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ABSTRACT

METHODS FOR GENRATING MARKET INTELLIGENCE FOR IMPROVED
COOKSTOVE DISSEMINATON: A CASE STUDY INQUETZALTENANGO,
GUATEMALA

TIRIAN MINK

Today there ar@.4 billion people exclusively dependem the combustion of
low quality biomassfuels in open fires and inefficiettaditional stovedor household
cooking When compared tdiigher quality fuels andnodern technologies, these
methods comavith many negative andavoidable consequencas the areas opublic
health, global climate change, environmental degradation, paverty. Improved
Cookstoves (ICS) can be a part of the solution to many of these widespread problems.
ICSs, when properly designed and utilizedn improve public health, redue global
warming and deforestatioandhelpt h e wmoodstthrilgesclimb out ofthe 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 todistributelCSs throughout the world. While the rkat presents prodigious
opportunity for increasing the penetration of 1@®rldwide, there area number of
barriers that have inhibited this pathway from becoming a viable alternative to denation
based dissemination model# this thesis identify anddiscussmany of these barriers
and focus onnformation gaps that are inhibiting key players in ICS manufacturing and

marketing sectors from more effectively designingnufacturing and marketirgjoves.
iii



Through the lens of the Ma Dora ICS case study iQuetzaltenango, Guatemala, |
demonstratea set of tools and methods estimateeconomicviability using tradition
financial metrics including net present value, internal rate of return, time to payback and
benefit to cost ratio.One of the outcomes diis work is the Cookstove Calculator, a
dynamic spreadsheet tool. With this tool, and a short household survey, cookstove
manufaturers and marketing programs can quickly analyze the feasibility of an
investment in any stove for any family. The Cookst@alculator can also be combined
with data froma random household survéy estimate total market demandn this

thesis | demonstratiis tool and thesenethodsto estimate that thBofia DoralCSis a

net positive investment for roughly000 househds in rural Quetzaltenangol also

show how thesetools andmethods can be used identify critical threshold in stove
parameters, such as fuel savingsles price and product lifetime that determine

investment viability.
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1 INTRODUCTION

For & least790,000years humanityhas congregateciround thehearth to cook
food and gather warmtHrom the heat of an open firgduman Origins Initiative, 2011)
Creating energy for cooking from biomass is simpld as ancient as humanity itself,
and began asombustion by means of an open fiseeFigurel). Only in therelatively
recent past dichumansstart to transition away frorthe open fire in favor of more
advanced methodsToday billions of people have accdsscleaner and more efficient
means of cooking and heating the home that utilize technologigsigimet quality fuels
such as natural gas and electricftyNDP, 2004) But many have been left behind
Today there are.4 billion people exclusively dependent on biomass for household
cooking with an expected increase to 2.6 billicny the year 203QWorld Health
Organization2005,IEA 2004) The associated fuel consumptitom household cooking
represents nearlyi0% of total global primary energy consumptiQgdNDP, 2004)
Unfortunately, this timeless ethal for cooking and heatings very inefficient when
compared to modern technologiesmd comes with manyegative andavoidable
consequence® public health, global climate change, environmental degradation, and
poverty.

Broad negative health effecteeaassociated with exposure to indoor air pollution
from inefficient combustion of fugltheseare distributed disproportionately to women
and children(World Health Organization, 2005Fifty-nine percenbof the annuall.5
million prematuredeaths from indoor air pollution occur in females wHily -six

percentoccur in children under five years dM/orld Health Organization, 2005)
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. -
and her stoviea San Marcos, GuatemalaPhoto source: Tirian

Figure1: Woman
Mink 2010.
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These deaths are caused éxposure toproductsof incomplete combustion
(PIC9 from burning solid fuel in the hom@Vorld Health Organization, 2005anking it
8" in the leading causes of death in the Global S(Bafis et al. 2004)

The health effects from exposure to these pollutaats be both acute and
chronic, resulting from both discrete and prolonged exposuréas(Figure2). Sudies
have found that exposure to PI@em stovesnegatively impacts child development,
respiratory and cardiovascular health, while increasing the risk of premature death

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

FingreZ. Deposits of PICs concentrated on the roof of a home in southern Me:
This is a common occurrence in homes that use open fires for cooking and he
Photo source: Tirian Mink 2010



Incomplete combustionin unimpoved cookstovess also a major source of
greenhouse gag$GHG) emissionsand black arbon (BC), a powerful global warming
agent. Woodfuel emits approximately double the £Qper 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 rfradomestic use of biomass fuels for cook{kidNDP,
2004) BC (e.g. sot) is an aerosol and common-jmpduct of incomplete combustion.
Due to its short atmospheric residency time (less than two yearshigindadiative
forcing characteristicthe estimatedglobal warming impact of BC is 680 times that of
CO; over a 100 year time horizqBond & Sun, 2005) Beyond global warming3C
emissionsare alsosignificantly contributing tdhe meltingof the Arctic and Himalayan
glaciers The absorption of solar radiation by BC particle depdsh ice and snow has
led to a 0.51.0 °C local warming in the ArctiRamanathan & Carmichael, 2008)d is

responsible for at st 30% of the glacial melt the HimalayagMenon et al. 2009)

1 BC is not currently listed in the Intergovernmental Panel on Climate Change inventory
of global warming conguents. Nevertheless, studies have demonstrated that it is
playing a significant role in climate change and the melting of the glgBers, et al.,

2009) Some are arguing that its inclusion in a common framework fogatiin 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
CO, on a 100 year timesca(®ond & 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 strategig®ice, et al., 2009)
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Lack of access thigher quality fuels and more efficient cooking technologges
also part of the poverty trap, a condition in which various structural and institutional
barriers prevent thse 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 poweiack of access to capital or financinignited availability of products
near the homagstrictedaccessibility of appropriate fuel types at affordable pritzek
of knowledge and understanding of potential health and financial bemrefitculturally
inappropriate stove desigeeeSection3.3for a thorough discussion of factors affecting
accessibility ofimproved cookstovgs The upshot is that many people who stand to
realize significant financial benefit fromgher quality fuels and cooking methagie not
able to access thedue to these barriers

Improved Cookstoves (ICSgan be a part of the solution to many of sihe
widespread problemsICSs are nearly as heterogeneous as the populations they serve;
they can take any shape or si zeastovémust i n
perform well in two core areas: fuel efficiency and indoor air qualit¢Ss, 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 I@SRkice exposure to carbon
monoxide and particulate matt@eranderson et al. 2005; Schwartz 1996; Smith 2006;
Smith, et al. 1994; Smith 198WHO 2005) Ongoing studies in Mexico have found that
the Patsari aokstovereduces the emission of harmfuPICs by more than 75%, fuel

consumption by more than 50%nd iseagerly adopted by beneficiari@dasera, et al.
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2005) Results from andomized trials in San Marcos, Guatemala demonstrated that
beneficiaries of ICS have significantly reduced carbon monoxide exposure and
respiratory symptoms when comparedatcontrol group that continuéd use open fires
(Smith-Sivertsen, et al., 2009)

During the last decadenany studies have revealetthat replacing traditional
cooking methods with properly designed ICSs can significantly abate the process of
global warming and climate change through reductions in emissio8$1Gis and BC
(Ballis, et al. 2004; Bice, et al. 2009; Bond and Sun 2005;stwhet al.2010) For
example, tdies that have modeled the abatement potential of successful ICS
interventions in Mexico have demonstrated that 3.9 MT ofeC€an be abated annually
by the Patsari cookstov@lohnson et al. 2010)making it one of the n®i fiscally
efficacious pathways for combatgj global warmingBond and Sun 2005)In fact, in
terms of reducing global warming potential, few other measures can have a greater
impactin terms of carbon abated per dollar investdtstimates of the cosange from
0.30 to 11 USD per ton of G@&quivalent abated for this simple technold®pnd and
Sun 2005)

ICS interventions can also dramaticallymprove household economiesnd
provide immediate financial beniefo cashstrapped families. For examep afinancial
costbenefit analysis has demorasted thatthe Patsari cookstove represents \aable
option for improving living conditions of the poorest inhabitants of rural Mexico with
benefit-cost ratios estimated to be around 10:1; financial benefitse mainly from

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

programs have mobilized to disseatelCSs throughout the world since the 1970%e
guestion of how to design effective ICS dissemination programs is therefore of critical
concern if we are tbe effective in our efforts

Dissemination efforts have been undervgayce the 1970s with limed success
and there is need for a comprehensive reviewisgeminatiormethods(Alvarez, et al.
2004) For the most parthe history of cookstovdissemination prograntsasa pattern
of dependeay ondonors for funding and negovernmental organizatis (NGOs) and
government agencies for distributi¢hlvarez, et al2004) Yet todaythere is a growing
interest and focus on tapping into the power of the market to increase penetration of ICSs
throughout the worldseeSection 3.4 for a discussion of markefriented approaches to
distribution of renewable and energy efficient technologids)fact the Global Alliance
for Clean Cookstoves (GACCh publieprivate partnership sponsored by the United
Nations Foundatianwas reently formedwi t h t he goal of Acreat.
market for clean and efficient household cooking soluionsb y  wo r #publicg wi t h
private, and noiprofit partners to help overcome the market barriers that currently
impede the production, degiment, and use of clean cookstoves in the developing
worldo (Global Alliance for Clean Cookstoves, 2010)

The primary objective of this thesis is to demonstrate a methodology thaecan
used tosupport thee goaldy generatng market intelligencehatis 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 caseidst of the Dofia DoraICS in Quetzaltenango,
Guatemala, | predict the total number of households for which an investment in this
product is net positive.

The process andcope of thisvork for thisthesisweredriven bythe needs of the
clients: Appropriate Infrastructure Development Group (AID&)d Xelatecd. AIDG is
anongovernmental organization with projeah Guatemala and Haiti. Their mission is
to incubatesmall businessesnteing the appropriate technology secthroughfinancial
support inthe formof grans andloans, business anadarketingtraining, and ongoing
technology research and developmenXelateco is a small business located
Quetzaltenang@n urban centean the highlands of western Guatemala. Started in 2005,
Xelatecowan\ | DGO6s first pr o] ec tbiodigestorscwaterpempg, | vy
solar water heaters, mictyydroelectric systems and improved cookstoves.

During the summer of 2010 worked closelywith AIDG and Xelateco to design
and implement a random hobeéd survey in order tgenerate information arounber
product, theDofia Doramproved cookstove The survey was designed to collectvide
range of information about potentialDofia Dora consumers to characterize their
household energy use patterngsaciated financial expenses, preferences towards
product modificationsand financial feasibility. Some of his information wasnitially

used by AIDG and Xelateco to guide the redesign ofxbiga Dorain 2010. Now it is

% In the fall of 2010 AIDG restructured theiiGuatemalaoperations. Through this
processthe Quetzaltenango office asdme of itsstaff registerechs aseparateon-profit
under the nam@lterng AIDG transferred responsibility fokelatecoandthe Dofia Dora
to Alterna. AIDG now operates from theoffice in nearby Antigua, and continues their
work in business incubation.
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being used to inform the onggmmarketing strategies as the newédesignedDoia
Dorais being introduced to the market for the first time.

In Chapter 2Background] presentcontextualinformation that is relevant to the
project. | begin by providing brief summary of Guatemalarhographics, 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. | then explore the relative contribution that hoalkefuelwood consumption
has on the rapidly declining forest resource in the country compared to other drivers of
deforestation. In this chapter | will also present a brief history of improved cookstove
stove dissemination efforts that have been ongan@uatemala since the 1970s. |
conclude the chapter by introducing the partner organizations, Appropriate Infrastructure
Development Group and Xelateco, and disitigsthe key contextual issues that provided

the impetus for this project.

In Chapter 3, Liérature Review, | discuss the broader issues that surround the
movement to distribute improve cookstoves throughout the world. | begin the chapter
with a discussion about why research and funding into ICS interventions has been lacking
given the magnitudef the associated public health and environmertiakequencesl
then address the factors and dynamics that influence household fuel and technology
choices with a review of ctkhen gfiof umtredooeo de sl. a d
a more inclusie definition of faccesso t hat (S

comprehensive understanding of the barriers that inhibit ICS dissemination programs. |



10
also explore the historical and contemporary issues behind the push for-besdet
methods for allocatpy r enewabl e energy and energy eff
poorest and most underserved populations. In this chapter | identify some of the
challengego, and opportunitiesor, using the market, and attempt to define some of the
characteristics oan effective markebased approach. Finally | 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,| present the methods that | employed in the case study of
the Dofla DoralCS in Quetzaltenango, Guatemala. | begin the chapter by presenting the
Cookstove Calculator, a dynamic spreadsheet tool that facilitates rapid financial
feasibility analyses for ICS products. | then define the economic metrics and underlying
assumptions that are the foundation of the methodology. This includes a description of
t he method used for estimating how Areal b
| provide a framework for estimatingvoided fuelwood expenditufer ICS marketing
programs. Finally | present a stbp-step example of how | used these methods in the

case study.

In Chapter 5Life in Rural Quetzaltenangd combine results frorthe household
survey with a review of recent literature to illuminate some of the conditions of
household life in ruraQuetzaltenango | characterize demographics, household energy

use, energy use in the kitchen, and household expenditures related to @sergy
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present primary data describing the houses people live in, the materials used in
construction, and the ownership rates of cropland and farm animals. | also present
results that shed light on individual perspectives on the relationships betwalen fu
consumption and environment, family health and energy use. | conclude this chapter by
presenting my findings on gender and purchasing power and comparing these results to

other studies on the subject.

In Chapter 6Market Demand Analysis Resuligpresent the results of the market
demand analysis. | 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 | make infersdboutthe wider population and
estimate the total number of households in rural Quetzaltenango for which the investment
in the Dofla DoralCS is net positive. In this chapter | also present distribution plots,
confidence intervalsand box plots of theesults for each subgroup and briefly discuss
the significance of the distribution pattern across the subgroups. | conclude the chapter
by presenting the Cookstove Calcul ator 6s
eight input parameters in ordéw demonstrate the sensitivity of financial metrics to

incremental changes in input parameter values.

In Chapter 7Discussion,l discuss howthe results of the market demand and
financial feasibility analysesand associated sensitivity analysean be tilized and
interpreted bykey stakeholders in the cookstove market sectmiuding individual

households, micriinancing institutions, marketing programand manufacturers. |
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discuss the lessonisat are relevartb each stakeholder group. Througistdiscussion |
hope to demonstrate the power of this methodofogyilling in critical gaps in market
intelligence, and how by filling those gaps certain market failonay bealleviated.

This is followed by a brief conclusion.
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2 BACKGROUND

In this dapter | will present background information that is relevant to the
project. | will begin byproviding brief summary of Guatemalan demograpHziowed
by a discussion of the high level of dependence that rural Guatemalan families have on
biomass for avide range of services, particularly as an energy source for household
cooking. | then explore the relative contribution that household fuelwood consumption
has on the rapidly declining forest resource in the country compared to other drivers of
deforesation. | will also present a briehistory of improved cookstovelissemination
efforts that have been ongoing in Guatemala since the 1970s. | 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 Sal\agore
3)(CIA, 2010) The population of approximately 14.5 million people is racially diverse
and includes 22 Mayan ethnic groups, mestizos, Garifunod, people of direct
European decenfinstituto Nacional de Estadisticas, 2010Yhe official language is
Spanish; however eacimdigenousethnic groupand the Garifunos have their own
language. In contrast to other countries in Latin America, Guatemala toaa large

extent, buckd the trend of urbanizatipnvith only 49% of the populatiorturrently
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residing inurbanareag(Instituto de Agricultura, Recursos Naturales y Ambiente, 2609)
Although access to basic necessities has improved in recerd, yibare is still
widespread poverty with a GDP per capitebf200 (2010), roughihalf of the average
for Central America and the Caribbe@BIA, 2010)* Wealth is unevenly distributed
throughout Guatemalan society with approximately 10% of the populaccounting for
40% of consumptior(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)Vithin this segment of the populatic/6% live in poverty
and 28% live in extreme pover{CIA, 2010) In Guatemala as a whole, a staggering
forty-three percent of children under five years old suffer from chronic malnutrition

(CIA, 2010)

® 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 Ric®4%, Panama 75%, Cuba 75%, Jamaica 52%, Haiti 52%, Dominican
Republic ®% (CIA, 2010)

“ Based on 2010 estimates.
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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 sociétis ektimated that 74% of the
county 6 s Igtian psudirectly dependent dorest resources, not only as a fuel source,
but also for food, medicine and construction matefialstituto Nacional de Estadisticas,
2002) In fact 82.5% of all primary energy camsption inthe countryis from biomass,
of which90.3% is derive@xclusivelyfrom wood(Banco Nacional de Guatemala, 2009)
The remaining 17.5% cormdrom hydropower and geothermal (6.8%) and fossil fuels
(10.6%)(Banco Nacional de Guatemala, 2008} the household level an estimated 67%
of families (households) rely on wood energy (fuelwood and charcoal) to prepare their
meals (sed-igure4) (United Nations System of Guatemala, 199%his is particularly
true for rural families in Guatemala. [QuetzaltenangoGuatemala, whereur study
took place,urban residents are consuming an average of 6.femperson per year of
fuelwood, while ural residents are consuming nearly four times that amount at&rm
person per yeafinstituto de Agricultura, Recursos Naturales y Ambiente, 200%)is
ruralurban fueltype dichotomyfollows a global pattern where gnl20% of urban
households are primarily dependent on fuelwood for domestic energy compared to 76%

of rural householddHammond et al. 2007).
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GuatemalaPhoto source: Tirian Mink 2010

2.1.2 Thedecliningforestresource
Forests coverage has been in a steady state of decline in Guatemala since 1970.
Between 1970 ang005 the total forest stogktanding treesh Guatemala has decreased
by an estim&ed 35% (by volume)- an average of 1% per yearhis was accompanied by
an estimated’2% decrease in forest stock per capitee to simultaneous increase in
population (Banco Nacional de Guatemala, 2009)Consequently woodproducs

increased invalue as measured by national economic indicai@anco Nacional de
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Guatemala, 2009) Between 1980 and 200fhe estimated value of a cubic meter of
Guatemal ads existing f oredaesltfor isflation), kwithiancr e as
averagegrowth rate of 4.% per yearnsee Appendix BjBanco Nacional de Guatemala,

2009)°

The fact that the large majority of Guatemalan households are heavily dependent
on this rapidly declinig 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
guantifies its conthution 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 (Owearnision Centroam&ana
de Ambiente y Desarollo , 1999¥hich 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, Recursosalirales 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 inSouth Asia whichledto#® r ej ecti on of the fAfuel wc

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

> 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 reprieseatvalue 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
cubicmetefInstituto de Agicultura, Recursos Naturales y Ambiente, 2009)
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lands was driving unsustainable rates of deforest@fisia-Pacific Forestry Commission
1997) Dire predictions of theatlapse 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 fagriculture(Asia-Pacific Forestry Commission 1997 his is
consistent with what appears to be happening in Guatemala over the last 60 years, where

forest lands are quickly being replaced by crépgure5s).
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20
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 irdgroadcti
technologically innovative model@lvarez et al 2004)° The Lorena stove is one of
these models and is considered by many to be thetanagsmodern ICSs. Btinct
from other ICSs in its simplicity of design and ease of adoptio® Lorena ismade
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 pietadhastove,
with many variations, is another ICS model that has been distributedywhroughout
Guatemala according to Alvarez et €004). Our survey found thatn rural
Quetzaltenangd®5% ofrespondents hasbme variation of the metplanchastove(see
Section5.3 for more information). 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 surfacgseeFigure 20). The constructiomften includes removable rings that
allow a potto 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 directhe smoke out fothe kitchen via a chimney resulting in improved

indoor air qualy.

® Fundacion Solar a Guatemalan negovernmental organization, was hired by the
Energy Sector Management Assistance Prog{@8MAP) of the United Nations and
World Bank to review the history of stove efforh Guatemala.

" This estimate is derived from a stratified random block survey conducted in
Quetzaltenango in July 2010. Seectiond.3for 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 effiBrangterson
et al. 2005;Gill 1987). In fact, studies have shown that the Lorena sthwmes not
necessarily increaséel efficiency when compared to the open fire and certainly
performs poorly when compared to other improved stove m¢hkikela, 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 severahtional conferences on ICS dissemination efforts in
Guatemala, the first of which was the 1977 First Regional Conference of Stove Experts.
According to Alvarez et al., the period from 197880 was the inception period for stove
design and dissemination Guatemala. During the period of 198886 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 technieald 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 iproved stoves to harness the power of the market to better
address userb6s needs and i mprove quality.

portable, durableand mass produced.
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2.2 AIDG

There are two partner organizations that | worked closely with througheut
fieldwork phase of this projectAppropriate Infrastructure Development Group (AIDG)
and Xelateco. AIDGs a nongovernmental organization with projects in Guatemala and
Haiti. Their mission is to incubate small businesses to enter the apprapciatelogy
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 institutiqghse, 2009)

2.3 XelatecoandThe Dofa Dora Improved Cookstove

Xelateco is a small business located in Quetzaltenango, in the highlands of
western Guatemala. Started in 2005, Xelateco was@&b s f i r st project
manufactures biodigestors, water pumps, solar water heaters, -hdnaelectric
systems and improved cookstovedn September 20Q7AIDG initiated a project to
design and commercialize an ICS through Xelateco. Numeesign$ were considered
through a participatory design process in which target stove users as well as Xelateco
technicians were actively involved from the beginnfhge, 2009) The first marketing

strategy involved close cobaration 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 beyoss. |
Communitiegransferredheir knowledge and preferendesAIDG and Xelateco through
structured and unstructured interviews. AIDG and Xelatesnductededucational
workshops andteve demonstrationsand through this procesgysificant barriers wee
identified. An unstructured market demand analysis revealed that the upfront cost of the
stove was an insurmountable barrier for the large majority of community me(hbers
2009) Feedback from community membesisowedthat 30 years of donation based
stove dissemination models in Guatemala had instilled expectations that ICSs would
continue to be distributed for fretee, 2009) The product of this effort was the
predecessor of theofia Doral CS; i ni t iEl&Rbckey Bor @fteretwo,yeafs on
the marketEl Rocket Boxiad not become a success. Fewer than 100 had been sold and

users were not satisfied with the product.

Motivated by lackluster sales and insufficient reverAl®G andXelatecoset 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 busimedsl. Focus
groups were conducted to elucidate user preferences and several crucial modifications
were made to both the combustion chamber and the shell. The Dofa Dora is an
improvement oveEl Rocket Boxin more than just nameThe Dofa Dordas alarger

combustion chamber, tile shelves on the sides for setting pots or cooking utergas,
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heat shield around the chimney to protect from huling alsomounted on a sturdy

fabricated metal tables¢eFigure 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 forDbé&a DoralCS (see
Section4.3). | also assisted in developing methods to evaluate the effects of design
modifications on the performance of tHeofia Dorausing modified versions of

Controlled Cooking and Water Boiling Tests.



Figure6. The Dofia Dora cookstov&hoto: Malcolm Gribble. July 2010.
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3 LITERATURE REVIEW

With this chapter | aim tdlustratethe broader contextual issues that surround the
movement to distribute improve cookstoves throughout the waotbekgin byaddressing
reasonsvhy research and funding into ICS interventions has been lac&mgideringhe
magnitude of the associated public health and environmental problethen address
the factors and dynamics that influence household fueltecithology choicesvith a
review of theffuelwood ladded and fifuel stacking theories. | introduce a more
inclusive definition of Afaccesso that i s
understanding of the barriers that inhibit ICS disseminatiograms, and present an
exampleof a cookstoveprogram thatddresse these issueby aemploying asystemic
approach that integrates several of the mechanisat define the political econonof
access to cookstoveg\fter that lexplore the historicadnd contemporary issues tlzaie
theimpetusesfor the emphasis on markkased methods for allocating renewable energy
and energy efficiency services to the worl
| also identifythe challenges and opportuetito using the market amgfine some of
the characteristics of an effective markesed approach Finally | discuss how
householdgender dynamicare an important dimensiaf processes that influence how

decisions are made in the household with regjpebe purchase of an ICS

3.1 Mundanescience
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 dao far?



27
their seminal articlélhe Virtues of Mundae ScienceKammen and Dovél997)argue
for increased funding for research into |C
wor | d. Al t hough t h e applidscesce didimot becaia wigely s ci e n
adopted into the vernacular of the scidotand 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 actoor 71% of the 12.2 million deaths in children
under five years old, support for work on these topics is welakive to their importance
(Kammen & Dove, 1997, p. 12)With respect to energy development research s
manifests as a disproportionate focus on advanced combustion systems, commercial
fuel s, and | arge centralized power facil:|

relies on biomass for the naaity of their energy need&ammen & 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, indooluéimrpol
and household economicgVork on ICSs has contributed to the ongoing development of
innovative methodologies such as participatory rural appraisal techniques, gender
sensitive and opeended interviewingand new theories of networkingkKammen &

Dove, 1997p. 14)

Accordingto Kammen and Dové h er e aarle afcfiiesed ft hat have
to this lack of attention. The first is that applied sce is antiscientific in spirit, a

misconceptiorthanarose from mainstream scientékack of interestin applied science.
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This led b the marginalizationof applied sciencend resul ting Afring:
second is the concept that the greatest overall returns coméliemico r e gaharr ¢ h
thanfiapplied research. The underlying false assumptiere is that there is a diametric
opposition between investments in basic versus applied sc{ergewith a pool of
limited funds, increased funding for one area would result in decreased funding for the
othel). To the contrarythey argue that fundgfor 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 hydrocarbtetow 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 o\podt War Il research and
development policyin the US which emphasized basic research as the driving force
behind technol ogi cal progvaeassbabanyd darpipvle se
(Kammen & Dove, 1997, p. 38) The fourth is that the outcomes from developme
projects are inherently technological rather than sociolbgi&though 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 objective¢Kammen & Dove, 1997, p. 39)

Finally, applied sciencas thought of as havgimore to do with society than
science. The large majority of research related to the Green Revplaticgxample

wasf ocused on food production rather than s
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former is considered science while the lattenag 1 even though as much as%®f
some harvests are lost to spoilage, corruptionjanda d e qu at e (Kammena&st r uct

Dove, 1997, p. 39)

Today there igenewed interesbeing generated by global warming mitigation
strategies and new research that is definitively linking disease and death to indoor fuel
use Schwartz 1996 Smith 2@6, Smith, et al. 1994) Furthermore, there is now a
process in place for cookstove programs to receive carbon offset cremtistially

opening the flood gates to global capital.

3.2 Thefuelwoodladder anduel stackingtheories

Understanding the facteithat determine how fuels and cooking technologies
selected and accessed by households is useful when designing and evaluating cookstove
dissemination programsResearchers have often attempted to explain the dynamics of
household energy use anduse hol d economics throhegyo t he i
which characterize the factors thatiuence household decisions abautether to switch
or substitute between different fuel typ@mith, et al. 1994Smith 1987) A common
interpretation of this #ory is that increases in family incomes drive a transition from less
efficient, less expensiyand higher polluting fuels (e.g. dung, wood, charcoal) towards
more efficient, more expensivand cleaner burning fuels (e.g. LPG, electri¢®ypith,
1987) Theoretically, ncreases 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 improement in social status. Even whiking into accouneconomic and social
factors, what emerges from this theory is the concept that there is linear evolution up the
energy ladde(Barnes & Willem, 1996) In other words, asiouseholds adopt higher
quality fuels and more advanced cooking technologies, they abandon lower quality fuels
and traditional cooking method$iowever the fuel laddertteory isbeing challenged by
scientists who argue that it does not accurately clearaetthe process of fuel and

technology switching, especially witespect to househibkooking.

In contrast, the multiple fuel odel proposed by Masera et €2000) describes
the process of fuel switching as being dependent on four essential fadioesfate of

resource scarcity or uncertainty:

1 Conditions that affec@ccesgo differentfuelsand cooking technologies
2 Technical characteristics of cookstoves and cooking practices

3. Cultural preferences
4

Health impacts

Using data from three Mexican statesd one villageMasera et aldemonstrate
that rur al houdehadl dutda arfMatemnn @tRB2000)A& 0 f u el
new fuels and technologies are adopted, traditional fuels and technologies are rarely
abandoned. Their research suggtsis households do not perceive one technology type
as clearly better than anotheiffdrent technologies possess different attributes that are
positive and negative depending on the circumstances. They argue that this change in

perspective regarding th@ocess 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 us@daseragt al.2000)

Masera et al. conclude thaimple measuresused to characterizhousehold
energy use and stove selection are often largely inaccuaate thatthe linear fuel
switching model leads to overestimates of benéifitsases whera variety of stoves and
fuelsare being used simultaneously. dssence, according to Masera ettak 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 thaa 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&essibilityof ICSs

Understanding all the factors that influence accessibility of 1{0Sgery poor
communitiesis important for effectively characterizing the challenges to cookstove
dissemination effortssThe term faccesso is commonly
resource analysti® the context oflefining who has the right taccess or make use of
property and resourcedn this context accesswvould be definedsimply as the right to
benefit from thinggRibot & Peluso, 2003) Whentrying to understanche factors that
determine the accessibiliyf cleaner and morefficient cooking technologiesa more

inclusive definition is helpful. Ribot andPeluso(2003) make the followingproposal:
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access is more thamerely having thdiright to benefit from things 6 i t the havi

Aability to dteimgdb@d5lpbenefits from

In their view, accessanbe thought of as web with srandsthat extendin an
outward diredon from the individuawho is located at the centefThe strandsire the
factors (mechanism, processy relationshipthathave i1 nfl uence over é
ability to derivebenefitfrom a resourcéRibot andPelusg 2003,153). In this web, the
potentialcookstove beneficiary icatedin the central nodehe cookstoveis locatedin
some other @ordinate. A cessi bility is determined by
successfully negotiate the strands that separate them from the ability to derive benefit
from the product.The mechanismshat define access an ICS are numerouysandhave
some overlap withhe 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 adoess ICS:

purchasing poweaind availability of credit

willingness/ability to pg

availability of products near the home

accessibility of appropriate fuel types

knowledge and understanding of potenti@alth and financial benefits

cultural appropriatenseof the technology

= =A =2 =4 A - -2

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 tmsdii vi du al identity and soc
to virtually al other elements of acceds(Ribot & Peluso, 2003) Each entity
(gatekeeperhastheir own agenda that may or may not be aligned with the interaion
the resource seekem the context of atCS supply chaina consumemay beseparated
from a product by severalentities including mantacturers, distributors, NGOs,
marketing programs, and miefmancing institutions.In order to truly understandhat
determines an individual 6s access to an |C

and relationships that exist between the irdlial and the resource.

In Michoacan, Mexico, he Interdisciplinary Group of Rural Appropriate
Technology (GIRA) has beeaddressing these complexities withsystemic approach
that integrates several of the mechanism that define the political econcawygesfs for
their target populationf the Patsari cookstoveMasera et al. (2005) discuss how their
projects have evolved fromeing narrowly focused on stove productimd saleto a
more integrated systemicapproach involving technology innovation, rketr
development, cookstove dissemination packages, support to -emt@rprise
development, monitoring and evaluatiand outreach activitie@Masera et al2005)
This systemic approactesonates well with the access theprpposed by Ribot and

Peluso GIRA has identified mechanissiof access that complement ar@ihforce @ch
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other. By integratingseveral otheseanto a singleprogrammaticsystem GIRA has made
progresstowards generating a confluenoé goals between occupants of nodes that
previowsly may not have been alignediligning the agendas of several keydesin the
web of accessshould theoretically increase the accessibility of cookstoves to the

population while creating a more sustainable program.

Fuelsalso play a role ideterminng accessibility of cooking technologieg.or
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. Becaugs the cost is prohibitivepeople can own an LPG
cylinder and associated burnevighout havingthe ability to benefit from themAlvarez
et al.(2004)made the observation that access to firewood is correlated with the degree of
urbanization; to witthe closer the community is to an urban center, the more likely its
residents will be purchasing fuelwooather than collecting This suggests thatiélwood
scarcitymay be more acute in urban areas where many are forced to purchase because of
the inaccessility 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 contioues
increase(see Sectior?2.1.2), suggesting that the average Guatemalan is working harder
and/or spendinghore money each yedo obtain the fuelwood By taking into account

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

underlyingbarriers.

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

Given the inaccessibility of improved cooking technologieght® billions of
people who need thenthe 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 pmexid
(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 @peration and Development
estimated that between 1980 and 2000 there were 3 billion dollars worth of development
assistance for renewable energy projects (citddartinot, et al. 2002) However most
of these projects aeved only modest results and were largely unsustairiitaginot,
et al. 2002) This lack of tangible results led to widespread disillusionment within donor
groups towards renewable energy projects. This coincided withllafor market
oriented approaches with a focus on commercial viability, income generation, technology
transfer and local capacity buildinglgmmond, et al. 2007; Polak 2011; GatErapolli,
et al. 2010; Dhungel 2009; Barnes and Willem 1996; PrahalaétHartd2002; 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 thushihited this pathway from
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being an effective alternative to donatibased models. In this section | discuss some of
the most important factors that illuminate the opportunities and challenges to -market

oriented approaches to disseminating improveikstmves.

3.4.1 Scalability
One of the key advantages that market based dissemination models have over
donation models is scalability. Donation based modeddargely dependent on a fixed
amount of capitaland operaé within budgets that are managed by goweent
bureaucrats and donor agenciesin contrast, market based programfor ICS
disseminatiorcanaccesghe multibillion dollar demand from th&uelwood for cooking
market (Hammond, et al. 2007) Theoretically energy effiency technologies such as
improved ookstovesanfree up a portion of that money by offsettsgme fuedemand

associated with the status quo technology

Prahalad and Har{2002) make the case thatery low income people have
purchasing power that caedd 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 populatiBrahalad and Hart characterite
global economy in termsf a pyramid in which consumers are placed into tiers based on
their annual per capita income. At the very top of the pyramid are ti®F Bnillion
affluent Tier 1 consumers from around the world. In the middle of the pyramid, in Tiers
2 and 3, are paaonsumers 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 basedropurchasing power parity in US dollars

New empirical measures of the aggregate purchasing powtisopopulation
suggest opportunities exist for marketsed approaches to better meet their nedils
increagng their productivity and income@Hammond, et al. 2007) In Africa, Eastern
Europe and Latin Americafor example energy ranks third in BOP household
expenditures behind food and housing. Across all measured coumtusgholdsn the
base of the pyramigpendan average of 9% of their household budgets on energy

representingn averaggearly expendituref $379(Hammond, et al. 2007)

These energy budgets astevant to ICS marketing programs particularly in rural
parts of Africa Asia and Latin Americawvhere fuelwood is the main source of energy for
cooking. In rural Guatemala, for example, ®6of rural households us&elwood for
cooking, while only 2% of urban households use fuelwood for cook{HdE 2002)

The survey conducted by me and colleagues from AIDG and Xelgt€oetzaltenango,
Guatemala indicates that the average yearly household expenditure on fuelwood is
$222% Due to hefact that thdarge majority ofthe $433 billion in annu8BOP 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 Sectiod.3for a description ofhe survey methodology.
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Degite this scalability, markdbased dissemination methods have natural
limits. Many people cannot afford even a modestly priced ICS because their incomes are
simply too low. While micrecredit 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 wicarndy
afford them, and these very low income people are among those who are most in need.
This limitation can be lessened with wdlfected subsidies that lower the cost for a
cookstove for households that do not have sufficient purchasing power. This has
preceeé n t in the worldbés most prolific stove
these programs had distributed 18 million and 150 million units, respectMelrez, et
al. 2004)° In China there is a wellirected soft subsidy from the government ia tbrm
of training and technical assistance to stove designers and protfuders.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% sulsidy paid
directly to stove producers, who in turn sell their stoves directly to consiilessez,
et al. 2004) By using weHdirected subsidies for ICSs, governments can leverage the

market to more effectively address the needs of their most mazguhabnstituents.

® 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 pabtyqiMartinot, et al. 2002)

Y“The term fisoft subsidyo refers to support
development, and other ndvardware related costllarvey 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 spreaeotiteoentire year while
the cost of a cookstove must be paid in advance. Micamcing 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 chesl#ly from the savings that

are generated from the higher efficiency stove.

3.4.2 Natural feedback mechanism

Another advantage that markedised models have over donation models is that
well-functioning competitive marked havea natural feedback mechanism teegulate
quality of product and servicdf the conditions of a welfunctioning competitive market
are present, productbat perform poorly would be driven out of the market by better
products For exampleconsumers clearly would demani\& A overstove B if they
knew stove A ouperformed ®ve B (all other things being equaln contrast, donation
baed models must purposefully build mechanisms into their programs in order to
generatefeedbackfrom consumers There are examples of donatibasel cookstove
dissemination programs that incorporate surveys to measuraisendsatisfaction
(Masera,et al.2005) but most programs lack this compone@mar Masera, president
of the Mexican Bioenergy Network, made this point in a letter to the MeS8earetary

of Social Development, who is in charge of the Mexican National Stove Program:
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fiBeneficiaries have no voice in the process and must take what they are offered
evenif the stove is not appropriate for themoking practices.Thereareno follow up,
monitoring or evaluation prograsto measure f f e c t (Masera 20803 O

This has often led to poor quality or inappropriate stoves being distributed by
individuals and organizatienthat have little incentive to meet minimum standards of

quality 12

3.4.3 Market failure
Despite the advantages that ma#lkased 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 prodndtservices to

the worl ddés poorest communities. Mar ket f

1 Seezinacantan case study in Appendix for illustrative example.

2In Chiapas, Mexico, where nearly 3 million people cook with biomass, there are at least
20 distinctICS programs operating. By far the biggest player in Chiaptislexican

federal governmenwhich 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 (asf@uly 2010) through this program have failedpi@vide benefits to
families whohavereceival them. If this is true, thene billion Pesos (83 milliokdSD)

being invested in thé&lational Stove Progrararein danger of being wasted, or in the
words of Dr Maserat h e pr o gvacimating sany families against technologies
that have been demonstrated to be usef@Masera 2010)The faultsof the government
programare systemic. Stoves do noted tomeet basic performance standards to be
considerd A1 mproved. O Stoves do not me et t he
durability, andsafety Stoves are not designed to mtwt needs of rural families. The
stove producers do not have experience in design, manufacturing, quality assurance or
disemination 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 eveh the stove is not appropriate for themoking pratices.

There are no follow up, monitoring or evaluation prograrno measureeffectiveness
(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 cattessed by consumers who
can benefit from ICSs. Unfortunatelgmote villagesand rural areaareoftenfar from
well-functioning competitive market places. Certagnditions must be present before a
well functioning competitive market can emergé the words of Hackett (2006) the

conditionsrequire 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
selles 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.

There are no positive or negative externalities.

There ispotential low cost entry for new buyers and sellers.

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 avaialht low cost to market
participants.

No o

Market failure occurs when one or mneoof the conditions for a weluinctioning
competitive market are not met in a substantial \{#gckett 2006) In poor and rural
communities in e developing world many of these conditions are not met. New
Institutional Economics (NIE) emerged from within the framework of-classical
economics in an effort to explain some pel

explain the mechanisntbat often cause market failure, especially in the context of less
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economically developed countrigblarriss, et al. 1997) NIE theorists proposed that
interventions should be implemented to create institutions that could effectively lower
transaction cds, 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 suctaeak bf basic infrastructure (roads and public
transportation) that inhibit the delivery of products and services to the market. According
to Hammond et al. (2007), a8t very low income peopldo not have bank accounts or
access to financing mechanismshey live in informal settlements and often do not have
title to their land andlack access to telecommunications, water and sanitation services,
electricity and basic healthcar&ery low income peoplare forced to trade their goods
and labor to localraployers or middlemen who exploit ther@ne of the results of these
conditions is that very low income people often pay a penalty in the folmglodr prices

for lower quality goods or servicés.

While all of these conditions represent substantial barte markebriented
approaches to disseminating ICSs, my research is primarily focused on addressing the

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

3A recent study in Kenya founébr examplethat households that lack access to
grid electricity pay 150 times more for a unit of lighting servi@ntdo households that
have grid electricity powered lightin@Mills and Jacobson 2008)For the 1.6 billion
peoplewho lack access to grid electricjtpurnng kerosene oarother petroleum based
fuelsis the only choicén order to illuminate their homes after the sun sets.
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availability, pricing and location of goods and services toketgparticipants.l suggest

t hat A ade qu aimpicitly imcludes infiamatioa regarding benefits (welfare)
that consumers will realize from the procurement of a good or serVius. information

is currently not available to most market pap#nts, representing a substantial barrier to
the emergence of a wdlinctioning competitive cookstove markeWith respect to a
theoretical purchase of an ICI&nefits can only be understood after careful analyses are
conducted at the individual housddhdevel. Accurate estimates of household financial
benefits that can be generated through the purchase of an ICS can only be quantified with
costbenefit analyses that include information specific and unique to each houaatold
stove'® Some parametersrove difficult to quantify, prticularly 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 orthe relative pdormance of theproposedICS compared to the current
cooking technologyhat is being used in the homé&Vithout accurate estimates tifis
parameter and/or the technical capacity to conduct an analysis of this nature, information
on financial feasibilitywill 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 makinga purchas¢hat would have benefited their household or proceed to make a

purchase that willesult in suboptimal outcomes foteir household.

Y These parameters are examined in depth in Settibn



44

Access to accurate and reliable information regarding the potential household
financial costs and benefits from the phase 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 madéy thosewho cannot affordt. Adequateinformation in this area will allow
stove marketing progrant® be more informed about tineactual market demandto
better understand their customer base, and to more effectively design their marketing
programs With this information in had, stove manufacturers camore effectively
invest their research and development funds in order to improve the feasibility of

purchase foas manyustomerss possible (see Secti@g Lessons for Manufacturs).

3.5 Intra-household gender dynamics

In Section 3.4, | discussed some of the barriers to marietted approaches to
disseminating ICSsThere are other factors that further complicate efficient allocation of
ICSs to consumers. The role that genderattyics plays inrntrahousehold economic
decision making processisan importanfactor that influences whether a household will
purchase an ICS producEor example, if the father of the house is the primary income
provider and decision maker for houskhpurchases, 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 purchaskan ICS. The most obvious of these benefits are

improved indoor air quality, cleaner and more efficient kitshand 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 imt@ize the purchase of an 1G the case thahe man of

the househas primarycontrol of the purse strings.This is just one example that
simplifies dynamics that tend to be complexBut it highlights the importance of
considering the role of intlaousehold dynamics in a range of purchasing decisions,

including those related to investments in cooking technologies and fuels.

Children and womercan often be seen carrying heavy loads of firewood
throughoutrural Guatemala Kigure 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 usuallyunremunerated 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 tead 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 aswvdéré an
individual. This simplification of the household, a complex and dynamic ewgtty,
sometimes beuseful for analytical purposgsbut it limits and misguides our
understanding of how decisions are madgde the homé¢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 inth@musehold gender dynamics play in economic decision

making processg®oss, 1996)

Figure7: Woman and child carrying fuelwood in Quetzaltenangboto source:
Rob Gradoville 2010
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Gender based divisiomaay exist within the household unit that affect allocation
of decision making power and income trangfiraftab, 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 powerwith respect to nofiood household expenditures. Increased household
income resulting from the participation of women is largely spent on male goods,
affecting womenodés ability pukah a®s Inf ood
Section5.5, | presenprimary data onthe subject ofender and purchasing power in the

home that is derived fromur household survey in Quetzaltenango.
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4 METHODS

In light of thehost ofopportunities and challenges ¢eeating 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 | presentmethods that can be appliedto market based cookstove
dissemination programs in a wide range of contexts. One applicatiorsehtethod is
to analyzethe economic feasibility of a cookstove purchase from the perspective of an
individual household. This informatiotan helpguide stove marketing programs and
micro-financing institutions intheir effort to identifying customers that will benefit
financially from the purchase of an ICSIt can additionally be used taentify
individualsor householdshatwould require subsidiesThesemethod can also be used
to analyze aggregate survey datam regional market demand analgsthat can inform
stove programs about tipotentialsize and magnitude of a local market for a particular

ICS product.

| begin the chapterby presenting tB Cookstove Calculator, a dynamic
spreadsheet tool that facilitates rapid financial feasibility analyses for ICS products. |
then definethe economic metrics and underlying assumptions that are the foundation of
the methodology. This includes a descriptiof the methodused forestimating how
Ar eal solae guartified in the economic model. | provide a frameworkfor

estimatng avoided fuelwood expenditufer ICS marketing programsEinally, | present
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a stepby-step example ofiow to implement tls methodology using a case study of the

DofiaDora ICS in Quetzaltenango Guatemala.

4.1 Cookstove Calculator

The Cookstove Calculator @ Excelbased dynamic spreadsheet tibalt allows
for rapid analysis ofraditional economic metric®® measure investmenstability. 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 paraimeteding 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 allinesuser to input financing term
(months) interest rate (%) and down payment. Tipuw includesa yearby-year net
cash flow tablgFigure9), net present value, internal rate of retuime to payback, and

benefit to costatio (Figure8).

Sensitivityplots ofkey parameterare generated automatically for each individual
analysis, allowing the user to observe the sensitivity of financial metrics to incremental
changes in inpuyparaneters Figure10 andFigurel11). This functiaality is particularly
useful when there is a significant amount of uncertainty around the values of input

parameters.



Input Parameters Results

Purchase Year Output Metric
Cookstove Lifetime (years)
Capital Cost {curr/stove) b NPV (ROl in curr) $657
Discount Rate (%) Time to Payback (years) . 2.0
Monthly Fuel Expenditure (curr/mo) Discounted Time to . 22
Fuel Savings (%) Benefit/Cost Ratio . 4.0
Fuel Savings Multiplier (%) IRR . 59.5%
Fuel Escalation Rate (%) Monthly Payment {curr) 1 $0.00
Currency Exchange (curr/US$) Monthly Benefit $8.25
Maintenance Cost (curriyr)

Carbon Offset (tCO2-e/stove-year)
Carbon Offset Price (curtCOz-e) Carbon Benefit
Capital Subsidy (%) Local Curr $US
2,496 $312

Financing Option Sensitivity Analysis

Financing Option (yes/no)
Financing Term (months)
Annual Interest Rate (%)
Down Payment (GTQ)
Payments Due

Figure8: The Cookstove Calculator 1.11 witlie sections: Input Parameters,
Financing Option, Results and Carbon Benefit.

Net cash flow table (US$)

Real Benefits al Rea Discounted Net Annual

al Costs
Real Costs (avoided costs) s 0 sh Flow

sh Flow

0 2011 $171.56 $0.00 -$171.56 -$171.56
1 2012 $7.50 $39.00 $31.50 $29.44 -$140.06 -$142.12
2 2013 $7.50 $148.77 $141.27 $123.39 $1.21 -$18.73
3 2014 $7.50 $154.59 $147.09 $120.07 $148.30 $101.34
4 2015 $7.50 $160.72 $153.22 $116.89 $301.52 $218.23
5 2016 $7.50 $167.17 $159.67 $113.84 $461.18 $332.07
5] 2017 $7.50 $173.96 $166.46 $110.92 $627.64 $442.99
7 2018 $7.50 $181.11 $173.61 $108.12 $801.26 $551.10
8 2018 $7.50 $188.64 $181.14 $105.43 $982.40 $656.53
9 2020 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
10 2021 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
11 2022 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
12 2023 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
13 2024 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
14 2025 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
15 2026 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
16 2027 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
17 2028 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
18 2029 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53
19 2030 $0.00 $0.00 50.00 $0.00 $982.40 $656.53
20 2031 $0.00 $0.00 $0.00 $0.00 $982.40 $656.53

Figure9: The Cookstove Calculator 1.h&t 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.
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Figure11: Codkstove Calculator 1.11 with sample sensitivity plots for
lifetime, fuel escalation rate and discount rate.
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4.2 Definitions of economic metrics and underlying assumptions
The net presentalue of a time series of cash flows is defined as the sum of the

present values of the individual cash flows.

Equationl

- 006 006 00 . 00

0L W - - E -
p 1 p 1 p i p i

where
NBy = net benefit O 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¥ the discount ratthat solve€Equationl for an NPV

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

desirability of an investmentor@j ect . The higher t he

is to undertake the project.

4.2.2 Time to payback

project

Time-to-payback and discounted timi@payback are estimates of the period

(years) that will be required for the undiscounted and discounted accedulkit 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 gewkiram the project.
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4.2.3 Benefit to cost ratio
The benefHto-cost ratio is the quotient of the NPV of total benefits and NPV of

total costs over the lifetime of the project:

Equation2

6Qémmm©i&61§§£ 9?

bod 00

where

NPV = Net present alue

NBy = Net benefit 0 years from present

NCy, = Net cost O years from present

n = End of project lifetime (years from present)

4.2.4 RealBenefits

Equation3

I QA@®E Q'QQABIN 2°0Y 0D

where

EXpus = Total household monthly woodfuel expenditure for cooking

FS = Percentage of fuelwood savings generated by ICS over existing
cooking technolog

FSM = Fuelwood savings multiplier

4.2.5 Avoided fuelwood expenditure
Estimating financial benefits from the purchase of an IC&sidifficult as it is

integralin the economic feasibility analysis. In the case of an ICSdiadict financial
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benefits comen the form of avoided expenditures on fuelwodddo not include non
direct benefitssuch as avoided Disability Adjusted Life Years (DALYs) and marginal
cost of avoided time spent collecting fuelwodlat are often included in estimating
overall benefs for ICS programs. These may be real and significant benefits. For
example,an estimatedoss of over 38.5 million DALYdas been attributed to cooking
with open fires, approximatel$.5% of the global disease burdémith K. , 2006)
However, including DALYs and avoided time spent collecting fuelwood in the financial
analysis introduces uncertainty in the final resisitton and Haller 2004, Hackett
2006)and could lead to estimates of benefits that are higheraittaal 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 iebe€ause people do not necessarily

have access to income generating activities.

The accuracy ofivoided fuelwood expenditurdifectbenefits) estimates will to a
great extent determine the accuracy off#asibility analysis To estimatalirectberefits
from a stove purchase we mustow fuelwood savings (FSinonthly fuel expenditure
(Expwt), and fraction of fuelwood savings that translates into avoided expenditures (FSM)
(Equation3). In theabsence of t@ble estimatefor these inputsthe resuihg outpus of

the analysis are not reliable.

Monthly fuel expendituras an estimate that came obtained by interviewing a

household member who is knowledgeable alioerhousehold fuelwood budgethis is
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the least complicated parameter to estimate. It can be achieved through simple field
surveys that can be implementedayepresentative of the organization thaherketing

the stoves

The Kitchen Performance TeftPT) has emerged as the standardhud for
estimatingfuel savinggBallis, et al. 2007 Grandersonet al.2005) This test works well
for estimating the effea stovewill have on total household fuelwood consumptiduut
it is resource and time intensiveThe KPT includesboth qualiative and quantitative
surveys Bailis et al. (2007) recommeriblat the qualitative surveys be conducted in 30
100 households depending on tkeze of thetarget population The number of
guantitative surveys that must be completed depends on the pexdedtions that are
being tested foand the variance of the resultor example, a pairest designed to
detect 30% reductions in fuelwood consumption requires testing 20 households, first with

their old stove and then with the new stolee a totalof 40 testgBailis, et al.2007)

The fuelwoodsavingsmultiplier (FSM) is the fraction(between zero and onej
fuelwood savings that will translate into avoided woodfuel expenditufée rationale
behind this parametas that household reductions foelwood 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 fusbd consumption would translate into
reductions in fuelwood expenditure. For households that participate in regular collection

of fuelwood, it ispossiblethatthe FSM will be less than one This is becaustr these
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households,reductions in fuelwood csumption have the potential to offset both
fuelwood purchasing activities as well as fuelwood collection activities. If the fuelwood
savingswere split evenly betweenffseting fuelwood collection activities aniielwood
purchasing activitieshenthe FSM would be 509> The best method for quantifying
FSM is to conduct household surveys that quantify fuel sourcing methods (purchase
versus collect) as well as household perspectivethenelative effect ofeductions in
fuelwood consumptiomn househal collection and purchasing activities. This can be
done asan addon to theKPT qualitative surveysr 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 metigieol
for quantifying the total carbon offsets of cookstove progré@erciaFrapolli, et al.
2010,Johnsongt al.2010) Other stove programs have estimated.e€avings of 3.9
MT per year per stove.At this level of CQe offsets, evermodestprices onabated
carbon $6 - $10 perMT) would add a revenue sourck2@i $39 per stove per year) that
could be used to help improve the economics for all househ8lessitivity of financial

feasibility results tgrice of carbon is presented Bection6.1.7.

15 This is true regardless of the relative quantities of purchased and collected fuelwood.
For exampleif 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 fhe
purchased fuelwood budget. The same 50kg would be offset regardless of the ratio of
purchased to colléed fuelwood. Maximum potential financial benefits are always
pegged at total monthly expenditure.
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4.3 Surveymethodology
The objective of the survey was to create a baseline understanding of household

energy use patterns within the rural and semal communites that are served by
Xelatecoto guidethem in developing their bsiness and marketing strategies for the
Dofa Dora cookstove amather products. In order to accomplish thige survey was
designed to characterize household energy portfoli@eneralwith a specificfocus on
cooking fuels In our effortto generatenformation about the potential market demand

for improved cookstovewe collecteddataaboutthe factors that affect ability and desire

to purchase an IC®ata types collected were categorical, ordinal and continuous.

Quetzaltenango urban residents aonsuming an average of 0.9 per person
per year of fuelwood, while rural residents are consuming nearly four times that amount
at 3.5 i per person per yedmstituto de Agricultura, Recursos Naturales y Ambiente,
2009) This is because a large proportion of urb@oatemalanresidents (65%)
primarily use LPG for their cooking fudlnstituto Nacional de Estadisticas, 2002)
Because of this we focused our survey exclusively on rural residenause they are
more likely to be dependent on fuelwood for cookinlthe target population is defined
generally as individuals whose homes are locatedural areaswithin the reach of
Xelateco in Quetzaltenango The 4eicem@aof 450
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 33@ple/kmi with 55% being urban and 45%eing

rural (Instituto Nacional de Estadisticas, 2008)

4.3.1 Survey design
For thissurvey | used stratified random block survey design with municipality
(e.g. county)population densities used to defimach stratum This is he same
methodology used by the US Census Bureatrata boundaries for defining rural, semi
rural and urban municipalities were defined ugmogulation density thresholds that were
observed in the dat@®-600, 6001000, 1000+ pp/knf) (FigureA2). The municipalities
of Ostuncalco, Quetzaltenango, Salcaja and Cantel, all with population densities above

1000 ppl/kni, weredesignated as urban aexicluded from theampling(seeFigureA2).

In order to generate random selection of sample blockgverlaid all rural and
semtrural municipalitiesinto Google Earth and dividethem into 18 mmute by 18
minute quadstha were numbered consecutively for each straft#®000 quads per
stratun). In Figure 12 the 18 minute quads are the smatieadsinside of the larger
quads Eightblockswereselected andomly from withineachstratum(seeFigure13).*°
Many quads were skippedhenno house were visibleafter reviewing satellite image
(Figure12). 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 hougegure 12). Sixty-four completesurveys

16 Using a random number generator function in Microsoft Excel
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were conducted over a two week period in July of 2(FiQure 14). The map below
(Figure13) has the exact locations of the 16 sample sites that were visited and surveyed.
There was dalancedistribution between stratum wittight rural and eight serural
guads 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 geographicallyith two clusters irthe northern and northeastaegiors of

thedepartment (seigurel3).



o Chicho

N15:00'56-16°

Pacache

N45%00'30 24'{»

N15700'4.-32%

SEEELVIE] o )
W 91°39'21.6" W'91:38'55:68" | W 91°38'29.76"

N14r59'38. 4%

Figurel2: Maps of sample blocks identified in Google Earth.
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Tablel: Sample quads and total number of surveys in each quad.

Quad code # Surveys

R2 2
Su4
R8
SuU7
SU10
R10
R5
R1
SuU2
SuU1l
R6
R3
SU6

OIN|O|h|lWlO|W|O|W|A]|A|OT

Figurel4: Survey enumerator and Kiche language translator (right) conducting an
interview with the female head of househwidanFranciscda UnionMunicipality.
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4.3.2 Inferential power of the sample

Extra time and resources were investe@nsue that the survey data would have
as much inferential power as possiblaferential power comes from having a properly
designed and implemented randsampling componenwithin your study(Ramsey &
Schafer, 2002)This ensures that all subpopulations are represented in the sample in
roughly the same mix as the overall populaiiBlamsey & Schafe002) The random
sampling component made for long days of drivinigile searching for locations that
were often unfamiliar tany local partners. Homemade maps and GPSs helped deliver
us to each of the 16 quadsd conduct 64complete) surveys overZaweek period In
this casethe populationto which inferences can be madefiall rural and serarural
municipalities within the statgé- approximate}y 490,662 people or 8300 households

(Instituto Nacional de Estadistis, 2010}’

Unfortunately there arseveralfactors that combine to undermine and constrain
this inferential power. First, 64 surveys represent a relativedgnall proportion ofthe
total population (0.08%)causinginferences to the entire populatidd come with a
considerald degee ofuncertainty For example, our survey results indicate 55 out of 64
households (85%)wn a traditional plancha stoysuggeshg thatapproximately72,000
households in the population have traditional planchas. Hoyweithra sample size of

64 and using a orRgroportionstatistical modelan 85% positive responsemes witha

Y This figure is lased on Guatemalan census (20€)mates ohousehold densities (5.8
people per household) in a population ofpaximately 490,662 people is $00
households.
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95% coridence intervalbetween 74% and 92%, a range of approximaé&p00 to
78,000 householdsTéble 2). In other words, if we repeatedly pulled sample§é€from
the population using the same methods expect tha®5% of the timethe estimate
would be within that range.This is considered a measure of the certainty for the
estimated parameter-urthermore, theassumption of normal distribution of the sample
must be abandonext very low and very high proportions (e.g. near 0 aneédpecially
with smaller sample sizes. The rule of thumb is that the product of sample)sarel (
the proportion [§), aswell as the product af and1-p must be equal to or greater than
(Kirk, 2010). For a sample size of 64 this threshold is reached at 5/6%)(a:8 89/64
(92%). In other words, if proportional estimates from our @anare below 7.8% or
above 92% they cannot be considered representative of the populatleese 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 popuwolatthat have a traditional

plancha (centecolumn) along with lower and upper values of 95% confidence intervals
(CI) for population based on a 85% positive response from plearh64.

Lower limit of 95% C Estimate Upper limit 95% CI
Percentage of population 74% 85% 94%
Individuals 363,00 417,000 461,000
Households 63,000 72,000 78,000

In addition, wthin each block nomesponses were common occurrencekis is

a vel important factor that affesbur estimates in ways that veeeunable to quanfy or
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characterize very well. That is to satyisi difficult to infer how nonrresponses may have
skewed our results. | estimate that mesponse®sccurredat a rate ofbout three non
responses to one respong&asongor nonresponseavere diverseand were not recorded
systematically by survey enumeratordowever, lased on my personal experierared
verbal feedback from other enumeratdrsan say thatjuite oftenthere was no onome
at the tme of visit. Also, it was common for th&eoman of the housi® statehatshewas
too busy to participatieoften the case during meal preparation timés.the end w
arrived at 64 survey$dut becauseie and resource limit@ns did not allow forfollow-
up onthe nonresponsivesamples characterizinghe biasis difficult. However,we can
infer tha our sampling method selected against households where people are either too
occupied with chores or for some other reasoreveeitside of the house at the time of
our visit. Unfortunately we are left to only speculate about the affect this mayhzave

on the results.

All of these factors combeto both constrain the inferential power and skew the
results of our survey, thettar in unpredictable waysThus, while 1 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 cavEa&sefore, throughout this
report | wil be explicit in identifying these limitations when niag 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 popafatKiche and Mam. Kiche and Mam mislators
were hired to assistith translation in cases where Spanish wastim®tmostappropriate
language Therefore language should not be considered as a factor affecting the non

response bias.

4.4 Marketdemandanalysis case stud

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
DofiaDora ICS. In order to do this | have defined a baselineasie whichrepreents
the most likely outcome. For the baseline scenadaséhold input parameters are set to
average values of the population, and stove performance input parameters are set at
conservative levels. Household parameters are all deriviedm survey data. Input
parameters for stove performance relative to existing stove technology (e.g. fuel savings)
are based on educated guesses made by the AlBx@. As mentioned aboveniorder
to fully understand the benefits component of the tmbenefit analysis, the Dofia Dora
would need to go through a reginoé at least 40KPTs for each existing stove type
(Ballis, et al. 2007) In the absence of real datdhe baseline scenario includes
conservative assumptions regarding fuel savirsgs Section4.4.6 for a discussion of
this parametdr Because ofthe uncertaintythat comes along with making educated

guesses about critical input parameters, sensitivity analysis becomes very important. The
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effect of incrematal changes in critical input parameters on key economicianés

presented ifsection6.1

Here | will define the baseline scenario inputsat are usedn the financial
feasibility analysis. As previously mentionedhere are two distinct baseline groups,
separated by fuelwood sourcing methddbouseholds that purchase all of their fuelwood
represenapproximately 37%31,00Q of rural Quetzaltenango househoklsd spend an
average of$27.5 a month orfuelwood(Table3). Householdghat purchasand collect
their fuelwood represent approximately 27% (23@0 of rural Quetzaltenango
householdsand spend an average $#3.6 a month onfuelwood (Table 3). Thesetwo
groups will be treatedeparatelyn the analysis; the main difference being with respect to

mean monthly fuel expenditures and projected fuel savings.
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Table3. Baselingparameters and values usednarkd demandanalysis.

ICS Input Parameter Value Source

Dofa Doraookstove, 2010 (Quetzaltenango,

Capital Cost}) $189 Guatemala)Crowe, 2010)
Dofna Doraookstove, 2010 (Quetzaltenango,

O&M Cost 1%/yr) $1.86 Guatemala)Crowe, 2010)
i Dofna Doraookstove, 2010 (Quetzaltenango,

O&M Cost 2%/2-yr) $8.07 Guatemala)Crowe, 2010)
Lifetime (yr) 5 Dofna Doraookstove, 2010 (Quetzaltenango,

Guatemala)Crowe, 2010)
Household survey, 2010 (Quetzaltenango,

CdzStf [ 2a0% ao $27.5

/household/m) Guatemala)
CdzSt [/ 2aid a®c $23.6 Household survey, 2010 (Quetzaltenango,
/household/m) ' Guatemala)
Fuel Escalation Rate (%) | 4.6% (Banco Nacional de Guatemala, 2009)
Fuel Savings (%) 35% (Maseraset al.2005)(Alvarez, et al 2004)
Fuel Savings Multiplier (%)| 75% See Sectiod.2.5
Real Discount Rate (%) 17% (Crowe 1010) (Bagg(ilN)actdrde Guatemala

4.4.1 Capital cost
The capitalcost for the Dofia Dora 8189 This includes delivery, installation,
andat least one follow up visit for repair and maintenance. The stove comes with a one

year warranty against factory defe@@owe, 2010)Table3).

4.4.2 Operation andmaintenance
There are some components of the stove that are expected to need regular
replacement including the fuelwood support and the chimney elbohe flelwood
support will need to be replaced onper year and will cost $1.86 Replacing this

component does not require skilled labor and can easily be done by the homeowner.













































































































































































































































