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Abstract: This study examined measures of clean cookstove adoption after improved solid fuel stove
programmes in three geographically and culturally diverse rural Andean settings and explored
factors associated with these measures. A questionnaire was administered to 1200 households
on stove use and cooking behaviours including previously defined factors associated with clean
cookstove adoption. Logistic multivariable regressions with 16 pre-specified explanatory variables
were performed for three outcomes; (1) daily improved solid fuel stove use, (2) use of liquefied
petroleum gas stove and (3) traditional stove displacement. Eighty-seven percent of households
reported daily improved solid fuel stove use, 51% liquefied petroleum gas stove use and 66% no
longer used the traditional cookstove. Variables associated with one or more of the three outcomes
are: education, age and civil status of the reporting female, household wealth and size, region,
encounters of problems with the improved solid fuel stove, knowledge of somebody able to build
an improved solid fuel stove, whether stove parts are obtainable in the community, and subsidy
schemes. We conclude that to be successful, improved solid fuel stove programmes need to consider
(1) existing household characteristics, (2) the household’s need for ready access to maintenance and
repair, and (3) improved knowledge at the community level.

Keywords: clean cookstoves; adoption; stove stacking; Peru; household air pollution; improved solid
fuel stove; liquefied petroleum gas

1. Introduction

Nearly three billion people continue to use solid fuels for cooking, heating and lighting [1].
Exposure to solid fuel smoke often through the use of traditional cookstoves (“traditional cookstove”
includes open indoor fire in this article) is associated with adverse health impacts like respiratory
infections [2,3], ischemic heart disease [4], stroke [5], lung cancer [6], and cataract formation [5,7].
Household air pollution was ranked the eighth leading health risk factor and was associated with
nearly three million deaths in 2015 [8]. The use of traditional cookstoves has furthermore been
shown to lead to negative social and environmental impacts through excess time and money spent [9],
contribution to outdoor air pollution [10,11], deforestation and climate change [12].

To mitigate the negative impacts of burning solid fuels for cooking, efforts to promote the
adoption of clean cookstoves are undertaken. The Global Alliance for Clean Cookstoves was created
to foster household adoption of clean cookstoves and fuels [13]. Additionally, one of the Sustainable
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Development Goals calls for access to affordable, reliable, sustainable and modern energy for all [14].
However, programmes promoting clean cookstoves frequently experienced problems; households did
not sufficiently or sustainably use the new stove, nor did maintain or repair it when broken [15,16].
Near-exclusive use of clean cookstoves is essential to sufficiently reduce air pollution levels to achieve
positive health impacts [17,18]. Often, however, clean cookstoves are just added to the traditional
stoves leading to a parallel use of cooking devices (“stove stacking”) [19].

Research on clean cookstove adoption has discovered enablers and barriers for clean cookstove
adoption. Puzzolo et al. [20] identified factors related to the cooking technology, the household,
community, programme and societal level. A Chinese literature review identified stove design,
knowledge and awareness, household characteristics, market development, financial support and
favourable policies as important enablers for clean cookstove and fuel adoption [21]. Household
wealth and education, demographics, stove programme characteristics, and costs were described as
important factors across settings [22–26].

Evaluation of promotion programmes needs to assess whether households use and value the new
stove. An additional important measure is the displacement of traditional stoves when clean cookstoves
are introduced [17]. Knowledge of enabling and hindering factors is essential for programme monitoring
and future efforts. Here we present results from 1200 questionnaires administered to rural Andean
households that had previously taken part in an improved solid fuel stove (IS) promotion programme.
The objectives of this study were to explore adoption and displacement of different stove types as well as
associated factors in diverse rural Andean regions where the use of solid fuels is widespread.

2. Materials and Methods

2.1. Study Settings

The study was conducted between February and November 2014 in three rural Andean Peruvian
regions: Cajamarca, Cuzco and La Libertad. In rural Peru, wood is the most important cooking fuel
and is exclusively used by over 40% of households. Many more use wood in combination with other
solid or with clean fuels such as liquefied petroleum gas (LPG). LPG is used exclusively by only
5% of the rural population [27]. The study sites were selected purposively because of (i) large IS
promotion programmes which had been conducted within the last 15 years, (ii) geographical and
cultural differences between the regions, (iii) knowledge of the study sites and availability of data
on e.g., the number of households exposed to IS promotion programmes, and (iv) a sufficiently high
number of households in the communities. More information on the study sites can be found in the
Supplementary Material (Text S1).

2.2. Sampling, Inclusion Criteria and Selection of Households

For the study site selection we identified the number of IS promotion programmes in the province,
districts and communities of the area from local non-governmental organisations (NGOs), municipal and
community authorities. We then sampled households from available census lists from all communities
in the study sites. A household was considered eligible for the study (i) if it had previously taken part
in an IS promotion programme of a governmental, non-governmental or research institution, (ii) if it
used biomass (wood, carbon, dung, etc.) for cooking (alone or in combination), (iii) if it spoke Spanish
as first language, and (iv) if its household head was at least 18 years old. From all eligible households,
a convenience sample was drawn; households in a distance perimeter of a one hour car’s drive from
the community centre and accessible within a maximum of 20 min walk from a main road were visited.
Only households willing to participate were interviewed. Data collection on stove use and potentially
explanatory variables was performed as described in the section below.

2.3. Study Design and Data Collection

The questionnaire for this cross-sectional study was informed by recent literature on indices of
clean cookstove adoption [28] and their enablers and barriers [20–26]. The questionnaire was pre-tested
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by our field staff before the start of the study. Where there were doubts about the comprehensibility
of questions or related answers, changes were applied immediately and re-checked. After having
completed pre-testing, we piloted the questionnaire in 20 households in San Marcos, Cajamarca.
Additional modifications were made as needed. The final questionnaire took approximately two hours
to complete. It included both open and closed questions and was written in Spanish. The main topics
included clean cookstove adoption, i.e., questions on cooking behaviours, types of cookstoves present
in the household, patterns of cookstove use, cleaning, maintenance and repair, willingness to pay
for an IS or its parts and fieldworker observations and demographic, socio-economic and livelihood
variables. All interviewers received at least three days of specific training on the questionnaire and
performed practice interviews before commencing the study. A questionnaire-based interview was
conducted with the female household head and field supervisors reviewed each questionnaire after
completion for errors or missing values. More information on the questionnaire can be obtained from
the corresponding author.

We also conducted a total of 25 focus group discussions (FGDs) in the three regions to explore,
for example, general perceptions of the different stoves and barriers and enablers for their adoption.
Results of FGDs will be presented elsewhere.

2.4. Data Analysis

We used multivariable logistic regression models to examine three outcomes of interest: (a) reported
daily IS use, (b) reported LPG stove use, and (c) reported displacement of the traditional stove (i.e.,
the traditional cookstove was no longer used). Sixteen independent variables were chosen a priori to
be included in the regression models. These variables were chosen based on a review of the literature
and included (i) demographics and household variables (region, age, education and civil status of
reporting female, household size, household wealth index, land ownership (where the house is built)),
(ii) knowledge and awareness variables (education and internet use), (iii) price and costing variables
(household wealth index, firewood needs to be bought, stove programme, taking part in national gas
programme), (iv) stove design variables (stove programme, problems with IS), variables describing
the supply chain, the clean cookstove market and an enabling environment (knowledge of somebody
who can build an IS, IS parts can be obtained in the community, local authorities/leaders support IS
use, taking part in the national gas programme). Variables, their categorisation and missing values are
listed in Table S1. Education was categorised as zero years, one to six years—which corresponds to
primary school—and above six years of schooling. All 16 explanatory variables were included in all three
regression models independent of their p-value or the effect on the estimate of one of the other variables.
Effect estimates presented in this paper are therefore adjusted for all other variables in the model.

Complete information was available for 87% of all participating households, i.e., for 13% of
households there was at least one of the independent variables for logistic regression analyses missing
(Table S1). Multiple imputation using chained equations was performed to impute missing data.
More details can be found in the Supplementary Material (Text S2 and Tables S2–S5). Results of the
logistic regression models presented in this article are based on the imputed dataset.

Analyses were performed using Stata/IC 14 (StataCorp, 2015, Stata Statistical Software, College
Station, TX, USA).

2.5. Ethics

The study was approved by the ethical review boards of the Universidad Peruana Cayetano
Heredia in Lima, Peru, and the University of Basel, Switzerland (through the ethics commission
‘Ethikkommission Nordwest- und Zentralschweiz’ (EKNZ)). All household heads signed written
informed consent prior to participation.
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3. Results

In the three regions, Cajamarca, Cuzco and La Libertad, stove use data and data on potentially
explanatory variables were collected from 48, 12 and 23 communities, respectively. In total,
1202 households participated and 400 questionnaires were administered in Cajamarca, 400 in Cuzco
and 402 in La Libertad. We excluded 169 households or 14% of all data from the analysis. Of those,
99 households were excluded because they had not taken part in a stove programme, but had adopted
their own IS following experiences with cooking on their neighbour’s or friend’s IS. The remainder
were excluded because of implausible values in the stove use variables. Demographics and further
information on the 1033 remaining households are given in Table 1.

Table 1. Background and stove adoption information for 1033 households in three regions of Peru.

Demographics and Further Explanatory Variables n (%)

Region

Cajamarca 344 (33.3)

Cuzco 331 (32.0)

La Libertad 358 (34.7)

Age of reporting female

<35 245 (23.7)

35–<45 289 (28.0)

45–<55 249 (24.1)

≥55 230 (22.3)

Education of reporting female (years of schooling)

0 133 (12.9)

1–6 701 (67.9)

≥7 177 (17.1)

Civil status of reporting female (married/civil partnership vs. single/separated/divorced/widowed) 876 (84.8)

Household size, ≥5 persons 473 (45.8)

Wealth index a

1. Quintile (lowest) 207 (20.0)

2. Quintile 212 (20.5)

3. Quintile 215 (20.8)

4. Quintile 197 (19.1)

5. Quintile (highest) 202 (19.6)

Land ownership (where house is built) 915 (88.6)

Internet use 341 (33.0)

Firewood is bought 362 (35.0)

Stove programme

IIN 147 (14.2)

Sembrando 191 (18.5)

Juntos 183 (17.7)

Municipalidad 118 (11.4)

NINA 237 (22.9)

others (various, programmes with <5% coverage) 157 (15.2)

Participation in national gas programme 189 (18.3)

Year of stove programme participation

≤2008 197 (19.1)

2009 161 (15.6)

2010 193 (18.7)

2011 209 (20.2)

2012 105 (10.2)

2013 50 (4.8)
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Table 1. Cont.

Demographics and Further Explanatory Variables n (%)

Problems with IS 338 (32.7)

Knowledge of somebody who can build an IS 332 (32.1)

IS parts can be obtained in the community 174 (16.8)

Local authorities/leaders support IS use 435 (42.1)

Stove use and adoption

Primary cookstove

IS 902 (87.3)

LPG stove 43 (4.2)

Traditional cookstove b 86 (8.3)

Secondary cookstove

IS 80 (7.7)

LPG stove 469 (45.4)

Traditional cookstove 167 (16.2)

None 317 (30.7)

Daily IS use 900 (87.1)

LPG stove use 529 (51.2)

Traditional stove displacement 677 (65.5)
a The index is constructed from: (i) number of people per room; (ii) presence of consumer durables; (iii) presence
of housing characteristics; (iv) flooring material; (v) drinking-water source; (vi) toilet facility. The original index
includes presence of LPG/electricity stove and type of cooking fuel, two variables that we have excluded for the
wealth index used in this analysis [29]. b Includes tulpia (open fire) and traditional cookstove with or without
chimney. Acronyms: IIN: Instituto de Investigación Nutricional; IS: improved solid fuel stove; LPG: liquefied
petroleum gas.

3.1. Stove Use and Adoption

Numbers and percentages of households using clean and traditional stoves as the primary or
secondary cookstove, using the IS daily, using the LPG stove and having displaced the traditional
stove are shown in Table 1. Some 87% of women stated that they used the IS daily, 51% that they used
the LPG stove (in general) and 66% that they did not use traditional cookstoves. Ninety-two percent
of households stated that they used clean cookstoves as the primary cooking technology, with the IS
being the most important reported primary cookstove. In case a secondary cookstove was mentioned,
this was mostly an LPG stove. Fieldworker observations on households reporting the IS as the primary
or secondary stove revealed a missing or broken chimney in 3.5% and 6.1% and no closed combustion
chamber in 13% of all observations. Eighteen percent of all households stated that they participated in
the national gas programme “Fondo de Inclusión Social Energético” (FISE) [30], 69% practised stove
stacking (i.e., mentioned using a secondary stove) and 54% and 79% were willing to pay (any amount
of money) for a new IS or replacement parts in case the current stove would break.

3.2. Multivariable Analysis of Factors Associated with Clean Cookstove Adoption

Results of the multivariable logistic regression models examining daily IS use, use of the LPG
stove and traditional stove displacement are presented in Table 2. Taking part in the national gas
programme FISE [30] was an almost perfect predictor of being a gas user. This variable was therefore
not included in the regression model but analysis of gas use was performed including only those
households that had not taken part in the national FISE programme (n = 844). In the following
paragraphs, we list the explanatory variables that are associated with one of the three outcomes which
we define as a p-value of ≤0.05. If a variable consists of several categories, such as education, we refer
to the overall p-value as given in Table 2.
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Table 2. Results of multivariable logistic regression analysis of daily IS use, LPG stove use and
traditional stove displacement, Peru 2014.

Daily IS Use (n = 1033) LPG Stove Use (n = 844) Traditional Stove
Displacement (n = 1033)

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Region 0.3 0.3 <0.0001

Cajamarca 1 1 1
La Libertad 1.27 (0.44, 3.68) 1.19 (0.48, 2.94) 2.42 (1.19, 4.93)
Cuzco 2.46 (0.83, 7.29) 1.71 (0.87, 3.36) 4.48 (2.28, 8.79)

Age of reporting female 0.4 1 0.002

<35 1 1 1
35–<45 0.75 (0.44, 1.28) 0.89 (0.56, 1.42) 0.59 (0.39, 0.89)
45–<55 1.26 (0.68, 2.32) 0.94 (0.57, 1.54) 0.43 (0.28, 0.67)
≥55 0.96 (0.49, 1.87) 0.93 (0.53, 1.63) 0.49 (0.3, 0.81)

Education of reporting female
(years of schooling) 0.02 0.02 0.2

0 1 1 1
1–6 0.90 (0.46, 1.76) 2.09 (1.22, 3.6) 1.39 (0.89, 2.17)
≥7 0.44 (0.20, 0.99) 2.47 (1.26, 4.87) 1.03 (0.57, 1.84)

Civil status of reporting female,
married/civil partnership vs.
single/separated/divorced/widowed

1.75 (1.06, 2.88) 0.03 0.97 (0.62, 1.54) 0.9 0.98 (0.65, 1.47) 0.9

Household size, ≥5 persons 1.25 (0.82, 1.91) 0.3 0.80 (0.56, 1.13) 0.2 0.64 (0.47, 0.88) 0.005

Wealth index 0.9 <0.0001 0.001

1. Quintile (lowest) 1 1 1
2. Quintile 1.05 (0.57, 1.93) 2.41 (1.4, 4.15) 1.40 (0.92, 2.14)
3. Quintile 0.77 (0.43, 1.4) 2.03 (1.17, 3.51) 1.81 (1.17, 2.8)
4. Quintile 0.93 (0.48, 1.78) 5.05 (2.92, 8.74) 1.27 (0.81, 1.99)
5. Quintile (highest) 0.91 (0.46, 1.79) 10.17 (5.67, 18.22) 2.74 (1.65, 4.54)

Land ownership 1.06 (0.58, 1.93) 0.9 0.97 (0.57, 1.65) 0.9 0.77 (0.47, 1.26) 0.3

Internet use 1.36 (0.85, 2.18) 0.2 1.28 (0.89, 1.83) 0.2 1.07 (0.76, 1.5) 0.7

Firewood is bought 0.80 (0.52, 1.23) 0.3 1.09 (0.76, 1.55) 0.6 1.28 (0.92, 1.77) 0.1

Stove programme 0.2 0.07 0.1

IIN 1 1 1
Sembrando 2.32 (0.74, 7.25) 1.04 (0.44, 2.47) 1.48 (0.73, 2.98)
Juntos 2.37 (0.68, 8.27) 2.61 (0.99, 6.9) 0.80 (0.36, 1.78)
Municipalidad 3.21 (0.75, 13.76) 1.13 (0.4, 3.21) 0.66 (0.27, 1.64)
NINA 1.42 (0.28, 7.32) 1.43 (0.47, 4.34) 0.51 (0.19, 1.39)
others (various, <5%) 3.91 (1.11, 13.78) 1.39 (0.57, 3.43) 0.93 (0.45, 1.93)

Year of stove programme participation 0.2 0.1 0.2

≤2008 1 1 1
2009 0.48 (0.13, 1.86) 0.54 (0.2, 1.46) 0.96 (0.43, 2.14)
2010 0.33 (0.09, 1.24) 0.90 (0.36, 2.26) 1.00 (0.46, 2.17)
2011 0.41 (0.11, 1.61) 0.87 (0.34, 2.25) 1.24 (0.53, 2.91)
2012 0.77 (0.19, 3.22) 1.61 (0.62, 4.16) 1.42 (0.62, 3.25)
2013 0.31 (0.07, 1.38) 0.98 (0.33, 2.88) 3.23 (1.18, 8.84)

Problems with IS 0.62 (0.41, 0.93) 0.02 1.13 (0.8, 1.6) 0.5 0.65 (0.48, 0.88) 0.005

Knowledge of somebody who can
build IS 2.01 (1.24, 3.27) 0.01 0.68 (0.47, 0.98) 0.04 1.02 (0.74, 1.41) 0.9

IS parts can be obtained in community 0.84 (0.51, 1.39) 0.5 1.23 (0.81, 1.87) 0.3 1.48 (1, 2.2) 0.05

Local authorities/leaders support
IS use 0.94 (0.58, 1.52) 0.8 0.85 (0.57, 1.26) 0.4 0.99 (0.7, 1.39) 0.9

3.2.1. Daily IS Use

Variables associated with daily IS use in the multivariable logistic regression analysis were years
of schooling and civil status of the reporting female (odds ratios, ORs,) and p-values of all variables are
given in Table 2, second column). Encountering problems with the IS was negatively associated (OR
0.62 (0.41, 0.93)) and knowledge of somebody able to build or repair an IS was positively associated
with daily IS use (OR 2.01 (1.24, 3.27)).
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3.2.2. LPG Stove Use

Variables associated with LPG stove use in the multivariable logistic regression analysis were
years of schooling (e.g., OR 2.47 (1.26, 4.87) for ≥7 years compared to no schooling) and wealth index
(e.g., OR 10.17 (5.67, 18.22) for the fifth quintile compared to the first quintile). Knowledge of somebody
able to build an IS was negatively associated with LPG stove use (OR 0.68 (0.47, 0.98)) (Table 2, third
column for all ORs and p-values).

3.2.3. Traditional Stove Displacement

Variables associated with the displacement of the traditional stove in the multivariable logistic
regression analysis were region, age of the reporting female, household size and wealth index.
Encountering problems with the IS was negatively associated (OR 0.65 (0.48, 0.88)) and the possibility
to obtain IS parts in the community was positively associated with traditional stove displacement
(OR 1.48 (1, 2.2)) (Table 2, fourth column for all ORs and p-values).

Tables comparing results from analysis of imputed data and complete cases are shown in
Tables S3–S5.

4. Discussion

In this study, more than 1000 households had participated in various IS promotion programmes
in geographically and culturally diverse rural Andean regions. We show that a large proportion of
households report daily clean cookstove use as their main or even as their exclusively used technology,
i.e., no concurrent use of traditional cookstoves. Various characteristics are associated with daily IS
use, LPG stove use and displacement of the traditional cookstove.

4.1. Stove Use and Adoption

Households in our study reported that the IS is their primary stove, however, LPG stoves play
an increasing role in household cooking. In a similar setting in Mexico, 50–70% of households continued
to use the IS ten months after intervention implementation and only 10% did not adopt it [31]. Usage of
the IS was shown to decline during the first months after implementation and then to stabilise [16,31].
In our study in which most households participated in a stove programme several years ago (Table 1),
we believe that this stable phase of IS use had been reached. The parallel use of multiple cookstoves
(or stove stacking) is common (69% of households). Eighty-five percent of those households combine
the IS as the primary stove with either the LPG (63%) or the traditional stove (22%). These numbers
vary by region: in Cuzco 76% of all households practicing stove stacking use the IS as the primary
plus the LPG stove as the secondary stove, whereas in Cajamarca this number is only 50% and more
households (33% of all households practicing stove stacking) combine the IS with a traditional stove.
Exclusive IS use is a rare phenomenon, as clean cookstoves seldom meet all household needs [19,32].
However, 66% of households reported not using the traditional cookstove, but using either the IS
exclusively or in combination with the LPG stove. During our previous research activity in Cajamarca
in 2009 [33,34], household use of LPG was still uncommon. However, having accepted the IS as new
cooking technology might have increased households’ acceptance of other clean stoves, a phenomenon
also described in Mexico [31]. From focus group discussions that we conducted within the framework
of this study, we discovered that households were highly enthusiastic about LPG stoves. However,
these stoves were not considered as true replacements for solid fuel stoves and mostly used for minor
cooking activities of short duration (such as breakfast preparation and heating dinner). Reasons given
in focus groups were the high price of LPG and alteration in the taste of traditional meals.

All three measures of stove use, i.e., daily IS use, LPG stove use and traditional stove displacement,
are important to achieve health effects and to describe different phases after clean cookstove promotion.
A household might, for example, use the IS but might not yet have switched to LPG or discontinued
using the traditional stove. Indeed, use of the IS or the LPG stove might be a prerequisite for traditional
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stove displacement. In this sense, traditional stove displacement might reflect sustained changes after
clean cookstove promotion. In our study, 70% of households that reported daily IS use, also reported
traditional stove displacement, as compared to only 35% in households with no daily IS use. Similarly,
73% of households using the LPG stove reported traditional stove displacement compared to 57% of
households not using the LPG stove.

4.2. Factors Associated with Cookstove Adoption and Displacement

In-depth understanding of local enablers and barriers has been postulated to be key for successful
clean cookstove interventions [35,36]. We selected our list of potential important factors based on
prior evidence and explored them in a specific local context. Similar to what has been described
before, some of our enabling and hindering factors are relevant for more than one outcome. Variables
associated with clean cookstove adoption (i.e., with one of our three outcomes) can be grouped in
demographics (education, age, civil status and region), household (household size, household wealth
index), community (knowledge of somebody able to build or repair an IS and whether IS parts are
obtainable in the community), stove (encounters of problems with the IS) and policy characteristics
(subsidy schemes such as the national gas programme FISE). Women with higher education had higher
odds of adopting the LPG stove, but lower odds of using the IS daily. Higher education was consistently
associated with increased uptake of clean cookstoves in previous research [20,21,23,24]. In the present
settings where the IS has become a standard cooking technology (reflected by high usage), LPG stoves
might be perceived as new and modern and as a stove that more educated and wealthy households
can access initially. Related to that, women in the lowest age group had higher odds of displacing the
traditional stove and higher household wealth was associated with both traditional stove displacement
and LPG stove use. Higher wealth might be especially important in rural areas where LPG is usually
more expensive [20]. Women living with a partner had higher odds of using the IS daily than single,
separated, divorced or widowed women which might be due to the fact that these women cook more
often and for more people. Similarly, a bigger household size was associated with a decreased chance
of traditional stove displacement, which is consistent with previous research showing LPG stove
uptake being larger in smaller households [20]. Experiencing problems with the IS decreased the
chance that the household was using the IS daily and also that it had displaced the traditional stove.
Fieldworker observations reporting no or a broken chimney of the IS were associated with less daily
IS use, less use of the LPG stove and less traditional stove displacement (data not shown). Negative
experiences with IS durability are likely to reduce motivation for its use and confidence to abolish
traditional stoves. Indeed, stove stacking with traditional cookstoves has been described as a strategy
to cope with uncertainties regarding income, fuel prices and access to fuels [19]. Problems with the
programme stove were also found to be much lower in communities were new stoves were rapidly
taken up compared to communities where uptake took longer [31]. Two more factors, knowledge of
somebody with the ability to build or repair an IS (positively associated with daily IS use and negatively
associated with LPG use) and whether IS parts are obtainable in the community (positively associated
with traditional stove displacement), underline the importance of stove functioning and possibilities
for repair and maintenance through a functioning supply chain for clean cookstove adoption. Region
was also associated with traditional stove displacement with households in La Libertad and in Cuzco,
having higher odds of not using traditional stoves which might be related to policy and programme
characteristics. Variables associated with the use of the LPG stove were only examined in the group of
households not taking part in the national gas programme [30]. All except one of the 189 households
that participated in this programme stated that they used the LPG stove, making the FISE a very
strong predictor for LPG uptake. The Peruvian government in 2012 initiated the programme FISE
to promote household LPG use for example via subsidies. It has been shown before that initial costs
of LPG stoves and cylinders and the high price of LPG in general are among the most important
barriers for uptake [20,22] with subsidies being an important measure to raise adoption rates [21].
More information on the different stove programmes is provided Texts S3 and S4, Tables S6 and S7.
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4.3. Limitations

In cross-sectional study designs, there are a number of different biases that might occur such
as selection and information bias. In this study, households were selected from areas in which IS
promotion programmes had been conducted. From these areas we included all households having
participated in a programme (overall less than 5% of households declined). First, households willing
to participate in our study might not be representative of all rural Peruvian households who have
taken part in a stove programme. They might have been more or less satisfied with the programme or
their respective stove and felt the need to express this. Second, households willing to participate in
a stove programme might differ from the average rural Andean household. We nevertheless believe
that our results are largely generalisable to the rural Peruvian Andean context as we included a large
number of households from geographically and culturally diverse regions.

Furthermore, cross-sectional studies cannot establish temporal sequence between exposure and
outcome. Knowledge of somebody able to build an IS was associated with daily IS use, but it is
possible that because household members used an IS they knew somebody who could build or repair it.
Furthermore, our outcomes and exposures are self-reported which might overestimate actual clean
cookstove use. A recent study in Rwanda showed differences between observed and reported IS
use [37] (54% observed, 78% reported). A similar observation was made in a humanitarian crisis
setting in Darfur, Sudan [38]. Another study found similar results in relation to whether stove use was
reported or measured [39]. A study in rural Mexico introducing IS reported similar displacement of the
open fire (57% compared to 66% displacement of traditional stoves in this study) [19]. Nevertheless,
objective assessment of stove use, for example, with stove use monitors might have led to more accurate
outcome assessments [38,39], which was, however, not possible for this study. We believe that in this
setting the risk of reporting bias might be smaller as questions on cookstove use were less related to
the respective IS promotion programme as there were a considerable number of different programmes
which were mostly conducted several years ago. This might, on the other hand, have led to recall
bias especially on information on the respective stove promotion programmes. The questionnaire
had been designed to evaluate IS use and adoption. Therefore, fieldworker observations relate only
to the IS. Observations listing for example all present stoves in the home would have been useful
to validate reported IS and LPG stove use and displacement of the traditional stove. We could not
examine all potential enablers and barriers described previously and also not all variables that had
been included in the questionnaire for this purpose. For example, questions around perceptions of
time and money savings, benefits for health and safety and cleanliness of the kitchen were answered
very uniformly across households. It was described before that households stated high satisfaction
with the programme stove which was not necessarily related to real satisfaction [39]. Finally, we did
not assess use of a specific cookstove for cooking the main meal or for other household tasks such as
heating water or the home.

5. Conclusions

In the Peruvian Andes the transition to clean cookstoves appears to be in process after many
years of IS and more recent LPG stove promotion. Only one third of all households report traditional
cookstove use and only 8% as the primary stove. These households should be considered in future
programmes to achieve desired health impacts. Due to household preferences and related monetary
costs, LPG stoves are currently unlikely to completely replace solid fuel stoves. However, LPG stoves
offer advantages which might make them very suitable secondary stoves, potentially able to further
reduce the role of traditional cookstoves if household economic constraints are carefully considered
beyond current subsidy schemes. Factors influencing stove adoption are related to stove maintenance
and repair at community-level and a functioning supply chain. Preferences for a certain cookstove
seem further influenced by just a few demographic, household, community, stove and public policy
characteristics that can be considered for programme planning. The results of our study on more
than 1000 households from three geographically and culturally diverse rural Andean settings provide
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an important evaluation of IS promotion programmes and add to the growing evidence on factors
promoting or hindering clean cookstove adoption. The study findings assist in designing successful
clean cookstove interventions for the future.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/14/7/745/s1,
Text S1: Background information titled: The three study regions, Table S1: Independent variables for logistic
regression analysis; lists and describes all 16 independent variables and the amount of missing data, Text S2:
Methods section titled: Multiple imputations using chained equations; a detailed description about assumptions
and methods underlying multiple imputation of missing independent variables, Table S2: Comparison between
observations with missing variables and observations that are fully observed; compares observations that have
no missing values in any of the variables with observations that have missing observations in one or more of
variables, Table S3: Results of multivariable logistic regression analysis of daily IS use, analysis of complete cases
and imputed data; comparison of the respective regression model when complete cases versus imputed data
is used, Table S4: Results of multivariable logistic regression analysis of LPG stove use, analysis of complete
cases and imputed data; comparison of the respective regression model when complete cases versus imputed
data is used, Table S5: Results of multivariable logistic regression analysis of traditional cookstove displacement,
analysis of complete cases and imputed data; comparison of the respective regression model when complete cases
versus imputed data is used, Text S3: Background information titled: Information on institutions/programmes
promoting improved stoves in Peru, Table S6: Number of improved solid fuel stoves by region, Table S7:
Description of institutions and programmes promoting improved solid fuel stoves; gives detailed information on
the institution/stove programme, the stove model, technical specifications, type of fuel and stove certification,
Text S4: Background information titled: The national gas programme FISE.
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