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The objective of this study is to present the results 
of a model developed by Microsol with regards to 
cooking in rural households between 2018 and 2030, 
with information from three countries: Colombia, 
Mexico and Peru. We seek to present a tool that can 
be used for decision-making in those countries that 
are working or are starting to work on the reduction of 
emissions of Short-Lived Climate Pollutants (SLCP) 
in order to maintain global temperatures stable in the 
short-term.

In view of the regional scope of this study, a number 
of assumptions were made in order to narrow the 
analysis and hence achieve the above-mentioned 
objective. In assessing the relation between SLCP 
emissions and cooking, it was decided to only 
consider poor households in rural areas where the 
main source of combustion to cook food is firewood, 
whose incomplete combustion is a significant 
source of black carbon, amongst other pollutants 
(Bond et al., 2013). In this context and based on 
the understanding that families mainly cook with 

open fires in rural areas, it was decided to evaluate 
the installation of two technologies: Improved 
Cookstoves (ICS) and LPG cookstoves. We assumed 
the population under study here has no access to 
electricity nor natural gas. With regards to the 
SLCPs, it was decided under the model proposed by 
Microsol to calculate the emissions of Black Carbon 
(BC) as well as other pollutants that act as precursors 
of tropospheric ozone (O3): Carbon Monoxide (CO) 
and Non-Methane Volatile Organic Compounds 
(NMVOCs), all of which are being produced during 
the combustion of biomass.

In order to perform a regional analysis, the three 
aforementioned countries were included in the study: 
Colombia, Mexico and Peru. Information was gathered 
from each of those countries regarding energy 
consumption by households, SLCP emission factors, 
costs of technologies and fuels, among others. Three 
mitigation scenarios were then developed where 
we considered the installation of technologies with 
different adoption and utilisation rates: i) a scenario 

Executive
 Summary
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where support is given to LPG cookstoves; ii) a 
scenario where support is given to ICS; and iii) a 
scenario with a mixed strategy, combining support 
for both ICS and LPG cookstoves. In order to make 
the calculations, a sample population of 100,000 
families was proposed in each of the three countries, 
and both costs and SLCP emissions were measured 
and analysed over a period of 13 years (2018-2030).

The presentation of the results was split into three 
sections, which answer questions about: i) SLCP 
emissions, ii) total costs of each scenario, and iii) 
the relation between the total cost and the SLCP 
emissions reduction. As such, the answers to these 
questions are described below:

a) Emissions: How does the use of various  
cooking technologies affect the emission 
of SLCPs? Does the relation between SLCP 
emissions and technologies   differ   from   one   
country   to   another   within   the   region?

 The lowest emissions were achieved in a 
scenario of a mixed strategy because both 
technologies are being adopted resulting in a 
higher replacement of open fire for cooking. 
On the other hand, the scenario of LPG 
support generates the highest emissions due 
to the low utilisation rate of LPG cookstoves 
in the proposed model. Finally, in the scenario 
of ICS support an intermediate but significant 
reduction is achieved.

 This trend and the relation between scenarios 
are similar in the three countries under study, 
although the absolute values of emissions do 
vary due to the different amount of energy 
consumed and emission factors assumed.

b) Total costs: How does the adoption cost 
vary in each proposed scenario? How do 
these costs differ in each country?

 Total costs include the implementation of the 
cookstoves and the operating cost, which 
includes the cost of the fuel consumed and 
maintenance costs. In this report, each type of 
cost as well as the total cost were analysed.

 When analysing the results, we observe that 
the scenario implying the highest investment 
is the mixed strategy in two of the three 
countries, since it involves the installation of 

two technologies simultaneously. As for the 
costs in the other two scenarios, the results 
obtained differ by country. In Peru and Mexico, 
the best option in terms of absolute total costs 
is to implement the scenario of a massive 
installation of ICS. In Colombia though, the 
best option is the scenario of LPG support as 
the high costs of the ICS have a significant 
impact on the results.

 In addition, when a detailed analysis was 
performed by type of cost, it came out that 
the scenario of ICS support has the lowest 
operating costs in all three countries. This is 
due to the fact that the purchase of LPG is a 
continuous expense in the household basket 
of rural homes, making the support scenario 
for LPG a more expensive option whereas the 
installation of ICS reduces the cost of fuel for 
households that would only buy firewood.

c) Which scenario allows a greater emission 
reduction at the lowest cost?

 In terms of pollutant reduction assessed in the 
three countries, the optimal option given the 
proposed assumptions is to adopt a policy 
of support for the massive installation of ICS 
(scenario 2). This is due to the high potential for 
emission reduction in this scenario together with 
the significantly lower operating costs when 
compared to the adoption of LPG cookstoves.

As a general conclusion, this study (despite some 
limitations) allows the comparison of three mitigation 
scenarios, the characteristics of which are likely to 
remain in the future. Those differences might even 
increase, as the LPG price is likely to increase and/or 
the implementation costs of ICS are likely to reduce 
driven by a greater technological development in 
some countries.

The eradication of open fire cooking in rural areas 
is clearly the way to achieve the best results in 
terms of reduction of SLCP emissions. However, 
achieving this objective requires to consider a range 
of technological alternatives and fuels, including the 
use of solid fuels such as firewood. According to this 
study the combined strategy scenario of ICS and LPG 
cookstoves shows the greatest reduction in SLCP 
emissions, since it allows a greater elimination of 
the use of open fire. Nonetheless, LPG being a fossil 
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fuel derivative, it cannot be considered a sustainable 
solution. In addition, the transition towards the use of 
ICS and LPG cookstoves in all households that still use 
open fire stoves will not necessarily occur in the short 
term. As a result, it would be ideal to assess the target 
population and apply the most appropriate strategy 
according to their respective payment capacity and 
access to the supply of other energy sources.

Equally it should be understood that this study cannot 
be applied to the whole of Latin America nor to a 
whole country: each of them has its own specificities, 
which must be taken into account when considering 
the optimal models for the greatest reduction of SLCP 
emissions and hereby protect both the environment 
and the health of families.
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In the twenty-first Conference of the Parties 
(COP21) in 2015, all members states of the United 
Nations Framework Convention on Climate Change 
(UNFCCC) committed to maintain the average rise 
in global temperature under 2°C compared to pre-
industrial levels. The importance of reducing SLCP 
emissions was then highlighted and a commitment 
was signed where 50 countries as well as the directors 
of 60 member organisations of the Climate and Clean 
Air Coalition (CCAC) agreed to work together towards 
these pollutants’ emissions reduction (CCAC, 2015).

The main SLCPs are black carbon (BC), methane (CH4), 
tropospheric ozone (O3) and hydrofluorocarbons 
(HFC). These agents are considered climate change 
forcers that impact air quality, people’s health and 
modify ecosystems. However they remain in the 
atmosphere for a short period of time (approximately 
fifteen years (CCAC, 2014)); therefore, the successful 
control and reduction of their emissions would 
generate benefits in the short term. As a result, 

member countries saw an opportunity in working on 
reducing SLCP emissions. However, it is important 
to highlight that this work is complementary to the 
efforts made to reduce the emissions of carbon 
dioxide (CO2) since maintaining global climate also 
requires the mitigation of long-lived greenhouse gas 
emissions.

SLCPs come from various sources among which 
the combustion of solid fuels. In 2016, the United 
Nations Environment Programme (UNEP) and the 
CCAC identified SLCP mitigation opportunities on a 
key sector basis in Latin America and the Caribbean. 
This study identified that within the residential sector, 
food cooking is an important source of emissions of 
BC and carbon monoxide (CO), the latter being the 
precursor of O3. The main concern in food preparation 
is the inefficient use of firewood in open fires, where 
the emissions of BC, CO and Non-Methane Volatile 
Organic Compounds1 (NMVOC) are substantial. This 
impacts both the environment and the users’ health. 

1 NMVOC are also precursor gases of tropospheric ozone.

1. Introduction
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The combustion of solid fuels for cooking and heating 
actually produces approximately 25% of the total 
anthropogenic emissions of black carbon (Bond et 
al., 2013).

Although Latin America and the Caribbean are 
largely urban, a large part of the population still 
lives in the countryside where poverty remains and 
distances to the consumption centres are great. This 
means there is no territorial integration (ILO, 2012). 
As such, 90 million people in this region (15% of the 
total population) still depend on solid fuels (mainly 
firewood) being used for cooking and heating 
(PAHO, 2015). In addition, the WHO estimates that 
these two daily activities result in the annual death of 
82,000 people in Latin America and the Caribbean 
(WHO, 2014). It is therefore essential to assess the 
possible alternatives to the use of open fire and take 
the necessary steps in each country to achieve clean 
cooking for the entire population, and hereby reduce 
SLCP emissions and improve the health of the most 
vulnerable part of the population.

Efforts are currently being made in the region to 
understand the main sources of SLCP at national 
level and design appropriate action plans. For 
example, Mexico is working on updating the “Final 
Report on Support for the National Planning Initiative 
on Short-Lived Climate Pollutants in Mexico” that 
was presented in 2013 and was developed with the 
help of LEAP2 software, using national consumption 
data from the National Energy Balance, considering 
one technology (improved stoves) and defining two 
mitigation scenarios for cooking in the residential 
sector. On the other hand, Peru is in the phase of 
reviewing the first inventory of SLCP emissions as well 
as pollutants criteria, for which the final document is 
expected to be published in 2018.

This study presents a specific analysis for rural 
cooking in poor populations using household 
consumption data from a sample population of 
three Latin American countries: Peru, Colombia 
and Mexico. It leads to conclusions based on 
three mitigation scenarios proposed by Microsol. 
Those scenarios assume the installation in 
different proportions of two technologies: improved 
cookstoves and LPG cookstoves. These are the two 

most used technologies in rural areas in the region 
to replace open fire and that could be installed with 
the least difficulty, both rapidly and on a large scale3. 
It is important to mention that the scenarios were 
designed using a specific utilisation rate for each 
technology. The objective was that the proposed 
scenarios reflect three different policies and as such 
allow the results obtained to be analysed from three 
points of view: i) from an environmental point of 
view, estimating the reductions in SLCP achieved; ii) 
from an economic perspective, evaluating the total 
costs needed to implement and operate these new 
technologies; and iii) assess the relation between 
cost and emissions reduction in order to identify the 
best option.

In a nutshell, this study aims to generate quantitative 
information that can be used for decision making in 
relation to clean cooking in rural areas, and as a result 
help the region moving forward in reducing SLCP 
emissions to meet its environmental commitments 
by 2030.

2 The “Long-range Energy Alternatives Planning” (LEAP) is an energy planning system developed by the Stockholm 
Environment Institute.
3 In comparison to other alternatives such as biogas, solar cookstoves, induction cookstoves, etc.
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4 According to INEI (2016), 41.4% of the population uses firewood and 41.4% uses gas and other fuels.

2.1 Peru

In Peru, one of the most used fuels in food cooking 
in poor rural areas is firewood4. However, the way 
firewood is traditionally used is mostly inefficient. In 
2009, a total of 2.7 million families were cooking on 
open fires inside their home (Moreno, 2018).

Nonetheless, due to the health and environmental 
problems triggered by this unsustainable use, 
improved stoves started to be promoted by civil 
society in the 1980s (GACC, 2012a). Then in the mid-
2000s, the Institute for Work and Family included the 
massive installation of improved stoves within the 
scope of the “Sembrando” programme in order to 
fight chronic child malnutrition, and reached up to 
30,000 beneficiaries per year.

From 2008, this work was articulated with the 
carbon credit markets through the Qori Q’oncha 
programme for the certification of improved 

cookstoves projects in Peru (Laurent, 2014). 
The following year, the Peruvian government 
proved its commitment by launching the national 
campaign “Half a million improved cookstoves for 
a smoke-free Peru”, backed by the Pan American 
Health Organisation (PAHO) and the German 
Development Cooperation (GIZ by its German 
acronym). Through this campaign, regional and 
local governments were authorised to use 5% 
of the fees, commissions and royalties from the 
mining industry to implement certified improved 
cookstoves, safe water and handling of excreta 
projects (Emergency Decree No. 069-2009). 
This resulted in the large-scale spread of fixed 
improved cookstoves in several regions of Peru, 
to a large extent the Inkawasi model (Collective of 
Basic Access of Energy, 2017).

2. Descriptive analysis 
  of rural cooking
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In 2009, the Ministry of Energy and Mines (MINEM) 
promoted through the NINA programme (later 
“Cocina Peru”) the installation of both LPG and 
improved cookstoves5 in the valley areas of three 
rivers Apurímac, Ene and Mantaro (VRAEM). The 
objective then was to substitute the use of kerosene. 
From this year on, the programme range was 
extended to other areas of the country.

Institutions then believed that the improved 
cookstoves installed had to meet a number of 
requirements to ensure minimum conditions were met 
when in use. Hence the National Training Service for 
the Construction Industry (SENCICO by its acronym 
in Spanish) was elected as the certifying body 
in Peru through Supreme Decree No. 015-2009- 
VIVIENDA (Housing). SENCICO assesses cookstoves 
according to a laboratory evaluation regulation, which 
includes aspects of pollution, safety as well as energy 
efficiency.

On the other hand, the Energy Social Inclusion Fund 
(FISE by its acronym in Spanish)6 is dedicated to the 
promotion of LPG use in both urban and rural areas in 
Peru. This includes a subsidy for the purchase of gas 

cylinders in addition to a government donation of gas 
cookstoves for those families that do not own one. 
As a result LPG use was spread, albeit difficulties 
arose in maintaining this subsidy as the cost of this 
fuel depends on international market and import 
supply (Collective of Basic Access of Energy, 2017). 
In addition, firewood users in rural areas of Peru 
generally collect wood at no direct cost therefore 
tend to favor firewood over LPG (GACC, 2012a).

With regards to cooking habits in rural areas where 
firewood is used for cooking, there are differences in 
both food preparation and cooking habits according 
to both the region and income level; however, there 
are similarities within each country. The main food 
preparations are rice, corn, potatoes, wheat and 
soups. In addition, families with sufficient income eat 
meat once a week (chicken, fish, guinea pig and pig). 
Cooking lunch takes approximately between half 
an hour and two hours. Cooking is mainly made by 
women and at home. Finally, in terms of the features 
of the cookstove, at least 2 burners are necessary 
allowing the use of different pot sizes (GACC, 2012a).

5 In Supreme Decree No. 045-2009-EM: Substitution of the kerosene used as fuel with liquefied petroleum gas.
6 FISE was established by Law 28853, which creates the Hydrocarbon Energy Security System, and the Energy Social Inclusion 
Fund.

2.2 Colombia

Firewood consumption in Colombia is high, especially 
within families from the rural areas where the use of 
firewood is concentrated. According to figures from 
the 2013 Quality of Life Survey (ECV by its acronym 
in Spanish) gathered by the National Administrative 
Department of Statistics (DANE by its acronym in 
Spanish), 1.6 million families use firewood on a 
daily basis for cooking, of which 88% are located 
in the rural areas of Colombia. However, firewood 
is generally used in an inefficient way on open fires, 
causing health problems and pollution.

To overcome this problem, improved stoves have 
been installed in Colombia since the 1980s, although 
detailed information is only available from 2009 
onwards. Up to 2014, around 30,000 stoves had 
been installed (MADS, 2015), from 14 prototypes that 
were promoted by environmental authorities, various 
NGOs and the private sector (MinMinas, 2016).

In 2015, the Ministry of Environment and 
Development (MADS by its acronym in Spanish) 
took as reference the following three documents: the 
“National Development Plan” (NDP), the “Colombian 
Strategy for Low Carbon Development” (ECDBC by 
its acronym in Spanish) and the “Programme for the 
Rational and Efficient Use of Energy in Colombia”. 
It worked on and developed what is now the 
reference plan for the implementation of improved 
stoves in Colombia, called “Guidelines for a national 
programme of efficient firewood cookstoves”.

According to the guidelines established in the 
aforementioned document, approximately one million 
households are expected to be reached by the year 
2030 in the rural and peri-urban areas of Colombia. In 
addition, one of the notable results of these guidelines 
is the development of a standard that will regulate 
the performance of the stoves in terms of efficiency, 
emissions and safety. This standard has just passed 
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7 This norm accepts a minimum efficiency rate of 20% in laboratory tests with the hope of reducing fuel consumption by 50%.

the public consultation stage7 (MinMinas, 2016). 
To date, however, no laboratory has the technical 
capacity to enforce compliance with the standard.

In addition, the strategy of sectoral support was 
developed for cooking as part of the Indicative Action 
Plan  2017-2022 of PROURE (2016). This document 
defines strategic and sectoral actions for Colombia 
as well as energy efficiency targets to meet the 
international commitments made during COP21 in 
Paris, where the implementation of improved firewood 
stoves and the use of LPG were recommended.

With respect to financing, most programmes 
supporting the deployment of improved stoves 
in Colombia have followed a partially or totally 
subsidised model and were part of social programmes 
promoted by territorial entities at different levels. In 
addition, a study performed by the Global Alliance 
for Clean Cookstoves (2012b) concludes that there is 
no market for improved stoves as it is assumed that a 
poor household could not afford the price of a stove.

Among the institutions active in Colombia are 
Patrimonio Natural and Fundación Natura, who 
planned in 2014 the installation of 3,844 improved 
stoves for the following years that would include 
mechanism of partial financing by users (MADS, 
2014). One of the specific experiences in Colombia 
where improved stoves are distributed under a 
market approach is the microfinance institution 
Contactar in Nariño. In this instance, a financing 
mechanism named “Crédito con tu planeta” (“Credit 
with your planet” in English) is being implemented to 
small business owners and rural producers for the 
purchase or adaptation of appropriate technologies 
that can mitigate climate risks and protect crops, 
animals and health (Contactar, 2018). Through this 
loan, customers gain access to improved stoves and 
biodigesters.

It is also important to mention that there is currently 
a subsidy programme for the use of LPG in the rural 
areas. However many experts consider that the gas 
price is a limitation to this alternative, not to mention the 
problems of LPG transportation and supply to remote 
areas (UPME, 2017).

With regards to culinary habits in Colombia, a great 
variety of dishes can be prepared and consumed. 
Various methods can be used but food is always 
considered as a central piece of social interaction. 
In addition, Colombia’s ethnic diversity (83 ethnic 
groups) is reflected in the diversity of preparations 
which generally include a considerable amount of 
oil through different cooking processes. Generally 
speaking, a traditional dish in Colombia is made up of 
two servings of carbohydrates, one serving of animal 
protein (meats), one serving of cereals or legumes, 
and one serving of vegetables. It also includes a 
serving of soup and a drink, which can be coffee or 
sugarcane water. For the reasons explained above, 
cookstoves must have several burners in order 
to prepare the complex Colombian preparations 
(GACC, 2012b).

The activity of cooking is generally done by women 
and children (in 97% of cases). Moreover, the 
kitchens in rural areas have more than one function: it 
is also the place where people sleep and eat. Finally, 
an important point is that the use of firewood and 
charcoal has an impact on the flavour of the food. 
Therefore, people can be demanding with regard to 
the type of wood to be used as firewood (idem).
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2.3 Mexico

Between 22 and 25 million people are estimated 
to use firewood in Mexico (Masera et al., 2005). In 
addition, firewood consumption is higher in the rural 
area where 89% of the population use it as the main 
source when cooking food (Díaz-Jiménez, 2000).

In Mexico, the public sector is the key player in a 
massive distribution strategy of improved stoves. 
Throughout Mexico, an estimate of 900,000 improved 
stoves have been installed over the last 10 years, 
most of them through public tenders. However, the 
exact number is unknown and there is no database 
covering the number of installed technologies 
nor the model and states where they are installed 
(Berrueta, 2017). In addition, there is no strategy 
of sectorial support, but rather a variety of different 
types of programmes that include improved stoves 
- programmes executed by SEDATU (the Secretariat 
of Agrarian, Territorial and Urban Development 
in English) and SEDESOL (the Ministry of Social 
Development in English). Moreover, the installation 
of improved stoves to date has not been included 
in the Nationally Determined Contributions, which is 
a synthesis of all strategies of emissions reduction 
within the framework of the Paris Agreement. From the 
private sector, the Red Patsari initiative is noteworthy. 
It seeks to implement Patsari cookstoves nationwide 
by training local operators. With regards to financing, 
the vast majority of projects in Mexico have been 
operated under a totally or partially subsidised 
scheme from the private sector, civil society and the 
State.

In summary, efforts were made on a national scale 
but there is no national strategy being coordinated 
between the stakeholders of the public and private 
sector. Likewise, sustainability is a challenge for 
programmes being implemented since most of them 
do not include monitoring8.

With regards to standards for cookstoves, there 
is no official certification, no official body to certify 
improved stoves in Mexico, nor national standards 

to perform a certification. Nonetheless, the National 
Standardisation Committee for Wood Stoves was 
formalised in November 2015 and is composed 
of different stakeholders from civil society and the 
public sector. A preliminary draft of the Mexican 
Standard already exists and is currently 85% 
advanced. It includes: efficiency assessment (WBT), 
intra-household emissions (including BC), safety, 
durability, functionality and adaptability to cooking 
practices. Beyond the validation of the standard, 
remains to be defined the certifying authority that 
will ensure an appropriate implementation. To date, 
Mexico has few laboratories that comply with the 
international guidelines and protocols. The laboratory 
from the National Autonomous University (UNAM by 
its acronym in Spanish), Morelia campus, is the most 
advanced.

On the other hand, the Ministry of Social Development 
(SEDESOL by its acronym in Spanish) stopped 
working on distribution programmes of improved 
stoves since the creation of the Secretariat of Agrarian, 
Territorial and Urban Development (SEDATU by its 
acronym in Spanish). It is currently implementing a 
strategy that targets families lacking fuel through a 
public-private proposal that aims to expand access 
to LPG. 13,400 households are expected to benefit 
from this programme, which is currently in the pilot 
project stage. In order to execute this strategy, 
SEDESOL has been in contact with companies in the 
gas industry and with Distribuidora y Impulsadora 
Comercial Conasupo (DICONSA), which operates 
the Rural Supply Programme through affiliated stores. 
DICONSA distributes LPG in cylinders of 10kg to 
those families benefitting from the PROSPERA9 
programme that still cook with firewood or charcoal. 
Beneficiaries must live at no more than 2.5km from 
a DICONSA store and must receive monetary 
transfers of MXN 1,000 to MXN 3,000 to guarantee 
the purchase of the cylinder. In addition, under this 
programme, each family receives a subsidised LPG 
cookstove. The model described opens a new market 

8 With the exception of the Utsil Naj programme (implemented by Microsol), which oversees certification for carbon credits.
9 The PROSPERA programme strives to strengthen the capabilities of people living in poverty through actions that enhance their 
capabilities in food, health and education, and improve their access to other areas of well-being. In this context, beneficiaries of this 
programme received gas stoves through SENER and SEDESOL with a view to fight for the substitution of firewood and charcoal within 
vulnerable communities (SEDESOL, 2018).
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for suppliers, based on the commission charged by 
each DICONSA store within the programme.

As for cooking habits, Mexican food varies by region 
and is influenced by local climate, geography and 
ethnic differences. The basic food is the tortilla, which 
varies in size, ingredients and cooking method. The 
tortilla goes with tamales, beans and slowly cooked 
stews. “Comales” are needed to cook the tortilla 
whilst a large pot is required for the beans; both are 
cooked at the same time and need a large amount of 
firewood. Tortillas are often cooked and then heated 
up for the meal (GACC, 2012c).
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3.1 Study development

This study aims to answer a number of questions about 
SLCP emissions and the costs associated with the 
adoption of various cooking technologies in rural areas in 
three mitigation scenarios. To that end, calculations were 
made with data from samples of three Latin American 
countries (Peru, Colombia and Mexico) in order to 
understand the relation between SLCP emissions and 
rural cooking in the region. The questions are the following:

 Emissions: How does the use of various 
cooking technologies affect SLCP emissions? 
Does the  relation  between  SLCP  emissions  
and  technologies differ from one country to 
another within the region? (see section 4)

 Total costs: How does the adoption cost vary in 
each proposed scenario? How do these costs 
differ in each country? (see section 5)

 Which scenario allows a greater reduction at 
the lowest cost? (see section 6)

3.2 Scope of the study 

3.2.1 Rural cooking
This study focused on poor rural areas in the three 
countries under study. We chose this approach as rural 
cooking mostly consumes biomass and, as such, is a 
significant source of SLCP emissions, which justifies 
being prioritised in climate policies. Therefore, the 
study proposes to estimate in each country the SLCP 
emissions generated by cooking in poor rural areas, 
and to assess the impact of applying three mitigation 
scenarios over the 2018-2030 period.

3.2.2 Technologies and fuels
When selecting technologies, we assumed that the 
rural population under study does not have access to 
electricity or natural gas. As a result, the technologies 
and fuels of the model are those shown in Table 1.

3. Methodology
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Table 1. Technologies and fuels to be 
considered in the study

N° Technology Fuel

1 Open Fire Firewood

2 Improved Cookstove Firewood

3 Gas cookstove10 LPG

Source: own elaboration

In the reference scenario, we assumed families only 
cook on an open fire (three stones or “U” type). 
The three mitigation scenarios however involve the 
installation, adoption and use of improved stoves 
and/or gas stoves, albeit at different scales. It should 
be noted that the improved cookstoves considered 
in this study are models built in situ, since those 
are the models that have had the greatest diffusion 
and promotion in Peru11 and Colombia12. Although 
prefabricated cookstoves were massively deployed 
in Mexico, it was chosen to work with the models 
installed within the Utsil Naj13 programme since these 
are the only ones that have been monitored and for 
which large-scale performance data are available.

3.2.3 Short-Lived Climate Pollutants
The main SLCPs include black carbon (BC), methane 
(CH4) and tropospheric ozone (O3), and some 
hydrofluorocarbons (HFC).

BC consists of small black particles (soot) produced 
by the incomplete combustion of fossil fuels and 
biomass. This pollutant in suspension contributes 
to global warming by absorbing radiation and 
converting it into heat, hereby accelerating the 
melting of glaciers, decreasing the level of light 
that reaches the soil and plant leaves, and even 
modifying rain patterns. In addition, BC is the main 
component of particulate matter 2.5, which causes 
health problems and premature deaths worldwide 

(CCAC, 2014). Accordingly and considering that 
this study focuses on poor rural areas where one of 
the main energy sources for cooking is firewood, we 
decided to assess BC emissions.

O3 is known for being detrimental to human health 
and ecosystems by reducing the ability of plants 
to absorb carbon dioxide, damaging the features 
and structure of ecosystems, and reducing crop 
productivity (UNEP, 2016). Therefore, this pollutant is 
considered a greenhouse gas and a SLCP. However, 
tropospheric ozone appears from photochemical 
reactions in the atmosphere and as such, is a 
secondary pollutant and cannot be measured 
directly. Rather it can be assessed through its 
chemical precursors: methane (CH4), carbon 
monoxide (CO), nitrogen oxides (NOX) and Non-

10 Gas cookstove without oven.
11 In Peru, improved stoves have been installed mainly through programmes that preferred fixed stoves as shown in the summary map 
of improved stoves of the Energy Thematic Group (available on the FONCODES website). In addition, according to SENCICO’s list of 
certified cookstoves, the first models of certified portable cookstoves appeared in 2014, and it was not until the following year that the 
production of portable firewood cookstoves started under the Innovation and Development Fund for Portable Cookstoves (FIDECOP by 
its acronym in Spanish).
12 The improved cookstove model with the greatest scope of installation in Colombia is the Huellas model, which is a model built in situ. 
13 In the Utsil Naj programme, the vast majority of stoves are built in situ, with the exception of the Onil and Ecocina models which are 
prefabricated.
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Methane Volatile Organic Compounds (NMVOC) 
(Molina Center, 2013). Among these precursors, we 
identified CO and NMVOC as the most important in 
biomass combustion. Therefore, we decided to add 
them to the list of pollutants in this study.

We also decided not to assess CH4 and HFC as 
residential cooking is not a significant source of 
emissions for any of those pollutants. According 
to a study in Latin America and the Caribbean 

(UNEP, 2016), the sectors responsible for the 
highest methane emissions are agriculture, coal 
production and distribution, oil and gas, and waste 
management (the residential sector has a very 
low contribution). As for HFC, the main sources 
of emissions are mobile air conditioning and 
refrigeration in the commercial sector.

In summary, the pollutants to be assessed in this 
study are BC, CO and NMVOC.

3.3 Variables under consideration 

3.3.1 Fuel consumption
For each fuel we gathered information regarding unit 
consumption (the amount consumed per household 
during a period of time).

 Firewood

As the field tests from the “Kitchen Performance 
Tests” (KPT) were developed in a meticulous way, 
we believe they were the best tool to understand 
the impact of using improved cookstoves at home 
in terms of fuel consumption. Indeed, this test was 
carried out inside the homes and took into account 
the fuel consumption and usage habits of each family.

In the case of Peru and Mexico, we used the last 
results of the reference scenario (use of an open 
fire) and the project scenario (use of an improved 
cookstove) available within the framework of the 
Qori Q’oncha and Utsil Naj14 programmes, carbon 
certification programmes for improved firewood 
cookstoves in Peru and Mexico respectively. The 
results were calculated by means of KPT tests carried 
out on a random sample of families that still use open 
fires and others where an improved cookstove was 
installed.

With regards to firewood consumption and savings 
in Colombia, we relied on field research for two 
cookstove models:

 Huellas model: the data that was considered 
for firewood consumption (per capita) and 
savings (%) was produced by Fundación 

Natura (2015) who worked on a carbon credit 
certification process for the implementation of 
ICS projects.

 Natura Foundation15 model:  the  data  on  
firewood consumption (per capita) and 
firewood savings (%) that was used was from 
Aristizábal’s research (2014), which is part of 
the project “Mechanism for voluntary mitigation 
of carbon emissions in Colombia”, from which 
the KPT test data was extracted.

In order to turn the per capita data of both models 
into data per household, the next step needed was to 
determine the number of members of a household in 
rural Colombia (DANE, 2014). Finally, we calculated 
the weighted average of the fuel consumption and 
savings data for each model using the number of 
cookstoves installed for each type. The number 
of cookstoves by model was estimated using the 
information provided by the following studies:

 Guidelines for a National Program of Efficient 
Stoves (MADS, 2015)

 Results of the National Survey of Efficient 
Stoves (MADS, 2014)

 LPG

National consumption data was used for each of the 
three countries. In spite of the rural focus of this study, 
we decided to use national data so that consumption 
would not be underestimated. Indeed, using the 
consumption data available for the rural areas alone 

14 Carbon certification programmes developed by Microsol evaluating a variety of improved cookstoves projects implemented by local 
organisations such as NGOs, associations, companies and public institutions. Each programme has been registered by the Gold 
Standard Foundation who also certified the related results.
15 Stove model designed by Fundación Natura and based on the ICA-1791 stove.
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could include the use of a combination of several 
fuels, which would result in overestimating the value 
of LPG alone.

Below are some details on the sources of information:

 Peru: Residential Survey for the Consumption 
and Use of Energy - ERCUE 2014-2015 
(OSINERGMIN, 2015), which covers the 
consumption of 10kg cylinders.

 Colombia: brochure “The community of the 
cylinder” (MinMinas, n.d.), which covers 
monthly family consumption.

 Mexico: the consumption data per person at 
the national level from “Liquefied Petroleum 
Gas Market Prospects 2012-2026” was used 
and multiplied by the average number of 
inhabitants per household16.

3.3.2 Emission factors of SLCP
There are no official emission factors for SLCP in 
Peru or Colombia. That’s why for both countries we 
applied the database that was used for the inventory 
of Peruvian emissions17. Within the data that were 
applied, we selected the values from the GACC 
catalogue as well as other studies.

For the calculations related to biomass combustion 
in Mexico, we applied the BC emission factor used 
in the following document: “Mitigation scenarios 
of greenhouse gas, black carbon and other short-
lived climate forcers, through the use of solid 
biofuels”, prepared by the Interdisciplinary Group of 
Appropriate Rural Technology (GIRA by its acronym 
in Spanish) in 2012. It is worth mentioning that the 
data was subsequently used in the final report of the 
Supporting National Action and Planning on SCLPs in 
Mexico (SNAP) in 2013, and is being applied for the 
update of the emission inventory18 to be published 
in 2018. For CO and NMVOC the emission factors of 

the 2013 SNAP were used. In addition, it should be 
mentioned that the emission factors corresponding 
to NMVOC with traditional cookstoves and improved 
cookstoves were derived from the conversion of 
the carbon content ratio (%)19. Finally, there are no 
official emission factors available in Mexico for the 
calculations referring to LPG use, therefore the values 
in Peru and Colombia were applied to Mexico.

3.3.3 Cost of technologies20

The types of costs to be considered for the 
technologies under study are twofold: (i) total 
implementation cost, and (ii) maintenance cost. 
The first step was to define a range for each type of 
cost and each type of technology. Subsequently, we 
worked with the average value obtained within each 
range in order to perform the calculations.

Technology cost = 

total implementation cost  
+ maintenance cost

a) Implementation cost
 Improved cookstoves

In general, the implementation cost includes the 
cost of materials and the cost of installing each 
cookstove in the home (transportation, training, 
amongst others).

Implementation cost = 
material cost  

+ installation cost

For ICS, the cost of materials, transport of materials, 
labour, and awareness and training activities were 
included. In Peru and Mexico, we worked with the 
data collected during the Qori Q’oncha and Utsil 
Naj programmes respectively. In Colombia, we 
worked with the list of prices shown in the document 

16 Average number of inhabitants per household according to INEGI (National Institute of Statistics and Geography in English): 3.7, 
available on the webpage AVAILABLE HERE
17 The database was provided by CCAC-Peru and was used to perform the calculations from the National Inventory for the Ministry of the 
Environment, however the document is not published yet, which is why we do not mention the title.
18 Consultation of members of the National Institute of Ecology and Climate Change, who are currently reviewing and updating the 
information for SNAP calculations. 
19 The emission factors of NMVOC of traditional cookstoves and improved cookstoves in Mexico are presented in grams of C/kg of fuel. 
However in our calculations, we used the emission factors in grams of the pollutant /kg of fuel. We used the percentage of carbon within 
the pollutant as shown in the document: “Climate Change 2001: The Scientific Basis” (2001) of the IPCC.
20 In all calculations we used the annual average of the daily exchange rate, resulting to the following in the year 2017 according to the 
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“Guidelines for a national program of efficient stoves” 
(MADS, 2015), which details the models used in 
Colombia and the costs per region (National Survey 
on Improved Stoves, 2014).

 LPG cookstoves

For LPG cookstoves, the cost of production of the 
stoves, the cost of the LPG cylinder and the cost of 
promoting the technology were included.

Information was sought to obtain the acquisition 
cost of an LPG cookstove and the corresponding 
cylinder in each country. In addition, a percentage 
was applied to reflect an annual cost of promotion for 
the use of LPG cookstoves21.

It is worth mentioning that in all three countries we 
only considered models of gas cookstoves without 
an oven and with two burners, as these are the 
characteristics of the models of gas cookstoves 
being used in rural areas.

The sources used for each country were the following:

 Peru: we used as product price the one 
provided by the programme “Cocina Perú”22 
(Peru Cookstove in English).

 Colombia: we researched models from six 
brands such as Haceb, Mabe, Milatti, Swedish, 
ABBA and Sudelec23.

 Mexico: we selected the gas cookstove model 
provided by the Prospera programme and 
looked for a reference price24.

b) Maintenance cost
The maintenance cost varies between technologies 
according to the nature of the maintenance being 
performed. For the model proposed in this study, we 
used the information shown in Table 2.

21 We assumed a 6.67% of the implementation cost. This value was extracted from the cost ratio estimated in the Larsen study (2016).
22 Average price of different retail distributers available in Peru for models similar to the ANAFE cookstove distributed by FISE.
23 We used the average of the range of retail prices available on two websites: Mercado Libre (consulted on February 1st, 2018) and 
Haceb (consulted on February 1st, 2018).
24 We used the average of the range of retail prices available on the Mercado Libre website (consulted on February 2nd, 2018).
25 In Peru and Mexico, we assumed in the calculations that 50% can be applied to each activity in families that both buy and collect firewood.

Table 2. Type of maintenance by type 
of technology

Technology
Maintenance  

type

Open Fire None

ICS in situ Parts replacement

LPG cookstove Cleaning and cookstove 
replacement

Source: own elaboration

With respect to ICS, we applied the cost of replacing all 
the materials of the ICS models used in Peru and Mexico 
according to their respective lifetime. The maintenance 
cost was annualised to ensure the sustainability of the 
cookstoves over time. Due to the lack of information for 
Colombia, we used the average of maintenance costs 
as a percentage of total implementation costs of ICS in 
the other two countries.

As for LPG cookstoves, we estimated the maintenance 
cost at 10% of the cost of purchasing the cookstoves, 
as we assumed a lifetime of 10 years (Larsen, 2016). As 
a result, the replacement of gas cookstoves is included 
in the annual maintenance cost.

3.3.4 Fuel cost
 Firewood

The percentage of firewood collected and purchased 
in Peru and Mexico was determined based on the data 
from the Qori Q’oncha and Utsil Naj programmes. 
For Colombia, research was made from relevant 
literature. The key findings were the following:

 Peru25: 89.60% gather firewood and 10.40%  
purchase it (Qori Q’oncha programme).
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 Mexico: 71.39% gather firewood and 28.61% 
purchase it (Utsil Naj programme).

 Colombia: 11.8% buy firewood (Valderrama 
and Linares, 2008)26.

As can be observed, percentages of firewood being 
collected are higher in all three countries. When trying 
to quantify this, it appeared that various methods give 
a value to the time and costs savings realized  thanks 
to the lower need for gathering firewood, but no exact 
value is given to the fuel itself27; this is not what was 
being sought in this study. Therefore, we decided to 
use the percentages of firewood purchased together 
with the respective price of this fuel in each country 
to quantify the firewood purchased rather than the 
benefits that non-gathering entails.

In each country, firewood prices are referential, that is 
to say they vary significantly depending on the exact 
location. The sources of information for firewood 
prices in each country are the following:

 Peru: direct consultation with the ICS project 
developer of the Qori Q’oncha programme, in 
the Sierra region (Peruvian mountains).

 Colombia: direct consultation with the supplier 
of stoves in Neiva.

 Mexico: direct consultation with developers of 
the ICS project of the Utsil Naj programme in 
Michoacán and the State of Mexico.

 LPG

We used the highest prices  available to the customer, 
given that this study is focused on rural areas where 
transportation costs are higher. We did not assume 
any subsidy of any type when determining the price 
of LPG, as the objective of this study is to present the 
results of a simulation at real costs.

We then obtained the cost to be used for the 
calculations for each country as follows:

 Peru: average price of domestic gas cylinder 
of 10kg. Data taken from the OSINERGMIN28 
portal; and for the price of the LPG sold locally, 
we considered areas where the Qori Q’oncha 
programme is active.

 Colombia: price of cylinders of 33 pounds. Data 
taken from the price list of the company Vida 
Gas29 within the department of Antioquia30.

 Mexico: average price per kilogram. Data 
taken from the CRE31 portal for current LPG 
prices through a distribution facility in areas 
where the Utsil Naj programme is active.

26 Valderrama and Linares (2008) performed a study in rural communities in the Andes of Colombia, they did a survey of 98 households 
from Police Inspection of San José de Suaita.
27 Valderrama and Linares (2008) performed a study in rural communities in the Andes of Colombia, they did a survey of 98 households 
from Police Inspection of San José de Suaita.
28 Available on the website: AVAILABLE HERE (retrieved January 26th, 2018).
29 Available on the website (for retail price): AVAILABLE HERE (retrieved February 19th, 2018).
30 According to population estimates and projections for the years 2005-2020 (DANE, 2011), the department with the largest rural 
population as a share of the total population is Antioquia.
31 Available on the website: AVAILABLE HERE (retrieved March 20th, 2018).

3.4.1 Reference scenario
In each country we defined a sample population 
of 100,000 rural households for the reference year 
(2018). In this scenario 100% of the population is 
assumed to be using an open fire to cook their food 
over the evaluation period (2018-2030). 

3.4 Definition of the study’s scenarios

3.4.2 Mitigation scenarios
Three mitigation scenarios were defined where 
ICS and/or LPG cookstoves will be installed, each 
corresponding to one of the main policy options for 
the replacement of open fire in food cooking.
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We assumed a progressive installation of the 
technologies year after year until the entire population 
under study is equipped by 2030. In each country, 
the number of installed cookstoves was determined 
with the following formula:

Scenario 1. Support policy for LPG cookstoves

This scenario assumes the progressive installation 
of LPG cookstoves until the whole population is 
completely covered. The assumptions for scenario 1 
are shown in table 3.

Although there is very little up-to-date information 
with regards to the performance of LPG cookstove 
projects in the region, Microsol defined the adoption 
and utilisation rates of scenario 1 based on a number 
of reference documents.

For the adoption rate we relied on the data 
measured by the United Nations Office for Project 
Services (UNOPS) in its assessment of the “Cocina 
Perú” programme (UNOPS, 2014). A year after its 
installation, it was observed that 53% of the users 
use the LPG cookstove daily whilst 20% use it only 
a few days a week. As a result, we can estimate that 
73% of the families have adopted the technology 
as they are using it, albeit 92% of the families from 
the survey keep using their traditional cookstove in 
parallel. In this model an 80% adoption rate of LPG 
cookstoves is seen as achievable.

On the other hand, a specificity of LPG cookstoves 
is that it is uncommon for LPG to completely replace 
the use of firewood in poor rural areas, it usually only 
decreases it. The most frequent pattern is that families 
would use multiple fuels and types of cookstoves in 
a complementary way. LPG would usually be used 
for specific tasks, such as boiling water for coffee 

Table 3. Assumptions for scenario 1

Variable Assumption Explanation

Adoption rate 80% 80%  of  the  cookstoves  installed  are  adopted  by  the 
population.

Utilisation rate 30% In each house, a LPG cookstove only covers 30% of the 
energy needs. Open fires are still used for the remainder.

Source: own elaboration

For each scenario we used the following parameters:

 Adoption rate: proportion in which the 
technology is adopted by the family - 
this adoption implies the partial or total 
abandonment of the technology under the 
reference scenario.

 Utilisation  rate:  proportion  in  which  a  
technology  is  used  to  meet  the cooking 
needs of the household.

These two parameters are critical when realistically 
contemplating the massive implementation of new 
technologies. One needs to take into account the 
numerous barriers that can reduce the adoption of a 
new technology and the widespread use of multiple 
fuels, which influences the impact of the improved 
cookstoves already adopted.

Number of 
cookstoves 

installed 
per annum

Number of 
households in 2030

Number of years 
under study

=
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or tea, cooking a quick preparation and heating 
up prepared food (Berrueta et al., 2008). The 
same study in Mexico recorded a 24% decrease 
in the energy consumption per capita thanks to 
the installation of LPG cookstoves compared 
to the initial situation (families using traditional 
cookstoves). Within the model, we assumed an 
LPG cookstove covers up to 30% of the family 
requirements due to fuel accessibility, as well as 
economic and cultural considerations. For the 
remainder of the needs (for preparations that 
require long cooking, or when cooking large 
quantities, etc.) we assumed that users continue 
to cook with their traditional stove.

Scenario 2. Support policy for ICS

This scenario assumes the progressive installation 
of ICS until the whole population is completely 
covered. The assumptions for scenario 2 are 
shown in table 4.

In the case of ICS, we analysed the information 
gathered in Peru and Mexico in the Qori Q’oncha 
and Utsil Naj programmes, respectively. The 
results are as follows:

 In Peru: 100% of the families surveyed use 
their ICS several years after its installation 
and 94% abandoned their traditional 
fireplace.

 In Mexico: 99% of the families surveyed use 
their ICS several years after its installation 
and 69% abandoned their traditional 
fireplace.

In a conservative way we assumed for the model 
in this study that only 80% of the families adopt 

improved cookstoves. Regarding the utilisation 
rate, we assumed that the ICS can cover 80% of 
the energy needs in view of the very high level of 
families abandoning their traditional stoves.

Scenario 3. Mixed policy (support for both LPG 
and ICS)

This scenario assumes a progressive and parallel 
installation of LPG cookstoves and ICS to equip all 
families with both technologies by the year 2030.  

Table 4. Assumptions for scenario 2

Variable Assumption Explanation

Adoption rate 80% 80%  of  the  cookstoves  installed  are  adopted  by  the 
population.

Utilisation rate 80% In each house an ICS only covers 80% of the energy needs. 
Open fires are still used for the remainder.

Source: own elaboration
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The assumptions for scenario 3 are shown in Table 5.

In the mixed scenario we applied the same 
adoption rates as in scenarios 1 and 2, where the 
LPG cookstoves and the ICS are implemented 
separately. Regarding the utilisation rate, we 

assumed two cases distributed proportionally 
(50%-50%). In each case, a specific utilisation rate 
was assumed for each type of cookstove in order 
to reflect the diversity of situations where energy 
requirements vary in each household.

Table 5. Assumptions for scenario 3

Variable Assumption Explanation

Adoption rate for both 
technologies

80% 80% of total LPG cookstoves and ICS installed are being used.

Utilisation 
rate N° 1

For 50% 
of users

80% for ICS
20% for LPG

For 50% of users, the ICS covers 80% of their energy needs, the 
remaining 20% being covered by the use of LPG cookstoves

Utilisation 
rate N° 2

For 50% 
of users

50% for ICS
50% for LPG

For 50% of users, the ICS covers 50% of their energy needs, the 
remaining 50% being covered by the use of LPG cookstoves.

Source: own elaboration

3.5 Calculation formulas

The calculation formulas shown below are part of the 
model that Microsol proposed for the analysis.

3.5.1 SLCP emissions
The annual emissions of each pollutant in each 
scenario were determined with the following formula:

Ex,z,y = (Nz,y × Az,y × Uz,y × Pz,y × FEx)

                                                                          
Where: 

Ex,z,y: emissions of pollutant “X” generated by 
“Z” technology in the year “Y” 

Nz,y: number of “Z” technologies installed in 
the year “Y” 

Az,y: adoption rate of each unit of the “Z” 
technology in the year “Y” 

Uz,y: utilisation rate of each unit of the “Z” 
technology in the year “Y” 

Pz,y: energy consumption of each unit of “Z” 
technology in the year “Y” 

FEx: emission factor corresponding to the 
pollutant “X” 

Three types of costs were defined:

3.5.2 Implementation cost
It refers to the total cost of installing the technologies. 
It was determined with the following formula:

CIz,y = Nz,y × Ciz

Where:  

Clz,y: Implementation cost of “Z” technology in 
the year “Y” 

Nz,y: number of “Z” technologies installed in 
the year “Y” 

Ciz: implementation cost of each unit of the “Z” 
technology

3.5.3 Maintenance cost
It refers to the cost incurred by each end-user to 
maintain the technology they use to cook their food. 
The following formula was used for the calculation:

CMz,y = Nz,y × Az,y x Uz,y × FMz × Cmz
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Where:  

CMz,y: maintenance cost of the “Z” technology 
in the year “Y” 

Nz,y: number of “Z” technologies installed in 
the year “Y” 

Az,y: adoption rate of each unit of the “Z” 
technology in the year “Y” 

Uz,y: utilisation rate of each unit of the “Z” 
technology in the year “Y” 

FMz: number of times per year that the “Z” 
technology requires maintenance

Cmz: maintenance cost per unit of the “Z” 
technology

3.5.4 Fuel cost
This is the cost that the end-user has to pay for fuel 
consumption depending on the technology chosen. 
The formula we used was as follows:

CCz,y = Nz,y × Az,y × Uz,y × Pz,y × Ccz

Where:  

CCz,y: Fuel cost of the “Z” technology in the 
year “Y” 

Nz,y: number of “Z” technologies installed in 
the year “Y” 

Az,y: adoption rate of each unit of the “Z” 
technology in the year “Y”  

Uz,y: utilisation rate of each unit of the “Z” 
technology in the year “Y”  

Pz,y: energy consumption of each unit of the 
“Z” technology in the year “Y” 

Ccz: unit cost of the fuel used by the “Z” 
technology

It is important to mention that regardless of 
whether the implementation cost is covered by the 
government (totally or partially) and/or the families, 
fuel costs together with maintenance costs are the 
costs ultimately borne by the end-user once the 
cookstove has been installed in the household. Thus:

Ultimately, in order to engage in a comparison between 
the scenarios, the total cost of implementation of 
each policy (adding up the three types of cost) was 
calculated, and the reduction cost for each tonne of 
pollutant considered was determined. It is important 
to mention that to calculate the latter, the cost of the 
reference scenario (represented by the fuel cost) 
was deducted from the total cost of each scenario, 
so that a comparison could be made.

Operation 
cost

Fuel cost 

+ 

Maintenance cost

=
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4.1 Peru

4.1.1 Input
The energy consumption data used for Peru are 
shown in table 6 and the emission factors applied 
are presented in table 7.

4.1.2 Comparison of SLCP emissions 
between scenarios
We calculated the emissions of each pollutant during 
the period under study (2018-2030), as well as the 
percentage of emissions reduction of each scenario 
compared to the reference scenario (Table 8).

Emissions of all three pollutants are lower with the 
assumptions of scenario 3 (support policy for both 
LPG cookstoves and ICS). This is due to the installation 
of both technologies in the same home, where 80% 
of families completely abandon the open fire when 

Table 6. Energy consumption by 
technology in Peru

Technology Fuel
Consumption 

(kg/year/
household)

Open Fire Firewood 4,325

Improved cookstove Firewood 2,347

Gas cookstove LPG 120

Source: own elaboration

4. Analysis of SLCP
 emissions according to
  the mitigation scenario
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Table 7. Emission factors in Peru

Table 8. Emissions and percentage reduction by scenario and pollutant in Peru

a BC CO NMVOC

Technology Value Unit Value Unit Value Unit

Open fire with firewood 1.10 g/kg 89.1 g/kg 26.10 g/kg

Improved  cookstove  with 
firewood

0.74 g/kg 42.0 g/kg 1.87 g/kg

LPG cookstove 0.01 g/kg 14.9 g/kg 18.80 g/kg

Black  
carbon (BC)

Carbon  
monoxide (CO)

Non-Methane Volatile 
Organic Compounds 

(NMVOC)

Emissions (t) Reduction Emissions (t) Reduction Emissions (t) Reduction

Scenario 1: 
support for LPG 
cookstoves

5,386 12.92% 436,583 12.86% 128,208 12.64%

Scenario 2: 
support for ICS

4,832 21.88% 372,030 25.74% 98,150 33.12%

Scenario 3: mixed 
strategy

4,153 32.85% 321,459 35.84% 85,624 41.66%

Source: own elaboration

Source: own elaboration

cooking. According to our calculations, the reduction 
can even reach up to 41.66% in the case of NMVOCs.

In second place, the support policy for ICS 
(scenario 2) results in a significant reduction 
in emissions of the three pollutants, especially 
NMVOCs for which a reduction of 33% was reached 
in comparison to the reference scenario. This is 
driven by the relative values of emission factors: 
with regards to NMVOCs, the LPG emission factor 
is higher than that of ICS (18.80 g/kg compared 
to 1.87 g/kg). The relation is reversed in the 
case of the other two pollutants. However, total 
emissions in the scenario with LPG cookstoves 
are not 10 times greater than that of the scenario 

with ICS since the energy consumption of ICS is 
much higher, which partially offsets the difference 
between emission factors.

Finally, the lowest emissions reduction is achieved 
when assuming a policy of support for LPG 
cookstoves only (scenario 1), where the reduction 
reaches approximately 13% for the three pollutants. 
This is driven by the respective utilisation rates of 
those technologies (improved cookstoves and gas 
cookstoves) in scenarios 1 and 2: while an ICS 
covers up to 80% of the energy needs for cooking, 
an LPG cookstove only covers up to 30%, the 
remainder being covered by the traditional stove 
according to the above-mentioned assumptions.
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Figure 1. Black carbon emissions in different 
scenarios in Peru

Source: own elaboration

With respect to the emission trends between 
2018-2030, the three pollutants have similar 
trends. Figure 1 illustrates the case of black 
carbon emissions where all three mitigation 
scenarios show a constant reduction year after 
year. The greatest reduction of BC emissions 
can be observed from the very first year in the 
mixed strategy scenario (scenario 3) due to the 
greater replacement of traditional stoves. It is 
followed by the support scenario for the ICS 
only (scenario 2) as the technology installed 
enjoys a higher utilisation rate; and finally the 
support scenario for LPG cookstoves only 
(scenario 1), where the cookstove addresses 
a lower proportion of the energy needs for 
cooking in each home.

4.2 Colombia

4.2.1 Input
The energy consumption data used for Colombia are 
shown in table 9 and the emission factors applied are 
presented in table 10. 

4.2.2 Comparison of SLCP emissions 
between scenarios
We calculated the emissions of each pollutant during 
the period under study (2018-2030), as well as the 
percentage of emissions reduction of each scenario 
compared to the reference scenario (Table 11).

Black carbon emissions (t)
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Reference scenario Scenario 2: Support 
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Scenario 3: Mixed support 
policy for LPG and ICS

Table 9. Energy consumption by 
technology in Colombia

Technology Fuel
Consumption 

(kg/year/ 
household)

Open fire Firewood 5,219

Improved cookstove Firewood 2,958

Gas cookstove LPG 168

Source: own elaboration
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Table 10. Emission factors in Colombia

a BC CO NMVOC
Technology Value Unit Value Unit Value Unit

Open fire with firewood 1.10 g/kg 89.1 g/kg 26.10 g/kg 

Improved cookstove with 
firewood 0.74 g/kg 42.0 g/kg 1.87 g/kg 

LPG cookstove 0.01 g/kg 14.9 g/kg 18.80 g/kg

Source: own elaboration

Table 11. Emissions and percentage reduction by scenario and pollutant in Colombia

Black  
carbon (BC)

Carbon  
monoxide (CO)

Non-Methane Volatile 
Organic Compounds 

(NMVOC)
Emissions (t) Reduction Emissions (t) Reduction Emissions (t) Reduction

Scenario 1: 
support for LPG 
cookstove

6,499 12.92% 526,856 12.85% 154,739 12.62%

Scenario 2: 
support for ICS 5,872 21.32% 451,882 25.25% 118,545 33.06%

Scenario 3: 
mixed strategy 5,046 32.40% 389,854 35.51% 103,442 41.59%

Source: own elaboration

Scenario 3 shows the lowest emissions due to the 
greater replacement of traditional stoves when both 
technologies are being installed, as 80% of families 
completely abandon open fire when cooking.

Scenario 2 (support policy for ICS) also allows a 
significant reduction of the three pollutants, whereas 
the lowest emissions reduction is achieved when 
assuming a policy of support for LPG cookstoves 
only (scenario 1). The latter records a decrease of 
approximately 12-13%, due to the lower utilisation 
rate of LPG cookstove in each dwelling (30%), which 
is why firewood continues to be used inefficiently (in 
open fires).

With regards to the emission trends between the 
years 2018-2030, the three pollutants have similar 
trends. A progressive decrease can be observed in 
all three mitigation scenarios, albeit the emissions 
are the lowest in the mixed strategy scenario from 
the very first year due to the greater replacement of 
traditional stoves. The support scenario for the ICS 
(scenario 2) comes next due to the installation of a 
technology with a higher utilisation rate; and finally 
the support scenario for LPG cookstoves (scenario 
1), where the cookstove addresses a lower proportion 
of the energy needs for cooking in each home.
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4.3 Mexico

4.3.1 Input
The energy consumption data used for Mexico are 
shown in table 12 and the emission factors applied 
are presented in table 13.

Table 13. Emission factors in Mexico

a BC CO NMVOC

Technology Value Unit Value Unit Value Unit

Open fire with firewood 0.39 g/kg 70.0 g/kg 4.07 g/kg 

Improved  cookstove  with 
firewood

0.10 g/kg 27.0 g/kg 0.38 g/kg 

LPG cookstove 0.01 g/kg 14.9 g/kg 18.80 g/kg

Source: own elaboration

Table 12. Energy consumption by 
technology in Mexico

Technology Fuel
Consumption 

(kg/year/ 
household)

Open fire Firewood 4,827

Improved cookstove Firewood 3,310

Gas cookstove LPG 241

Source: own elaboration

Figure 2. Black carbon emissions in 
different scenarios in Colombia

Source: own elaboration
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4.3.2 Comparison of SLCP emissions 
between scenarios
We calculated the emissions of each pollutant during 
the period under study (2018-2030), as well as the 
percentage of emissions reduction of each scenario 
compared to the reference scenario (Table 14).

Emissions are lower for all three pollutants with the 
assumptions of scenario 3 (support policy for both LPG 
cookstoves and ICS). This is due to the installation of 
both technologies in the same home, leading 80% of 
the families to completely abandon open fire when 
cooking.
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Table 14. Emissions and percentage reduction by scenario and pollutant in Mexico

Black  
carbon (BC)

Carbon  
monoxide (CO)

Non-Methane Volatile 
Organic Compounds 

(NMVOC)

Emissions (t) Reduction Emissions (t) Reduction Emissions (t) Reduction

Scenario 1: 
support for LPG 
cookstoves

2,131.59 12.91% 383,123.25 12.79% 23,015.35 9.95%

Scenario 2: 
support for ICS

1,752.37 28.40% 327,951.14 25.34% 17,317.32 32.24%

Scenario 3: mixed 
strategy

1,514.18 38.13% 283,300.68 35.51% 15,895.43 37.81%

Source: own elaboration

In second place, the support policy  for ICS  (scenario 
2) results in a significant reduction in emissions of 
the three pollutants. Finally, scenario 1 is the one 
that generates the highest emissions. This can be 
explained by the respective utilisation rates as the 
ICS once adopted cover up to 80% of the energy 
needed for cooking whereas LPG cookstoves only 
cover 30% of those needs, the remainder being 
addressed using firewood in traditional cookstoves.

An interesting point in the analysis is that the LPG 
cookstove has the lowest emission factors, with 
the exception of the NMVOC where the firewood 
ICS has the lowest values. On this basis, it could 
be expected that the support scenario for LPG  
cookstoves would present the greatest reductions, 
however the opposite is true, again driven by the 
utilisation rate, as already explained.

With regards to the trends followed by those emissions 
between the years 2018-2030, the three pollutants 
present similar ones. A progressive decrease can 
be observed in all three mitigation scenarios, albeit 
the emissions are the lowest in scenario 3 from the 
very first year. As the installation of the cookstoves 
increases each year, the emissions decrease.

Figure 3. Black carbon emissions in 
different scenarios in Mexico

Source: own elaboration
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Table 15. Summary of variables used for calculations in each country

Variable Peru Colombia Mexico

Technology Number of cookstoves installed/year 7,692 7,692 7,692

Energy consumption

Traditional stove with firewood (kg/ 
housing/year) 4,325 5,219 4,827

Improved cookstove with firewood (kg/
housing/year) 2,347 2,958 3,310

LPG cookstove (kg/housing/year) 132 168 241

Energy efficiency Firewood savings (%) 45.73 43.33 31.42

Emission 
factor

BC

Traditional stove with firewood (g/ kg) 1.10 1.10 0.39

Improved cookstove with firewood (g/kg) 0.74 0.74 0.10

LPG cookstove (g/kg) 0.01 0.01 0.01

CO

Traditional stove with firewood (g/ kg) 89.10 89.10 70.00

Improved cookstove with firewood (g/kg) 42.00 42.00 27.00

LPG cookstove (g/kg) 14.90 14.90 14.90

NMVOC

Traditional stove with firewood (g/ kg) 26.10 26.10 4.07

Improved cookstove with firewood (g/kg) 1.87 1.87 0.38

LPG cookstove (g/kg) 18.80 18.80 18.80

Source: own elaboration

4.4 Comparison between countries

The results obtained show similar trends with regards 
to the most efficient policies to achieve SLCP 
reduction, however the amounts of SLCP emissions 
do vary. This is due to the input data assumed in 

each country. In order to facilitate the comparison, 
we summarised the variables assumed by country 
in Table 15.
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32 Mexico was the only country with official SLCP emission factors for traditional cookstoves and ICS.

Figure 4 and table 15 show total emissions in 
each scenario in each country according to 
the respective assumptions. Regardless of the 
scenario, Colombia shows the highest emissions 
due to the higher energy consumption of 
firewood in traditional cookstoves in Colombia, 
which is due to the specificities of the meals 
that are usually prepared (they include various 
processes that require more energy for cooking). 
As the cumulative emissions over the evaluation 
period (2018-2030) are shown in the figure, the 
emissions produced by open fire will remain 
significant until the population has adopted and 
starts using one of the technologies (or both for 
scenario 3).

Besides, the lowest emissions for all three 
pollutants are achieved in Mexico. This is due 
to the emission factors for that country, which 
are much lower than those used in the other 
two countries32 (except for LPG cookstoves). 
Similarly, the difference is accentuated in the 
case of NMVOC, once more due to the greater 
difference in the emission factors.

With respect to the emission trends, we can 
observe the same results for the three pollutants 
in the three countries under study. Scenario 3 
(policy with mixed strategy) presents the lowest 
emissions due to the greater replacement of 
open fires when both technologies are installed. 
Scenario 1 (support for LPG cookstoves) 
presents the highest emissions due to the low 
utilisation rate of LPG in homes (30%). Finally, 
scenario 2 shows intermediate emissions, where 
ICS achieve significant reductions.

Source: own elaboration

Figure 4. Total emissions per pollutant  
in each country
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Table 16. Summary of total emissions per pollutant in each country

Total emissions per mitigation scenario (t)

Pollutant Country Scenario 1 Scenario 2 Scenario 3

BC

Peru 5,386 4,832 4,153

Colombia 6,499 5,872 5,046

Mexico 2,132 1,752 1,514

CO

Peru 436,583 372,030 321,459

Colombia 526,856 451,882 389,854

Mexico 383,123 327,951 283,301

NMVOC

Peru 128,208 98,150 85,624

Colombia 154,739 118,545 103,442

Mexico 23,015 17,318 15,895

Source: own elaboration
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5.1 Peru

5.1.1 Input 
We assumed an LPG cost of 1.19 USD/kg and a 
purchase cost of a 10 kg gas cylinder of 16.45 USD, 
which was included within the implementation cost of 
the gas cookstove.

The data used in the cost calculations are detailed 
in Table 17.

Table 17. Installation and maintenance  
costs by technology in Peru

Technology
Implementation 

cost (USD)

Annual 
maintenance 
cost (USD)

Open fire 0 0

Improved 
cookstove

126 16

Gas cookstove 33 3

Source: own elaboration

5. Assessment of the costs
 involved in the implementation 
  of each mitigation scenario
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5.1.2 Comparison of the implementation 
cost between scenarios
The implementation cost of the technologies is 
presented as an annual cost (Figure 5) since it is 
stable over time. The installation of the technologies 
was assumed to be progressive over the period 
2018-2030, at a rate of 7,692 units per year.

Opting for the mixed support policy (scenario 3) 
results in the highest cost since it includes both 
technologies whilst the reference scenario does not 
present any implementation cost for our calculations.

Implementation costs of improved cookstoves 
(scenario 2) are highly driven by the construction 
materials that the in situ models require in each 
case. In Peru, the implementation cost of a support 
scenario for improved cookstoves represents 79% 
of the implementation cost in a mixed strategy 
scenario (where both improved cookstoves and LPG 
cookstoves are installed).

Finally, the scenario supporting LPG cookstoves only 
shows the lowest implementation cost representing 
21% of the cost in scenario 3 (mixed strategy).

5.1.3 Comparison of the operating cost 
between scenarios
Figure 6 shows that the scenario incurring the highest 
cost for end-users is scenario 1. This is driven by 
the cost of purchasing LPG which accounts for 
99.6% of the operating cost for the end-user over 
the period under study. The support scenario for 
LPG cookstoves alone ends up with operating costs 
even higher than in the mixed strategy scenario 
where both technologies are implemented. Indeed, 
in this scenario, the end-user enjoys a reduction in 
the consumption of firewood thanks to the installation 
of an ICS, with a saving relative to the proportion 
of firewood purchased. The analysis of scenario 3 
(mixed strategy), the second most expensive option, 
highlights that fuel purchase represents 94.80% of 
total costs.

Finally, adopting an ICS deployment policy (scenario 
2) would be the best option since it triggers a 
significant reduction in firewood consumption, which 
results in savings in fuel purchase. It is important to 
note that this scenario has lower operating costs than 
the reference scenario, achieving a 9.83% saving for 
the end-user over the study period.

Figure 5. Annual implementation cost of the 
different scenarios in Peru

Figure 6. Operational cost of technologies in 
different scenarios in Peru

Source: own elaboration

Source: own elaboration
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Figure 7. Total cost of the different 
scenarios in Peru

Source: own elaboration

5.1.4 Comparison of the total cost 
between scenarios
Total costs include installation and maintenance 
costs as well as the respective fuel cost for each 
scenario. The results are shown in Figure 7.

Based on the assumptions established above, the 
total cost for scenario 3 (mixed policy) is the highest 
because it involves both technologies. In addition, 
the analysis of the costs in scenario 3 reveals that 
84% of those costs are driven by fuel costs.

Analysing those results over the entire period under 
study (2018-2030), it appears that the cheapest 
option is to opt for the installation of ICS alone 
(scenario 2), although the cost difference with 
the other two scenarios is not significant: +11% in 
the case of the implementation of a policy for LPG 
cookstoves only and +15% for the mixed policy. The 
result of scenario 2 is explained by the reduction 
in firewood consumption that delivers a 16% cost 
savings compared to the reference scenario. 
Although the implementation and maintenance costs 
of ICS are respectively 4 and 13 times higher than 
the costs of LPG cookstoves, this is offset by the 
savings achieved in the purchase of the fuel.

Among the different policies, scenario 1 stands out 
for its costs distribution: only 2% of the costs relate 
to the installation of the technology and 98% are 
operating costs (fuel and maintenance). In contrast 
in both strategies 2 and 3, the installation of the 
technologies amounts to respectively 10% and 
11% of the total budget, and operating the stove is 
represented by the remaining 89-90%.

Total costs of scenarios 1 (support for LPG 
cookstoves) and 3 (mixed strategy) show upward 
trends, while on the contrary, in scenario 2 (support 

for ICS) the total cost declines in a linear manner 
year after year. Since implementation costs are fixed 
each year, this difference is driven by the evolution 
of the operating costs of the technologies. In each 
scenario, the maintenance cost increases each 
year since it is directly proportional to the number 
of installed cookstoves. Hence the variable driving 
the difference between the 3 trends is the fuel cost, 
which increases steadily in the case of scenario 1 
due to the ongoing purchase of LPG and falls in a 
linear manner in the case of both scenarios 2 and 3, 
albeit at a different pace (average reduction of 2.7% 
in the case of ICS and 0.4% in the mixed policy) 
driven by savings in firewood purchase.
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5.2 Colombia

5.2.1 Input
We assumed an LPG cost of 1.36 USD/kg and a 
deposit cost for a 33 lb33 gas cylinder of 30.59 USD, 
which was included within the implementation cost of 
the gas cookstove.

The data used in the cost calculations are detailed 
in Table 18.

Table 18. Implementation and maintenance  
costs by technology in Colombia

Technology Implementation 
cost (USD)

Annual 
maintenance 
cost (USD)

Open fire 0 0

Improved 
cookstove 368 64

Gas cookstove 65 6

Source: own elaboration

33 Size of the cylinder used in rural areas (Fundación Natura, 2015). It is equivalent in kilograms to 15 kilograms.

5.2.2 Comparison of the implementation 
cost between scenarios
The implementation cost of the technologies is 
presented as an annual cost (Figure 8) since it is 
stable over time. The installation of the technologies 
was assumed to be progressive over the period 
2018-2030, at a rate of 7,692 units per year.

Implementing a support policy for LPG cookstoves 
(scenario 1) shows the lowest financing cost when 
compared to the other mitigation scenarios, due to the 
low cost of LPG cookstoves. The low implementation 
costs of LPG cookstoves relate to the models that 
are usually chosen for the promotion of LPG in rural 
areas (two burners and without an oven, which can 
be transported easily).

Adopting a mixed strategy (scenario 3) would 
represent a much higher financing cost (6.7 times 

the cost of implementing the support strategy for 
LPG cookstoves), since it includes the installation of 
two technologies.

5.2.3 Comparison of the operating cost 
between scenarios
Figure 9 reveals that scenarios 3 (mixed strategy) 
and 1 (support for LPG cookstoves) show very 
similar patterns with operating costs rising in 
a linear way over the period under study. What 
differentiates the two scenarios is the evolution of 
each cost that makes up the operating cost. The 
maintenance cost increases progressively in each 
scenario since it directly depends on the volume 
of technologies installed. On the other hand, the 
fuel cost evolves in opposite directions, increasing 
each year in the case of scenario 1 driven by the 
ongoing purchase of LPG, and decreasing slightly 
in scenario 3 where the LPG cost is being offset by 
savings in firewood purchase.

Finally, the ICS implementation policy (scenario 2) 
stands out as the cheapest option with almost identical 
costs (+0.45%) to those of the reference scenario. 

Figure 8. Annual implementation cost  
of the different scenarios in Colombia

Source: own elaboration
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This scenario implies a substantial maintenance cost 
for the technology when compared to the open fire 
that do not require any expense for this item (in our 
model). However, this cost is offset by the savings 
in firewood purchase families can benefit from the 
installation of an improved cookstove.

5.2.4 Comparison of the total cost 
between scenarios
Total costs include installation and maintenance 
costs as well as the respective fuel cost for each 
scenario. The results are shown in Figure 10.

In Colombia, the total cost for scenario 3 (mixed 
policy) is the highest because it involves both 
technologies (where the implementation cost of the 
technologies accounts for 17% of the total cost). The 
ratio is similar in scenario 2 where the installation 
of an ICS represents 16% of the total cost, whilst 
in scenario 3 this cost only accounts for 3% of the 
total cost due to the low cost of LPG cookstoves, in 
comparison to ICS.

On the other hand, scenario 2 (support to ICS) 
appears as the second most expensive option due 
to the high cost of its technology. However, the total 
annual cost remains almost stable over time as the 
annual additional maintenance cost of the cookstoves 
is offset by the increasing savings derived from the 
reduction in firewood purchase.

In contrast, scenario 1 (support for LPG cookstoves) 
has the lowest total cost among the three strategies, 
although it experiences an upward trend due to the 
annual increase in maintenance and fuel costs. As 
a result, by 2030, the total cost of scenarios 1 (LPG 
cookstoves) and 2 (ICS) are virtually equal and in 
subsequent years, the total cost of scenario 1 would 
exceed that of scenario 2.

Figure 9. Operational cost of technologies in 
different scenarios in Colombia

Source: own elaboration
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Figure 10. Total cost of the different  
scenarios in Colombia

Source: own elaboration
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5.3 Mexico

5.3.1 Input
We assumed an LPG cost of 1.02 USD/kg and a 
purchase cost for a gas cylinder of 60.87 USD, which 
was included within the implementation cost of the 
gas cookstove.

The data used in the cost calculations are detailed 
in Table 19.

Table 19. Implementation and maintenance  
costs by technology in Mexico

Technology Implementation 
cost (USD)

Annual 
maintenance 
cost (USD)

Open fire 0 0

Improved 
cookstove 161 23

Gas cookstove 85 8

Source: own elaboration

Figure 11. Annual implementation cost of  
the different scenarios in Mexico

Source: own elaboration

5.3.2 Comparison of implementation 
costs between scenarios
The implementation cost of the technologies is 
presented as an annual cost (Figure 11) since it is 
stable over time. The installation of the technologies 
was assumed to be progressive over the period 
2018-2030, at a rate of 7,692 units per year.

Implementation costs reflect material costs and the 
cost of installing the technologies. Hence the mixed 
strategy (scenario 3) appears as the most expensive 
one as it involves both technologies. Second comes 
scenario 2 which appears as the intermediate option, 
since the implementation cost of an ICS is higher. 
Finally, assuming a support policy for LPG cookstoves 
is the lower cost option as the gas cookstove models 
promoted in rural areas are usually small and simple, 
resulting in a low cost per unit.

Figure 12. Operational cost of technologies  
in different scenarios in Mexico

Source: own elaboration
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5.3.3 Comparison of the operating cost 
between scenarios
In Mexico, Figure 12 shows two out of the three 
scenarios have declining trends, and that the third 
is very close to the reference scenario. Scenario 1 
(support policy for LPG cookstoves) has higher 
operating costs (by only 0.8% compared to the costs 
of the reference scenario). This is driven by fuel 
costs being almost equal in both situations as the 
cost increase in scenario 1 related to the additional 
LPG purchase is offset by a reduction in the needs to 
purchase firewood. All in all, the maintenance cost of 
LPG cookstoves is the item that makes the operating 
cost increase in scenario 1, making it more expensive 
than the reference scenario.

In contrast, operating costs in scenarios 2 (support 
for ICS) and 3 (mixed strategy) both show downward 
trends and are lower than operating costs of the 
reference scenario. This results from the ICS driving 
significant savings in firewood consumption, resulting 
in a substantial reduction in fuel cost compared to 
the reference scenario of traditional stoves. This cost 
reduction is greater in scenario 2 as LPG purchase 
costs are added in scenario 3. While maintenance 
costs exist for the technologies in both scenarios, 
these are negligible compared to the fuel cost and 
as such, are being ignored. The policies that involve 
deployment of ICS appear to be the cheapest 
mitigation alternatives for the end-user once the 
cookstoves have been installed.

5.3.4 Comparison of the total cost 
between scenarios
Total costs include installation and maintenance costs 
as well as the respective fuel cost for each scenario.

The results analysis over the entire period under 
study (2018-2030) shows that the cheapest option is 
to opt for the installation of ICS (scenario 2). However 
the difference with scenarios 3 (mixed strategy) and 
1 (support for LPG cookstoves) is not significant. In 
addition, these also incur similar costs, higher only 

Figure 13. Total cost of the  
different scenarios in Mexico

Source: own elaboration

by 5% and 6% respectively compared to the ICS 
implementation scenario.

As for the trends, scenarios 2 and 3 show a linear 
reduction of the total cost. This is driven by the reduction 
in firewood consumption that results in savings in fuel 
costs of 11% in scenario 2 compared to the reference 
scenario. This reduction is lower in scenario 3, since 
costs are increased by LPG purchases as well as the 
maintenance cost of both technologies.

Furthermore, scenario 1 (support for LPG cookstoves) 
has broadly constant total costs as the fuel cost 
increases very slightly driven by the additional 
expense of buying LPG being offset by the lower cost 
of firewood purchases, as the proportion of open fire 
is being substituted.

According to the selected assumptions, scenario 
2 (support to ICS) has a lower total cost than the 
reference scenario in Mexico as the reduction 
in firewood consumption generates fuel cost 
savings greater than the implementation cost of the 
technology.
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5.4 Comparison between countries

The results analysis of the total costs identifies 
various trends depending on the country, which 
can be explained by the cost assumptions in each 
country. Therefore, the table below summarises the 
assumptions used in the calculations in each country 
(Table 20).

When comparing implementation costs between 
countries, regardless of the scenarios, Peru appears 
as the country with the lowest implementation costs, 
amounting to between 1.6-2.1 times less than what is 
required in Mexico and Colombia. Also, a significant 
saving of firewood through the implementation of ICS 
was evidenced in this country. Consequently, in Peru 
it is less expensive to implement each of the three 
scenarios compared to Colombia and Mexico.

In contrast, Mexico has the highest total costs in 
each of the scenarios, although implementing an ICS 
is more expensive in Colombia (more than twice as 

much as in Mexico) due to the size and complexity of 
the models used in this country. The high total costs 
in Mexico are related to several variables such as 
lower savings of firewood through the ICS, a much 
higher LPG consumption, an equally high cost of an 
LPG cookstove and, finally a proportion of families 
that buy firewood almost three times higher than that 
of other countries, resulting in much higher fuel costs.

With respect to operating costs, these include 
the costs of purchasing fuel and maintaining the 
technologies. In the purchase of LPG, it is noted 
that the three countries have similar prices (USD/
kg of LPG), which indicates that the variable that 
has a significant influence on costs is consumption 
per family and not LPG price. Similarly, in the case  
of firewood, the most influential variable is fuel 
consumption together with the number of families 
that consume firewood.

Table 20. Summary of variables used for calculations in each country

Variable Peru Colombia Mexico

Technology Number of cookstoves installed 7,692 7,692 7,692

Energy consumption

Traditional stove with firewood  
(kg/housing/year) 4,325 5,219 4,827

Improved cookstove with firewood  
(kg/housing/year) 2,347 2,958 3,310

LPG cookstove (kg/housing/year) 132 168 241

Energy efficiency Firewood savings (%) 45.73 43.33 31.42

Implementation cost

Improved cookstove (USD) 126.00 367.91 161.45

Gas cookstove (USD) 32.99 64.84 84.66

Gas cylinder - purchase or deposit (USD) 16.45 30.59 60.87

Maintenance cost
Improved cookstove (USD) 15.99 64.23 22.57

Gas cookstove (USD) 3.30 6.48 8.47

Energy cost

LPG (USD/kg) 1.19 1.36 1.023

Firewood (USD/kg) 0.21 0.23 0.17

Share of families buying firewood 10.40% 11.80% 28.61%

Source: own elaboration
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Figure 14. Total cost by 
scenario and country

Source: own elaboration

With regards to trends, Figure 14 shows that it is 
scenario 3 (mixed strategy) that has the highest 
cost for the three countries because it involves 
two technologies. As such, this option appears 
the least attractive from the economic point of 
view. In contrast, the cheapest option in absolute 
terms varies by country. For Peru and Mexico, 
adopting an ICS implementation policy is the 
best choice because the cost of installing an ICS 
is relatively low. On the other hand, for Colombia 
the cost of the ICS is very high so that the best 
option is to opt for a policy of support for LPG 
cookstoves. However, whilst these results give a 
view of the costs in each scenario, they are not 
conclusive as they do not take into account the 
SLCP reduction. To that end, an analysis of the 
cost of reducing one tonne of each pollutant must 
be made (section 6).

Table 21. Summary of total costs in each scenario

Total cost (USD)

Country Reference scenario Scenario 1 Scenario 2 Scenario 3

Peru 120,917,290   135,509,527   121,625,122   140,329,208   

Colombia 187,108,880   208,975,915   224,736,317   249,010,099   

Mexico 311,735,063   322,666,271   304,237,739   320,012,751   

Source: own elaboration
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6.1 Peru

We made calculations to determine the total cost for 
reducing one tonne of each of the pollutants being 
studied (Table 22). As explained in section 3, this 
calculation was obtained by subtracting the cost of 
the reference scenario from the total cost in each 
scenario so that the results can be compared.

Table 22. Average cost of reducing one tonne of each pollutant in Peru

Average cost of reducing one tonne (USD)

Black carbon 
(BC)

Carbon 
monoxide (CO)

Non-Methane Volatile Organic 
Compounds (NMVOC)

Scenario 1: support for LPG 
cookstoves

18,262 227 787

Scenario 2: support for ICS 523 5 15

Scenario 3: mixed strategy 9,554  108 318

Source: own elaboration

The results demonstrate that the cheapest option to 
achieve a reduction of each of the three pollutants is to 
adopt a policy of massive installation of ICS (scenario 
2). This scenario involves significant implementation 
costs; however, they are offset - to a large extent - 
by the reduction in the cost of purchasing firewood 

6. Assessment of the
 cost to reduce one
  tonne of SLCP
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for end-users. Despite not being the policy with the 
greatest SLCP reduction, its total cost during the 
study period is the lowest, which makes it the most 
attractive option to reduce one tonne of any of the 
pollutant.

On the other hand, going for a policy to support 
LPG cookstoves (scenario 1) has the highest cost 
for reducing each of the three compounds under 
evaluation. This is driven by the low reductions of 
SLCP achieved (Table 8) and the high operating costs 
due to the fuel purchase needs. Finally, scenario 
3 presents an intermediate cost for reducing one 
tonne of each SLCP, since the significant benefits 
in terms of pollution reduction are offset by its high 
total cost related to the installation and use of both 
technologies.

With regards to trends of the total cost per tonne of 
pollutant reduced between the years 2018-2030, 
the three pollutants show similar downward trends. 
Figure 15 shows the case of BC, where scenario 
1 starts with the lowest cost in the first year, while 
scenarios 2 and 3 have similar higher costs. This is 
due to the weight of the implementation cost of ICS in 
comparison with the initial effective SLCP reduction 
when the cookstoves have just been installed and 
reduction volumes have not yet been accumulated. 

However, from the third year onwards (2020), this is 
reversed completely. Indeed, the support scenario for 
LPG cookstoves ends up being the most expensive 
to reduce one tonne of BC and the scenario of ICS 
deployment is the most attractive.

Figure 15. Total cost of reducing one tonne of black 
carbon in the different scenarios in Peru

Source: own elaboration

6.2 Colombia

We made calculations to determine the total cost for 
reducing one tonne of each of the pollutant being 
studied (Table 23).

The results show that none of the options offers 
a cheaper way of reducing one tonne of any of 
the SLCP being analysed. In the case of CO and 
NMVOCs, the policy of massive installation of ICS 
seems to be the most attractive option. That may be 
surprising since this strategy does not achieve the 
greatest reduction for those SLCP nor does it come 
out with the lowest total costs. However, the relation 
between its intermediate impact in terms of SLCP 

reduction and its reasonable total costs once again 
makes it the most attractive policy to reduce CO and 
NMVOC.

On the other hand, in the case of BC, scenario 1 
supporting LPG cookstoves turns out to be the 
optimum option, its average cost of reducing one 
tonne of BC being lower than that of the other 
policies. This is driven by the emission factor values 
for this SLCP. The BC emission factor for an ICS is 
74 times higher than the emission factor for an LPG 
cookstove, while this ratio only amounts to 2.8 in the 
case of CO and 0.1 in the case of the NMVOC.
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Table 23. Average cost of reducing one tonne of each pollutant in Colombia

Average cost of reducing one tonne (USD)

Black carbon 
(BC)

Carbon 
monoxide (CO)

Non-Methane Volatile Organic 
Compounds (NMVOC)

Scenario 1: support for LPG 
cookstoves

22,678 281 978

Scenario 2: support for ICS 23,644 246 643

Scenario 3: mixed strategy 25,601 288 840

Source: own elaboration

In reference to the most expensive options for each 
pollutant, the mixed strategy scenario (scenario 3) 
proves to be the most expensive option for both 
BC and CO. Although BC and CO reductions in 
this scenario are higher compared to the other 
options, they are low in absolute terms and do not 
compensate for the high costs associated with the 
installation of two technologies.

On the other hand, when analysing the costs to 
reduce a tonne of NMVOC, the massive deployment 
of gas stoves (scenario 1) can be identified as the 
most expensive option. As already mentioned, this 
is due to the value of the emission factor of this 
SLCP. Indeed in the case of NMVOC, the emission 
factor of an ICS is 10 times lower than that of an LPG 
cookstove. This  results  in lower reductions of this 
SLCP in absolute values in scenario 1 (support for 
LPG cookstoves), which makes this alternative more 
expensive and makes it less attractive in economic 
terms.

With regards to trends of the total cost per tonne 
of pollutant reduced over the period 2018-2030, 
Figure 16 shows the case of BC. This figure shows 
that in the first half of the study period, it is more 
expensive to reduce a tonne of BC in a policy of 
support for ICS, even in comparison with a mixed 
strategy for ICS and LPG cookstoves. This is due to 
the weight of the implementation cost of an ICS in 
comparison with the effective BC reduction, given 

that the emission factor of this SLCP is very high 
for ICS in comparison with that of LPG cookstoves. 
However, from 2027 onwards, scenario 1 (policy  of 
support for LPG cookstoves) starts being slightly 
more expensive than the other mitigation scenarios. 
This slight change in trend is more obvious with 
other pollutants and is driven by the rate of SLCP 
reduction which is lower than the rate of cost 
increase driven by the adoption and utilisation rates 
of this technology.

Figure 16. Total cost of reducing one tonne of black 
carbon in the different scenarios in Colombia

Source: own elaboration
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Table 24. Average cost of reducing one tonne of each pollutant in Mexico

Average cost of reducing one tonne (USD)

Black carbon 
(BC)

Carbon 
monoxide (CO)

Non-Methane Volatile Organic 
Compounds (NMVOC)

Scenario 1: support for LPG 
cookstoves

34,607 195 4,298

Scenario 2: support for ICS -10,786 -67 -910

Scenario 3: mixed strategy 8,869 53 857

Source: own elaboration

6.3 Mexico

We made calculations to determine the total cost for 
reducing one tonne of each of the pollutant being 
studied (Table 24).

It is important to note that this calculation was done 
by subtracting the cost of the reference scenario 
from the total cost in each scenario in order to 

obtain comparable results. In Mexico, this resulted 
in negative values for scenario 2 (deployment of 
ICS) indicating that the total cost of this scenario 
(which includes the installation and operating costs 
of the technology) is lower than that of the reference 
scenario.

On that basis, the cheapest option to achieve the 
reduction of the three pollutants appears to be the 
policy of massive installation of ICS (scenario 2). This 
scenario involves significant implementation costs; 
however, it also reduces operating costs compared 
to the reference scenario as it reduces the expense 
on firewood purchases. Despite not being the policy 
with the greatest SLCP reduction, its total cost over 
the study period is the lowest, which makes it the 
most attractive option to reduce one tonne of any of 
the pollutants.

On the other hand, going for a policy to support 
LPG cookstoves (scenario 1) has the highest cost 
of reducing each of the three compounds under 
evaluation. This is driven by the low reductions of 
SLCP achieved and the high costs of this policy in 
terms of fuel purchase. Finally, scenario 3 (mixed 
strategy) shows an intermediate cost of reducing one 
tonne of each SLCP, since the significant benefits 
in terms of pollution reduction are offset by its high 
total cost related to the installation and use of both 
technologies.

With regards to trends of the total cost per tonne of 
pollutant reduced over the period 2018-2030, Figure 
17 shows the case of BC. The three pollutants show 

Figure 17. Total cost of reducing one tonne of black 
carbon in the different scenarios in Mexico

Source: own elaboration
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similar downward trends. Over the study period, 
it is more expensive to reduce a tonne of BC in a 
policy of deployment of LPG cookstoves, as this 
policy achieves the lowest reductions in SLCP whilst 
generating the highest costs through LPG purchase. 
On the other hand, the total cost of reducing one 
tonne of BC declines over time in the case of an 
ICS installation strategy. This is due to this option 
generating the lowest total cost. From 2028, the 

mixed support scenario (scenario 3) catches up 
with the ICS support scenario (scenario 2), that 
is to say its costs of reducing one tonne of BC 
becomes almost identical. This is due to the fact that 
installing both technologies in scenario 3 generates 
significant savings of firewood (greater replacement 
of traditional stoves), which offsets the high cost 
involved in this scenario.

Table 25. Summary of variables used in calculations in each country

Source: own elaboration

Variable Peru Colombia Mexico

Technology Number of cookstoves installed 7,692 7,692 7,692

Energy consumption

Traditional stove with firewood  
(kg/housing/year) 4,325 5,219 4,827

Improved cookstove with firewood 
(kg/housing/year) 2,347 2,958 3,310

LPG cookstove (kg/housing/year) 132 168 241

Energy efficiency Firewood savings (%) 45.73 43.33 31.42

Emission 
factor

BC

Traditional stove with firewood (g/kg) 1.10 1.10 0.39

Improved cookstove with firewood (g/kg) 0.74 0.74 0.10

LPG cookstove (g/kg) 0.01 0.01 0.01

CO

Traditional stove with firewood (g/kg) 89.10 89.10 70.00

Improved cookstove with firewood (g/kg) 42.00 42.00 27.00

LPG cookstove (g/kg) 14.90 14.90 14.90

NMVOC

Traditional stove with firewood (g/kg) 26.10 26.10 4.07

Improved cookstove with firewood (g/kg) 1.87 1.87 0.38

LPG cookstove (g/kg) 18.80 18.80 18.80

Implementation cost

Improved cookstove (USD) 126.00 367.91 161.45

Gas cookstove (USD) 32.99 64.84 84.66

Gas cylinder - purchase or deposit (USD) 16.45 30.59 60.87

Maintenance cost
Improved cookstove (USD) 15.99 64.23 22.57

Gas cookstove (USD) 3.30 6.48 8.47

Energy cost

LPG (USD/kg) 1.19 1.36 1.023

Firewood (USD/kg) 0.21 0.23 0.17

Share of families buying firewood 10.40% 11.80% 28.61%

6.4 Comparison between countries

In the previous section we performed an analysis 
per pollutant in each country. In this section, we 
will compare the results between countries, which 
requires the differences in assumptions taken to be 

clearly understood for each country. To that end, we 
summarised those assumptions in the following table 
(Table 25).
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With respect to the cost of reducing one tonne of 
each pollutant under study, Colombia appears to 
have the highest costs amongst the three countries 
in the policies that include ICS (scenarios 2 
and 3), driven mostly by the higher installation 
and maintenance costs of this technology in 
comparison to those in Peru and Mexico. The 
cost analysis of scenario 3 for NMVOC is the 
only exception to the above, as Mexico exceeds 
Colombia. This is due to the relation between 
total cost and emissions reduction, from which is 
derived the average cost of reducing one tonne of 
pollutant. This relation changes for two reasons: (i) 
a smaller difference between the emission factors 
of traditional cookstove and ICS for Mexico, 
which translates into smaller reductions in this 
country, and (ii) the installation and maintenance 
costs for gas cookstoves are higher in Mexico, 
which increases total costs. On the other hand, 
in Mexico the cost to reduce one tonne of SLCP 
by the deployment of LPG cookstoves is higher 
than in the other two countries as this technology 
is more expensive in Mexico in addition to the 
cost of LPG consumption. One might think that 
the cost of reducing one tonne of each pollutant 
in Mexico is also higher in the other scenarios, as 
total costs are higher in this country and SLCP 
reductions lower in absolute terms. However, the 
policies of installing ICS (scenarios 2 and 3) are 
again more attractive in Mexico, since firewood 
savings significantly reduce the fuel cost, which 
offsets the implementation cost of the technology. 
This specificity is driven by the higher proportion 
of families buying firewood in Mexico, almost 
three times greater than in Peru and Colombia.

Finally, in almost all cases, the cost to reduce 
one tonne of SLCP in Peru is between the cost in 
Colombia and Mexico. Peru would be expected 
to have the most interesting results given that 
it is the country where installing an ICS or an 
LPG cookstove is cheapest, as shown in the 
results from scenario 1 for two of the pollutants 
under study. However, the cost to reduce one 
tonne of SLCP with an ICS is greater than that 
of Mexico, since the benefit of firewood savings 
and its corresponding expense reduction in fuel 
purchase are limited by the low proportion of 
people buying firewood.

Source: own elaboration

Figure 18. Average cost of reducing one tonne 
of SLCP in each scenario and each country
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Table 26. Summary of the average cost of reducing one tonne of SLCP

Average cost of reducing one tonne of SLCP (USD)

Pollutant Country Scenario 1 Scenario 2 Scenario 3

BC

Peru 18,262 523 9,554

Colombia 22,678 23,644 25,601

Mexico 34,607 -10,786 8,869

CO

Peru 227 5 108

Colombia 281 246 288

Mexico 195 -67 53

NMVOC

Peru 787 15 318

Colombia 978 643 840

Mexico 4,298 -910 857

Source: own elaboration
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7.1 SLCP emissions reduction

The three countries under study have similar energy 
consumption levels for firewood, which translates 
in the emissions results in the mitigation scenarios. 
That is to say, very similar trends are observed in the 
different countries when applying the assumptions of 
each scenario. As such we can conclude that:

 The incomplete and inefficient combustion 
of solid fuels is a significant source of SLCP 
emission (UNEP, 2016). Therefore, the greater 
the replacement of open fires, the greater the 
mitigation of SLCP pollution.

 LPG cookstoves enjoy lower SLCP emission 
factors compared to ICS. However the 

7.1 Reducción de emisiones de CCVC

low utilisation rate observed in the field34 

significantly limits the emissions reduction. 
Therefore, reductions are the lowest in 
scenario 1 (where the policy is to support the 
use of LPG cookstoves), potentially making 
it an inefficient option. However, should the 
barriers to a higher use of LPG cookstoves 
be overcome, it could become an interesting 
option.

 Applying the proposed assumptions (based 
on observations in the field), the massive 
installation of ICS (scenario 2) appears to allow 
a greater pollution reduction than the scenario 
of support for LPG cookstoves (scenario 1). 

34 According to UNOPS (2015), among the ICS end-users in Peru: “73% would prefer to use the improved cookstoves rather than the 
other existing cookstoves at home (LPG and traditional)”. In addition, the same study explains: “The improved cookstove is mainly used 
for the three daily meals or to boil water; the open fires are useful to cook in large quantity or to cook hard food; finally, LPG cookstoves 
are used when in a hurry, for example for children’s breakfast or to warm up dinner.”

7. Conclusions
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We assessed implementation and operating costs of 
the technologies. To that end, we used assumptions 
specific to each country, leading to different results. 
Finally we analysed those results and drew the 
following conclusions:

 We observed that the technologies’ 
implementation costs vary significantly 
between countries. The country with the lowest 
costs for both technologies is Peru. In Mexico, 
LPG cookstoves are the most expensive while 
the cost for ICS is the highest in Colombia. 
Although we do not have explanations for 
those  differences, we can suggest some 
justifications, amongst others the purchasing 
power in each country, the cost of labour, the 
level of technological development, the focus 
of the programmes being implemented and the 
distance of rural areas to the closest city. For 
example, in Peru various models of improved 
cookstoves have been developed over the 
last few years, which means that prices 
keep declining. In contrast, the ICS model 
that was mostly deployed in Colombia has a 
complex structure and both the transportation 
of materials and its construction increase its 
cost.

 The analysis  of the implementation  costs  of 
the cookstoves under study shows that the 
cheapest option is to adopt LPG cookstoves. 
This is driven by the low implementation cost 
of this technology compared to the improved 
cookstoves in the three countries.

 Once the technologies have been installed, 
a support policy for LPG cookstoves would 
incur higher expenses than ICS. Although the 
maintenance of an LPG cookstove is less costly 
than that of an ICS, the need to purchase LPG 
considerably increases the operating cost of 
the technology. On the contrary, adopting an 
ICS would reduce the firewood consumption 
and as a consequence, the fuel cost for 
families buying firewood.

7.2 Installation and operating costs

 Observing the results in terms of the total 
cost of each scenario, the support policy for 
ICS (scenario 1) is the cheapest for Peru and 
Mexico, where LPG purchase costs exceed 
implementation costs of an ICS. On the contrary, 
the support policy for LPG cookstoves turns 
out to be the cheapest option in Colombia 
due to the high implementation costs of ICS in 
the country. Whilst these results help have an 
idea of the costs in each scenario, it has to be 
mentioned that they are not conclusive as they 
do not take into account the potential SLCP 
reduction. This requires an analysis of the cost 
of reducing one tonne of each pollutant (see 
next section).

Indeed, ICS have a higher utilisation rate 
because there is greater access to the fuel 
(firewood) and most energy needs of families 
are herewith covered.

 Finally, adopting a mixed utilisation strategy 
(ICS and LPG cookstoves) generates the 
lowest SLCP emissions, since this scenario 
involves a greater replacement of open fires.
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After an analysis of emissions and costs separately, 
we worked on the relation between the total costs 
and the SLCP emissions reductions. On that basis 
we reached the following conclusions:

 In the first years, opting for a support policy for 
LPG cookstoves allows a cheaper reduction 
of SLCP emissions in Peru and Colombia. 
However, the trend of this scenario remains 
stable over the period driven by the cost of 
fuel purchase. The other scenarios show a 
progressive reduction trend, proving their 
lower costs compared to the scenario of 
exclusive promotion of LPG cookstoves. This 
underlines the great influence of the need for 
LPG purchase and the savings potential in the 
firewood purchase in the scenarios including a 
deployment of ICS.

 In terms of the average cost of reducing one 
tonne of pollutant, the results indicate in eight 
out of the nine cases under study that the 
most appropriate option is to adopt a policy 
of massive installation of ICS. In addition, it is 
important to highlight that the installation and 
operating costs of the technologies directly 
influence the results: the highest ICS costs are in 
Colombia and the lowest in Peru. Nonetheless, 
reductions in firewood consumption are very 
relevant when emissions are low in absolute 
terms, as is the case in the analysis of BC 
in scenario 1 and of NMVOC in scenarios 1 
and 3. In those cases, the highest costs are in 
Mexico and not in Colombia, which could have 
been expected.35

 When observing the evolution of the average 
cost of reducing one tonne of SLCP, costs are 
high in the first years and then start declining. 
This trend is driven by the low replacement 

7.3 Costs of reducing one tonne of SLCP

of traditional stoves at the beginning of 
the period; however, year after year, the 
replacement increases leading to a decrease 
of the average costs (low curve).

 Based on the proposed assumptions, of the 
three countries under study, the cost of reducing 
one tonne of SLCP is the lowest in Peru for LPG 
cookstoves and in Mexico for ICS. This is due 
to the low installation and maintenance costs 
of the technology in Peru and the substantial 
reduction in fuel costs in Mexico.

35 Due to lower absolute levels of firewood consumption in the reference scenario and the firewood savings achieved by ICS in Mexico 
compared to the other countries.
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7.4 Final conclusion

The study results allow a comparison between the 
three proposed mitigation scenarios in countries of 
Latin America. They highlight the optimal strategy 
in terms of reducing SLCP emissions and costs 
generated by cooking in poor rural areas. Indeed, 
the following observations were made:

 The combined use of ICS and LPG cookstoves 
allows the greatest SLCP reduction.

 A policy of mass diffusion of LPG cookstoves 
is the cheapest in one of the three countries 
studied (with regards to total costs), while in 
the other two countries the cheapest option is 
the support policy for ICS.

 However, when taking into account the 
potential for SLCP reduction, the strategy 
of ICS deployment has the most attractive 
cost-benefit ratio in almost all cases under 
assessment, driven by the high utilisation rate 
achieved by this technology.

 Some of these results are unlikely to change 
in the coming years, as the trends suggest 
that the differences between scenarios will 
increase. Among these trends is the potential 
price increase of LPG and the implementation 
cost reduction of ICS as technology advances 
in certain countries.

As no single technology exist today to solve the 
problem of the use of open fires for cooking in 
Latin America, it seems obvious that a range of 
technological and fuel (fuel stacking) alternatives 
have to be considered, in particular the use of 
solid fuels (Ruiz-Mercado et al., 2015). Indeed, the 
complete replacement of open fires by a single new 
technology is uncommon, which is why it remains 
in use in parallel with the new cookstoves to meet 
the energy requirements of families (Stanistreet et 
al., 2014, Puzzolo et al., 2016). This approach must 
therefore be strengthened in order to achieve the 
greatest replacement of open fires being used daily 
(Rosenthal et al., 2017) and as such optimise the 
reduction of SLCP emissions.

The study was focused on the assessment of 
two technologies, improved cookstoves and LPG 
cookstoves, which are most frequently used in poor 
rural areas in the countries under study. As such, 
they can be deployed with less difficulty on a large 
scale and in the short-term in a rural context. In the 
future, other alternatives should be considered, 
should the objective be to completely eliminate the 
use of open fires for cooking and achieve greater 
SLCP reductions in the long-term.

In a nutshell, as a short-term strategy, the 
simultaneous installation of ICS and LPG cookstoves 
among families that cook on open fires is the most 
efficient option in terms of SLCP reduction. Indeed, 
it allows open fire stoves to be almost completely 
abandoned.



59

Nonetheless, it is not always possible to apply the 
mixed strategy scenario (ICS and LPG cookstoves) 
in each country in the region, nor to the entire 
population within the same country. The issue should 
be researched in more detail, on a case by case basis 
in each country, taking into account among other 
factors: the existing energy alternatives, the current 
state of the cookstoves sector, the infrastructure of 
fuel distribution throughout the country, the number 
of people cooking with open fires, the purchasing 
power of the target population, the resources 
available within the government to finance this type 
of programmes, and above all, cultural aspects 
(Jeuland et al., 2016).

In a similar way, within a single country, it will not 
always be possible to trigger the transition to 
using ICS and LPG cookstoves for all families that 
keep using open fire stoves in the short-term. It is 
important to make a distinction between those who 
have sufficient payment capacity to contribute to the 
purchase of the technologies or at least can afford 
to pay for maintenance costs and fuel purchase 
once the cookstove has been installed, from that 
population that does not have sufficient payment 
capacity and/or does not get access to LPG supply 
due to geographical remoteness / inaccessibility. For 
the latter part of the population, an implementation 
programme for ICS should be prioritised (WHO, 
2014, Still et al., 2014).

It is important to note that LPG cookstoves are 
certainly a technology with much lower SLCP 
emissions than firewood stoves and could be an 
efficient response to reduce pollution if there were 
a way to make them accessible and economically 

affordable. However, LPG remains a derivative of 
oil and natural gas extraction - a limited resource - 
and therefore cannot be considered a sustainable 
solution (Troncoso, 2018). In addition, a study would 
be needed around the life cycle of LPG, since its 
production and distribution actually generate other 
SLCP, such as methane, which could not be included 
in this study.

Besides, the massive installation of LPG cookstoves 
in homes where open fire stoves are still in use 
requires a subsidy policy for LPG price, as its high 
cost constitutes one of the main barriers to the 
adoption of this technology. Even if not universal 
and specifically targeted at those who need it, a 
subsidy system is a significant additional cost to the 
government, which must have the means to finance 
it. In addition, it entails major complications when the 
subsidy is eliminated, as happened in India. In the 
current context of the fight against climate change, a 
state subsidy for fossil fuels could also have a high 
political cost.

Improved stoves are a solution to reduce SLCP 
emissions, however it seems important to strive 
to optimise their design and use in a way that 
favours a more complete firewood combustion and 
ensures it can cover all the needs of the families. In 
parallel, it is essential to not only perform laboratory 
assessments but also field assessments to measure 
the performance of different models under real 
conditions. Finally, it is important to adopt technical 
standards both on a national and regional basis 
that should define minimum quality criteria of the 
cookstoves, and to establish certification bodies to 
assess any model reaching the market.
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We performed this study with a number of specific 
conditions that imply a series of limitations that we 

In order to avoid overestimating the potential 
emissions reductions achieved by a technology, it 
is important to take into account the reality on the 
ground. Our study shows that no programme of 
clean cooking manages to eliminate 100% of the 
use of traditional stoves with a single technology. It is 
important to assume that a share of the population will 
not adopt the technology; the reasons may be: lack 
of awareness, training, relevance of the technology, 
access to fuel, amongst others. Furthermore, for 
those who do adopt it, the new technology may not 
cover all the energy needs of the users (van der 
Kroon et al., 2013; Andadari et al., 2014; Thurber 
et al., 2014). It is therefore recommended to assess 

8.1 SLCP emissions reduction

the different scenarios considering emissions 
from the use of multiple fuels and/or technologies 
based on the information being generated.

According to the assumptions proposed in the 
study, in terms of reducing SLCP emissions, 
we recommended refining scenarios similar 
to scenario 3 which involves the simultaneous 
installation of ICS and LPG cookstoves. Indeed, 
the combined use of these two technologies 
achieves the highest substitution rate of open 
fire stoves and, as a result, the lowest SLCP 
emissions.

detail below. We also identify possible aspects that 
could be explored further in future research.

7.1 Reducción de emisiones de CCVC8. Recommendations
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In this study we worked with two types of costs: the 
implementation cost and the operating cost of the 
technology. The implementation cost refers to the 
initial investment cost needed to equip families with 
new cookstoves and includes the cost of materials, 
labour, transportation, awareness activities and 
family training. Programmes often involve a complete 
or partial subsidy for this cost; in other programmes, 
the end-user assumes this cost.

As for the operating cost, it relates to the cost of 
fuel to be purchased and the cost of maintaining 
the cookstoves once they have been installed. The 
maintenance and repair activities are intrinsic to any 
programme aiming at achieving lasting impacts. 
Generally, the operating cost is fully assumed by 
the families adopting the technology. Therefore, one 
should bear in mind the importance of the operating 
cost of a new technology, especially when the target 
population lives in poor rural areas and have low 
incomes.

We recommend that each country works to generate 
national information regarding SLCPs, and that 
policies are developed to support joint work to 
reduce emissions. In addition, for future analysis in 

8.2 Installation and operating costs

8.3 Costs of reducing one tonne 
of SLCP

the region, it would be ideal to reach an agreement 
to streamline emission factors and monitor progress 
as one region.
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9. Study
  limitations

One of the main difficulties we faced preparing this 
study was the little information available on the topic. 
That is why in all three countries, we decided to work 
with the consumption and efficiency information 
from programmes that monitored the utilisation and 
consumption of firewood in a reliable way (based 
on field tests, Kitchen Performance Tests). However, 
the data is not representative of each country, but 
rather of the regions / states where these projects 
were implemented and of the deployment strategies 
chosen by the respective stakeholders. Assessing 
the efficiency of installed ICS on a national scale 
is difficult as it can vary over time depending on 
the types and conditions of the models installed. 
Nonetheless, what seems feasible is measuring and 
defining at a country level the official value of the 
average firewood consumption for rural families that 
use an open fire for cooking.

Three countries were chosen to analyse the relation 
of SLCP and rural cooking in Latin America. From 
these countries, Colombia has not yet come to define 
the emission factors for SLCP. In contrast, Peru has 
already started the process with an inventory of 
SLCP emissions, while Mexico is updating the SNAP 
presented in 2013, and refining its own nationwide 
emission factors through research. In the case of 
Peru, no specific studies existed for the models in 
use, so that studies from various places worldwide 
were taken as a reference with regards to emission 
factors. It is worth noting that the ICS installed in Latin 
America have their own characteristics that are not 
reflected in international research studies, particularly 
those with a chimney and a grill. It therefore seems 
necessary to refine these parameters, for example 
on the basis of recent studies conducted in Mexico 
by the Laboratory for Innovation and Evaluation of 

9.1 SLCP emissions reduction
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In Colombia, we decided to work with the ICS 
implementation costs published in official documents 
for various cookstoves models. However, no 
maintenance cost data was available. For the model 
proposed in this study, the maintenance cost of an 
ICS refers to changing parts, the cost of these parts 
varying from 1.5 to 25 USD36. However, in the absence 
of sufficient sources of information to compare and 
contrast, we decided to work with the percentage 
of the implementation cost obtained in the other two 
countries. Should the actual maintenance cost be 
available, total costs in scenario 2 could have been 
lower.

The cost analysis does not take into account the 
lifetime of cookstoves; instead, we assumed an annual 
maintenance over the period under study (2018-
2030). In Peru, certified ICS from the Qori Q’oncha 
programme proved that the technology can have a 
lifetime of 10 years with appropriate maintenance 
and parts replacement. Gas stoves were estimated to 
last approximately 10 years, for which we assumed a 
maintenance cost equivalent to annual depreciation 
cost of 10%. Due to the lack of official information 
in those countries, this assumption could not be 
refined. With regards to LPG cookstoves, total costs 

would probably increase since the cookstoves would 
most certainly need replacement before the end of 
the period under study.

LPG price was assumed to be fixed over the 
assessment study period (2018-2030). However 
the volatility of hydrocarbon prices that depend on 
international markets would need to be reflected. In 
addition, the LPG cost used in this study is the official 
price established in some areas of each country to 
include the cost of distribution to the remote areas 
(rural areas) but there is no relevant average cost for 
rural areas for each country. However, in programmes 
promoting the use of LPG in rural areas, the fuel cost 
often benefits from a subsidy that can typically cover 
the transportation cost to rural areas. However, in 
view of the global economy’s uncertainty, this subsidy  
cannot be secured in the long term as the price can 
increase and/or the subsidy be withdrawn for any 
other reason, both of which would raise the costs of 
using an LPG cookstove and make it more difficult to 
adopt this technology. We recommend performing a 
more specific analysis around the uncertainty of LPG 
price in each country in order to refine the results of 
scenarios 1 and 3.

9.2 Installation and operating costs

Biomass Stoves (LINEB) of UNAM, in order to get 
results representative of the region.

In this study, the SLCP emissions generated by the 
combustion of each fuel were calculated, but an 
analysis of the life cycle of each fuel was not performed 
as this would have been beyond the scope of the 
study. However, it would be interesting to assess 

36 Consultation of Natural Heritage (2018).

in another research the SLCP emissions related, in 
particular, to the production and distribution of LPG. 
Indeed, as a fossil fuel, its use requires extraction, 
refining and transport activities. In addition, we 
recommend measuring the related pollution in order 
to provide a more accurate idea of the total SLCP 
emissions generated by this fuel.
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