of a recent landslide-induced flood on the Zanskar River was that it brought piles of driftwood that 

people could stockpile for fuel.)  

Based on many conversations I’ve had across the region, my sense is that by and large people would be 

willing to shift to LPG and space heaters or electric heat. Indeed some in the largest city and towns near 

the major roads already have. (As in much of the world, the desire to be seen as moving up in the world 

and ‘modern’ – by one’s neighbors, especially – can be a powerful motivator.) The young generation in 

particular would be happy to give up these traditions, and use gas or electric heating in more tightly 

constructed homes. 

There is widespread openness to adopting new technologies in Ladakh. In a short period of time, 

building styles have shifted to concrete block and cement plaster, away from traditional mud brick 

construction. In the last few years, many households have acquired durable goods like electric butter 

churns, washing machines and, with subsidies from the central government defraying the purchase 

price, solar water heaters and solar lanterns, as well. New dams have come online, and in some villages 

electric meters have been installed to track usage and compel payment for power.  
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An LPG cooker rests atop a traditional metal cooking/heating 

stove in a Ladakhi kitchen. 

 

The question in Ladakh, as in most places, is who will pay for 

new infrastructure? It is a sensitive border region, and 

everything – gas, building supplies, kerosene, glass, concrete for 

dams and bricks – must be trucked for days over Himalayan 

passes, multiplying the costs of everything. Supply chains are 

long and tenuous. Landslides or heavy snows blocking roads are 

frequent. Electricity is still unreliable. The challenges to 

improving infrastructure in these mountain valleys are 

significant enough to merit the parallel pursuit and investigation 

of cleaner-burning biomass heating/cooking stoves. 

And an important economic and cultural activity in almost every 

household remains the gathering and stockpiling of dung for fuel – from the wealthiest homes in Leh to 

the most lonely house in the remotest part of Zanskar, piles of dung and brush line every parapet as a 

hedge against the coming winter.  
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Women meet on appointed days in this village 

in Zanskar to comb hillsides for dung. Roughly 

one basket load of dung is used each winter day 

for cooking and heating. 

 

 

 

 

 

 

 

 

 

 

 

Appendix D: Case Study: Chile 

By Macarena Larrain Mac-Lean, Rodrigo Dittborn Cabello, and Andres Pica Tellez 

 

Combined cooking and heating stoves are used commonly in Chile and are most prevalent among rural 

and low-income households. Household air pollution contributes to ambient air pollution in both rural 

areas and urban areas. Both daily and annual limits for PM2.5 are significantly exceeded in southern 

cities. Analysis of measures to reduce household wood-burning point to substantial air quality and public 

health improvements. 

Nearly two million (1,873,804) households across Chile use firewood appliances. Of these, 

approximately 17% use combined cooking and heating stoves. Combined cooking and heating is more 

prevalent in rural households (25% of households) compared with urban areas (12%). The vast majority 

of combined cooking and heating stoves (90%) are used by the three poorest social classifications in 

Chile (out of 5). Households using combined cooking and heating stoves often use additional wood-

burning appliances and/or gas cooking stoves, making it difficult to evaluate the amount of fuel used by 

the combined cooking and heating device specifically.  

Wood burning for residential heating and cooking is considered to be the main cause of air pollution in 

the south of Chile and an important source in the Metropolitan Region of Santiago. Both annual and 
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daily quality standards for PM2.5
2 are significantly exceeded in most southern cities. The regulatory 

instrument to reduce its concentration levels are the Decontamination or Prevention Plans. 

These decontamination plans mainly include measures to reduce firewood burning emissions by 

increasing the efficiency of heat stoves and cook stoves, improving thermal insulation of households, 

decreasing the use of wet firewood, and other restrictions on biomass use. Other sectors are regulated 

as well. Standards for industrial boilers and other processes are included, as well as transportation 

measures, among others.  

According to ex-ante evaluations, seven decontamination plans published between 2015 and 2016 are 

expected to reduce more than 25,000 tons per year of PM2.5 by 2025, when all measures to reduce 

emissions are fully implemented. In the entire period considered, almost 200,000 tons of PM2.5 would be 

avoided, which implies a total reduction of 20,000 tons of black carbon reduced between 2015 and 2025. 

These emission reductions lead to lower concentrations of PM2.5 in the air. Air concentration reductions 

range from 4 to 34 µg/m3 in 2025. 

 

 

Figure 6. Avoided cases of premature mortality considered are due to long term exposure (respiratory 

disease and cardiovascular disease). Unitary risk coefficient of 0.8618%, confidence interval of 90% 

[0.45% -1.28%]3 (Burnett et al. 2002) 

The benefits considered in the technical analysis for each decontamination plan are avoided premature 

mortality, together with other health benefits and savings on firewood consumption (Figure 6). They 

account for more than 4,000 million dollars in present value, 60%-90% of which is from avoided health 

impacts. Total abatement costs are $739 million, considering the replacement of the most inefficient 

stoves, dry firewood use, and improvements of houses’ insulation.  

Figure 7 compares estimated benefits and costs, showing that the regulation is profitable in a social 

point of view, reaching a benefit-cost ratio of 5. 

                                                           
2 Annual MP2.5 quality standard is 20 µg/m3, and daily standard is 50 µg/m3. 
3 Pope, C. A., 3rd, R. T. Burnett, et al. (2002). "Lung cancer, cardiopulmonary mortality, and long-term exposure to fine 

particulate air pollution." Jama 287(9): 1132-1141. 
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Figure 7. Present value of benefits and costs, million dollars. Source: MMA (2013) 4 

 

 

  

                                                           
4 MMA (2013). Guía metodológica para la elaboración de un análisis general de impacto económico y social (AGIES) para 
instrumentos de gestión de calidad del aire. Departamento de Economía Ambiental. Chile, Ministerio del Medio Ambiente. 
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Appendix E: Case Study: Peru 

By Angel Verastegui Gubler 

 

The rural population of Peru in the areas of the high Andes, the Amazon and the coast, represents the 

most vulnerable sector of the country. Every year, during the season of freezing temperatures (-22°C) and 

cold snaps (11-22°C), known locally as friaje, the population of the different departments of the high 

Andes and the jungle suffer the negative effects of these temperatures on their lives, health, education, 

agriculture, breeding and infrastructure, especially those populations living in highly vulnerable situations, 

due to their social status, age and mainly because of its location, which hinder the presence of the State.  

In addition to this problem, in Peru, as in many other Latin American countries, especially in rural areas, 

households use firewood as primary source of energy for cooking, heating water (domestic use) and 

heating. The device used for cooking is the traditional cookstove, which generates a series of 

disadvantages as: excessive use of firewood, indoor air pollution, environmental contamination, health 

problems and global consequences.  

This device is still used in families owing an improved cookstove or gas cookstove because it offers the 

following advantages: i) no cost; ii) easy to build and use; iii) easy to rearrange and adapt to the container; 

iv) use different types of fuels; and v) provide light and heat. However, these devices consume a great 

amount of firewood and, above all, produce indoor (people exposed to pollution while cooking) and 

outdoor (atmosphere) air pollution.  

According to the National Institute of Statistics and Informatics, in rural areas where temperatures drop 

drastically, 46% of households only use firewood as main fuel for cooking and heating. To burn wood, 

households have inefficient devices such as open fire or traditional cookstoves; however, these devices 

present some convenient usage characteristics such as heating, where families place around the stove 

sitting or kneeling to get warm despite the fact that the stove is emitting high levels of smoke 

concentration. This practice is very common because the concentration of high levels of indoor air 

pollution is about one meter above floor level, thus the smoke emitted below this limit is tolerable.  
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Why firewood?  
Basically because it is cheap, it is 
always available and it is easy to 
obtain. Some subjective criteria can be 
added to these factors such as the 
impression that firewood provides 
more heat or the feeling that firewood 
makes food more delicious. 
 

 
Source: Households National Survey  – ENAHO / INEI 20155 

As well, there is also a high percentage 
of households, mainly located below 
3,800 meters above sea level (MASL), 
which use a combination of fuels and 
cooking devices that meet the 
household energy needs, traditionally 
supplied by the open fire (heating, water 
heating and cooking). In most 
households the rule is combining more 
than switching. 
 
However, apart from firewood, 
households use other type of fuels, 
especially in the high Andes. The table 
shows the scenario of fuel availability 
and shortage in different altitudinal 
floors of the country. 

 

Geography 
Biomass Fuel 

Used 
Shortage 

The coast  
0- 500  masl 

Firewood Yes 

Charcoal Yes 

Agricultural 
waste 

Seasonal 

The jungle  
80 – 1000 masl 

Firewood No 

The highlands up 
to 3 800 masl 

Firewood  In some places 

Agricultural 
waste  

Seasonal 

Cattle dung 
(dung) 

In some places 

The highlands 
above 3 800 masl 

Cattle dung 
(dung) 

In some places 

Camelid dung In some places 

Icchu Inadequate fuel 

Yareta Yes 

Woody shrubs Yes 

Tola Yes 

A remarkable and not widespread case is that in the highlands, above 3,800 MASL, families use mostly the 

traditional cookstove with cattle, camelid dung or yareta, especially in winter (May – September), where 

outdoor temperatures drop to -22°C.  Therefore, households use these types of fuels in open fire for 

cooking, as well as for heating the household members, even if they are highly polluting. 

On the other hand, in addition to using the open fire, households use traditional cookstoves, which are 

devices that have an improvement over the open fire, but still have some deficiencies especially linked to 

the exposure to pollutants, called cconchas in the southern highlands, tullpas in the central highlands and 

bicharras in the jungle, which constitute a socially and historically built heritage, hindering the total 

elimination of this device.  

                                                           
5 Consider 1.8 million households as the total for the rural area in Peru.  

Only gas 
5.1%

Gas and other 
fuel

26.0%

Use firewood 
45.6%

Coal
0.2%

Kerosene
0.0%

More than one 
type of fuel 

21.4%

Do not cook
1.8%

Use of fuel in households of the rural area
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In this context, the impacts associated to the quality of the air, health and environment are summarized 

in the following table. 

Health Quality of the air Environment 

The exposure to high levels of concentration reaching 
to 310 ppm of carbon monoxide and 13.045 ug/m3 of 
particulate material emitted by traditional cookstoves 
may harm the health of women and children: tiredness, 
sore eyes, headaches, pain in the spine and other ARIs 
(considering determining factors that affect the 
vulnerability of a person). 
 
In poorly ventilated households (especially in areas 
above 3,800 MASL), the greatest amount of 
contaminants is concentrated inside the households 
and their effects on health depend on factors such as 
the type of fuel used (being the most polluting the 
livestock dung, charcoal and oily trees), the design of 
the cookstove and the frequency of use. 
 
One of the main limitations of health studies is the lack 
of systematic and detailed information on indoor air 
pollution and personal exposure. 

The combustion of biomass in 
traditional cookstoves occurs in 
an incomplete and uncontrolled 
way and, therefore, generates a 
large amount of contaminating 
particles and gases not only in the 
environment but also in the 
atmosphere. 
 
Concentrations of pollutants such 
as CO and PM2.5 far exceed 
concentrations considered 
permissible in accordance with 
the established by international 
standards (WHO) for indoor and 
outdoor air quality. 
 

Regarding the soil, the 
extraction of wood for 
firewood diminishes 
vegetable coverage, leading 
to poor quality soils, 
originating erosion problems. 
 
The predation of forests 
without management plans 
has led to the progressive 
degradation of native forests. 
 
By reducing the existence of 
trees, the CO2 caused by the 
use of traditional stoves is no 
longer mitigated. 
 
Deforestation causes the 
displacement of wild species 
from their habitat. 

 
At present, in Peru, the replacement of traditional cookstoves has being taking place (politically since 

2009) with large-scale programmes of certified improved cookstoves and petroleum liquefied gas (LPG) 

cookstoves, promoted by different ministries, cooperation agencies and private companies. Cookstoves 

that are promoted provide some complementary uses as heating environments, baking and satisfying 

local culinary practices, in such way that users get rid of the rudimentary device.  

At national level, there are several and various institutions, which from their origin and objectives, in some 

way, are interested in solving the problem and consequences caused by frosts. Hence, the main existing 

experiences in Peru carried out by the academia and research institutions, NGOs, Development, 

International Technical Cooperation and Government Organizations, which develop technical proposals 

to design and implement thermal comfort to counter attack the effects of frosts in rural areas, are herein 

described:  

• Since 2008, the National Directorate of Building has developed the Project “Promotion of the 

construction of bioclimatic and energy-efficient buildings”. 

• 2008, SENCICO implemented 17,000 Trombe walls. 

• 2010, CARE together with the Ccasamanta Qarkanakusum Project implemented thermal comfort 

households pilot projects. 

• Since 2012 the Presidency of the Council of Ministers, as governing body of the National System 

of Risk Management of Disasters, pursuant Law N°29664, creates the National System of Risk 

Management of Disasters to make viable the execution of intervention before beginning with the 

frosts and friaje.  



28 
 

• In 2012 through Supreme Decree 001-2012-Vivienda, the Programme to Support Rural Habitat 

was created. In 2012, the Ministry of Housing, Construction and Sanitation modifies the 

aforementioned programme and created the National Programme of Rural Housing (PNVR). This 

programme develops building, reconstruction, reinforcement, thermal comfort and improvement 

actions for rural households of dispersed settlement, located at 3,000 MASL or above.  

• In 2012, the Ministry of Housing carried out the pilot of thermal refurbishment for high Andean 

rural buildings.  

• In 2013, the United Nations Development Programme (UNDP) and the Regional Government of 

Puno developed a pilot Project for households guaranteeing thermal comfort.  

• In 2014, the Regulation EM.110 Thermal and Light Comfort with Energy Efficiency (law of urban 

renewal and buildings).  This regulation tries to improve from the architectonic design to thermal 

and light conditions with buildings energy efficiency.  

• In 2015, Law Nº 27829 Family Housing Bonus was enacted for vulnerable populations to obtain a 

house, which consists in a subsidy for the acquisition, construction or improvement of a 

household of social interests within the framework of the Techo Propio Programme.  

•  The Rural Sector Support Group of the Catholic University of Peru implemented in the rural areas 

of Puno the technological package Casa Caliente.  

• The Centre of Renewable Energies of the National University of Engineering worked in the 

implementation of bioclimatic households. 

 


