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Abstract

This paper investigates household preferences for improved
cook stoves using a choice experiment administered in rural
Ethiopia, and the cost-effectiveness of an improved stove
for reducing global greenhouse gas emissions. In Ethiopia,
about 96 percent of household energy demand is fulfilled
by biomass. Improved stoves use less firewood and pro-
duce less smoke, and they have been touted as a way to
reduce greenhouse gas emissions and health effects from
indoor air pollution, as well as to improve forest conserva-
tion. Although there are many studies on the adoption of
improved stoves, there is limited information on the willing-
ness to pay for particular attributes of stoves, information

that is vital for designing effective stoves and improving
stove adoption. The paper finds that households have a
positive willingness to pay for the durability, fuelwood use
reduction, smoke reduction, and cooking time reduction
of improved stoves. It also shows that the stove used in this
experiment can be cost-effective for reducing greenhouse
gas emissions, which suggests that programs providing
payments for reducing greenhouse gas emissions could
strengthen stove adoption if they are well implemented.
The main reason the stoves are not being adapted is the
lack of availability, which is a key message to policy makers.
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1. Introduction
Fuelwood for cooking and heating is generally the most important direct use of forest

ecosystems in low-income countries, with nearly half the world’s population relying on solid
fuels, such as biomass, for cooking (IEA 2014). In Sub-Saharan Africa, 68% to 90% of the
population relies on biomass fuels (Rehfuess 2006, Smith et al. 2004). Without any major change
in policy, the number of people relying on traditional biomass fuels in 2030 is expected to remain
roughly the same as now, about 40% of the current world population (IEA 2012).

Deforestation and forest degradation related to extraction and use of biomass fuels is a
significant part of global forest biomass loss!, which causes destruction of local ecosystem
services and releases CO2 emissions into the atmosphere. Sub-Saharan Africa has the highest
rates of deforestation in the world and fuelwood use that leads to (net) deforestation is not
carbon neutral. For example, in Ethiopia, about 88% of forest fuelwood harvests are considered
nonrenewable (UNFCCC, 2012)2. Black carbon, another byproduct of burning biomass fuels for
cooking and heating is believed to be another key contributor to climate change (Rosenthal 2009,
Bond et al. 2013). Smith et al. (2000) find that, depending on the timeline examined, the global
warming contribution of a meal cooked using biomass can be significantly higher than one cooked
using fossil fuels.

Traditional cook stoves can be particularly dangerous to human health as well. Inefficient
and poorly vented stoves create a hazardous indoor environment, as smoke often pollutes the
insides of homes. According to the World Health Organization (2016), over four million
premature deaths are caused each year from indoor air pollution. Traditional stoves also foster
gender inequalities because women are typically the ones who spend hours collecting wood and
who are exposed to smoke while cooking in the home. Furthermore, children are often expected
to collect firewood, which can be time-consuming and dangerous.

Replacing traditional stoves with fuel-efficient and lower-emitting improved stoves can

help mitigate these problems (Anenberg et al. 2013, Bensch and Peters 2013, Bensch and Peters

1 Over 50% of global forests have been converted to human use since the advent of modern agricultural practices.
Tropical forest area is decreasing at over 10 million hectares per year, with much of the deforestation occurring in
developing countries (MEA, 2005, Pan et al., 2011).

2 Bailis et al. (2015) argue that the UNFCCC (2012) non-renewable biomass estimates for low-income countries like
Ethiopia are too high.



201, Dresen 2014). In order to realistically promote the uptake of these stoves among people in
developing nations, however, organizations have to meet the needs of the people who will use
them. Traditions, social interactions, and family dynamics differ across cultures, but they play an
integral role in people’s willingness to adopt and ultimately use a new technology. Therefore, it
is important to understand which aspects of stoves are important to households. Though there
are a large number of studies on the adoption of improved stoves, which we discuss in the
literature review, most of these studies focus on a particular stove and are not able to identify
preferences for attributes of stoves. There is currently limited information on preferences and
willingness to pay for particular attributes of stoves in general and this information is important
for policy makers working on designing effective stoves and increasing stove adoption and the
information is also needed to conduct cost benefits analysis of stove programs.

We use a choice experiment study to fill this knowledge gap and identify preferences for
attributes of improved stoves. We conduct the choice experiment in rural Ethiopia. Ethiopia
provides an interesting context for the study of improved stove initiatives, as about 96% of the
population’s household energy demand is fulfilled by wood, charcoal, branches, dung and
agricultural residues, which all produce smoke and harmful emissions when they are burned
(Bizzarri 2010, Beyene et al. 2015). Within the household sector, cooking compromises virtually
100% of energy demand (Practical Action Ethiopia 2015). Every year, nearly 150,000 hectares of
land, 1.1% of forest area is deforested in an effort to collect wood (FAO 2010). Dissemination of
efficient stoves is an important part of Ethiopia’s strategy for the energy and forestry sectors. For
example, the country’s Climate Resilient Green Economy (CRGE) Strategy projects that reducing
demand for fuelwood through efficient biomass stoves could reduce emissions by almost 35 Mt
CO2e by 2030 and involve about 20 million households (FDRE, 2011). We focus on Ethiopia
because the Ethiopian government is planning to disseminate around 11.45 million improved
fuel-saving cook stoves during the period from 2015/16 to 2019/20 (MoWIE 2013, Accenture
2013). The results of our study can therefore potentially inform these stove dissemination efforts.
Most of the improved stoves to be distributed are designed to more efficiently cook injera, which
is the staple bread consumed in Ethiopia and is the end us of over half the primary energy

consumed in the country (Bizzarri, 2010; Practical Action Ethiopia). The Mirt (i.e. “Best”) stove is



one example of an improved injera stove. It has been estimated to use 20% to 30% less fuelwood
under field-based controlled cooking tests in a related study (Gebreeziabher et al., 2015). Later
in this paper the Mirt stove is used as an example for estimating the potential cost-effectiveness
of improved biomass cookstoves for combatting climate change.

Generally, improved stove trials and randomized control trials have found mixed evidence
about the adoption and effectiveness of improved stoves (we discuss a selection in the literature
review below). Moreover, as previously mentioned, most of these studies are limited to
evaluating the stove that is being distributed. There is limited understanding about household
preferences for the characteristics of the stoves (in general as opposed to for a specific stove)
and the resulting WTP by households for particular characteristics of the stoves. However, to
promote stove adoption, it is important to determine what factors make the new technology
more or less attractive to households.

The choice experiment reported in this study examines the preferences for different
features of improved stove technology in the Ethiopian context, as well as what types of
households are more likely to place a high value on this new technology. The analysis is based on
different characteristics of a generic improved stove (discussed below in the experiment design),
and therefore the information about preferences for different stove characteristics is applicable
to multiple stoves and provides information useful for policy makers and practitioners working
on improved stove adoption since they are expressed as WTP. In addition, we analyze the cost-
effectiveness of improved stoves for greenhouse gas mitigation using the Mirt stove as an
example under different assumptions about the “price of carbon.” We also discuss how payments
for carbon reduction could potentially affect the economics of stove adoption.

We find that households have a positive WTP for all the attributes of the improved stoves,
though durability and fuel use reduction have the highest marginal WTP. We find that the number
of women and children in the household does not significantly affect preferences, but having
seen an improved stove earlier increases the WTP for their attributes. We also find that even at
a relatively low carbon price of S5 per ton of CO,, paid via an international climate change
program such as Reduced Emissions from Deforestation and Forest degradation (REDD+) or other

sources, the Mirt stoves is a cost-effective way to reduce greenhouse gas emissions. In turn, the



receipt of payments for greenhouse gas emissions reductions from adopting the improved stoves
can influence the adoption decisions of individual households by lowering the net cost of the

stoves.

2. Literature on Improved Stove Attributes
Several previous studies have examined the effects of traditional cookstoves and analyzed

how to effectively encourage adoption of improved cookstoves. Most studies have found that
traditional stoves have high nonmonetary costs, because of high fuelwood consumption and
associated air pollution emissions. Duflo, Greenstone and Hanna (2008) found that in rural India,
there was a high correlation between using a traditional stove and having symptoms of
respiratory illness. Parikh (2008) observed connections among gender, energy use, and health in
the Himachal Pradesh region in India. Certain groups suffer from the negative effects of
traditional stoves and fuels more than others. Survey data provide evidence that women
generally walk the most to collect fuel, they lose potential work days, and they suffer from
physical stress from the long and often strenuous walks. Parikh (2008) also found that girls below
age 5 as well as females age 30 to 60 show more symptoms of respiratory illness than do males
of similar ages, because women and female children are the ones who spend the majority of their
days inside their smoky homes.

Simon, Bumpus and Mann (2012) explored possibilities of “win-win” programs for climate
protection and economic development and found that distributing lower-emitting stoves and
using carbon finance could support both objectives in a poor country. These programs set both
local (ex. economic development and improvement of children’s health) and global (mitigating
climate change) goals, and results showed that economic development success was linked
directly to environmental improvements.

There are, however, various challenges for stove adoption, as not everyone in developing
countries is willing to pay for or wants to use such new technologies (Lewis and Pattanayak 2012,
Bensch et al. 2015, Hanna et al. 2016). Previous efforts to encourage people to adopt and use
new stoves in Ethiopia have met with limited success. The government has tried to promote clean
stove technology, and though adoption rates have steadily increased over time, the large-scale

adoption of stoves necessary to achieve climate benefits has not occurred. Beyene and Koch



(2013) examined the correlation between adoption of new stoves and different socioeconomic
factors in Ethiopia, and found that the price of the stove, household income, and household
wealth all have significant effects on a household’s willingness to adopt new stoves. On the other
hand, if traditional stove technology is available, families are less likely to want a new stove.
Takama, et al. (2012) examined household decision-making regarding cookstove choices in Addis
Ababa, and found that preferences for higher quality fuels and products increased with increasing
wealth. Analyses by Lewis and Pattanayak (2012) determined that for various improved stove
adoption initiatives, income, education and urban location were positively associated with stove
adoption.

Besides considering household-level factors that lead families to adopt improved stove
technology, numerous studies in different parts of the world have examined how attributes of
the technology itself affect valuations. Adkins et al. (2010) found that in Sub-Saharan Africa, an
individual’s valuation of new stove technology was determined by a combination of different
attributes of the stove, including cooking time, stove size and how easy the stove was to use.
Another study by Mobarak et al. (2012) studied households in rural Bangladesh and found that
women in these communities did not consider indoor air pollution to be a problem nor a danger
to their health. Households that relied on traditional cookstoves wanted to use technology that
was familiar to them and were not willing to pay much for new, cleaner stoves. However,
Mobarak et al. (2012) found that organizations were more successful in promoting the adoption
of these cleaner stoves if they highlighted the features that were highly valued by users, instead
of just focusing on the health and environmental benefits of the stoves. Nyrud et al. (2008) added
to this analysis and determined that, when distributing new technology, it is most effective to
emphasize attributes that relate to the “users’ perception of subjective norm” including the
perceived status of those who use advanced technology, instead of focusing on objective benefits
of the equipment.

Much of the existing research on stoves, including the studies discussed above, uses
existing improved stoves and is therefore not able to study the preferences for individual stove
characteristics, because the stove characteristics are fixed for the stove being studied. Identifying

preferences for characteristics of stoves is important as this will allow researches and policy



makers to focus on the most important characteristics in assessing the potential dissemination
of stoves. To our knowledge only two recent studies, van der Kroon et al. (2014) and Jeuland et
al. (2015), have attempted to elicit preferences for attributes of generic improved fuelwood
stoves.

In their study van der Kroon et al. (2014) compare preferences across multiple fuel
sources and cooking technologies. In our work we focus solely on improved biomass stoves, an
energy source that is projected to be the main fuel source for 40% of the global population out
to 2030 (IEA 2012). Jeuland et al. (2015) conduct a comprehensive analysis of factors influencing
the adoption of improved stoves using both revealed and stated preference data from India. Our
analysis, which focuses on Ethiopia, complements their work in that it is the first study to
explicitly elicit preferences for improved fuelwood stoves in Africa. Our sample differs from
Jeuland et al. (2015), as their sample includes many households that already use other (non-
biomass) fuel technologies (20% LPG). Only 24% of their respondents were using traditional three
stone stoves, whereas in the Ethiopian context over 90% of the households, and in our rural
sample 100%, use traditional three stone tripod stoves.

By using a choice experiment that presents respondents with the ability to make choices
over stoves with different combinations of characteristics, we contribute to the literature on
improved stove adoption by analyzing the attributes of stoves that are most important for
households. We also examine how socio-demographic factors impact preferences for stoves.
Results from this study also contribute to the growing body of research about global sustainable
development, as clean cookstoves provide a solution for both human health and environmental

issues and may promote development in many parts of the world.

3. Choice Experiment Design

Choice experiments are a stated preference valuation tool used to determine someone’s
marginal willingness to pay (WTP) or willingness to accept (WTA) for goods, or characteristics of
goods, when market data are not available for assessing these valuations. A choice experiment
survey presents the respondent with choice scenarios where each choice scenario has

alternatives with varied levels of different attributes of the good or policy being evaluated. The,



respondents choose one of the alternatives or a status quo option and the results from the choice
experiment provide information about the value of individual features of the goods and policies
being valued. Alpizar et al. (2003), Boxall et al. (1996), Hanley et al. (2001), Hensher et al. (2005),
Hoyos (2010), and Louviere et al. (2000) provide reviews of the choice experiment methodology.

We follow standard practice in the choice modeling literature for this research
(Adamowicz et al. 1997, Adamowicz et al. 1998, Carlsson and Martinsson 2003, Louviere et al.
2000). We initially conducted informal focus groups, engaged in discussions with researchers and
then finally conducted 15 formal focus groups and a field trial of the survey. Through this process
we identified five attributes that we use for the final choice experiment; durability of the stove,
the reduction of fuel use, the reduction of smoke, decrease in cooking time, and the cost of the
stove. Durability was highlighted, because improved biomass stove availability is found to be an
important issue for respondents. Durable stoves will not need to be replaced as often as poorly
constructed stoves. As already discussed in the context of the work of Parikh (2008) in India,
fuelwood collection can be extremely time-consuming and arduous. Focus group participants
noted that reducing the demand for fuelwood would reduce household labor requirements and
represent potentially important benefits.

The smoke from traditional biomass cookstoves is a very serious health hazard. Though it
is not clear that improved biomass stoves reduce household air pollution enough to affect human
health (e.g. see Jeuland et al. 2015), focus group respondents noted that for stoves to reduce
smoke would be desirable. The final attribute noted (other than cost) was cooking time. Injera
cooking can be time-consuming, taking more than one hour to cook 4 kg of teff flour
(Gebreegziabher et al. 2015) and respondents would like, if possible, to decrease cooking time.

Every attribute had 3 or 4 systematically-identified levels® as described in Table 1. Each
respondent answered seven different choice questions; the first and seventh question were
identical, and the first question was dropped from the data analysis to account for possible
learning (Carlsson et al. 2010). Figure 1 shows an example of one choice question. We explicitly

designed the choice question to clearly identify attributes both graphically and numerically. This

3 The levels for each choice question were determined using an orthogonal fractional factorial experiment design
that was 100% D-efficient (Kuhfeld 2010).



aspect also differentiates our study from the two previous studies to elicit preferences for
improved stoves, where the choice cards did not contain both numeric and graphical

representations of the levels of the attributes.

Attributes Description Levels
Durability of stove How long the stove would be < No improved Stove
functional % 1-5vyears
% 6-10years
% 11-15 years

5

¢

No reduction
* 25% reduction
* 50% reduction

Reduction in amount | The reduction in fuelwood use in

DS

of fuel wood used comparison to using the

X3

traditional cook stove.

L)

X3

8

No reduction
*»  25% reduction
* 50% reduction

Reduction of smoke The reduction of smoke as a result

DS

of using an improved stove

DS

5

8

Amount of cooking The amount of cooking time No reduction

time reduced reduced by adopting an improved % 25% reduction
stove. % 50% reduction
Cost of Improved The amount paid to acquire a new < No payment
Stove improved stove. «* 100 Ethiopian Birr (ETB)

e

8

200 Ethiopian Birr (ETB)
300 Ethiopian Birr (ETB)
400 Ethiopian Birr (ETB)

X3

8

X3

8

Table 1: Attribute Levels



Figure 1 — Choice Experiment Question Example

Choice experiment for stove adoption

Ver No:__1__QNo:_1___

Attributes Alternative 1 Alternative 2 Status Quo
Durability of
stove 1-5 years 6-10 years No improved stove
Amount of
cooking time vV v 3 <
reduced ’.‘ "‘ 0 N .g‘ “ ° P
50% reduction 25% reduction No reduction
Reduction in
amount of &= o= - =X =X = S e
fuel wood w’w; w’wz W QA"J}. {'/‘}‘/F ‘:f’ =
e e ol o e e e P e Y
uaed EFOTF | | OTEeTE >a=>2as
50% reduction 25% reduction No reduction
Reduction of
smoke x x x - 9 S A
\ \ \
L o T X {a X
50% reduction 25% reduction No reduction
Cost of ™
e -
E;. E No payment but no
- improved stove
100 birr 300 birr
Please
tick/mark (V) D D D
only one

4. Methods of Analysis
4.1 Econometric model specification

We follow the standard practice in the choice experiment literature and use a conditional
logit and a mixed multinomial logit model to analyze the data. We use a linear random utility
model (RUM) for the econometric specification. The general form of the conditional logit (CL)

model includes attributes as a linear summation in the following general form:
—_ VK
Vi - Zk:l ﬁkail + ﬁpriceXprice + & (1)

10



With the specific attributes included in this choice survey, the model takes the form:

Vo = BoASC + Bleurability + .BZXtime_reduction
+33Xfirewood_reduction + ﬂ4Xsmoke_reduction + lgpriceXprice + €n (2)

The alternative specific constant (ASC) term accounts for the fact that option A and option B are
both improved stoves and therefore are closer substitutes with each other than with option C,
the status quo option (Haaijer et al. 2001, Blaeij et al. 2007). The ASC term identifies the overall
likelihood of choosing a stove (option A or option B) regardless of the levels of the specific
attributes. The conditional logit model assumes that respondents all have homogeneous
preferences and thus it provides a limited analysis of unobserved heterogeneity (f;.in
specification (2) estimates the mean value for the sample). In order to account for preference
heterogeneity we also use a mixed multinomial logit (MMNL) model to analyze the data (Hensher
et al. 2005, Carlsson et al. 2003, Train 2003).

To test for the robustness of the results we use two forms of the MMNL model. The first
holds price constant and the second assumes price is normally distributed. For both of these

models we use a linear random utility model for the main effects estimation.

Vni = BonASC + .BlnXdurability + ﬁZnXtimereduction
+ﬁ3anirewood_reduction + .84nXsmoke_reduction + .BpricenXprice + Eni (3)

The coefficient estimates from the conditional logit model and the mixed multinomial
logit model cannot be interpreted directly. Therefore, the average marginal WTP is calculated for
a change in each attribute /i by dividing the coefficient estimate for each attribute with the

coefficient estimate for the payment term, as given in (3).

MwTp, = — P (4)

.Bprice

The mixed multinomial logit model does not explicitly identify the factors that lead to

heterogeneous preferences. In addition to the above standard main effects specification we also

11



analyze the data using the specification that incorporates demographic interactions terms to

better understand the heterogeneity in the sample.

Vni = IBOnASC + ﬁlnXdurability + BZnXtimereduction + ﬁ3anirewood_reduction +
ﬂ4nXsmoke_reduction + BSnxcost + lgknASC * an + €ni (5)

The Z variable represents socio-demographic interaction terms. Specifically, we test whether
household size, gender composition, the presence of the cook, number of children, or having

previously seen an improved stove impact the preferences for an improved stove.

4.2 Study site and stove technology

Data for this study were collected from 504 randomly selected households in 36 sites from
Oromia, Ahmara and SNNP, the three largest regions that together represent 80% of Ethiopia’s
population and 70% of Ethiopia’s forest cover. The survey was conducted by 20 enumerators and
5 supervisors who went out to the communities in groups of five, four enumerators and one
supervisor. The enumerators spoke local languages and were trained in conducting choice
experiment surveys (and most had previous experience with collecting choice experiment data
in similar field settings).

Several different ethnicities are represented in the study area; the largest groups
represented are Oromos (39.04%), Amharas (24.5%), and Wolaytas (13.74%). All respondents live
inrural areas, and the average walk time to the nearest road is 63.8 minutes. The average number
of children in a household is 3.38, and most households consist of about 6 people. Only 5.38% of
the households have a female head of the household.

As seen in Figure 2, which presents the primary sources of fuel used by respondents, using
the forest sustainably should be an urgent priority for Ethiopians. Over 91% of respondents use
firewood as their main source of fuel, while only 7.2% of people use dung and 1.1% use small
branches to fuel their stoves. Just under half of the respondents (44.6%) had seen an improved
stove before they took the survey, and nearly all (more than 92%) of respondents said they used
a three-stone stove for cooking. Most households (over 77%) report that children were usually

in the kitchen when food is cooked, and nearly all households (88%) belong to forest user groups

12



(FUGSs), which are groups of community-members that are involved in forest management and
land use decisions. Respondents reported that they did not because new stoves were unavailable

(64.2%), they did not know how to use one (20.1%) or because they were expensive (11.2%).

Figure 2 — Primary Fuel Sources (%)

01.10% 0.66%
7.18% W firewood
W dung
B small
branches
O other

5. Results and Discussion
5.1 Choice experiment results
The results of the main effects specification using a conditional logit, a mixed multinomial

logit with fixed price and a mixed multinomial logit with a random price are presented in Table
2. The coefficients for all the attributes are significant and positive but respondents most
preferred choices were characterized by high levels of durability, cooking time reduction, fuel
use reduction and smoke reduction.

The MMNL model also provides information about the heterogeneity of preferences. In
the main effects model, the standard deviations for durability, time reduction, smoke reduction
and fuel reduction and cost are significant. This implies that there is heterogeneity within the
sample and significant variation among responses regarding these attributes and that a MMNL

model should be used for the analysis.
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Table 2 —Parameter Estimates from Main Effects Models

(1)

()

(3)

CL MMNL MMNL
Cost Random Cost Fixed
Mean
ASC 3.405™" 19.25™" 20.10™"
(0.348) (4.119) (5.711)
Durability 0.0530"" 0.0708"" 0.0759""
(0.00774) (0.0105) (0.0105)
Time Reduction 0.0128™ 0.0193™ 0.0153"
(0.00187) (0.00254) (0.00223)
Fuel Reduction 0.0175™ 0.0263™ 0.0217"
(0.00175) (0.00318) (0.00284)
Smoke Reduction 0.0119™ 0.0195™" 0.0177"
(0.00307) (0.00433) (0.00431)
Cost -0.00266"" -0.00402"" -0.00384"""
(0.000543) (0.000822) (0.000670)
Standard Deviation
ASC -7.972°" -8.265™"
(1.804) (2.368)
Durability -0.0553™"" 0.0861°"
(0.0190) (0.0129)
Time Reduction 0.0118" -0.00807
(0.00687) (0.00711)
Fuel Reduction 0.04317" 0.0410™"
(0.00378) (0.00357)
Smoke Reduction 0.0200" 0.0281""
(0.0118) (0.00791)
Cost 0.00814*
(0.000977)
Observations 9054 9054 9054
Log lik. -1936.2 -1824.8 -1844.4
Chi-squared 2758.9 222.7 183.6

Standard errors in parentheses’p< 0.1, “*p< 0.05, **"p< 0.01

To better interpret the results, we calculate the respondents” WTP for each attribute.
Table 3 presents marginal WTP estimates for each attribute for each model (holding other
attributes constant). Durability has the highest marginal WTP per unit of each attribute, with
respondents’ WTP 19.11 ETB on average (across the three models) for each additional year of
use, followed by fuel reduction at 6.27 ETB on average for each additional percentage of fuel

reduction, smoke reduction at 4.63 ETB on average for each additional percentage of smoke
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reduction and time reduction at 4.53 ETB on average for each percentage of time reduction. Of
course, these monetary values are difficult to compare directly as the units differ (i.e. durability
is given per year from a range of 1-15, whereas the other three attributes are denominated per

percent change).

Table 3 — WTP Estimates for Each Attribute in CL and MMNL Models (ETB per unit of attribute)

(1)

()

(3)

CL MMNL MMNL

Cost Random Cost Fixed
Durability 19.90™" 17.63™" 19.80""
(2.926) (2.880) (2.642)
Time Reduction 4.797°" 4.810"" 3.986""
(1.307) (1.229) (0.967)
Fuel Reduction 6.584"" 6.555"" 5.668""
(1.725) (1.699) (1.385)
Smoke Reduction 4.458™" 4.848™" 4.605™"
(1.716) (1.662) (1.584)

Standard errors in parentheses p< 0.1, “"p< 0.05, ""p< 0.01

To determine what household characteristics lead to the improved stove being more
attractive, we analyze the data using a series of demographic interaction terms (Specification 4).
The specific interactions were selected based on household factors that may influence the
selection of stoves. Specifically, we included interaction terms that identified the number of
children, the number of female members of the household, whether the cook was present during
the survey, if the respondent had seen an improved stove previously, and if the household only
had wood burning stoves. As seen in Table 4, none of household demographic interaction terms
are significant. The lack of significance is robust across multiple other specifications and
definitions of variables, except for the number of children. The number of children is significant
in some model specifications that we analyzed but the result is not robust across all
specifications.

We include an interaction term for whether the cook participated in the survey and find
that this does not significantly determine the preferences for individual stove characteristics. The
interaction between the ASC term and the “cook participation” variable is significant and positive,

indicating that when the cook participated in the survey the likelihood of choosing a stove is
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higher. In a similar manner the ASC interaction terms for “seen an improved stove” and “only
have wood burning stoves” is significant and positive, indicating that respondents that have
previously seen an improved stove and respondents that currently only have a wood burning
stove are more likely to choose an improved stove and therefore are willing to pay more for the

improved stoves.

Table 4— Parameter Estimates from Interaction Effects Models

MMNL
Mean Standard Deviation
ASC 15.94%*** 7.137%**
(3.416) (1.446)
Durability 0.0653*** 0.0550**
(0.0108) (0.0215)
Time Reduction 0.0186*** 0.0103
(0.00287) (0.00778)
Fuel Reduction 0.0283*** 0.0375%**
(0.00939) (0.00620)
Smoke Reduction 0.0153*** 0.00806
(0.00474) (0.0222)
Cook Part In Survey X Smoke Reduction 0.00370 0.0182
(0.00977) (0.0183)
Cook Part In Survey X Time Reduction 0.00392 0.0119
(0.00611) (0.0122)
Cook Part In Survey X Fuel Reduction 0.00500 -0.0231
(0.00759) (0.0150)
Children > 3 X Fuel Reduction -0.00909 -0.0122
(0.00577) (0.0198)
HH % Female X Fuel Reduction 0.00393 -0.0223
(0.0171) (0.0231)
Cook Part In Survey X ASC 8.234* 16.72***
(4.294) (3.593)
Only Wood Burning X ASC 10.97*** 6.632%**
(2.495) (2.127)
Seen Improved Stove X ASC 13.14*** 2.304
(3.843) (1.694)
Cost -0.0374*** 0.0816***
(0.00855) (0.00983)
Observations 8262
Log lik. -1675.0
Chi-squared 203.0

Standard errors in parentheses* p< 0.1, ** p< 0.05, *** p< 0.01
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5.2 Valuation of carbon reductions from improved stoves

Next, we calculate the carbon benefit from the reduction in fuelwood use by switching to
an improved stove and discuss the cost-effectiveness of including stoves in a carbon mitigation
program like REDD+%. The Mirt stove saves 25% of fuelwood in the field or 634 kg per household
per year.” We convert fuelwood savings to CO; emissions reductions and find that if fully adopted
a Mirt stove will lead to a decrease of 0.94 tons of CO, per stove per year.® The Ethiopian
government initiative to distribute 11.45 million improved stoves (MoWE 2013, Accenture 2013)
would therefore lead to a reduction of approximately 10.77 million tons of CO; per year, if the

average stove distributed reduces emissions at a level similar to the Mirt stove.

These savings would be worth about $54 million, or approximately $4.70 per household
per year, using a fairly low price for carbon emissions reductions of $5.00 per ton. Based on the
2015 price of $13.93 per ton from carbon allowance auctions in California’s greenhouse gas
control system, the carbon savings would be worth about $150 million per year, or approximately

$13 per household.

We can combine this carbon valuation information with our analysis of household
attribute valuations to explore how potential payments for reducing fuelwood-based
deforestation, as under REDD+, can create incentives for improved stove adoption. The current
price of the Mirt stove is approximately $12 per stove, and it is expected to have a life of roughly
4-5 years. Respondents’ average marginal WTP for a stove with a 25% reduction in fuelwood

required, holding all other attributes constant is 6.27 ETB/% * 25% = 157 ETB, or approximately

4 Reducing Emission from Deforestation and Forest Degradation (REDD+) is a payment for ecosystem services (PES)
system created under the United Nations Framework Convention on Climate Change (UNFCCC). REDD+ is an
important tool to create incentives for those who control forests to sequester carbon and for those who emit carbon
into the atmosphere to pay for forest carbon sequestration services (Bluffstone 2013).

5 Bluffstone et al. (2015) find that on average the Mirt stove is used in a manner consistent with standard injera
cooking frequencies of at least two times per week.

6 The value of 0.94 tons of CO; per stove is based on a net calorific value of 15 MJ/kg of woody biomass (IPCC; Hall
et al. 1994), 112 g of CO, per MJ of fuelwood (IPCC) and 88% nonrenewable firewood use for Ethiopia (CDM value
for Ethiopia obtained from UNFCC (2012) and Lee et al. (2013). For details of the calculation refer to Gebreegziabher
et al. 2015.
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$8. As noted in the previous paragraph, even with a carbon price of $5 per ton of CO,, households
can gain $4.70 per year over the life of the stove. A household thus could totally recoup the cost
of the Mirt stove in three years.” Note also that our calculation is fairly conservative in not
including payments for reducing black carbon emissions. Nor does it incorporate households’

willingness to pay to have a stove with reduced smoke emissions.

However, the carbon savings and reduced deforestation will only be realized if the stoves
continue to be consistently used (Simon et al. 2012). The results from the choice experiment
survey indicate that rural Ethiopian households value the attributes of the stove and therefore
are likely to use the stoves. This result is reinforced in findings from Gebreegziabher et al. 2015
that used a stove satisfaction survey and controlled cooking tests to evaluate actual Mirt Stoves.
A natural question then is why households are not more widely adopting the improved stoves on
their own. When this question was posed to the respondents in the choice experiment, the most
commonly cited reason for not having a stove was the lack of availability of stoves, not their cost.?
If, as our results suggest, the demand exists, there would seem to be an opportunity for

businesses or other organizations to enter the market to provide the stoves.

6. Conclusions and Policy Implications

Nearly half the world’s population relies on solid fuels, such as biomass, for cooking, and
in Sub-Saharan Africa there is a much higher reliance, with 68% to 90% of the population using
biomass fuels (IEA 2014, Rehfuess 2006, Smith et al. 2004). Improved (fuel-efficient and lower-
emitting) stoves have long been viewed as a solution to reduce both environmental and health
impacts from the use of traditional biomass stoves. In order promote improved stoves and
increase the uptake of improved stoves it is important to understand which aspects of stoves are

important to households. Though there are a large number of studies on the adoption of

7 The additional carbon payments would be available to help finance the cost of replacing the cooking surface, should
it crack or break. A portion of the total carbon revenues also could be retained to help finance the cost of
implementing the stove distribution program, and educating households regarding how to use the improved stove.
8 In a stove satisfaction survey 100% of the users rated the MIRT stoves as good or very good, 90% said that they
would buy the stove at full market price. For more details of the satisfaction survey refer to Gebreegziabher et. al.
2015.

18



improved stoves, most of these studies focus on a particular stove and are not able to identify
preferences for attributes of stoves in general. There is limited information on preferences and
willingness to pay for particular attributes of stoves in general and this information is vital for
policy makers working on designing effective stoves and improving stove adoption.

In this paper we use a choice experiment survey to elicit preferences for improved stoves
and to evaluate the benefits relative to costs of stove adoption taking into account both
household level benefits and the potential economic value of payments for reducing
deforestation. We conduct the choice experiment in Ethiopia as Ethiopia provides an interesting
context for the study of improved stove initiatives with about 96% of the population dependent
on biomass for household energy needs (Bizzari 2010, Beyene et al. 2015) and the government
currently engaged in effort to increase improved stove adoption. Though we focus on Ethiopia
the results and the policy recommendations are applicable broadly to Sub-Saharan Africa and
other developing countries in Asia and South America.

Our results indicate that rural Ethiopian households put significant value on each of the
attributes of the improved stove that we consider— durability, cooking time reduction, fuelwood
use reduction, smoke reduction and cost. We find that durability has the highest average WTP
per unit of each attribute, though because units differ we cannot directly compare the average
WTPs across attributes. Among cooking time reduction, smoke reduction and fuelwood reduction
(all denominated as percentages), respondents have the highest WTP for fuelwood reduction.
Contrary to our expectations, most of the household demographic variables that we believed
would influence stove adoption are not significant and robust determinants of household stove
adoption. We do find that having previously seen an improved stove increases the respondents’
WTP for improved stoves. Finally, we find that using estimates of fuelwood savings derived from
field measurements for the Mirt stove, our choice experiment valuation of fuelwood savings and
at a modest carbon price, Mirt stoves would lead to avoided greenhouse gas emissions valued at
a significant percentage of the cost of Mirt stoves.

Often, campaigns by international organizations to make improved stoves available focus
on an initial wave of distribution for a new design. Our results suggest the need to first ascertain

and emphasize the attributes of the stove that are most important to households. With the Mirt
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stove, these were durability and fuel savings. In addition, since our results indicate that having
seen an improved stove increases WTP for such stoves, promotional efforts can benefit from
demonstrations of the stove in the field, as well as encouraging improved stove owners to
demonstrate the technology to others. As people see that the stove is effective, they will have
more confidence in the technology. Finally, monetizing GHG emission reductions from improved
stove adoption can close gaps between stove cost and the benefits realized by households from
adoption.

The survey results also suggest that one important reason why many Ethiopians have not
yet adopted an improved stove on their own is a lack of availability. To address this, barriers to
the development of capacities for scaling up production and distribution need to be improved.
This topic has received considerably less attention in cleaner cooking research than the issues
affecting willingness to pay and adoption on the demand side. Beyond having good designs, and
providing information to potential users on stove characteristics which the government could
help finance, potential barriers may include unreliable availability of inputs, or high taxes on
them; and difficulties in obtaining adequate finance, and managing financial risks combined with
thin margins. Further research on these issues is very much needed in order to scale up markets
for cleaner-cooking technology not just in Ethiopia, but throughout Sub-Saharan Africa and in

countries in Asia and South America with a high percentage of traditional stove use.
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