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ABSTRACT 

 

METHODS FOR GENERATING MARKET INTELLIGENCE FOR IMPROVED 

COOKSTOVE DISSEMINATION: A CASE STUDY IN QUETZALTENANGO, 

GUATEMALA  

 

 

TIRIAN MINK  

 

Today there are 2.4 billion people exclusively dependent on the combustion of 

low quality biomass fuels in open fires and inefficient traditional stoves for household 

cooking.  When compared to higher quality fuels and modern technologies, these 

methods come with many negative and avoidable consequences in the areas of public 

health, global climate change, environmental degradation, and poverty.  Improved 

Cookstoves (ICS) can be a part of the solution to many of these widespread problems.  

ICSs, when properly designed and utilized, can improve public health, reduce global 

warming and deforestation, and help the worldôs poorest families climb out of the poverty 

trap.  ICS dissemination efforts have been underway since the 1970s with limited 

success, and today there is a growing interest and focus on tapping into the power of the 

market to distribute ICSs throughout the world.  While the market presents a prodigious 

opportunity for increasing the penetration of ICS worldwide, there are a number of 

barriers that have inhibited this pathway from becoming a viable alternative to donation-

based dissemination models.  In this thesis I identify and discuss many of these barriers 

and focus on information gaps that are inhibiting key players in ICS manufacturing and 

marketing sectors from more effectively designing, manufacturing and marketing stoves. 
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Through the lens of the Doña Dora ICS case study in Quetzaltenango, Guatemala, I 

demonstrate a set of tools and methods to estimate economic viability using tradition 

financial metrics including net present value, internal rate of return, time to payback and 

benefit to cost ratio.  One of the outcomes of this work is the Cookstove Calculator, a 

dynamic spreadsheet tool.  With this tool, and a short household survey, cookstove 

manufacturers and marketing programs can quickly analyze the feasibility of an 

investment in any stove for any family.  The Cookstove Calculator can also be combined 

with data from a random household survey to estimate total market demand.  In this 

thesis I demonstrate this tool and these methods to estimate that the Doña Dora ICS is a 

net positive investment for roughly 40,000 households in rural Quetzaltenango.  I also 

show how these tools and methods can be used to identify critical thresholds in stove 

parameters, such as fuel savings, sales price, and product lifetime that determine 

investment viability.  
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1 INTRODUCTION 

For at least 790,000 years humanity has congregated around the hearth to cook 

food and gather warmth from the heat of an open fire (Human Origins Initiative, 2011).  

Creating energy for cooking from biomass is simple and as ancient as humanity itself, 

and began as combustion by means of an open fire (see Figure 1).  Only in the relatively 

recent past did humans start to transition away from the open fire in favor of more 

advanced methods.  Today billions of people have access to cleaner and more efficient 

means of cooking and heating the home that utilize technologies and higher quality fuels 

such as natural gas and electricity (UNDP, 2004). But many have been left behind.  

Today there are 2.4 billion people exclusively dependent on biomass for household 

cooking with an expected increase to 2.6 billion by the year 2030 (World Health 

Organization 2005, IEA 2004).  The associated fuel consumption for household cooking 

represents nearly 10% of total global primary energy consumption (UNDP, 2004).  

Unfortunately, this timeless method for cooking and heating is very inefficient when 

compared to modern technologies and comes with many negative and avoidable 

consequences to public health, global climate change, environmental degradation, and 

poverty.  

Broad negative health effects are associated with exposure to indoor air pollution 

from inefficient combustion of fuel; these are distributed disproportionately to women 

and children (World Health Organization, 2005). Fifty-nine percent of the annual 1.5 

million premature deaths from indoor air pollution occur in females while fifty -six 

percent occur in children under five years old (World Health Organization, 2005).    
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Figure 1:  Woman and her stove in San Marcos, Guatemala.  Photo source: Tirian 

Mink 2010. 
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These deaths are caused by exposure to products of incomplete combustion 

(PICs) from burning solid fuel in the home (World Health Organization, 2005) ranking it 

8
th
 in the leading causes of death in the Global South (Bailis et al. 2004). 

The health effects from exposure to these pollutants can be both acute and 

chronic, resulting from both discrete and prolonged exposure to PICs (Figure 2).  Studies 

have found that exposure to PICs from stoves negatively impacts child development, 

respiratory and cardiovascular health, while increasing the risk of premature death 

(Schwartz 1996; Bice, et al. 2009; Smith 2006; Smith-Sivertsen, et al. 2009).  

 
Figure 2.  Deposits of PICs concentrated on the roof of a home in southern Mexico.  

This is a common occurrence in homes that use open fires for cooking and heating.  

Photo source:  Tirian Mink 2010 
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Incomplete combustion in unimproved cookstoves is also a major source of 

greenhouse gas (GHG) emissions and black carbon (BC), a powerful global warming 

agent.  Woodfuel emits approximately double the CO2e per unit of fuel energy when 

compared to LPG (Gomez & Watterson, 2006), therefore efficiency improvements 

directed at biomass cooking technologies can have a greater impact than those directed at 

LPG cooking technologies.  In fact roughly 13% of global anthropogenic carbon 

emission is estimated to come from domestic use of biomass fuels for cooking (UNDP, 

2004).  BC (e.g. soot) is an aerosol and common by-product of incomplete combustion.  

Due to its short atmospheric residency time (less than two years) and high radiative 

forcing characteristic, the estimated global warming impact of BC is 680 times that of 

CO2 over a 100 year time horizon (Bond & Sun, 2005).
1
    Beyond global warming, BC 

emissions are also significantly contributing to the melting of the Arctic and Himalayan 

glaciers.  The absorption of solar radiation by BC particle deposited on ice and snow has 

led to a 0.5-1.0 °C local warming in the Arctic (Ramanathan & Carmichael, 2008) and is 

responsible for at least 30% of the glacial melt in the Himalayas (Menon et al. 2009). 

                                                           
1
 BC is not currently listed in the Intergovernmental Panel on Climate Change inventory 

of global warming constituents.  Nevertheless, studies have demonstrated that it is 

playing a significant role in climate change and the melting of the glaciers (Bice, et al., 

2009).  Some are arguing that its inclusion in a common framework for mitigation of 

climate change would be consistent with the United Nations Framework Convention on 

Climate Change with estimates that it has a global warming potential of 680 times that of 

CO2 on a 100 year timescale (Bond & Sun, 2005).  Others argue that due to its short 

atmospheric residency time of less than two years it cannot be easily included in 

traditional mitigation strategies (Bice, et al., 2009). 
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Lack of access to higher quality fuels and more efficient cooking technologies is 

also part of the poverty trap, a condition in which various structural and institutional 

barriers prevent those in poverty from acquiring the means to move beyond poverty 

(Sachs, et al., 2004).  In this context, access is inhibited by many factors: limited 

purchasing power, lack of access to capital or financing, limited availability of products 

near the home, restricted accessibility of appropriate fuel types at affordable prices, lack 

of knowledge and understanding of potential health and financial benefits, and culturally 

inappropriate stove design (see Section 3.3 for a thorough discussion of factors affecting 

accessibility of improved cookstoves).  The upshot is that many people who stand to 

realize significant financial benefit from higher quality fuels and cooking methods are not 

able to access them due to these barriers.  

Improved Cookstoves (ICS) can be a part of the solution to many of these 

widespread problems.  ICSs are nearly as heterogeneous as the populations they serve; 

they can take any shape or size, but in order to be defined as ñimprovedò a stove must 

perform well in two core areas: fuel efficiency and indoor air quality.  ICSs, when 

properly designed and utilized, are improving public health, reducing global warming and 

deforestation, while helping poor families escape the poverty trap.   

Numerous studies have demonstrated that ICSs reduce exposure to carbon 

monoxide and particulate matter (Granderson et al. 2005; Schwartz 1996; Smith 2006; 

Smith, et al. 1994; Smith 1987; WHO 2005).  Ongoing studies in Mexico have found that 

the Patsari cookstove reduces the emission of harmful PICs by more than 75%, fuel 

consumption by more than 50%, and is eagerly adopted by beneficiaries (Masera, et al. 
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2005).  Results from randomized trials in San Marcos, Guatemala demonstrated that 

beneficiaries of ICSs have significantly reduced carbon monoxide exposure and 

respiratory symptoms when compared to a control group that continued to use open fires 

(Smith-Sivertsen, et al., 2009). 

During the last decade many studies have revealed that replacing traditional 

cooking methods with properly designed ICSs can significantly abate the process of 

global warming and climate change through reductions in emissions of GHGs and BC 

(Bailis, et al. 2004; Bice, et al. 2009; Bond and Sun 2005; Johnson et al. 2010).  For 

example, studies that have modeled the abatement potential of successful ICS 

interventions in Mexico have demonstrated that 3.9 MT of CO2e can be abated annually 

by the Patsari cookstove (Johnson et al. 2010); making it one of the most fiscally 

efficacious pathways for combatting global warming (Bond and Sun 2005).  In fact, in 

terms of reducing global warming potential, few other measures can have a greater 

impact in terms of carbon abated per dollar invested.  Estimates of the cost range from 

0.30 to 11 USD per ton of CO2 equivalent abated for this simple technology (Bond and 

Sun 2005).     

ICS interventions can also dramatically improve household economies and 

provide immediate financial benefit to cash-strapped families.  For example, a financial 

cost-benefit analysis has demonstrated that the Patsari cookstove represents a viable 

option for improving living conditions of the poorest inhabitants of rural Mexico with 

benefit-cost ratios estimated to be around 10:1; financial benefits come mainly from 

fuelwood savings (53%) and reduced health impacts (28%) (Garcia-Frapolli, et al., 2010). 
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  In response to this unambiguous and massive need, hundreds, if not thousands of 

programs have mobilized to disseminate ICSs throughout the world since the 1970s.  The 

question of how to design effective ICS dissemination programs is therefore of critical 

concern if we are to be effective in our efforts.   

Dissemination efforts have been underway since the 1970s with limited success, 

and there is need for a comprehensive review of dissemination methods (Álvarez, et al. 

2004).  For the most part, the history of cookstove dissemination programs has a pattern 

of dependency on donors for funding and non-governmental organizations (NGOs) and 

government agencies for distribution (Álvarez, et al. 2004).  Yet today there is a growing 

interest and focus on tapping into the power of the market to increase penetration of ICSs 

throughout the world (see Section 3.4 for a discussion of market-oriented approaches to 

distribution of renewable and energy efficient technologies).  In fact the Global Alliance 

for Clean Cookstoves (GACC), a public-private partnership sponsored by the United 

Nations Foundation, was recently formed with the goal of ñcreating a thriving global 

market for clean and efficient household cooking solutionsò by working with ñpublic, 

private, and non-profit partners to help overcome the market barriers that currently 

impede the production, deployment, and use of clean cookstoves in the developing 

worldò (Global Alliance for Clean Cookstoves, 2010). 

The primary objective of this thesis is to demonstrate a methodology that can be 

used to support these goals by generating market intelligence that is useful for filling in 

critical information gaps that are inhibiting key players in ICS manufacturing and 

marketing sectors from more effectively designing, manufacturing and marketing stoves.  
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Using these methods in a case study of the Doña Dora ICS in Quetzaltenango, 

Guatemala, I predict the total number of households for which an investment in this 

product is net positive.    

The process and scope of this work for this thesis were driven by the needs of the 

clients: Appropriate Infrastructure Development Group (AIDG) and Xelateco.
2
  AIDG is 

a non-governmental organization with projects in Guatemala and Haiti.  Their mission is 

to incubate small businesses entering the appropriate technology sector through financial 

support in the form of grants and loans, business and marketing training, and ongoing 

technology research and development.  Xelateco is a small business located in 

Quetzaltenango, an urban center in the highlands of western Guatemala.  Started in 2005, 

Xelateco was AIDGôs first project and currently manufactures biodigestors, water pumps, 

solar water heaters, micro-hydroelectric systems and improved cookstoves.   

During the summer of 2010, I worked closely with AIDG and Xelateco to design 

and implement a random household survey in order to generate information around their 

product, the Doña Dora improved cookstove.   The survey was designed to collect a wide 

range of information about potential Doña Dora consumers to characterize their 

household energy use patterns, associated financial expenses, preferences towards 

product modifications, and financial feasibility.  Some of this information was initially 

used by AIDG and Xelateco to guide the redesign of the Doña Dora in 2010.  Now it is 

                                                           
2
 In the fall of 2010, AIDG restructured their Guatemala operations.  Through this 

process, the Quetzaltenango office and some of its staff registered as a separate non-profit 

under the name Alterna; AIDG transferred responsibility for Xelateco and the Doña Dora 

to Alterna.   AIDG now operates from their office in nearby Antigua, and continues their 

work in business incubation.  



9 
 

 
 

being used to inform the ongoing marketing strategies as the newly redesigned Doña 

Dora is being introduced to the market for the first time. 

In Chapter 2, Background, I present contextual information that is relevant to the 

project.  I begin by providing a brief summary of Guatemalan demographics, followed by 

a discussion of the high level of dependence that rural Guatemalan families have on 

biomass for a wide range of services, particularly as an energy source for household 

cooking.  I then explore the relative contribution that household fuelwood consumption 

has on the rapidly declining forest resource in the country compared to other drivers of 

deforestation.  In this chapter I will also present a brief history of improved cookstove 

stove dissemination efforts that have been ongoing in Guatemala since the 1970s.  I 

conclude the chapter by introducing the partner organizations, Appropriate Infrastructure 

Development Group and Xelateco, and discussing the key contextual issues that provided 

the impetus for this project. 

In Chapter 3, Literature Review, I discuss the broader issues that surround the 

movement to distribute improve cookstoves throughout the world.  I begin the chapter 

with a discussion about why research and funding into ICS interventions has been lacking 

given the magnitude of the associated public health and environmental consequences.  I 

then address the factors and dynamics that influence household fuel and technology 

choices with a review of the ñfuelwood ladderò and ñfuel stackingò theories.  I introduce 

a more inclusive definition of ñaccessò that is useful for generating a more 

comprehensive understanding of the barriers that inhibit ICS dissemination programs.  I 
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also explore the historical and contemporary issues behind the push for market-based 

methods for allocating renewable energy and energy efficiency services to the worldôs 

poorest and most underserved populations.  In this chapter I identify some of the 

challenges to, and opportunities for, using the market, and attempt to define some of the 

characteristics of an effective market-based approach.  Finally I discuss how household 

gender dynamics are an important dimension when attempting to understand the 

processes that influence how decisions are made in the household with respect to the 

purchase of an ICS. 

In Chapter 4, Methods, I present the methods that I employed in the case study of 

the Doña Dora ICS in Quetzaltenango, Guatemala.  I begin the chapter by presenting the 

Cookstove Calculator, a dynamic spreadsheet tool that facilitates rapid financial 

feasibility analyses for ICS products. I then define the economic metrics and underlying 

assumptions that are the foundation of the methodology.  This includes a description of 

the method used for estimating how ñreal benefitsò are quantified in the economic model.   

I provide a framework for estimating avoided fuelwood expenditure for ICS marketing 

programs.  Finally I present a step-by-step example of how I used these methods in the 

case study. 

In Chapter 5, Life in Rural Quetzaltenango, I combine results from the household 

survey with a review of recent literature to illuminate some of the conditions of 

household life in rural Quetzaltenango.  I characterize demographics, household energy 

use, energy use in the kitchen, and household expenditures related to energy use.  I 



11 
 

 
 

present primary data describing the houses people live in, the materials used in 

construction, and the ownership rates of cropland and farm animals.   I also present 

results that shed light on individual perspectives on the relationships between fuel 

consumption and environment, family health and energy use.  I conclude this chapter by 

presenting my findings on gender and purchasing power and comparing these results to 

other studies on the subject.  

In Chapter 6, Market Demand Analysis Results, I present the results of the market 

demand analysis.  I estimate financial feasibility separately for two subgroups in our 

sample: households that purchase all fuelwood, and households that purchase and collect 

fuelwood.  Based on these results I make inferences about the wider population and 

estimate the total number of households in rural Quetzaltenango for which the investment 

in the Doña Dora ICS is net positive.  In this chapter I also present distribution plots, 

confidence intervals, and box plots of the results for each subgroup and briefly discuss 

the significance of the distribution pattern across the subgroups.  I conclude the chapter 

by presenting the Cookstove Calculatorôs automatically generated sensitivity plots for 

eight input parameters in order to demonstrate the sensitivity of financial metrics to 

incremental changes in input parameter values. 

In Chapter 7, Discussion, I discuss how the results of the market demand and 

financial feasibility analyses, and associated sensitivity analyses, can be utilized and 

interpreted by key stakeholders in the cookstove market sector, including individual 

households, micro-financing institutions, marketing programs, and manufacturers.  I 
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discuss the lessons that are relevant to each stakeholder group.  Through this discussion I 

hope to demonstrate the power of this methodology for filling in critical gaps in market 

intelligence, and how by filling those gaps certain market failures may be alleviated.  

This is followed by a brief conclusion. 
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2 BACKGROUND 

In this chapter I will present background information that is relevant to the 

project.  I will begin by providing brief summary of Guatemalan demographics, followed 

by a discussion of the high level of dependence that rural Guatemalan families have on 

biomass for a wide range of services, particularly as an energy source for household 

cooking.  I then explore the relative contribution that household fuelwood consumption 

has on the rapidly declining forest resource in the country compared to other drivers of 

deforestation.  I will also present a brief history of improved cookstove dissemination 

efforts that have been ongoing in Guatemala since the 1970s.  I conclude the chapter by 

introducing the partner organizations, Appropriate Infrastructure Development Group and 

Xelateco, and discuss the key contextual issues that provided the impetus for this project. 

2.1 Guatemala 

Guatemala is located in the Central American subtropics, covers 108,889 square 

kilometers and shares borders with Belize, Mexico, Honduras and El Salvador (Figure 

3)(CIA, 2010).  The population of approximately 14.5 million people is racially diverse 

and includes 22 Mayan ethnic groups, mestizos, Garifunos, and people of direct 

European decent (Instituto Nacional de Estadisticas, 2010).  The official language is 

Spanish; however each indigenous ethnic group and the Garifunos have their own 

language.  In contrast to other countries in Latin America, Guatemala has, to a large 

extent, bucked the trend of urbanization, with only 49% of the population currently 
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residing in urban areas (Instituto de Agricultura, Recursos Naturales y Ambiente, 2009).
3
  

Although access to basic necessities has improved in recent years, there is still 

widespread poverty with a GDP per capita of $5,200 (2010), roughly half of the average 

for Central America and the Caribbean (CIA, 2010).
4
  Wealth is unevenly distributed 

throughout Guatemalan society with approximately 10% of the population accounting for 

40% of consumption (CIA, 2010).  Poverty, which is widespread with over half the 

population living below the poverty line, is particularly acute among indigenous groups 

(38% of the total population). Within this segment of the population, 76% live in poverty 

and 28% live in extreme poverty (CIA, 2010).  In Guatemala as a whole, a staggering 

forty-three percent of children under five years old suffer from chronic malnutrition 

(CIA, 2010). 

                                                           
3
 Percentage of population residing in urban areas for other Central American and 

Caribbean countries in 2010: Belize 52%, El Salvador 64%, Honduras 52%, Nicaragua 

57%, Costa Rica 64%, Panama 75%, Cuba 75%, Jamaica 52%, Haiti 52%, Dominican 

Republic 69% (CIA, 2010). 
4
 Based on 2010 estimates. 



15 
 

 
 

 
Figure 3:  Political map of Guatemala (source:  Map Cruzin 2011). 
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2.1.1 Dependency on biomass as an energy source 

There is a high level of dependence on biomass as an energy source throughout 

many sectors of the Guatemalan economy and society.  It is estimated that 74% of the 

countryôs population is directly dependent on forest resources, not only as a fuel source, 

but also for food, medicine and construction materials (Instituto Nacional de Estadisticas, 

2002).  In fact 82.5% of all primary energy consumption in the country is from biomass, 

of which 90.3% is derived exclusively from wood (Banco Nacional de Guatemala, 2009).  

The remaining 17.5% comes from hydropower and geothermal (6.8%) and fossil fuels 

(10.6%) (Banco Nacional de Guatemala, 2009).  At the household level an estimated 67% 

of families (households) rely on wood energy (fuelwood and charcoal) to prepare their 

meals (see Figure 4) (United Nations System of Guatemala, 1999).  This is particularly 

true for rural families in Guatemala.  In Quetzaltenango, Guatemala, where our study 

took place, urban residents are consuming an average of 0.9 m
3
 per person per year of 

fuelwood, while rural residents are consuming nearly four times that amount at 3.5 m
3
 per 

person per year (Instituto de Agricultura, Recursos Naturales y Ambiente, 2009).  This 

rural-urban fuel-type dichotomy follows a global pattern where only 20% of urban 

households are primarily dependent on fuelwood for domestic energy compared to 76% 

of rural households (Hammond et al. 2007). 
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Figure 4:  Woman stacking fuelwood that was just delivered to her home in San Marcos, 

Guatemala. Photo source:  Tirian Mink 2010 

 

2.1.2 The declining forest resource 

Forests coverage has been in a steady state of decline in Guatemala since 1970.  

Between 1970 and 2005 the total forest stock (standing trees) in Guatemala has decreased 

by an estimated 35% (by volume) - an average of 1% per year.  This was accompanied by 

an estimated 72% decrease in forest stock per capita due to simultaneous increase in 

population (Banco Nacional de Guatemala, 2009).  Consequently wood products 

increased in value as measured by national economic indicators (Banco Nacional de 
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Guatemala, 2009).  Between 1980 and 2005, the estimated value of a cubic meter of 

Guatemalaôs existing forest stock increased 219% (corrected for inflation), with an 

average growth rate of 4.6% per year (see Appendix B) (Banco Nacional de Guatemala, 

2009).
5
 

The fact that the large majority of Guatemalan households are heavily dependent 

on this rapidly declining resource as their primary energy source brings forth the question 

about whether household fuelwood consumption is driving deforestation in Guatemala.  

Due to the informal (and mostly illegal) nature of the fuelwood market, data that 

quantifies its contribution towards deforestation is coupled with a large degree of 

uncertainty.  Nevertheless one study estimated that fuelwood consumption in Guatemala 

contributes to annual losses of 2,460 hectares of tree cover (Comision Centroamericana 

de Ambiente y Desarollo , 1999), which when compared to estimates of the total annual 

losses of 65,000 hectares between 1990 and 2005, accounts for only 4% of the total 

deforestation (Instituto de Agricultura, Recursos Naturales y Ambiente, 2009).   These 

statistics suggest that fuelwood harvesting and consumption are not the primary drivers of 

deforestation.  This would be consistent with the conclusions of extensive studies on the 

subject in South Asia which led to the rejection of the ñfuelwood gap theoryò of the 

1970s and 1980s.  The fuelwood gap theory warned that fuelwood harvesting from forest 

                                                           
5
 In 1980 there was an estimated 948,453,433 cubic meters of standing forest stock that 

was estimated to be worth 2,271,003,704 GTQ representing a value of 2.4 GTQ per cubic 

meter.  By 2005 there was an estimated 698,434,711 cubic meters of standing forest that 

was estimated to be worth 5,330,204,767 GTW representing a value of 7.6 GTQ per 

cubic meter(Instituto de Agricultura, Recursos Naturales y Ambiente, 2009). 
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lands was driving unsustainable rates of deforestation (Asia-Pacific Forestry Commission 

1997).  Dire predictions of the collapse of the forests in Nepal due to overharvesting of 

fuelwood turned out to be false.  In fact, fuelwood harvesting was discovered to be 

largely sustainable, while the primary driver behind deforestation was land use changes, 

namely clearing lands for agriculture (Asia-Pacific Forestry Commission 1997).  This is 

consistent with what appears to be happening in Guatemala over the last 60 years, where 

forest lands are quickly being replaced by crops (Figure 5).   
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Figure 5:  Total land coverage for forests (bosque), crops (tierra agricola cultivada), 

pasture (pastos) and other (otro) in Guatemala between 1950 and 2002.  (Graph source:  

Instituto de Agricultura, Recursos Naturales y Ambiente 2009, p.79) 
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2.1.3 The History of Stove Dissemination Efforts in Guatemala 

Stove dissemination efforts have been ongoing in Guatemala since at least 1976 

and can be characterized in two stages that are associated with the introduction of 

technologically innovative models (Álvarez et al. 2004).
6
  The Lorena stove is one of 

these models and is considered by many to be the ancestor of modern ICSs.  Distinct 

from other ICSs in its simplicity of design and ease of adoption, the Lorena is made 

almost entirely out of rammed earth; this stove was highly successful in improving public 

health by diverting emissions out of the kitchen via a chimney.  The metal plancha stove, 

with many variations, is another ICS model that has been distributed widely throughout 

Guatemala according to Álvarez et al (2004).  Our survey found that in rural 

Quetzaltenango, 85% of respondents had some variation of the metal plancha stove (see 

Section 5.3 for more information).
7
  It is distinct from the Lorena in that it is usually, 

though not always, built with brick and/or cement, with a sealed rectangular sheet metal 

cooking surface (see Figure 20).  The construction often includes removable rings that 

allow a pot to be inserted into the combustion chamber for more direct contact with the 

fire.  Like the Lorena, this stove when properly designed and maintained, can 

successfully direct the smoke out of the kitchen via a chimney resulting in improved 

indoor air quality.   

                                                           
6
 Fundación Solar, a Guatemalan non-governmental organization, was hired by the 

Energy Sector Management Assistance Program (ESMAP) of the United Nations and 

World Bank to review the history of stove efforts in Guatemala.   
7
 This estimate is derived from a stratified random block survey conducted in 

Quetzaltenango in July 2010.  See Section 4.3 for more details 
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While both of these stove designs have been demonstrated to improve indoor air 

quality when properly designed and maintained over their lifetimes, field and laboratory 

studies have concluded that they do not necessarily increase fuel efficiency (Granderson 

et al. 2005; Gill 1987).  In fact, studies have shown that the Lorena stove does not 

necessarily increase fuel efficiency when compared to the open fire and certainly 

performs poorly when compared to other improved stove models (Mäkelä, 2008).  This 

might be attributed to the high thermal mass of the stove body, but may also be a function 

of the lack of standardization in the construction process, which leads to high variability 

in end product.   

There have been several national conferences on ICS dissemination efforts in 

Guatemala, the first of which was the 1977 First Regional Conference of Stove Experts.  

According to Álvarez et al., the period from 1976-1980 was the inception period for stove 

design and dissemination in Guatemala.  During the period of 1980-1986 there was large 

scale dissemination of the Lorena with national level support coming from the 

Guatemalan Ministry of Energy and Mines.  Between 1986 and 1993 there was a loss of 

momentum due to various technical and organizational challenges within stove programs.  

Many users abandoned their stoves and tangible benefits were illusive.  Between 1993 

and 2001 there was a resurgence in the stove dissemination effort, this time with a focus 

on commercialization of improved stoves to harness the power of the market to better 

address userôs needs and improve quality.  New stove models were designed to be 

portable, durable, and mass produced.  
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2.2 AIDG 

There are two partner organizations that I worked closely with throughout the 

fieldwork phase of this project:  Appropriate Infrastructure Development Group (AIDG) 

and Xelateco.  AIDG is a non-governmental organization with projects in Guatemala and 

Haiti.  Their mission is to incubate small businesses to enter the appropriate technology 

sector.  Entrepreneurs and skilled workers are assisted in developing micro-

manufacturing businesses that provide local impoverished communities with renewable 

energy power systems and appropriate technology solutions for basic needs such as 

potable water, sanitation, heating and cooking, and efficient use of fuel.  AIDG provides 

small startup businesses with seed capital, training, and access to a wide network of 

resources including technical business training, tested product designs, partner 

organizations and academic institutions (Lee, 2009).   

2.3 Xelateco and The Doña Dora Improved Cookstove 

Xelateco is a small business located in Quetzaltenango, in the highlands of 

western Guatemala.  Started in 2005, Xelateco was AIDGôs first project and currently 

manufactures biodigestors, water pumps, solar water heaters, micro-hydroelectric 

systems and improved cookstoves.  In September 2007, AIDG initiated a project to 

design and commercialize an ICS through Xelateco.  Numerous designs were considered 

through a participatory design process in which target stove users as well as Xelateco 

technicians were actively involved from the beginning (Lee, 2009).  The first marketing 

strategy involved close collaboration with two pilot communities: San Alfonso and San 
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Lorenzo (Lee, 2009).  This was all in the context of a larger community outreach strategy 

on the part of AIDG within these communities to identify specific needs beyond ICSs.  

Communities transferred their knowledge and preferences to AIDG and Xelateco through 

structured and unstructured interviews.  AIDG and Xelateco conducted educational 

workshops and stove demonstrations, and through this process significant barriers were 

identified.  An unstructured market demand analysis revealed that the upfront cost of the 

stove was an insurmountable barrier for the large majority of community members (Lee, 

2009).  Feedback from community members showed that 30 years of donation based 

stove dissemination models in Guatemala had instilled expectations that ICSs would 

continue to be distributed for free (Lee, 2009).  The product of this effort was the 

predecessor of the Doña Dora ICS; initially named, ñEl Rocket Box.ò  After two years on 

the market, El Rocket Box had not become a success.  Fewer than 100 had been sold and 

users were not satisfied with the product.   

Motivated by lackluster sales and insufficient revenue, AIDG and Xelateco set out 

to double down their efforts on their improved cookstove product.  In the summer of 

2010 they launched a project to redesign the cookstove, and create a new marketing 

strategy in an effort to make it a cornerstone of a profitable business model.   Focus 

groups were conducted to elucidate user preferences and several crucial modifications 

were made to both the combustion chamber and the shell.  The Doña Dora is an 

improvement over El Rocket Box, in more than just name.  The Doña Dora has a larger 

combustion chamber, tile shelves on the sides for setting pots or cooking utensils, and a 
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heat shield around the chimney to protect from burns. It is also mounted on a sturdy 

fabricated metal table (see Figure 6).   

My role in the project was to work with staff, volunteers and interns to implement 

a random household survey in order to generate information about user preferences, 

willingness and ability to pay, and total market demand for the Doña Dora ICS (see 

Section 4.3).  I also assisted in developing methods to evaluate the effects of design 

modifications on the performance of the Doña Dora using modified versions of 

Controlled Cooking and Water Boiling Tests. 
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Figure 6.  The Doña Dora cookstove.  Photo: Malcolm Gribble. July 2010. 
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3 LITERATURE REVIEW 

With this chapter I aim to illustrate the broader contextual issues that surround the 

movement to distribute improve cookstoves throughout the world.  I begin by addressing 

reasons why research and funding into ICS interventions has been lacking considering the 

magnitude of the associated public health and environmental problems.  I then address 

the factors and dynamics that influence household fuel and technology choices with a 

review of the ñfuelwood ladderò and ñfuel stackingò theories.  I introduce a more 

inclusive definition of ñaccessò that is useful for generating a more comprehensive 

understanding of the barriers that inhibit ICS dissemination programs, and I present an 

example of a cookstove program that addresses these issues by a employing a systemic 

approach that integrates several of the mechanisms that define the political economy of 

access to cookstoves.  After that I explore the historical and contemporary issues that are 

the impetuses for the emphasis on market-based methods for allocating renewable energy 

and energy efficiency services to the worldôs poorest and most underserved populations.  

I also identify the challenges and opportunities to using the market and define some of 

the characteristics of an effective market-based approach.  Finally I discuss how 

household gender dynamics are an important dimension of processes that influence how 

decisions are made in the household with respect to the purchase of an ICS. 

3.1 Mundane science 

Considering that we have known about the problems associated with unimproved 

cooking practices for at least 40 years, why has there been so little progress so far?   In 
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their seminal article The Virtues of Mundane Science, Kammen and Dove (1997) argue 

for increased funding for research into ICSs and other ñmundaneò topics throughout the 

world.  Although the phrase ñmundane scienceò (applied science) did not become widely 

adopted into the vernacular of the scientific and development communities, the central 

thesis of the article was considerably poignant at the time and remains relevant today.  

They point out that despite the fact that acute respiratory infections, malnutrition, 

diarrhea, malaria, and measles account for 71% of the 12.2 million deaths in children 

under five years old, support for work on these topics is weak relative to their importance 

(Kammen & Dove, 1997, p. 12).  With respect to energy development research, this bias 

manifests as a disproportionate focus on advanced combustion systems, commercial 

fuels, and large centralized power facilities, even though half the worldôs population 

relies on biomass for the majority of their energy needs (Kammen & Dove, 1997, p. 11).   

Despite the funding disparity, research into the effect of ICS interventions has led 

to advances in understanding beyond the direct impacts on fuel use, indoor air pollution, 

and household economics.  Work on ICSs has contributed to the ongoing development of 

innovative methodologies such as participatory rural appraisal techniques, gender 

sensitive and open-ended interviewing, and new theories of networking (Kammen & 

Dove, 1997, p. 14).   

According to Kammen and Dove, there are ñfive fallaciesò that have contributed 

to this lack of attention.  The first is that applied science is anti-scientific in spirit, a 

misconception than arose from mainstream scientistsô lack of interest in applied science.  
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This led to the marginalization of applied science and resulting ñfringeò status.  The 

second is the concept that the greatest overall returns come from ñbasicò research rather 

than ñappliedò research.   The underlying false assumption here is that there is a diametric 

opposition between investments in basic versus applied science (e.g. with a pool of 

limited funds, increased funding for one area would result in decreased funding for the 

other).   To the contrary, they argue that funding for research has traditionally been tied to 

the prospect of practical applications that may result from the work.  For example, 

support for research into geological sciences increased dramatically after the discovery of 

untapped reserves of hydrocarbons below the surface of the earth. The third fallacy is that 

applied science is simply an application distinct from (and potentially in conflict with) 

basic research.  This misperception may be an artifact of post-World War II research and 

development policy in the US which emphasized basic research as the driving force 

behind technological progress and applied research ñinvariably drives out pureò 

(Kammen & Dove, 1997, p. 38).  The fourth is that the outcomes from development 

projects are inherently technological rather than sociological.  Although development 

efforts in the Global South have generally failed to assist the poor and protect the 

environment, analysts have largely faulted implementation processes or misaligned 

project objectives (Kammen & Dove, 1997, p. 39).   

Finally, applied science is thought of as having more to do with society than 

science.  The large majority of research related to the Green Revolution, for example, 

was focused on food production rather than storage and distribution systems because ñthe 
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former is considered science while the latter is not ï even though as much as 40% of 

some harvests are lost to spoilage, corruption, and inadequate infrastructureò (Kammen & 

Dove, 1997, p. 39).   

Today there is renewed interest being generated by global warming mitigation 

strategies and new research that is definitively linking disease and death to indoor fuel 

use (Schwartz 1996, Smith 2006, Smith, et al. 1994).  Furthermore, there is now a 

process in place for cookstove programs to receive carbon offset credits, potentially 

opening the flood gates to global capital.   

3.2 The fuelwood ladder and fuel stacking theories 

Understanding the factors that determine how fuels and cooking technologies are 

selected and accessed by households is useful when designing and evaluating cookstove 

dissemination programs.  Researchers have often attempted to explain the dynamics of 

household energy use and household economics through the ñfuelwood ladder theory,ò 

which characterize the factors that influence household decisions about whether to switch 

or substitute between different fuel types (Smith, et al. 1994, Smith 1987).  A common 

interpretation of this theory is that increases in family incomes drive a transition from less 

efficient, less expensive, and higher polluting fuels (e.g. dung, wood, charcoal) towards 

more efficient, more expensive, and cleaner burning fuels (e.g. LPG, electricity)(Smith, 

1987).  Theoretically, increases in household income allow a family to move up the 

ladder, abandoning inefficient and dirty technologies for more expensive and cleaner 

ones.  According to Barnes and Willem (1996), moving up the ladder is associated with 
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an improvement in social status.  Even when taking into account economic and social 

factors, what emerges from this theory is the concept that there is linear evolution up the 

energy ladder (Barnes & Willem, 1996).  In other words, as households adopt higher 

quality fuels and more advanced cooking technologies, they abandon lower quality fuels 

and traditional cooking methods.  However, the fuel ladder theory is being challenged by 

scientists who argue that it does not accurately characterize the process of fuel and 

technology switching, especially with respect to household cooking. 

In contrast, the multiple fuel model proposed by Masera et al. (2000) describes 

the process of fuel switching as being dependent on four essential factors in the face of 

resource scarcity or uncertainty:   

1. Conditions that affect access to different fuels and cooking technologies 

2. Technical characteristics of cookstoves and cooking practices 

3. Cultural preferences 

4. Health impacts 

Using data from three Mexican states and one village, Masera et al. demonstrate 

that rural households do not ñswitchò but rather ñstackò fuels (Masera et al. 2000).  As 

new fuels and technologies are adopted, traditional fuels and technologies are rarely 

abandoned.   Their research suggests that households do not perceive one technology type 

as clearly better than another; different technologies possess different attributes that are 

positive and negative depending on the circumstances.  They argue that this change in 

perspective regarding the process of fuel switching and technology adoption is essential 
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for being able to accurately characterize rural energy demand and for framing policies 

that will promote sustainable resource usage (Masera, et al. 2000).   

Masera et al. conclude that simple measures used to characterize household 

energy use and stove selection are often largely inaccurate, and that the linear fuel 

switching model leads to overestimates of benefits in cases where a variety of stoves and 

fuels are being used simultaneously.  In essence, according to Masera et al., the multiple 

fuels model assumes that the technologies and fuels used in the kitchen are determined by 

a group of factors that are fluid and dynamic, leading to mixing and stacking of fuels and 

technologies, rather than a more linear process of switching.  Understanding the 

dynamics of fuel switching and stacking is critical for designing successful ICS 

interventions, as well as for accurately evaluating the success of an existing program.   

3.3 Understanding accessibility of ICSs  

Understanding all the factors that influence accessibility of ICSs in very poor 

communities is important for effectively characterizing the challenges to cookstove 

dissemination efforts.  The term ñaccessò is commonly used by property and natural 

resource analysts in the context of defining who has the right to access or make use of 

property and resources.  In this context, access would be defined simply as the right to 

benefit from things (Ribot & Peluso, 2003).  When trying to understand the factors that 

determine the accessibility of cleaner and more efficient cooking technologies, a more 

inclusive definition is helpful.  Ribot and Peluso (2003) make the following proposal: 
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access is more than merely having the ñright to benefit from things;ò it is having the 

ñability to derive benefits from thingsò (p. 151).   

In their view, access can be thought of as a web with strands that extend in an 

outward direction from the individual who is located at the center.  The strands are the 

factors (mechanism, process, or relationship) that have influence over an individualôs 

ability to derive benefit from a resource (Ribot and Peluso, 2003, 153).  In this web, the 

potential cookstove beneficiary is located in the central node; the cookstove is located in 

some other coordinate.  Accessibility is determined by the individualôs capacity to 

successfully negotiate the strands that separate them from the ability to derive benefit 

from the product.  The mechanisms that define access to an ICS are numerous, and have 

some overlap with the factors that affect technology and fuel switching and stacking.  All 

of the following mechanisms and/or conditions must be in proper alignment with the 

idiosyncratic situation of each household seeking access to an ICS: 

¶ purchasing power and availability of credit 

¶ willingness/ability to pay 

¶ availability of products near the home 

¶ accessibility of appropriate fuel types 

¶ knowledge and understanding of potential health and financial benefits 

¶ cultural appropriateness of the technology 

¶ intra-household social relations and their influence on decision making 
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The nodes of the web are often occupied or controlled by entities that exist 

outside of the autonomy of the household.  These may be institutions, organizations or 

individuals, and households must successfully negotiate with them in order to have 

access to something.  Because of this, individual identity and social relations ñare central 

to virtually all other elements of accessò (Ribot & Peluso, 2003).  Each entity 

(gatekeeper) has their own agenda that may or may not be aligned with the intentions of 

the resource seeker.  In the context of an ICS supply chain, a consumer may be separated 

from a product by several entities including manufacturers, distributors, NGOs, 

marketing programs, and micro-financing institutions.  In order to truly understand what 

determines an individualôs access to an ICS we must consider the network of interactions 

and relationships that exist between the individual and the resource.   

In Michoacan, Mexico, the Interdisciplinary Group of Rural Appropriate 

Technology (GIRA) has been addressing these complexities with a systemic approach 

that integrates several of the mechanism that define the political economy of access for 

their target population of the Patsari cookstove.  Masera et al. (2005) discuss how their 

projects have evolved from being narrowly focused on stove production and sales to a 

more integrated systemic approach involving technology innovation, market 

development, cookstove dissemination packages, support to micro-enterprise 

development, monitoring and evaluation, and outreach activities (Masera et al. 2005).  

This systemic approach resonates well with the access theory proposed by Ribot and 

Peluso.  GIRA has identified mechanisms of access that complement and reinforce each 
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other.  By integrating several of these into a single programmatic system, GIRA has made 

progress towards generating a confluence of goals between occupants of nodes that 

previously may not have been aligned.   Aligning the agendas of several key nodes in the 

web of access should theoretically increase the accessibility of cookstoves to the 

population while creating a more sustainable program.   

Fuels also play a role in determining accessibility of cooking technologies.  For 

example, while LPG is regularly available in Guatemala, the high price severely limits its 

usage in poor households to small tasks such as heating water for coffee or warming up 

previously cooked food.  Because the cost is prohibitive, people can own an LPG 

cylinder and associated burners without having the ability to benefit from them.  Álvarez 

et al. (2004) made the observation that access to firewood is correlated with the degree of 

urbanization; to wit, the closer the community is to an urban center, the more likely its 

residents will be purchasing fuelwood rather than collecting.  This suggests that fuelwood 

scarcity may be more acute in urban areas where many are forced to purchase because of 

the inaccessibility of forests.  It seems logical that fuelwood accessibility is dynamically 

linked to forest resource accessibility.  The accessibility of forest resources to the average 

Guatemalan villager is almost certainly steadily declining as scarcity continues to 

increase (see Section 2.1.2), suggesting that the average Guatemalan is working harder, 

and/or spending more money each year, to obtain their fuelwood.  By taking into account 

all of the factors that influence accessibility of ICSs to very low income people, 
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cookstove dissemination efforts can be more effectively designed to address the 

underlying barriers. 

3.4 Kitchens at the base of the pyramid: an untapped market?  

Given the inaccessibility of improved cooking technologies to the billions of 

people who need them, the question then becomes how to most effectively distribute 

them.  Over the past 30 years, renewable energy technology projects and investments 

have transitioned from the fringe to the mainstream of sustainable development 

(Martinot, et al. 2002).     Over this time, donor agencies and government programs have 

developed and disseminated more than 220 million ICSs in developing countries 

(Martinot, et al. 2002).  The Organization for Economic Co-operation and Development 

estimated that between 1980 and 2000 there were 3 billion dollars worth of development 

assistance for renewable energy projects (cited in Martinot, et al. 2002).  However most 

of these projects achieved only modest results and were largely unsustainable (Martinot, 

et al. 2002).  This lack of tangible results led to widespread disillusionment within donor 

groups towards renewable energy projects.  This coincided with a call for market-

oriented approaches with a focus on commercial viability, income generation, technology 

transfer and local capacity building (Hammond, et al. 2007; Polak 2011; Garcia-Frapolli, 

et al. 2010; Dhungel 2009; Barnes and Willem 1996; Prahalad and Hart 2002; Martinot, 

et al. 2002).  There are significant opportunities for market based dissemination models 

to deliver renewable and energy efficient technologies and services to the very poor, but 

there are also considerable challenges that have thus far inhibited this pathway from 
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being an effective alternative to donation-based models.  In this section I discuss some of 

the most important factors that illuminate the opportunities and challenges to market-

oriented approaches to disseminating improved cookstoves. 

3.4.1 Scalability 

One of the key advantages that market based dissemination models have over 

donation models is scalability.  Donation based models are largely dependent on a fixed 

amount of capital and operate within budgets that are managed by government 

bureaucrats and donor agencies.  In contrast, market based programs for ICS 

dissemination can access the multi-billion dollar demand from the fuelwood for cooking 

market (Hammond, et al. 2007).  Theoretically energy efficiency technologies such as 

improved cookstoves can free up a portion of that money by offsetting some fuel demand 

associated with the status quo technology.  

Prahalad and Hart (2002) make the case that very low income people have 

purchasing power that can lead to profitable returns for companies.  They argue that this 

can be achieved if companies can commercialize and effectively market products that 

meet the needs of this segment of the population.  Prahalad and Hart characterize the 

global economy in terms of a pyramid in which consumers are placed into tiers based on 

their annual per capita income.  At the very top of the pyramid are the 75-100 million 

affluent Tier 1 consumers from around the world.  In the middle of the pyramid, in Tiers 

2 and 3, are poor consumers in developed nations and the burgeoning middle class in the 

developing world.  Tier 4 in the pyramid, often referred to as the Base of the Pyramid 
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(BOP), is populated by the 4 billion people who have an annual income of less than 

$1,500 based on purchasing power parity in US dollars. 

New empirical measures of the aggregate purchasing power of this population 

suggest opportunities exist for market-based approaches to better meet their needs while 

increasing their productivity and incomes (Hammond, et al. 2007).  In Africa, Eastern 

Europe and Latin America, for example, energy ranks third in BOP household 

expenditures behind food and housing.  Across all measured countries, households in the 

base of the pyramid spend an average of 9% of their household budgets on energy, 

representing an average yearly expenditure of $379 (Hammond, et al. 2007).   

These energy budgets are relevant to ICS marketing programs particularly in rural 

parts of Africa, Asia and Latin America, where fuelwood is the main source of energy for 

cooking.  In rural Guatemala, for example, 86% of rural households use fuelwood for 

cooking, while only 29% of urban households use fuelwood for cooking (INE 2002).  

The survey conducted by me and colleagues from AIDG and Xelateco in Quetzaltenango, 

Guatemala, indicates that the average yearly household expenditure on fuelwood is 

$222.
8
   Due to the fact that the large majority of the $433 billion in annual BOP energy 

expenditures are dedicated to fuelwood for cooking, effective ICS programs that reduce 

fuelwood consumption have the potential to offset a portion of this and liberate these 

funds to create purchasing power that can go towards ICSs.     

                                                           
8
 See Section 4.3 for a description of the survey methodology.   
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   Despite this scalability, market-based dissemination methods have natural 

limits.  Many people cannot afford even a modestly priced ICS because their incomes are 

simply too low.  While micro-credit loans and other creative mechanisms can increase 

affordability in some cases (see below for further discussion), this approach will not 

extend affordability universally.  In short, the free market will not be able to deliver 

renewable energy and energy efficiency products and services to people who truly cannot 

afford them, and these very low income people are among those who are most in need.   

This limitation can be lessened with well-directed subsidies that lower the cost for a 

cookstove for households that do not have sufficient purchasing power.  This has 

precedent in the worldôs most prolific stove programs in China and India; as of 2004, 

these programs had distributed 18 million and 150 million units, respectively (Álvarez, et 

al. 2004).
9
  In China there is a well-directed soft subsidy from the government in the form 

of training and technical assistance to stove designers and producers.
10

  The goal of the 

subsidies is to promote commercialization of stoves and ensure that consumers have 

access to quality products and services.  In India, there is a 50% subsidy that is paid 

directly to stove producers, who in turn sell their stoves directly to consumers (Álvarez, 

et al. 2004).  By using well-directed subsidies for ICSs, governments can leverage the 

market to more effectively address the needs of their most marginalized constituents.  

                                                           
9
 Results from surveys suggest that two thirds of the stoves in the India program 

were either not fully adopted or abandoned completely.  Reasons cited for not adopting 

stoves were that stoves did not save fuel and were of poor quality (Martinot, et al. 2002).      

10
 The term ñsoft subsidyò refers to support for technical capacity building, institutional 

development, and other non-hardware related costs (Harvey 1996). 
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Another limitation to the scalability of the market is the upfront cost barrier.  Not 

all of the money that very low income people spend on energy is available at once for 

large purchases.  Household energy expenditures are spread out over the entire year while 

the cost of a cookstove must be paid in advance.  Micro-financing can address this 

problem by providing small loans that can spread the cost over time.  By spreading the 

cost out over time, some or all of the payments can be made directly from the savings that 

are generated from the higher efficiency stove. 

3.4.2 Natural feedback mechanism 

Another advantage that market-based models have over donation models is that 

well-functioning competitive markets have a natural feedback mechanism to regulate 

quality of product and service.  If the conditions of a well-functioning competitive market 

are present, products that perform poorly would be driven out of the market by better 

products.  For example, consumers clearly would demand stove A over stove B if they 

knew stove A out-performed stove B (all other things being equal).  In contrast, donation-

based models must purposefully build mechanisms into their programs in order to 

generate feedback from consumers.  There are examples of donation-based cookstove 

dissemination programs that incorporate surveys to measure end-user satisfaction 

(Masera, et al. 2005), but most programs lack this component.  Omar Masera, president 

of the Mexican Bioenergy Network, made this point in a letter to the Mexican Secretary 

of Social Development, who is in charge of the Mexican National Stove Program: 
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 ñBeneficiaries have no voice in the process and must take what they are offered 

even if  the stove is not appropriate for their cooking practices.  There are no follow up, 

monitoring or evaluation programs to measure effectivenessò (Masera 2010). 

This has often led to poor quality or inappropriate stoves being distributed by 

individuals and organizations that have little incentive to meet minimum standards of 

quality.
11,12

   

3.4.3 Market failure 

Despite the advantages that market-based dissemination methods have, there are 

significant obstacles that have thus far inhibited the market from being an effective 

pathway for distributing renewable energy and energy efficiency products and services to 

the worldôs poorest communities.  Market failure is one of these obstacles.  In order to 

                                                           
11

 See Zinacantan case study in Appendix for illustrative example. 
12 In Chiapas, Mexico, where nearly 3 million people cook with biomass, there are at least 

20 distinct ICS programs operating.  By far the biggest player in Chiapas is the Mexican 

federal government which has committed to disseminating 500,000 countrywide with 

perhaps 15,000 a year being allocated to Chiapas.  Unfortunately, according to Dr. Omar 

Masera, President of the Mexican Bioenergy Network, the 126,596 stoves that have been 

disseminated (as of July 2010) through this program have failed to provide benefits to 

families who have received them.  If this is true, the one billion Pesos (83 million USD) 

being invested in the National Stove Program are in danger of being wasted, or in the 

words of Dr. Masera: the program isé ñvaccinating many families against technologies 

that have been demonstrated to be useful...ò (Masera 2010)  The faults of the government 

program are systemic.  Stoves do not need to meet basic performance standards to be 

considered ñimproved.ò  Stoves do not meet the basic requirements of functionality, 

durability, and safety.  Stoves are not designed to meet the needs of rural families.  The 

stove producers do not have experience in design, manufacturing, quality assurance or 

dissemination of these products.  Stoves are being distributed by NGOs without requisite 

experience with the technology.  Beneficiaries have no voice in the process and must take 

what they are offered even if  the stove is not appropriate for their cooking practices.  

There are no follow up, monitoring or evaluation programs to measure effectiveness 

(Masera 2010). 
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effectively utilize the market to disseminate stoves to very low income people, there must 

be a competitive and functioning market present that can be accessed by consumers who 

can benefit from ICSs.  Unfortunately, remote villages and rural areas are often far from 

well -functioning competitive market places.  Certain conditions must be present before a 

well functioning competitive market can emerge.  In the words of Hackett (2006) the 

conditions require that: 

1. There are well defined and enforceable property rights that characterize 

the ownership of resources, goods, and services. 

2. There is a functioning market institution that governs how buyers and 

sellers interact. 

3. There are many buyers and sellers, each of which is small relative to the 

overall market. 

4. Buyers and sellers are unable to collude and form organizations that can 

affect market prices. 

5. There are no positive or negative externalities. 

6. There is potential low cost entry for new buyers and sellers. 

7. Transaction costs are sufficiently low to not inhibit mutually beneficial 

transactions. 

8. Accurate and reliable information on quality, availability, pricing, and 

location of goods and services is available at low cost to market 

participants. 

 

Market failure occurs when one or more of the conditions for a well-functioning 

competitive market are not met in a substantial way (Hackett 2006).  In poor and rural 

communities in the developing world many of these conditions are not met.  New 

Institutional Economics (NIE) emerged from within the framework of neo-classical 

economics in an effort to explain some pervasive inadequacies in the latterôs ability to 

explain the mechanisms that often cause market failure, especially in the context of less 
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economically developed countries (Harriss, et al. 1997).  NIE theorists proposed that 

interventions should be implemented to create institutions that could effectively lower 

transaction costs, govern property rights, and optimize division of labor to increase 

productivity (Harriss, et al. 1997; Bardhan 1989).   

The conditions that lead to market failure are pervasive in isolated rural villages, 

where there are logistical challenges such as lack of basic infrastructure (roads and public 

transportation) that inhibit the delivery of products and services to the market.  According 

to Hammond et al. (2007), most very low income people do not have bank accounts or 

access to financing mechanisms.  They live in informal settlements and often do not have 

title to their land, and lack access to telecommunications, water and sanitation services, 

electricity and basic healthcare.  Very low income people are forced to trade their goods 

and labor to local employers or middlemen who exploit them.  One of the results of these 

conditions is that very low income people often pay a penalty in the form of higher prices 

for lower quality goods or services.
13

 

While all of these conditions represent substantial barriers to market-oriented 

approaches to disseminating ICSs, my research is primarily focused on addressing the 

last condition in the above list, the accessibility of information regarding quality, 

                                                           
13

A recent study in Kenya found, for example, that households that lack access to 

grid electricity pay 150 times more for a unit of lighting service than do households that 

have grid electricity powered lighting (Mills and Jacobson 2008).  For the 1.6 billion 

people who lack access to grid electricity, burning kerosene or another petroleum based 

fuels is the only choice in order to illuminate their homes after the sun sets. 
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availability, pricing and location of goods and services to market participants.  I suggest 

that ñadequate informationò implicitly includes information regarding benefits (welfare) 

that consumers will realize from the procurement of a good or service.  This information 

is currently not available to most market participants, representing a substantial barrier to 

the emergence of a well-functioning competitive cookstove market.  With respect to a 

theoretical purchase of an ICS, benefits can only be understood after careful analyses are 

conducted at the individual household level.  Accurate estimates of household financial 

benefits that can be generated through the purchase of an ICS can only be quantified with 

cost-benefit analyses that include information specific and unique to each household and 

stove.
14

  Some parameters prove difficult to quantify, particularly monthly fuel savings.  

Accurate estimates of monthly fuel savings are needed in order to estimate avoided 

expenditures on fuelwood.  Monthly fuelwood savings for a given household are 

dependent on the relative performance of the proposed ICS compared to the current 

cooking technology that is being used in the home.  Without accurate estimates of this 

parameter and/or the technical capacity to conduct an analysis of this nature, information 

on financial feasibility will be unavailable to consumers and cookstove marketing 

programs.  Bad information or no information necessarily results in uninformed decisions 

by market participants.  This may cause market failure because individuals may either 

forgo making a purchase that would have benefited their household or proceed to make a 

purchase that will result in sub-optimal outcomes for their household.   

                                                           
14

 These parameters are examined in depth in Section 4.4  
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Access to accurate and reliable information regarding the potential household 

financial costs and benefits from the purchase of an ICS will increase the efficiency of 

resource allocation in the ICS marketplace.  This may translate into more cookstoves 

being adopted by households that can afford and benefit from them and fewer purchases 

being made by those who cannot afford it.  Adequate information in this area will allow 

stove marketing programs to be more informed about their actual market demand, to 

better understand their customer base, and to more effectively design their marketing 

programs.  With this information in hand, stove manufacturers can more effectively 

invest their research and development funds in order to improve the feasibility of 

purchase for as many customers as possible (see Section 7.4 Lessons for Manufacturers).  

3.5 Intra-household gender dynamics 

In Section 3.4, I discussed some of the barriers to market-oriented approaches to 

disseminating ICSs.  There are other factors that further complicate efficient allocation of 

ICSs to consumers. The role that gender dynamics plays in intra-household economic 

decision making processes is an important factor that influences whether a household will 

purchase an ICS product.  For example, if the father of the house is the primary income 

provider and decision maker for household purchases, then a split incentive dynamic may 

exist regarding purchases that benefit other members of the household disproportionately. 

In Guatemala women are traditionally responsible for cooking and therefore would 

benefit the most from the purchase of an ICS.  The most obvious of these benefits are 

improved indoor air quality, cleaner and more efficient kitchens, and reduced time spent 
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collecting fuelwood.  One can imagine that this perceived benefit to the women of the 

house may not necessarily incentivize the purchase of an ICS in the case that the man of 

the house has primary control of the purse strings.  This is just one example that 

simplifies dynamics that tend to be complex.  But it highlights the importance of 

considering the role of intra-household dynamics in a range of purchasing decisions, 

including those related to investments in cooking technologies and fuels. 

Children and women can often be seen carrying heavy loads of firewood 

throughout rural Guatemala (Figure 7), where women are primarily responsible for the 

majority of household tasks including cooking, cleaning, and raising the children.  

Although these activities are arguably equally as burdensome as the work men are doing, 

they are usually unremunerated subsistence activities.  There is a question then as to 

whether women have sufficient purchasing power to buy an ICS even when their 

household has adequate purchasing power; women may not possess enough influence in 

investment decisions to lead to a purchase.   

There is a fallacy when economists and development practitioners consider the 

household unit as a black box in which decisions are made to maximize the overall 

household utility.  Many microeconomic studies treat the household as if it were an 

individual.  This simplification of the household, a complex and dynamic entity, can 

sometimes be useful for analytical purposes, but it limits and misguides our 

understanding of how decisions are made inside the home (Doss, 1996).   As a result of 

this revelation, it has become more common in the recent past for economists to 
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characterize the role that intra-household gender dynamics play in economic decision 

making processes (Doss, 1996). 

 

Figure 7:  Woman and child carrying fuelwood in Quetzaltenango.  Photo source: 

Rob Gradoville 2010 
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Gender based divisions may exist within the household unit that affect allocation 

of decision making power and income transfer (Miraftab, 1996).  For example, it is found 

that in the western highlands of Guatemala, women who devote a significant amount of 

their time to remunerated activities do not necessarily acquire commensurate decision 

making power with respect to non-food household expenditures.  Increased household 

income resulting from the participation of women is largely spent on male goods, 

affecting womenôs ability purchase food and domestic technology (Katz, 1995).  In 

Section 5.5, I present primary data on the subject of gender and purchasing power in the 

home that is derived from our household survey in Quetzaltenango. 
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4 METHODS 

In light of the host of opportunities and challenges to creating effective market-

based dissemination efforts for ICSs, there is a need for reliable and repeatable methods 

for generating regionally specific information for cookstove products and markets.  In 

this chapter I present methods that can be applied to market based cookstove 

dissemination programs in a wide range of contexts.  One application of these methods is 

to analyze the economic feasibility of a cookstove purchase from the perspective of an 

individual household.  This information can help guide stove marketing programs and 

micro-financing institutions in their effort to identifying customers that will benefit 

financially from the purchase of an ICS.  It can additionally be used to identify 

individuals or households that would require subsidies.  These methods can also be used 

to analyze aggregate survey data from regional market demand analyses that can inform 

stove programs about the potential size and magnitude of a local market for a particular 

ICS product.   

I begin the chapter by presenting the Cookstove Calculator, a dynamic 

spreadsheet tool that facilitates rapid financial feasibility analyses for ICS products. I 

then define the economic metrics and underlying assumptions that are the foundation of 

the methodology.  This includes a description of the method used for estimating how 

ñreal benefitsò are quantified in the economic model.   I provide a framework for 

estimating avoided fuelwood expenditure for ICS marketing programs.  Finally, I present 
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a step-by-step example of how to implement this methodology using a case study of the 

Doña Dora ICS in Quetzaltenango Guatemala. 

4.1 Cookstove Calculator 

The Cookstove Calculator is an Excel-based dynamic spreadsheet tool that allows 

for rapid analysis of traditional economic metrics to measure investment viability.  This 

tool is the product of a collaborative effort between me and my colleague Ruben Garcia 

in the Energy, Environment and Society graduate program at Humboldt State University.  

The spreadsheet tool accepts a range of configurable parameters including monthly fuel 

expenditure, fuel savings multiplier, discount rate, fuel escalation rate, stove lifetime, 

stove capital cost, capital subsidy percentage, carbon offset value, and operation and 

maintenance expenditures.  The financing option allows the user to input financing term 

(months) interest rate (%) and down payment.  The output includes a year-by-year net 

cash flow table (Figure 9), net present value, internal rate of return, time to payback, and 

benefit to cost ratio (Figure 8).   

Sensitivity plots of key parameters are generated automatically for each individual 

analysis, allowing the user to observe the sensitivity of financial metrics to incremental 

changes in input parameters (Figure 10 and Figure 11).  This functionality is particularly 

useful when there is a significant amount of uncertainty around the values of input 

parameters.   
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Figure 8:  The Cookstove Calculator 1.11 with five sections: Input Parameters, 

Financing Option, Results and Carbon Benefit. 

 

 

Figure 9:  The Cookstove Calculator 1.11 net cash flow table. 
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Figure 10:  Cookstove Calculator 1.11 with sample sensitivity plots for 
fuel savings, monthly fuel expenditure and capital cost. 
 

   

Figure 11:  Cookstove Calculator 1.11 with sample sensitivity plots for 
li fetime, fuel escalation rate and discount rate. 

 



52 
 

 
 

4.2 Definitions of economic metrics and underlying assumptions 

The net present value of a time series of cash flows is defined as the sum of the 

present values of the individual cash flows.   

Equation 1 
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where 

NB0 = net benefit 0 years from present 

r  = discount rate 

n = end of project lifetime (years from present) 

 

4.2.1 Internal rate of return 

Internal rate of return (IRR) is the discount rate that solves Equation 1 for an NPV 

of zero.  Often referred to simply as the rate of return, this metric is used to evaluate the 

desirability of an investment or project. The higher the projectôs IRR the more desirable it 

is to undertake the project.    

4.2.2 Time to payback 

Time-to-payback and discounted time-to-payback are estimates of the period 

(years) that will be required for the undiscounted and discounted accumulated net cash 

flows to reach zero.  This is the period of time that will theoretically transpire before the 

initial upfront capital investment and accumulated ongoing operation and maintenance 

costs will be offset by the real benefits or avoided costs generated from the project. 
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4.2.3 Benefit to cost ratio 

The benefit-to-cost ratio is the quotient of the NPV of total benefits and NPV of 

total costs over the lifetime of the project: 

Equation 2 

ὄὩὲὩὪὭὸ ὸέ ὧέίὸ ὶὥὸὭέ 
ὔὖὠВ ὔὄ

ὔὖὠВ ὔὅ
 

where 

NPV = Net present value 

NB0 = Net benefit 0 years from present 

NC0 = Net cost 0 years from present 

n = End of project lifetime (years from present) 

 

4.2.4 Real Benefits 

Equation 3 

ὶὩὥὰ ὦὩὲὩὪὭὸίὉὼὴ ὊzὛzὊὛὓ 

where  

Expwf = Total household monthly woodfuel expenditure for cooking 

FS = Percentage of fuelwood savings generated by ICS over existing 

cooking technology 

FSM = Fuelwood savings multiplier 

 

4.2.5 Avoided fuelwood expenditure 

Estimating financial benefits from the purchase of an ICS is as difficult as it is 

integral in the economic feasibility analysis.  In the case of an ICS, all direct financial 
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benefits come in the form of avoided expenditures on fuelwood.  I do not include non-

direct benefits, such as avoided Disability Adjusted Life Years (DALYs) and marginal 

cost of avoided time spent collecting fuelwood, that are often included in estimating 

overall benefits for ICS programs.  These may be real and significant benefits.  For 

example, an estimated loss of over 38.5 million DALYs has been attributed to cooking 

with open fires, approximately 3.5% of the global disease burden (Smith K. , 2006).  

However, including DALYs and avoided time spent collecting fuelwood in the financial 

analysis introduces uncertainty in the final results (Hutton and Haller 2004, Hackett 

2006) and could lead to estimates of benefits that are higher than actual benefits.  This is 

because financial benefits are not automatically generated from reductions in DALYs and 

avoided time spent collecting fuelwood.  In rural Quetzaltenango, there is no certainty 

that time saved can be translated into financial benefit because people do not necessarily 

have access to income generating activities.    

The accuracy of avoided fuelwood expenditure (direct benefits) estimates will to a 

great extent determine the accuracy of the feasibility analysis.  To estimate direct benefits 

from a stove purchase we must know fuelwood savings (FS), monthly fuel expenditure 

(Expwf), and fraction of fuelwood savings that translates into avoided expenditures (FSM) 

(Equation 3).  In the absence of reliable estimates for these inputs, the resulting outputs of 

the analysis are not reliable.    

Monthly fuel expenditure is an estimate that can be obtained by interviewing a 

household member who is knowledgeable about the household fuelwood budget.  This is 
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the least complicated parameter to estimate.  It can be achieved through simple field 

surveys that can be implemented by a representative of the organization that is marketing 

the stoves.   

The Kitchen Performance Test (KPT) has emerged as the standard method for 

estimating fuel savings (Bailis, et al. 2007; Granderson, et al. 2005).  This test works well 

for estimating the effect a stove will have on total household fuelwood consumption, but 

it is resource and time intensive.  The KPT includes both qualitative and quantitative 

surveys.  Bailis et al. (2007) recommend that the qualitative surveys be conducted in 30-

100 households depending on the size of the target population. The number of 

quantitative surveys that must be completed depends on the percent reductions that are 

being tested for and the variance of the results.  For example, a paired-test designed to 

detect 30% reductions in fuelwood consumption requires testing 20 households, first with 

their old stove and then with the new stove, for a total of 40 tests (Bailis, et al. 2007). 

The fuelwood savings multiplier (FSM) is the fraction (between zero and one) of 

fuelwood savings that will translate into avoided woodfuel expenditures.  The rationale 

behind this parameter is that household reductions in fuelwood consumption may not 

translate fully into reductions in fuelwood expenditures.  For households that purchase 

the large majority of their fuelwood it makes sense that the FSM would be close to one, 

meaning that nearly all of the reductions in fuelwood consumption would translate into 

reductions in fuelwood expenditure.  For households that participate in regular collection 

of fuelwood, it is possible that the FSM will be less than one.  This is because for these 
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households, reductions in fuelwood consumption have the potential to offset both 

fuelwood purchasing activities as well as fuelwood collection activities.  If the fuelwood 

savings were split evenly between offsetting fuelwood collection activities and fuelwood 

purchasing activities, then the FSM would be 50%.
15

  The best method for quantifying 

FSM is to conduct household surveys that quantify fuel sourcing methods (purchase 

versus collect) as well as household perspectives on the relative effect of reductions in 

fuelwood consumption on household collection and purchasing activities.  This can be 

done as an add-on to the KPT qualitative surveys or as a component of a direct marketing 

program survey.  

4.2.6 Value of carbon offsets 

There is currently considerable effort being spent on developing methodologies 

for quantifying the total carbon offsets of cookstove programs (Garcia-Frapolli, et al. 

2010, Johnson, et al. 2010).  Other stove programs have estimated CO2e savings of 3.9 

MT per year per stove.  At this level of CO2e offsets, even modest prices on abated 

carbon ($6 - $10 per MT) would add a revenue source ($23 ï $39 per stove per year) that 

could be used to help improve the economics for all households.  Sensitivity of financial 

feasibility results to price of carbon is presented in Section 6.1.7. 

                                                           
15

 This is true regardless of the relative quantities of purchased and collected fuelwood.  

For example, if the FSM is 50% and fuel savings are 100kg per month, then 50kg would 

be offset from the collected fuelwood budget, and 50kg would be offset from the 

purchased fuelwood budget.  The same 50kg would be offset regardless of the ratio of 

purchased to collected fuelwood.  Maximum potential financial benefits are always 

pegged at total monthly expenditure.   
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4.3 Survey methodology 

The objective of the survey was to create a baseline understanding of household 

energy use patterns within the rural and semi-rural communities that are served by 

Xelateco to guide them in developing their business and marketing strategies for the 

Doña Dora cookstove and other products.  In order to accomplish this, the survey was 

designed to characterize household energy portfolios in general with a specific focus on 

cooking fuels.  In our effort to generate information about the potential market demand 

for improved cookstoves we collected data about the factors that affect ability and desire 

to purchase an ICS.  Data types collected were categorical, ordinal and continuous.   

Quetzaltenango urban residents are consuming an average of 0.9 m
3
 per person 

per year of fuelwood, while rural residents are consuming nearly four times that amount 

at 3.5 m
3
 per person per year (Instituto de Agricultura, Recursos Naturales y Ambiente, 

2009).   This is because a large proportion of urban Guatemalan residents (65%) 

primarily use LPG for their cooking fuel (Instituto Nacional de Estadisticas, 2002).  

Because of this we focused our survey exclusively on rural residents because they are 

more likely to be dependent on fuelwood for cooking.  The target population is defined 

generally as individuals whose homes are located in rural areas within the reach of 

Xelateco in Quetzaltenango (14Á 50ô 45ò N, 91Á 31ô 08ò W).  The service area of 

Xelateco is defined as homes that are within the boundaries of Quetzaltenango 

Department.  Quetzaltenango is divided into 24 municipalities, with a total population of 
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737,593, an average density of 378 people/km
2
 with 55% being urban and 45% being 

rural (Instituto Nacional de Estadisticas, 2008).  

4.3.1 Survey design 

For this survey I used a stratified random block survey design with municipality 

(e.g. county) population densities used to define each stratum.  This is the same 

methodology used by the US Census Bureau.  Strata boundaries for defining rural, semi-

rural and urban municipalities were defined using population density thresholds that were 

observed in the data (0-600, 600-1000, 1000+ pp/km
2
) (Figure A2).  The municipalities 

of Ostuncalco, Quetzaltenango, Salcaja and Cantel, all with population densities above 

1000 ppl/km
2
, were designated as urban and excluded from the sampling (see Figure A2).  

 In order to generate a random selection of sample blocks, I overlaid all rural and 

semi-rural municipalities into Google Earth and divided them into 18 minute by 18 

minute quads that were numbered consecutively for each stratum (>5000 quads per 

stratum).  In Figure 12 the 18 minute quads are the smaller quads inside of the larger 

quads.   Eight blocks were selected randomly from within each stratum (see Figure 13).
16

  

Many quads were skipped when no houses were visible after reviewing satellite image 

(Figure 12).  In general, satellite images had sufficient resolution to allow me to identify 

typical characteristics of villages and houses, particularly roads and corrugated metal 

roofs.  If too few houses were observed then the quad was increased in size until it 

encompassed a sufficient number of houses (Figure 12).  Sixty-four complete surveys 

                                                           
16

 Using a random number generator function in Microsoft Excel 
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were conducted over a two week period in July of 2010 (Figure 14).   The map below 

(Figure 13) has the exact locations of the 16 sample sites that were visited and surveyed.  

There was a balanced distribution between stratum with eight rural and eight semi-rural 

quads sampled and 4.1 and 3.9 surveys per block completed on average respectively 

(Table 1).  It is interesting to observe that the samples do not appear to be very well 

distributed geographically, with two clusters in the northern and northeastern regions of 

the department (see Figure 13).   
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Figure 12:  Maps of sample blocks identified in Google Earth. 
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Figure 13:  Map of the Quetzaltenango Department with department capital cities, survey 

quad locations and density of forest coverage.  Map source:  Tirian Mink, 2011 
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Table 1:  Sample quads and total number of surveys in each quad. 

Quad code # Surveys 
R2 2 

SU4 5 

R8 4 

SU7 4 

SU10 3 

R10 6 

R5 3 

R1 5 

SU2 3 

SU1 4 

R6 6 

R3 2 

SU6 6 

 

 
 

Figure 14:  Survey enumerator and Kiche language translator (right) conducting an 

interview with the female head of household in San Francisco la Union Municipality. 
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4.3.2 Inferential power of the sample 

Extra time and resources were invested to ensure that the survey data would have 

as much inferential power as possible.  Inferential power comes from having a properly 

designed and implemented random sampling component within your study (Ramsey & 

Schafer, 2002). This ensures that all subpopulations are represented in the sample in 

roughly the same mix as the overall population (Ramsey & Schafer, 2002).  The random 

sampling component made for long days of driving while searching for locations that 

were often unfamiliar to my local partners.   Homemade maps and GPSs helped deliver 

us to each of the 16 quads and conduct 64 (complete) surveys over a 2 week period.    In 

this case, the population to which inferences can be made is ñall rural and semi-rural 

municipalities within the state,ò - approximately 490,662 people or 85,000 households 

(Instituto Nacional de Estadisticas, 2010).
17

 

Unfortunately there are several factors that combine to undermine and constrain 

this inferential power.  First, 64 surveys represent a relatively small proportion of the 

total population (0.08%), causing inferences to the entire population to come with a 

considerable degree of uncertainty.  For example, our survey results indicate 55 out of 64 

households (85%) own a traditional plancha stove, suggesting that approximately 72,000 

households in the population have traditional planchas.  However, with a sample size of 

64 and using a one-proportion statistical model, an 85% positive response comes with a 

                                                           
17

 This figure is based on Guatemalan census (2010) estimates of household densities (5.8 

people per household) in a population of approximately 490,662 people is 84,600 

households. 
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95% confidence interval between 74% and 92%, a range of approximately 63,000 to 

78,000 households (Table 2).  In other words, if we repeatedly pulled samples of 64 from 

the population using the same methods, we expect that 95% of the time the estimate 

would be within that range.  This is considered a measure of the certainty for the 

estimated parameter.  Furthermore, the assumption of normal distribution of the sample 

must be abandoned at very low and very high proportions (e.g. near 0 and 1), especially 

with smaller sample sizes.  The rule of thumb is that the product of sample size (n) and 

the proportion (p), as well as the product of n and 1-p must be equal to or greater than 5 

(Kirk, 2010).  For a sample size of 64 this threshold is reached at 5/64 (7.8%) and 89/64 

(92%).  In other words, if proportional estimates from our sample are below 7.8% or 

above 92% they cannot be considered representative of the population.  These two 

statistical concepts place important constraints on the inferential power associated with a 

parameter estimate based on our sample of the population.  

Table 2:  Estimate of total households within the population that have a traditional 

plancha (center column) along with lower and upper values of 95% confidence intervals 

(CI) for population based on a 85% positive response from a sample of 64. 

 Lower limit of 95% CI Estimate Upper limit 95% CI 

Percentage of population 74% 85% 94% 

Individuals 363,000 417,000 461,000 

Households 63,000 72,000 78,000 

 

In addition, within each block non-responses were common occurrences.  This is 

a very important factor that affects our estimates in ways that we are unable to quantify or 
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characterize very well.  That is to say, it is difficult to infer how non-responses may have 

skewed our results.  I estimate that non-responses occurred at a rate of about three non-

responses to one response.  Reasons for non-response were diverse and were not recorded 

systematically by survey enumerators.  However, based on my personal experience and 

verbal feedback from other enumerators, I can say that quite often there was no one home 

at the time of visit.  Also, it was common for the woman of the house to state that she was 

too busy to participate, often the case during meal preparation times.  In the end we 

arrived at 64 surveys, but because time and resource limitations did not allow for follow-

up on the non-responsive samples, characterizing the bias is difficult.  However, we can 

infer that our sampling method selected against households where people are either too 

occupied with chores or for some other reason were outside of the house at the time of 

our visit.  Unfortunately we are left to only speculate about the affect this may have had 

on the results. 

All of these factors combine to both constrain the inferential power and skew the 

results of our survey, the latter in unpredictable ways.  Thus, while it is tempting to make 

inferences from the survey results to the entire population of rural Quetzaltenango, those 

inferences must be accompanied with all of the above caveats.  Therefore, throughout this 

report I will be explicit in identifying these limitations when making inferences to the 

population that are derived from the sample.   
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4.3.3 Language barrier 

Surveys were usually conducted in Spanish.  However, two indigenous language 

groups are represented in the population: Kiche and Mam.  Kiche and Mam translators 

were hired to assist with translation in cases where Spanish was not the most appropriate 

language. Therefore, language should not be considered as a factor affecting the non-

response bias.   

4.4 Market demand analysis case study 

The objective of the market demand analysis is to estimate the total households in 

rural Quetzaltenango that could theoretically benefit financially from the purchase of the 

Doña Dora ICS.  In order to do this I have defined a baseline scenario which represents 

the most likely outcome.  For the baseline scenario, household input parameters are set to 

average values of the population, and stove performance input parameters are set at 

conservative levels.  Household parameters are all derived from survey data.  Input 

parameters for stove performance relative to existing stove technology (e.g. fuel savings) 

are based on educated guesses made by the client, AIDG.  As mentioned above, in order 

to fully understand the benefits component of the cost to benefit analysis, the Doña Dora 

would need to go through a regime of at least 40 KPTs for each existing stove type 

(Bailis, et al. 2007).   In the absence of real data, the baseline scenario includes 

conservative assumptions regarding fuel savings (see Section 4.4.6 for a discussion of 

this parameter).  Because of the uncertainty that comes along with making educated 

guesses about critical input parameters, sensitivity analysis becomes very important.  The 
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effect of incremental changes in critical input parameters on key economic metrics is 

presented in Section 6.1. 

Here I will define the baseline scenario inputs that are used in the financial 

feasibility analysis.  As previously mentioned, there are two distinct baseline groups, 

separated by fuelwood sourcing method.  Households that purchase all of their fuelwood 

represent approximately 37% (31,000) of rural Quetzaltenango households and spend an 

average of $27.5 a month on fuelwood (Table 3).  Households that purchase and collect 

their fuelwood represent approximately 27% (23,000) of rural Quetzaltenango 

households and spend an average of $23.6 a month on fuelwood (Table 3).  These two 

groups will be treated separately in the analysis; the main difference being with respect to 

mean monthly fuel expenditures and projected fuel savings.   
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Table 3.  Baseline parameters and values used in market demand analysis. 

ICS Input Parameter Value Source 

Capital Cost ($) $189 
Doña Dora cookstove, 2010 (Quetzaltenango, 

Guatemala)(Crowe, 2010) 

O&M Cost 1 ($ /yr) $1.86 
Doña Dora cookstove, 2010 (Quetzaltenango, 

Guatemala)(Crowe, 2010) 

O&M Cost 2 ($ /2-yr) $8.07 
Doña Dora cookstove, 2010 (Quetzaltenango, 

Guatemala)(Crowe, 2010) 

Lifetime (yr) 5 
Doña Dora cookstove, 2010 (Quetzaltenango, 

Guatemala)(Crowe, 2010) 

CǳŜƭ /ƻǎǘ άōǳȅ ƻƴƭȅέ ό$ 
/household/m) 

$27.5 
Household survey, 2010 (Quetzaltenango, 

Guatemala) 

CǳŜƭ /ƻǎǘ άōǳȅ ϧ ŎƻƭƭŜŎǘέ ό$ 
/household/m) 

$23.6 
Household survey, 2010 (Quetzaltenango, 

Guatemala) 

Fuel Escalation Rate (%) 4.6% (Banco Nacional de Guatemala, 2009) 

Fuel Savings (%) 35% (Masera, et al. 2005) (Álvarez, et al 2004) 

Fuel Savings Multiplier (%) 75% See Section 4.2.5 

Real Discount Rate (%) 17% 
(Crowe 1010) (Banco Nacional de Guatemala 

2011) 

 

4.4.1 Capital cost 

The capital cost for the Doña Dora is $189.  This includes delivery, installation, 

and at least one follow up visit for repair and maintenance.  The stove comes with a one-

year warranty against factory defects (Crowe, 2010) (Table 3).   

4.4.2 Operation and maintenance 

There are some components of the stove that are expected to need regular 

replacement including the fuelwood support and the chimney elbow.  The fuelwood 

support will need to be replaced once per year and will cost $1.86.  Replacing this 

component does not require skilled labor and can easily be done by the homeowner.  






























































































































































