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Summary

Background

In order to assess the health benefits that can be expected following the introduction of
improved solid fuel stoves and clean fuels, it is important to examine the reductions in HAP
and personal exposure — and the absolute levels achieved — when these interventions are in
everyday use. While laboratory emissions test results provide valuable information on the
potential exposure reductions, field evaluation can provide a more realistic assessment of
exposure when such interventions are adopted and used at scale.

Aim and key questions

The aim of this review was to compile all available information on the impacts that solid and
clean fuel interventions used in homes for everyday needs have on HAP and personal
exposure. The key questions for the review were as follows:

1. Are improved solid fuel stoves and cleaner fuel interventions in everyday use,
compared to traditional solid fuel stoves, effective for reducing average
concentrations of, or exposure to, particulate matter (PM) and carbon monoxide (CO)
among households in low- and middle-income countries?

2. By what amount (in absolute and relative terms) do the interventions reduce PM and
CO, and how do post-intervention (in-use) levels compare with WHO air quality
guidelines?

Methods

A search was conducted of electronic databases and specialist web sites. Eligible studies
included randomised trials, quasi-experimental and before-and-after studies, as well as
observational designs, and reported daily mean (24 or 48-hr) small particulate matter
(majority PM,s, two studies reported PM,) and/or carbon monoxide (CO), with standard
deviations and/or 95% confidence intervals. Interventions were categorised as standard-
combustion solid fuel stoves with and without chimneys, advanced combustion solid fuel
stoves, clean fuels (LPG, biogas, ethanol, electricity, and solar) and mixed interventions.
Studies were selected, extracted and quality-assessed using standardised procedures and
forms. Baseline and post-intervention values, differences, and percentage changes from
baseline were tabulated for each study, and weighted average values calculated for all
studies contributing data to each category of stove or fuel intervention. Subject to sufficient
studies, meta-analysis of absolute changes in the two pollutants for each solid fuel stove and
clean fuel category was carried out using the generic inverse-variance method, and
publication bias was assessed. Narrative summaries were provided for those intervention
categories with very few eligible studies.

Results

A total of 38 eligible studies (providing 98 estimates) were included, 27 studies providing
data on kitchen PM, three on personal PM, 26 on kitchen CO and five on personal CO. Only
one or two studies were available for each of LPG, electricity, charcoal and mixed
interventions. Baseline levels of PM and CO were highly variable, but in all cases exceeded
the annual WHO IT-1 for PM,5 of 0.035 g/m® by a factor of 10-100 times, while CO varied
from just below to around six times greater than the 24-hr AQG for CO of 7 mg/m® (5.68
ppm). Reductions in pollutants were reported for almost all individual studies, and when
grouped, large reductions in kitchen PM and CO levels in the range of 38-82% were found,
largest for solid fuel chimney stoves and ethanol, least for solid fuel stoves without chimneys.
Studies reporting impacts on personal exposure were only identified for solid fuel chimney
stoves, but similar reductions in the range of 47-76% were found. Despite these large
percentage reductions, post-intervention levels for PM remained well above the WHO IT-1
level for group weighted means at around 0.4 mg/m®, although the few personal exposure
studies had a considerably lower weighted mean of 0.07 mg/m®. For CO on the other hand,
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many interventions reduced this pollutant to levels below the WHO 24-hr AQG level, with
weighted mean values of 4-5 ppm for chimney stoves, but almost 7 ppm for stoves without
chimneys. Post-intervention personal exposure in the set of chimney-stove studies was 1.7
ppm. Sensitivity analyses (conducted where a sufficient number of estimates were available)
including by study design, analytic approach (i.e. whether only stoves being used vs. all
those allocated were compared with controls) and duration of use did not find strong effects.
Among the larger sets of studies there was clear evidence of publication bias. GEPHI
assessed the evidence as moderate to low quality. Evidence from improved wood stove
studies in high income rural settings found, as expected, PM, s levels much lower than in
developing countries (range 13 to 54 ug/m?®), and that improved solid fuel stoves (all of which
are vented and variously include advanced emission reduction technology) were associated
with reductions in a majority of homes.

Conclusions

This review found that solid fuel stoves with chimneys, and one clean fuel with sufficient
available studies (ethanol) delivered the largest reductions in PM and CO, but for a number
of important clean fuels (including LPG and biogas) very few or no studies were found.
GEPHI assessment indicated that the effects reported may give reasonable estimates of
impact on PM and CO, but that further research may well result in these being considerably
revised. One key issue is the degree of heterogeneity between studies, and reference back
to the circumstances and results of individual stove and fuel evaluations is important for
appropriate interpretation of these results. Continued efforts to standardise the methods used
for field evaluation is important.

1. Introduction and scope

The objective of this review is to summarize existing evidence on the impacts of interventions
to reduce household air pollution from solid fuel use (HAP) in everyday use. This section sets
the boundaries for the review by defining key issues to be addressed.

Interventions

HAP originates when solid fuels, that is biomass (wood, animal dung, crop wastes, charcoal)
or coal are burnt on inefficient open fires or traditional stoves. Interventions to reduce
exposure to HAP can be classified broadly as (i) those acting to change the primary
household fuel, (ii) those promoting improved solid fuel stoves, (iii) those improving the living
environment and (iv) those modifying user behaviour (1).

Switching from biomass fuels or coal to cleaner fuels such as liquefied petroleum gas (LPG),
biogas, ethanol or solar cooking, is likely to bring about the largest reductions in HAP,
provided these fuels are used to fulfil a majority of household energy tasks. However, in the
short- to medium-term, the assumption that these cleaner alternatives completely replace
traditional practices rarely holds, with so-called fuel stacking, i.e. the parallel use of multiple
fuels and multiple stoves, being a common phenomenon (2). Some of these interventions
present distinct additional limitations, for example, even under ideal geographical conditions
solar cookers, given their dependence on solar irradiance, have been estimated to be able to
meet at most 38% of a household’s cooking needs (3).

For a substantial proportion of current solid fuel users, opportunities to switch fully to clean
fuels will be limited for many years, and therefore improved solid fuel stoves will continue to
play an important part in the mix of intervention options. There is a wide variety of improved
solid fuels stoves, including widely used, relatively high-emission stoves, such as rocket or
ceramic Jiko stoves to more recent low-emission advanced combustion stoves, such as
forced draft or semi-gasifier stoves. These stoves may or may not include a flue and chimney
or smoke hood for ventilation. Stove location, housing construction and better room
ventilation, as well as behaviour change, such as drying fuel wood, using pot lids to reduce
cooking time or moving young children away from the source of pollution, can also make
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some contribution to reducing HAP levels and personal exposures. Importantly, all improved
solid fuel stove or cleaner fuel interventions need to be accompanied by measures to
encourage behaviour change towards adoption, correct use and maintenance over time.

This review covers all of these options but will focus on cleaner fuels (i.e. liquefied petroleum
gas or natural gas, ethanol, biogas, solar cookers and electricity) and improved solid fuel
stoves (i.e. with chimney, without chimney, mixed interventions comprising an improved
stove and other interventions), which offer the most promising means to achieve substantial
reductions in exposure to HAP.

Household energy uses

Energy is required for a range of household tasks, including cooking, lighting, boiling water
for tea or coffee, heating water for bathing, household-based income generation and,
depending on climatic conditions and season, space-heating. Fuels and devices used can
vary widely but, especially among the poorest groups, solid fuels are used to meet all or a
majority of these tasks, while kerosene is probably the most widely used lighting fuel. In
higher-income countries, especially in rural areas, solid fuels are widely used for heating,
although the stoves technologies are generally of much higher quality and vented.

The main focus of this review is the evaluation of technologies used for cooking, which is the
most universal need and in low-income settings tends to be responsible for the greatest
share of household energy use. Moreover, the majority of the evaluation research evidence
relates to the use of the stoves for cooking, even if many could also be used for other tasks.
It is important, however, not to lose sight of other household tasks and the fuel combustion
technologies used, as these can also contribute substantially to HAP. For example, in colder
settings or seasons where households seek warmth from the stoves, the introduction of a
more enclosed, insulated and efficient cookstove may be accompanied by increased use of
the traditional stove or open fire for warmth. See also Review 9 that discusses the emissions
rates from different types of kerosene lamps; although no formal studies were found on the
impacts on HAP levels of replacing these with cleaner lighting, for example electricity, the
potential for large reductions is clear.

Although this review addresses the household energy situation primarily in developing
countries, lessons learned from the introduction of improved solid fuel stoves in industrialized
countries is also reviewed.

Types of impact

HAP has been linked to a broad range of health outcomes (see Reviews 4 and 8). For
several of these, such as chronic obstructive pulmonary disease, lung cancer or cataract,
there is a lag time of years to decades between exposure and development of disease.

This review is therefore primarily concerned with the impact of interventions on HAP,
measured as either concentrations of or exposure to the key indicator pollutants particulate
matter (PM) and carbon monoxide (CO). The available evidence regarding health outcomes
is revised in Review 4.

Measures of effectiveness

It was shown in Review 2 that emissions test results in the laboratory usually differ markedly
from those obtained for the same stoves in more ‘real-life’ settings and use. For this reason,
the focus of this review is evaluation studies, which provide evidence about the impacts of
the main types of stove and clean fuels on HAP and personal exposure, when in everyday
use. The primary measures of outcome are two important pollutants, small particles (mostly
PM,s, a few studies having measured PM,), and carbon monoxide (CO). Not only are they
important in their own right, but crucially are those that have been measured most
commonly. Very few experimental studies have examined the impacts on health outcomes,
and these have been reviewed in Review 4.



While the results of these evaluation studies provide a useful guide to the HAP and exposure
reduction achieved, the actual performance in any given setting will vary, and sometimes
vary considerably, according to conditions in which the stove and/or fuel us used, the
housing type and condition, needs of the users, climatic conditions, and many other factors.
Results should therefore be interpreted with some caution, with the overall pooled results for
each stove and fuel type seen as a general guide to what is being achieved, while individual
studies can provide more detailed insights. For this reason, some details of all studies
included in pooled analyses are presented alongside the combined results.

Applying evaluation evidence to adoption at scale

A public health problem affecting almost half of the world’s population demands large-scale
solutions. It is, however, clear that no single “one size fits all’-solution to the HAP problem
exists, but that suitable technologies and programmatic approaches are required in specific
geographical, socio-economic and cultural settings. Although there are a few large (and very
large) scale programmes that provide evidence on intervention impacts, the majority to date
have been studies of relatively small projects and programmes. In addition the evaluation
studies have often been carried out during the development stage, so there is some
additional uncertainty as to the validity of the results in terms of what to expect ultimately
from large-scale adoption. These and related issues for interpretation of the findings are
considered further in the Discussion and Conclusions

2. Review methods

This review is based mainly on a systematic review of the impact of interventions to reduce
HAP and, consequently, much of this section is dedicated to describing the methods
employed. Some findings reported in this review draw on focused, non-systematic literature
reviews related to a specific topic (e.g. overview of solid fuel stoves in industrialized
countries). Wherever this is the case, the source of evidence is stated.

2.1 Key questions

The aim of this review was to compile all available information on the impacts that solid and
clean fuel interventions used in homes for everyday needs have on HAP and personal
exposure. The key questions for the review were as follows:

1. Are improved solid fuel stoves and cleaner fuel interventions in everyday use,
compared to traditional solid fuel stoves, effective for reducing average
concentrations of, or exposure to, particulate matter (PM) and carbon monoxide (CO)
among households in low- and middle-income countries?

2. By what amount (in absolute and relative terms) do the interventions reduce PM and
CO, and how do post-intervention (in-use) levels compare with WHO air quality
guidelines?



PICO Description

Population Households in low- and middle-income countries
Intervention Improved solid fuel stoves Clean fuels
With chimney Liquefied petroleum gas (LPG)/
natural gas
Without chimney Ethanol
Mixed (stove plus other Biogas
improvements to kitchen and Solar cookers
cooking arrangements) Electricity

Comparison | Traditional solid fuel stoves

Outcomes Average 24-hr (or 48-hr)

e Kitchen concentrations of PM, 5
e Kitchen concentrations of CO

e Personal exposure to PM, 5

e Personal exposure to CO

2.2 Search strategy and search terms

This systematic review was concerned with estimating “real-life” effectiveness, and therefore
considered both programme evaluations and research studies.

e Programme evaluations were defined as studies that measure impact in relation to an
intervention delivered as part of a household energy project or programme.

o Research studies were defined as peer-reviewed studies that were carried out by or
in collaboration with academic institutions and provide information on impact in
situations where the intervention was delivered under research conditions. In order to
be eligible for inclusion, research studies must be concerned with a specific
intervention for which programmatic data are available in the same or a similar
setting.

Corresponding to a period of intense activity in the household energy and health field and
greater standardisation of measurements, the systematic review covered the period 1998 to
July 2012. For programme evaluations we also included all programmes affecting at least
100,000 households that had been conducted during the last 30 years or were on-going.

Given the varied nature of the evidence, we adopted a broad search strategy encompassing
(i) systematic searches of electronic and grey literature databases, (ii) searches of specialist
websites, (iii) personal communication with key informants in the field, as well as (iv)
reference tracking of all included studies. The main search strategy is summarized here;
details are provided in the systematic review protocol (available on request). The electronic
published and grey literature databases, and most important specialist websites, searched
are listed in Table 1, below. For the websites, all relevant links on these and, where
applicable, subsequent websites were followed.

More than 25 experienced practitioners, stove producers, researchers and donors in the field
of household energy and health were contacted to ensure that any activities they were
implementing, funding or involved with in any other capacity and that has been, or were
being, evaluated were captured.



Table 1: Databases and main websites searched

Electronic published and grey Specialist websites
literature databases

¢ PubMed e Asia Regional Cookstove Programme (ARECOP)

e Ovid (Medline) e International Network on Gender and Sustainable Energy

e Scopus (ENERGIA)

e Environmental Science and e World Bank’s Energy Sector Management Assistance
Pollution Management Programme (ESMAP)

(comprising Pollution Abstract | ¢  Deutsche Gesellschaft fiir Internationale Zusammenarbeit
and Applied Social Sciences (Gl2)

Index and Abstract). Global Alliance for Clean Cookstoves

Household Energy Network (HEDON)

Partnership for Clean Indoor Air (PCIA)

United States Agency for International Development (USAID)

Searches were carried out using the search terms listed in Table 2. Key terms and
combination terms were combined using the Boolean operator “AND” and adapted to the
needs of specific databases or specialist websites®. Searches were conducted covering the
period 1998 to July 2012; all studies identified through systematic searches or other
processes (e.g. household air pollution-specific mailing lists) before 2012 were included in
the screening process (papers not written in English were not screened). All search results
were stored in Endnote X5.

Table 2: Search terms

Key term Combination terms
“Indoor air quality” Biomass, “charcoal (stove)’, “ clean(er) fuel(s)”,
“Indoor air pollution” “solar stove”, “ethanol stove(s)”, “methanol stove(s)”, biogas
“particles” (stove), kerosene,
“particulate matter” LPG (“LPGas”/ “Liquid Petroleum Gas”/ “Liquified Petroleum
“PM” Gas”/ “Liquefied Petroleum Gas”)
“Carbon monoxide” “household energy”, “kitchen smoke”, cooking,
“improved stove(s)”, “cookstoves”, “wood stove”,
chullah(s)/chula(s)/chulha(s)/chulla(s), plancha
“exposure AND cooking”

2.3 Inclusion criteria and study selection

Population

All studies conducted in low- and middle-income countries, concerned with urban or rural
populations that, prior to intervention, were primarily dependent on solid fuels burnt on
traditional stoves to meet their household energy needs were considered.

Interventions
The systematic review comprehensively addressed specific, named interventions to reduce
HAP. These were classified as (i) solid fuel stoves with chimneys or smoke hoods, (ii) solid

Layap” is notably absent from this list, as the term was very recently coined under the WHO’s Comparative Risk

Assessment (CRA); in the literature the older term “indoor air pollution” is commonly employed. We also did not search for
specific pollutants other than particulate matter and carbon monoxide, as this would have resulted in an unmanageable
amount of additional literature, and as a majority of studies would have been captured using our broader search terms.




fuel stoves without chimneys or smoke hoods, (iii) advanced combustion solid fuel stoves,
(iv) LPG or natural gas, (v) ethanol, (vi) biogas, (vii) solar cooking, (viii) electricity and (ix)
mixed interventions, combining several interventions in a package or programme.

The following interventions were not considered: (i) programmes aimed at industrial, farming
or community energy needs rather than household energy needs; (ii) programmes aimed at
lighting alone rather than cooking or heating, as this is not expected to make a sufficient
impact on HAP; and (iii) programmes promoting kerosene as the cleaner fuel intervention, as
evidence suggests that kerosene may not be superior to solid fuels in terms of health
impacts (see Review 9).

Comparison
The exact definition of the comparison group varied according to study design but can be
broadly classified as “continued traditional household energy practices”.

Outcome

In order to be eligible for inclusion, studies had to include a direct quantitative measure of
either 24- or 48-hour concentrations of kitchen HAP levels and/or personal exposure, to one
or both of (i) small particulate matter which in practice was PM, s in most studies, but PM, in
a few, and (ii) carbon monoxide (CO). Studies reporting values of these pollutants based on
a sampling duration of less than 20 hours were excluded as these were very unlikely to be
representative of daily time-weighted averages and therefore not comparable with other
studies.

Study design

Eligible studies comprised randomized controlled trials, quasi-experimental and before-and-
after designs as well as observational study designs. Although a few quasi-experimental
studies were available, only the intervention group data were used in order to achieve
comparability with the much larger numbers of before-and-after studies. The observational
studies, all of which were cross-sectional studies, were only included if they provided
evidence about the performance of a fuel or stove technology which was known to be the
subject of a programme to promote adoption in the same (or a similar) area.

Study selection:

Titles and abstracts were checked for relevance by one reviewer (KJ). Any abstract
potentially meeting the inclusion criteria was subjected to full-text screening by one reviewer
(KJ): those clearly not meeting the inclusion criteria were excluded, those potentially meeting
the inclusion criteria were independently assessed by an additional reviewer (DP, MD, ER or
NB). Likewise, the results of internet searches deemed relevant (as identified by KJ) were
sent to two reviewers (two of DP, MD, ER or NB) for independent eligibility assessment. Any
discordant decisions were discussed and, if no agreement could be reached, assessed by a
third reviewer.

To ensure that selection criteria were being consistently applied, a random sample of
citations excluded at different stages was taken to verify the decisions, i.e. 10% of studies
excluded on title, 10% of studies excluded on abstract and 20% of studies excluded on full
paper. All decisions and reasons leading to the exclusion of studies were documented.

2.4 Data extraction and quality appraisal

Data extraction was carried out by one reviewer (one of KJ, DP, MD and NB) for all studies
meeting the inclusion criteria, using a comprehensive data extraction form that had been
piloted on a sub-set of programme evaluations and research studies. To maximize
consistency, 1 in 5 data extractions were carried out independently by two reviewers and any
discrepancies resolved through discussions. Any critical missing data were requested from



organizations (programme evaluations) or primary authors (research studies) by email,
although not all of these requests were responded to.

Quiality appraisal was undertaken independently by two reviewers (DP, NB) for each included
study, using quality appraisal tools developed by the Department of Public Health and Policy,
University of Liverpool (Liverpool Quality Assessment Tools (LQATS) (4).Each tool is design
specific and awards stars for methodological quality relating to risk of bias (selection,
response, follow-up and measurement), risk of confounding (balance of randomisation and
adjustment) and strength of measurement of exposure and outcome. A quality percentage
can be ascertained (awarded stars out of total available for that design) and for this review >
60% was taken to represent moderate/ good quality. LQATSs have been used in a number of
reviews conducted (5),(6) and have been critically appraised in relation to other quality tools

(7).

Those included studies with direct involvement from one or more of the review authors were
extracted and quality appraised by one or more other authors not directly involved in the
study concerned.

2.5 Evidence synthesis

Results have been first summarised in tables with key information for all included studies
(see Box 1), and subsequently using a combination of meta-analysis and narrative synthesis.

Box 1: Key information provided in summary tables for each
eligible study

e Author (year) and country.

e  Study design, number of homes.

e Baseline and intervention stoves and fuels.

e Duration of follow-up (use of stove).

e Whether analysis by intention to treat (comparison as allocated),
or per protocol (only users compared).

e Sampling period and measure (e.g. PM,5 or PMy).

e Baseline and intervention values (SD), absolute difference (95%
ClI), % reduction from baseline.

e Quality assessment.

Four outcomes were appraised in the meta-analyses: PM concentrations in the kitchen
(kitthen PM in mg/m®), CO concentrations in the kitchen (kitcthen CO in ppm), personal
exposure to PM (personal PM in mg/m®) and personal exposure to CO (personal CO in ppm).
Studies were included if they provided estimates of baseline exposure (mean with standard
deviation) and intervention exposure (mean with standard deviation). If standard deviations
were not available they were calculated from other available data (e.g. 95% confidence
intervals).

The measure used in meta-analysis was absolute mean differences (i.e. intervention levels

minus baseline levels); these present the data as reported by most studies and provide a
more accurate picture of intervention impact than relative reductions that do not take into
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account stark differences in baseline levels across studies and settings. Very few studies
presented median values despite distributions of exposure often being skewed.

Separate meta-analyses were conducted for those intervention categories (i.e. solid fuel
stoves with chimneys, solid fuel stoves without chimneys, advanced combustion solid fuel
stoves and ethanol), where a sufficient number of studies were available for pooling. A main
meta-analysis was conducted for each of the four primary exposure outcomes, combining all
available effect estimates. In addition, where there were sufficient studies, sensitivity
analyses were carried out for (i) study design (before and after vs. cross-sectional studies),
(i) intention-to-treat (intervention households analysed according to original allocated of the
intervention) vs. per-protocol analysis (households analysed according to whether they used
the intervention) , and (iii) time since installation of intervention (< 6 months vs. 2 6 months).

Generic inverse variance models were created in the Cochrane Collaboration’s RevMan
software version 5 (http://www.cc-ims.net/RevMan) using means and standard deviations to
calculate pooled estimates of HAP reductions. Given substantial study heterogeneity and, in
many cases, statistical heterogeneity, random-effects meta-analyses were carried out using
the method of der Simonian and Laird (8). For each of the primary outcomes, likely
publication bias was assessed graphically by examining funnel plots and statistically using
Begg’s and Egger’s tests in Stata version 9 (9). R software (10) was used to create plots of
baseline (no intervention) and intervention levels of kitchen CO (ppm) and PM (mg/m?®) with
associated 95% confidence intervals.

Narrative synthesis was undertaken for those intervention categories (i.e. mixed
interventions, LPG, electricity, charcoal or coal stoves) where a very small number of studies
prohibited pooling.

2.6 Assessment of strength of evidence (GEPHI)

As this review directly informs recommendations, GEPHI was applied where there were
sufficient numbers of studies. The results of this profiling are included in the main results,
and tabulated in Appendix 1. Even though concentrations of and personal exposure to HAP
represent surrogate outcomes for actual health benefits, we did not downgrade for
indirectness, as (i) these outcomes are relevant across a broad range of health endpoints
and represent the only tangible measure of intervention impact in the short- to medium-term
and (ii) dose-response relationships for PM have been documented for several health
outcomes, validating their health importance (see Review 4).

While the body of evidence in support of the impact of interventions to reduce HAP covers
different populations living on three continents, the complex multi-component nature of these
interventions and their dependence on contextual issues, ranging from local geographical,
climatic, cultural and socio-economic issues to modes of programme implementation and
policies (see Review 7) limits the direct applicability of findings to a specific context. In
addition to the pooled results, it may also be useful to refer to individual studies as described
in the summary tables for specific interventions and settings along with the individual study
quality appraisal, although the external validity many of these studies needs careful
consideration.

3. Results

3.1 Overview of included studies

Searches of electronic databases yielded a total of 5069 studies; grey literature databases,
specialist websites and consultation of key informants resulted in the identification of an
additional 15 studies for inclusion (Figure 1). Ultimately, 38 studies comprising 9 programme
evaluations and 29 research studies met our inclusion criteria and were subjected to data
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extraction and quality appraisal, producing a total of 98 estimates. In total 27 studies
provided 45 estimates for kitchen particulate matter, 26 studies provided 40 estimates for
kitchen CO, 3 studies provided 5 estimates for personal particulate matter and 5 studies
provided 8 estimates for personal CO.

Quiality appraisal for each study is reported in the summary tables, and the overall quality of
evidence for each stove/fuel type is discussed in the relevant section, including for the
GEPHI assessment. Critically, studies in most of these categories are characterized by
heterogeneity in type of intervention, baseline HAP levels, intervention setting and conduct
and quality of study (including timing of evaluation relative to duration of use of the
intervention), all of which contribute to large variations in the observed changes in HAP and
personal exposure.

Therefore, while the pooled effect estimate provides a useful overall measure of likely impact
of the stove or fuel type in everyday use in the circumstances typical of developing country
communities, it is equally important to examine the results of individual studies. Among the
many factors which impact on these reductions, and (critically) the post-intervention levels
achieved, are multiple stoves and fuel use in many homes (whether or not declared in the
study), the effect of lighting and other combustion sources in and around the home, and
pollutants from other homes and sources in the community. These other sources of pollution
can only be assumed to be present, based on data of the type reported in Review 5, but
have rarely been quantified in the evaluation studies reported here.

Figure 1: Flowchart of search results leading to data extraction

Total articles

Titles filtered 5090 | ----->1 3853 rejected !

|

Abstracts filtered 1237 | ----->1 1052 rejected !

1
Papers reviewed 185 --===>1 150 rejected '
M o e e s e e e o
Total (data extraction) | 38 studies
98 estimates

Kitchen PM Kitchen CO Personal PM Personal CO
27 studies 26 studies 3 studies 5 studies

45 estimates 40 estimates 5 estimates 8 estimates

3.2 Solid fuel stoves with chimneys

A total of 21 included studies — 1, 10 and 10 conducted in Africa, Asia and Latin America
respectively reported on the impacts of solid fuel stoves with chimneys; most of these were
classified as moderate quality studies. Stove models assessed comprised various fixed stove
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types made of mudbrick (e.g. ENPHO stove), metal (e.g. rocket stove) or brick (e.g. plancha
stove). Most studies measured kitchen PM (18 studies, 24 estimates) and kitchen CO (16
studies, 22 estimates); 3 studies (5 estimates) and 5 studies (8 estimates) were available for
personal PM and personal CO.

3.2.1 Kitchen concentrations

**DAN HERE***Particulate matter

Studies measuring kitchen PM are shown stratified by study design in Table 3. There were
12 before-and-after studies (17 estimates) and six cross-sectional studies (7 estimates). All
but six of the studies were assessed to be of moderate or good quality. The baseline levels
for kitthen PM ranged from 0.27 mg/m® (SD 0.29) to 3.37 mg/m® (SD 1.65), and post-
intervention levels from 0.05 mg/m® (SD 0.03) to 1.43 mg/m*® (SD 0.81) Table 3). The
percentage reduction in PM ranged from a decrease by 89.7% to an increase of 14.8%. The
baseline weighted means for kitchen PM were 1.03 mg/m® and 1.02 mg/m® for before-and-
after designs and cross-sectional designs, respectively; post-intervention weighted means
were 0.37 mg/m?® and 0.41 mg/m? respectively. The weighted percentage reductions were
63.9% and 59.8% for before and after and cross-sectional designs, respectively.
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Table 3: Solid fuel stoves with chimneys: Kitchen PM (mg/m?)

Author (year) Baseline Intervention Duration of | Analytic or Number of | PMas or | Baseline Intervention % Absolute Global

and country stove and stove and fuel | follow-up sampling homes PMy; PM (mg PM (mg m3) reduct- difference® Quality
fuel if different approach period m3) (SD) (SD) ion from (95%Cl) assessment

baseline

Before and after designs

ITDG Traditional Smoke hood 12 months | Intention to 31 PMas 1.07 (2.49) | 0.24 (0.38) 77.4 -0.82 (- 10 /14 stars

2005a(11) stove, treat 24-hr 1.71, (71.4%)

Nepal (winter) | biomass +0.06)

ITDG Traditional Smoke hood 12 months | Intention to 31 PMzs 0.40 (0.57) | 0.042 (0.057) | 89.5 -0.36 (- 10/ 14 stars

2005b(11) stove, treat 24-hr 0.56, -0.16) | (71.4%)

Nepal biomass

(summer)

Singh Traditional 2-pot mud ICS | 12 months | Intention to 34 PM_ 5 2.07 (1.52) | 0.76 (0.69) 63.3 -1.31 (- 7112 stars

2012(12) stove, treat 24-hr 1.87,-0.75) | (58.3%)

Nepal biomass

Li 2011a(13) Traditional HNP 3-pot 3 weeks Intention to 26 PMzs 0.38 (0.43) | 0.13 (0.14) 65.8 -0.14 (- 8/ 12 stars

Peru (winter) stove, metal stove treat 48-hr 0.30, (66.7%)
biomass +0.02)

Li 2011b(13) Traditional BGC 3-pot 3 weeks Intention to 19 PM_ 5 0.32(0.35) | 0.11 (0.18) 65.6 -0.26 (- 8/ 12 stars

Peru (winter) stove, metal stove treat 48-hr 0.43,-0.08) | (66.7%)
biomass

Lam 2012(14) | Traditional ECO biomass | 3 weeks Intention to 25 PM_ 5 0.31 (0.26) | 0.06 (0.05) 80.6 -0.25 (- 8/ 12 stars

Honduras stove, stove treat 24-hr 0.35,-0.14) | (66.7%)
biomass

Chengappa Traditional DA 2-pot with 12 months | Per-protocol 15 PM_ 5 0.65 (1.00) | 0.36 (0.47) 44.6 -0.29 (- 7112 stars

2007b(15) stove, wood/ | chimney 48-hr 0.85, (58.3%)

(summer) dung +0.27)

India

Dutta 2007(16) | Traditional ARTI Laxmi 12 months | Per-protocol 27 PM_ 5 1.79 (2.17) | 0.99 (1.23) 44.7 -0.80 (- 8/ 12 stars

India stove, wood/ 48-hr 1.74, (66.7%)
dung +0.14)

Brant 2012(17) | Traditional Mangala 2-pot | 5-6 Per-protocol 12 PMzs 0.61 (0.60 | 0.18 (0.10) 71.2 -0.43 (- 9/12 stars

India stove, wood/ | chimney months 24-hr 0.78,-0.09) | (75.0%)
dung

Winrock Traditional Rocket with 12 months | Per-protocol 32 PMy4 0.68 (0.87) | 0.78 (1.39) -14.8 +0.10 (- 6/ 12 strars

2008(18) stove, chimney 24-hr 0.47, (50.0%)

Peru biomass 12m f-up)* +0.67)
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Author (year) Baseline Intervention Duration of | Analytic or Number of | PM,s or | Baseline Intervention % Absolute Global
and country stove and stove and fuel | follow-up sampling homes PMy; PM (mg PM (mg m3) reduct- difference Quality

fuel if different approach period m3) (SD) (SD) ion from (95%Cl) assessment

baseline
Cynthia Traditional Patsari 1 month Per-protocol 33 PM_5 1.02 (0.79) | 0.35(0.27) 65.7 -0.68 (- 11/ 16 stars
2008(19) stove, 48-hr 1.04, -0.33) | (68.8%)
Mexico biomass
Terrado Traditional Ecostove: 1-2 Intention to 20 PM_ 5 0.51(0.39) | 0.05 (0.03) 89.7 -0.46 (- 9/ 12 stars
2005a(20) stove, closed months treat 24-hr 0.63, -0.29) | (75.0%)
Nicaragua biomass
Terrado Traditional Ecostove: 1-2 Intention to 14 PM_ 5 0.64 (0.43) | 0.12 (0.09) 21.1 -0.52 (- 9/ 12 stars
2005b(20) stove, semi-closed months treat 24-hr 0.75, -0.29) | (75.0%)
Nicaragua biomass
ENPHO Traditional Mudbrick ICS < 3 months | Intention to 8 PMzs 3.37 (1.65) | 1.43(0.81) 57.6 -1.95 (- 7112 stars
2008a(21) stove, treat 24-hr 3.22,-0.67) | (58.3%)
Dolakha biomass
Nepal
ENPHO Traditional Mudbrick ICS < 3 months | Intention to 14 PM_ 5 2.65(1.95) | 0.75(0.51) 71.8 -1.90 (- 7112 stars
2008b(21) stove, treat 24-hr 2.96, -0.85) | (58.3%)
Dang biomass
Nepal
ENPHO Traditional Mudbrick ICS < 3 months | Intention to 14 PM_ 5 0.89 (0.72) | 0.31 (0.19) 65.4 -0.58 (- 7112 stars
2008c(21) llan | stove, treat 24-hr 0.97,-0.19) | (58.3%)
Nepal biomass
PAC 2011(22) | Traditional Fatana pipa 1- | 5 months Intention to 33 PMas 1.47 (2.14) | 0.71 (0.75) 48.3 -0.75 (- 13/ 14 stars
Madagascar biomass pot treat 24-hr 1.53, (92.9%)
+0.02)

Weighted means 398 1.03 0.37 63.9
Cross sectional designs
Author (year) Baseline Intervention Duration of | Analytic or Number of | PMas or | Baseline Intervention % Absolute Global
and country stove and stove and fuel | follow-up sampling homes PMy; PM (mg PM (mg m3) reduct- difference Quality

fuel if different approach (Trad/Int) period m3) (SD) (SD) ion from (95%Cl) assessment

baseline

Naeher Traditional Plancha Several Selected 17/26 PM_ 5 0.87 (0.50) | 0.15(0.12) 82.5 -0.72 (- 579 stars
2001(23) biomass years stoves 24-hr 0.96, -0.47) | (55.6%)
Guatemala
Albalak 3-stone fire, Plancha, Several Selected 58/59 PM_ 5 1.93 (1.28) | 0.33 (0.22) 82.9 -1.60 (- 5/7 stars
2001(24) biomass biomass years good 24-hr 1.93,-1.27) | (71.4%)
Guatemala condition
Cowlin Traditional G2-2000 6+ months | Selected 20/20 PMy 5 0.70 (0.50) | 0.80 (0.40) -14.3 +0.10 (- 8/9 stars
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Author (year) Baseline Intervention Duration of | Analytic or Number of | PM,s or | Baseline Intervention % Absolute Global

and country stove and stove and fuel | follow-up sampling homes PMy; PM (mg PM (mg m3) reduct- difference Quality
fuel if different approach period m3) (SD) (SD) ion from (95%Cl) assessment

baseline

2005a(25) heating from user list 24-hr 0.18, (88.9%)

Mongolia stove, coal +0.38)

Cowlin Traditional TTO3 6+ months | Selected 20/18 PM_5 0.70 (0.50) | 0.60 (0.30) 14.3 -0.10 (- 8 /9 stars

2005b(25) heating from user list 24-hr 0.36, (88.9%)

Mongolia stove, coal +0.16)

Edwards Traditional NISP Several Selected 88/63 PM4 0.27 (0.29) | 0.15(0.08) 43.3 -0.12 (- 6/9 stars

2007(26) stove, years improved 22 +/-1 0.18, -0.05) | (66.7%)

China biomass stoves hr (>20)

Matsumura Traditional GIZ 2-pot 1-2 Regular 4/6 PM_ 5 1.24 (0.87) | 0.23 (0.17) 81.3 -1.01 (- 3/9 stars

2011(27) biomass design months users 24-hr 1.86, -0.15) | (33.3%)

Peru

Chowdhury Traditional BCSIR stove Not Unselected 20/19 PMzs 1.92 (1.59) | 1.38 (1.27) 28.1 -0.54 (- 7 /9 stars

2012(28) biomass described 24-hr 1.44, (77.8%)

Bangladesh +0.36)

Weighted means 2271217 1.02 0.41 59.8

® Difference = Intervention mean minus baseline mean
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The pooled effect estimate in random effects (RE) meta-analysis was -0.50 mg/m?® (95% ClI:
-0.64, -0.35), Figure 2.

Figure 2: Random effects meta-analysis for absolute difference in PM (mg/m?®) in
kitchen

Intervention Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Alhalak2001{Plancha) 033 022 53 193 128 &3 48% -160[1.93,-1.27] —_
Brant2012{Mangala-2)-1 0193 0099 12 0608 0BO4 12 4.8% -0.41[F0.76,-0.07) E—
Chengappaz007{DA) 036 047 15 065 1001 18 33% -0.29}0850.27 B—
Choudhun2012(BCEIR) 138 127 18 182 158 20 18%  -0.54}1.44 036 —
Cowlin2005(G2-2000) o8 04 20 07 05 20 83%  0A0[F018,038] .
Cowlin2005(TT-03) o6 03 18 07 05 0 54%  -0A0[0.36 0.16] -T
Cyrthia2008{Patsari 03 027 33 102 079 33 A2% -067[095,-0.39) -
Dutta 2007 {Laxrmiy 08 123 27 17 217 7 17%  -080[1.74,014) B
Edwiards2007(MISP China) 0152 0079 B3 0268 0287 88  65% -0.12[F0.18,-0.0%) -
ENPHO2008(MudbrickiCS-1 - 1.429 0.3 8 3374 1653 a0 1% -195[322,-067)
ENFHOZ00B8(MudbrickiCS-2 0748 0513 14 2653 1891 14 1.4% -1.80F2.86,-0.84]
ENPHOZ008(MudbrickiGS)-3 0308 0187 14 0889 0718 14 44% -0A8[0.67,-0.19] a—
[TDG2005(Haod)a 0241 0377 31 1084 2482 A 1.8%  -0.82[1.71,0.06)
[TDG2005(Haod)b 0.042 0057 31 0401 0A7 A A58% -036[0.56,-0.16) -
Lam2012{Eco) 0.062 0051 25 031 0264 29 64% -0259[F0.35,-0.14) -
Li2011{BGC) 0182 0113 18 0322 0348 19 61%  -0.04[030,007 -
Li2011{JMPY 0128 0144 26 0384 0431 26 60% -026[0.43,-0.08) -
Watsumura2011{GIZ) 0.232 0171 6 1.238 0865 4 20% -1.01[1.86,-0.19]
Magher2001{Plancha) 0152 0118 26 0868 0501 17 A5% -0.72[0.96,-0.47) -
PACZ0N (Fatana) Or11 0746 33 1468 2143 33 23%  -075[143,007
Singh201 2(Mud-2) 076 069 34 207 1482 3¢ 33% A3 [1.87,-079) -
Terrado2005{Eca-closed) 0.053 003 20 0514 0388 20 60% -046[0.63,-0.29) -
Terrado2005{Eca-semi) 0121 008 14 0639 0426 14 &T7% -052[0.75,-0.29) -
Winrack2008(Rocket) 0781 1394 32 068 0868 32 32%  QI0[047 067) -
Total (95% CI) 599 615 100.0% -0.50 [-0.64, -0.35] ¢4
Heterogeneity. Taw® = 0.08; Chi*= 166.44, df= 23 (P = 0.00001); F= 86% l l

2 4 0 1 3

Testfor overall effect. 2= .78 (F < 0.00001) reduction in PM (maim3) increase in PM (malm3)

The I value of 86% (p<0.0001) showed there was a very high degree of statistical
heterogeneity. Sensitivity analyses conducted with respect to study design, intention-to-treat
analysis vs. per-protocol analysis and time since installation did not find major differences in
absolute reductions of PM, and these methodological considerations are therefore unlikely to
be responsible for a major share of the heterogeneity (Table 4). Removal of the single coal
ICS study by Cowlin et al. (25) lead to a slightly larger pooled estimate for kitchen PM (-0.56;
95%CI -0.40, -0.71).

Table 4: Summary of sensitivity analysis for kitchen PM (solid fuels stoves with
chimneys)

Studies included Model N“‘T‘ber of I-squared ol eifio
estimates (mg/m3)
All Random 24 86% -0.50 (-0.64, -0.35)
Before and after design Random 17 69% -0.46 (-0.60, -0.33)
Cross-sectional design Random 7 94% -0.53 (-0.94, +0.13)
Intention-to-treat analysis Random 15 74% -0.40 (-0.55, -0.26)
Per-protocol-analysis Random 9 93% -0.60 (-0.97, -0.23)
Time since installation <6 months | Random 14 74% -0.39 (-0.53, -0.25)
Time since installation = 6 months | Random 9 93% -0.64 (-1.01, -0.27)
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Overall (all studies), tests of funnel plot asymmetry were of borderline significance for Begg’s
test (p=0.074), and highly significant for Egger’s test (p=0.001), with a strong suggestion of
substantive publication bias in the direction of smaller studies reporting a larger reduction in
PM. Analysis stratified by study design showed this bias to be greater for before-and-after
designs (Begg’s p=0.023; Egger’s p=0.001) than for observational designs (Begg's p=0.548;
Egger’s p=0.207), Figure 3.

Figure 3: Funnel Plot for kitchen PM (solid fuels stoves with chimneys) by study
design
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Carbon monoxide

Studies measuring kitchen CO are shown stratified by study design in Table 5. There were
10 before-and-after studies (16 estimates) and six cross-sectional studies (7 estimates). All
but five of the studies were assessed as to be of moderate or good quality.

For CO, baseline levels ranged from 1.9 ppm (SD 1.0) to 38.7 ppm (SD 13.7) with post-
intervention levels from 0.7 ppm (SD 0.5) to 17.2 ppm (SD 7.7) (Table 5). The percentage
reduction in CO ranged from 23.3% to 87.5%; the baseline weighted means for before and
after and cross-section designs were 12.3 ppm and 10.6 ppm, respectively, and post-
intervention were 4.0 ppm and 4.9 ppm, respectively. The weighted percentage reductions
were 67.1% and 53.9% for before and after and cross-sectional designs, respectively.
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Table 5: Solid fuel stoves with chimneys: Kitchen CO (ppm)

Author (year) Baseline Intervention Duration Analytic or | Number of | Units and | Baseline Intervention | % reduct- | Absolute Global
and country stove and fuel | stove and fuel | of follow- sampling homes averaging | CO (ppm) | CO (ppm) ion from difference® | Quality
if different up approach period (SD) (SD) baseline (95%Cl) assessment

Before and after designs and RCT (Smith 2009)

ITDG 2005a(11) | Traditional Smoke hood 12 months | Intention 31 ppm 11.9 45 (4.4) 62.2 -7.42 (- 10/ 14 stars

Nepal (winter) srove, to treat 24-hr (16.8) 13.52, - (71.4%)
biomass 1.32)

ITDG 2005b(11) | Traditional Smoke hood 12 months | Intention 31 ppm 7.8 (9.8) 4.1 (6.6) 47.4 -1.27 (- 10/ 14 stars

Nepal (summer) | stove, to treat 24-hr 4.99, -2.45) | (71.4%)
biomass

ITDG 2007(29) | Traditional Smoke hood, 6-9 Intention 124 ppm 12.8 1.6 (1.6) 87.5 -11.26 (- 8/ 12 stars

Nepal stove, chimney, months to treat 24-hr (18.7) 14.56, - (66.7%)
biomass improvements 7.96)

Li 2011a(13) Traditional HNP 3-pot 3 weeks Intention 26 ppm 4.9 (4.8) 2.0(3.8) 59.2 -2.90 (- 8/ 12 stars

Peru stove, metal stove to treat 24-hr 5.25, -0.55) | (66.7%)
biomass

Li 2011b(13) Traditional BGC 3-pot 3 weeks Intention 19 ppm 3.7 (3.2 1.6 (1.9) 56.8 -2.10 (- 8/ 12 stars

Peru stove, metal stove to treat 24-hr 3.77,-0.43) | (66.7%)
biomass

Chengappa Traditional DA 2-pot with 12 months | Per- 36 ppm 7.9 (6.8) 5.5(4.7) 30.4 -2.40 (- 7112 stars

2007a(15) stove, wood/ chimney protocol 48-hr 5.10, (58.3%)

(winter) dung +0.30)

India

Chengappa Traditional DA 2-pot with | 12 months | Per- 15 ppm 8.7 (7.8) 2.7 (2.8) 69.1 -5.99 (- 7112 stars

2007b(15) stove, wood/ chimney protocol 48-hr 10.18, - (58.3%)

(summer) dung 1.80)

India

Dutta 2007(16) Traditional ARTI Laxmi 12 months | Per- 30 ppm 15.3(9.1) | 8.4(10.2) 45.3 -6.93 (- 8/ 12 stars

India stove, wood/ protocol 48-hr 11.83, - (75.0%)
dung 2.03)

Brant 2012(17) Traditional Mangala 2-pot | 5-6 Per- 9 ppm 5.7 (2.5) 2.3 (1.6) 59.6 -3.40 (- 9/ 12 stars

India stove, wood/ chimney months protocol 24-hr 5.34,-1.46) | (75.0%)
dung

Cynthia Traditional Patsari 1 month Per- 32 ppm 8.9 (4.4) 3.0(2.7) 66.3 -5.90 (- 11/ 16 stars

2008(19) stove, protocol 48-hr 7.69, -4.11) | (68.8%)

Mexico biomass

ENPHO Traditional Mudbrick ICS | <3 Intention 8 ppm 38.7 17.2 (7.7) 55.5 -21.44 (- 7112 stars

2008a(21) stove, months to treat 24-hr (13.7) 32.32, - (58.3%)
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Author (year) Baseline Intervention Duration Analytic or | Number of | Units and | Baseline Intervention | % reduct- | Absolute Global
and country stove and fuel | stove and fuel | of follow- sampling homes averaging | CO (ppm) | CO (ppm) ion from difference Quality
if different up approach period (SD) (SD) baseline (95%Cl) assessment
Dolakha biomass 10.56)
Nepal
ENPHO Traditional Mudbrick ICS | <3 Intention 14 ppm 26.3 8.3 (5.5) 68.3 -17.95 (- 7112 stars
2008b(21) stove, months to treat 24-hr (23.2) 30.43, - (58.3%)
Dang biomass 5.47)
Nepal
ENPHO Traditional Mudbrick ICS | <3 Intention 14 ppm 4.7 (4.7) 3.3(1.9) 29.5 -1.40 (- 7112 stars
2008c(21) llan stove, months to treat 24-hr 4.08,1.28) | (58.3%)
Nepal biomass
Smith 2009(30) | Traditional Plancha 18 months | Intention 64 ppm 8.6 (4.0) 1.1(1.4) 87.2 -7.50 (- 12 /12 stars
Guatemala stove, to treat 48-hr 8.88, -6.12) | (100%)
biomass
PAC 2011(22) Traditional Fatana pipa 1- | 5 months Intention 32 ppm 19.0 9.0 (16.0) 52.6 -10.0 (- 13/ 14 stars
Madagascar biomass pot to treat 24-hr (26.0) 20.58, (92.9%)
+0.58)
Singh 2012(12) | Traditional 2 pothole mud | 12 months | Intention 34 Ppm 215 8.62 (6.98) 40.1 -12.88 (- 7/12 stars
Nepal stove, stove, to treat 24-hr (20.1) 5.73, - (58%)
biomass biomass 20.03)
Weighted means 519 12.3 4.0 67.1
Author (year) Baseline Intervention Duration Analytic or | Number of | Units and | Baseline Intervention | % reduct- | Absolute Global
and country stove and fuel | stove and fuel | of follow- sampling homes averaging | CO (ppm) | CO (ppm) ion from difference® Quality
if different up approach (Trad/Int) period (SD) (SD) baseline (95%Cl) assessment
Cross sectional designs
Naeher Traditional Plancha Several Selected 18/28 ppm 10.6 (5.4) | 2.0(2.1) 81.2 -8.62 (- 5/9 stars
2001(23) biomass years stoves 24-hr 11.25, - (55.6%)
Guatemala 5.99)
Bruce 2004(31) | Traditional Plancha Several Random 99/46 ppm 12.4 4.9 (3.7) 60.5 -7.49 (- 8/ 11 stars
Guatemala stove, years sample 24-hr (10.9) 9.89, -5.09) | (72.7%)
biomass
Cowlin Traditional G2-2000 6+ months | Selected 20/20 ppm 11.6 (9.7) | 7.8(3.0) 32.8 -3.80 (- 8 /9 stars
2005a(25) stove, from user 24-hr 8.25, (88.9%)
Mongolia biomass list +0.65)
Cowlin Traditional TT-03 6+ months | Selected 20/18 ppm 11.6 (9.7) | 8.9(2.3) 23.3 -2.70 (- 8/9 stars
2005b(25) stove, from user 24-hr 7.29, (88.9%)
Mongolia biomass list +1.89)
Edwards Traditional NISP China Several Selected 716 ppm 1.9 (1.0) 0.7 (0.5) 62.2 -1.15 (- 6 /9 stars
2007(26) stove (coal)? years improved 24-hr 2.01, -0.29) | (66.7%)
China stoves
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Author (year) Baseline Intervention Duration Analytic or | Number of | Units and | Baseline Intervention | % reduct- | Absolute Global
and country stove and fuel | stove and fuel | of follow- sampling homes averaging | CO (ppm) | CO (ppm) ion from difference Quality

if different up approach period (SD) (SD) baseline (95%Cl) assessment
Matsumura Traditional GIZ 2-pot 1-2 Regular 4/3 ppm 155 (3.7) | 5.7(7.9) 63.4 -9.85 (- 3/9 stars
2011(27) biomass design months users 24-hr 19.49, - (33.3%)
Peru 0.21)
Chowdhury Traditional BCSIR stove Not stated | Users not | 21/23 ppm 4.9 (6.3) 3.0(2.3) 39.4 -1.93 (- 7 /9 stars
2012(28) biomass selected 24-hr 4,78, (77.8%)
Bangladesh +0.92)
Weighted means 189/144 10.6 4.9 53.9

® Difference = Intervention mean minus baseline mean
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The pooled effect estimate in RE meta-analysis was -5.4 ppm (95% confidence interval -7.3,
-3.6), Figure 4 and Table 6. As with PM, sensitivity analysis to assess the impact of a number
of methodological aspects showed no remarkable findings. Removal of the single coal ICS
study by Cowlin et al. (25) lead to a slightly larger pooled estimate for kitchen CO (-5.6 ppm;
95%Cl -4.0, -7.2).

Figure 4: Random effects meta-analysis for absolute difference in CO (ppm) in kitchen

Intervention Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Brant201 2(Mangala-2)-1 23 1B 9 A7 15 9 58% -3.40[5.34,-1.46) -
Bruce2004{Plancha) 489 367 4B 1238 1090 99 &A% -7.49[-9.88,-5.00) -
Chengappaz007(DA)-1 5 A7 3 TR BRE 36 A3% -240 510, 0.30) -
Chengappaz007oa-2 268 28 15 BET TR 1% 43%  -RO909F1018,-1.80) B
Choudhury201 2(BCEIR) 297 22% X 48 629 M A% -1 931478, 0.82] ™
Cowlin2006(G2-2000) 78 30020 ME 4y 2 41% -3.80[-8.25, 0.65) —
Cowlin2005(TT-03) 89 23 M ME 47 13 40% -2 70F7.29,1.89) - T
Cynthia2008(Patsan) 30047 ¥ B8R 44 3 AE% SR80 [76Y,-4.11] -
Dutta2007Laxmi 837 1022 30 153 81 30 398%  -693F11.83,-2.03) E—
Edwards2007(NISP China) 07 047 B 185 1.04 T OB3% S1A5[201,-0.29) =
EMPHOZ008(MudbricklCE)-1 1722 77 8 J066 1368 g 18% -21.44 3232, -10.56]
EMPHOZODB(MudbricklCE)-2 832 853 14 2627 2317 14 1.2% -17.95[3043,-5.47)
EMPHOZ008(MudbricklCE)-3 334 183 14 474 474 14 53% -1 40 F4.08,1.28) -T
[TDG2005(Hood)a 449 444 0 MW O1ETE 3 3% -T42F1352-1.37) —
[TDG2005(Haod)b BAE 409 M T8I 878 M 4E% -1 27499, 2.45) -
[TDG2007{Hood) 1A6 166 124 1282 1871 124 49% -11.26[14.56,-7.96) -
Liz011{BGC) 238 XM 48 48 2 A5% -2.90[-5.25,-0.58) -
LiZ01 1 (NP 16 18 1% 37 32 19 559% S2A0[3TT -0.43) -
Watsurmuraz 011 (G1Z) fEE T8 3 1553 364 4 18%  -9B5[19.48 -0.21)
Maeher2001{Plancha) 199 214 28 1061 542 1% A54%  -B62[11.25,-5.594) -
PAC2011(Fatana) 9 16 3 19 26 32 1E6%  -1000[2058 058
Singh2012{Mud-2) 862 683 M NMA 200 M 27% -1288F2003,-573) —
Smith2004{Plancha) 11 14 36 86 4 36 BI% -TA0[-8.88,-6.14) -
Total (95% Cl) 637 678 100.0% -5,39[-6.92, -3.86] ¢

Heterogeneity, Tau?= 9.53; Chi*= 15155, df=22 (P < 0.00001}; F= 83%

Testfor overall effect Z= 6.91 (P < 0.00001) 20 1 g 10 a0

Reductionin COppm Increase in COppm

Table 6: Summary of sensitivity analysis for kitchen CO (solid fuels stoves with
chimneys)

Studies included Model MLITDEL i 5 eE 2 ETEE
estimates squared (ppm)
All Random | 23 85% -5.39 (-6.92, -3.86)
Before and after design or RCT Random | 16 81% -5.69 (-7.47, -3.92)
Cross-sectional design Random | 7 88% -4.66 (-7.66, -1.66)
Intention-to-treat analysis Random | 13 78% -5.55 (-7.73, -3.08)
Per-protocol analysis Random | 10 91% -5.55 (-7.77, -3.33)
Time since installation <6 months | Random | 10 85% -4.81 (-6.84, -2.77)
Time since installation = 6 months | Random | 9 73% -6.66 (-8.79, -4.53)

For all studies, the tests for funnel plot asymmetry were non-significant for Begg’s test (p =
0.176), but significant for Egger’s test (p=0.025), suggesting that there may also have been
publication bias for this pollutant in the direction of smaller studies reporting a larger
reduction in CO. Again, analysis stratified by study design showed this bias to be more
apparent among before-and-after designs (Begg’s p=0.063; Egger's p=0.038) than among
observational studies (Begg's p=0.764; Egger’s p=0.130), Figure 5.
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Figure 5: Funnel Plot for kitchen CO (solid fuels stoves with chimneys) by study
design
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Overall strength of evidence: impacts of solid fuel stoves with chimneys on kitchen
PM and CO

Particulate matter:

For kitchen PM, the GEPHI assessment is based on twelve before-and-after studies (see
Annex Table Al.1(a)). These were entered into the profile as moderate quality and
downgraded for heterogeneity and publication bias, but upgraded for large effect (>50%
reduction relative to baseline concentration). This resulted in an initial assessment of Low. As
11 out of the 12 studies (all 11 biomass studies) showed a reduction in kitchen PM, these
were upgraded for consistency across settings, resulting in a final grading of Moderate. The
effect estimate was -0.46 (-0.33, -0.60) mg/m3. Despite the lower quality of the cross-
sectional evidence, it is notable how similar the effect estimate was from these six studies.

Carbon monoxide:

For kitchen CO, the GEPHI assessment included one RCT (rated high) and ten before-and-
after studies (see Annex Table Al.1(b)). The before-and-after studies were downgraded for
heterogeneity and publication bias, but upgraded for large effect of >50% reduction. This
resulted in an initial grading of Low. As the RCT and all before-and-after studies showed
reductions in CO, the assessment was upgraded for consistency across settings, resulting in
a final assessment of Moderate. The effect estimate was a reduction of 5.7 ppm (-3.9, -7.5),
once again similar to the result for the cross-sectional studies.

3.2.2 Personal exposures

Particulate matter
Studies measuring personal PM are summarised in Table 8. There were three studies (5
stove estimates); all were before-and-after studies and all were scored as moderate to good
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quality. Baseline levels ranged from 0.15 mg/m3 (SD 0.07) to 0.37 mg/m3 (SD 0.46), post-
intervention levels from 0.05 mg/m3 (SD 0.03) to 0.16 mg/m3 (SD 0.13) (Table 7). The
percentage reduction in PM ranged from 33.3% to 86.5% of baseline level. The weighted
means for personal PM for all studies were 0.27 mg/m3 at baseline and 0.07 mg/m3 post-
intervention, with a weighted percentage reduction of 75.7%.
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Table 7: Solid fuel stoves with chimneys: Personal PM (mg/m?)

Author (year) | Baseline stove Intervention Duration Analytic or | Number of | PM,s or Baseline Intervention | % reduct- Absolute Global
and country and fuel stove and fuel | of follow- sampling homes PMg; PM PM (mg/ms) ion from difference Quality

if different up approach period (mg/m3) (SD) baseline (95%Cl) assessment

(SD)

Before and after designs
Li 2011a(13) | Traditional HNP 3-pot 3 weeks Intention 26 PMz2s24- | 0.19 0.08 (0.05) 57.9 -0.11 (-0.22, | 8/12 stars
Peru stove, biomass | metal stove to treat hr (0.29) +0.01) (66.7%)
Li 2011b(13) | Traditional BGC 3-pot 3 weeks Intention 19 PMzs24- | 0.15 0.07 (0.05) 53.3 -0.07 (-0.11, | 8/ 12 stars
Peru stove, hiomass | metal stove to treat hr (0.07) -0.03) (66.7%)
Cynthia Traditional Patsari 1 month Per- 26 PMz2s24- | 0.24 0.16 (0.13) 33.3 -0.68 (-1.04, | 11/16
2008(19) stove, biomass protocol hr (0.23) -0.33) stars
Mexico (68.8%)
Terrado Traditional Ecostove: 1-2 Intention 28 PMzs 24- | 0.37 0.05 (0.03) 86.5 -0.46 (-0.63, | 9/ 12 stars
2005a(20) stove, biomass | closed months to treat hr (0.46) -0.29) (75.0%)
Nicaragua
Terrado Traditional Ecostove: 1-2 Intention 30 PMz2s24- | 0.36 0.10 (0.13) 72.2 -0.52 (-0.75, | 9/ 12 stars
2005b(20) stove, biomass | semi-closed months to treat hr (0.31) -0.29) (75.0%)
Nicaragua
Weighted means 129 0.27 0.07 75.7

® Difference = Intervention mean minus baseline mean
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The pooled estimate for absolute reductions in personal PM was -0.15 mg/m?® (95% ClI: -0.24,
-0.06), (Figure 6Figure 6 and Table 7). The I? value of 74% (p=0.004) indicates considerable
statistical heterogeneity, but there were insufficient studies for any further sensitivity analysis.

Figure 6: Random effects meta-analysis for absolute difference in personal PM
(mg/m?)

Intervention Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% CI IV, Random, 95% C1
Cynthia2008(Patsari) 016 013 26 024 023 26 208% -0.08[-018 003 T
Li2011{BGC) 0072 0046 19 0145 0071 18 276% -0.07 }0.11,-0.03 -
L2011 (WP 0.081 0.041 26 0188 0294 26 193%  -0.11[0.22,0.01] —
Terrado2005{Ecc-closed) 0.049 003 28 0374 0456 28 138% -033[F0.48,-0.16] —
Terrado2005{Eco-semi) 0085 0126 30 0355 0313 30 186% -026[0.38,-0.14] I —
Total (95% CI) 129 129 100.0% -0.15[-0.24,-0.06] e
Heterageneity, Tau®= 0.01; Chi*= 1963, df= 4 (P = 0.004}; F=74%

05 025 0 028 06

Testfor overall effect Z= 3.41 (F = 0.0007) Reduction in PM (mg/m3) Increase in PM {mg/m3)

Table 8: Summary of meta-analysis for impact on personal PM of stoves with
chimneys

Studies included Model Number of studies I-squared Pooled effect (95%
(estimates) Cl)
All (before-and-after) | Random 3 (5) 74% -0.15 (-0.24, -0.06)

There was no statistical evidence of publication bias according to Begg’s (p=0.514) and
Egger's (p=0.356) tests, although this was based on only 3 before-and-after studies (5
estimates) (Figure 7).

Figure 7: Funnel Plot for personal PM (solid fuels stoves with chimneys) by study
design
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Carbon monoxide

Studies measuring personal CO are summarised in Table 9Table 9. These included three
study designs: one RCT (2 estimates), two before-and-after studies (3 estimates), and two
cross-sectional studies (3 estimates), with all but one being scored moderate or good for
quality.

Baseline levels ranged from 1.2 ppm (SD 1.0) to 4.8 ppm (SD 3.6), with post-intervention
levels from 0.7 ppm (SD 0.7) to 2.3 ppm (SD 1.3). The percentage reduction in CO ranged
from 16.7% to 69.1%. Weighted means at baseline for before-and-after studies and cross-
sectional studies were 3.7 ppm and 3.3 ppm, respectively, and those post intervention were
1.8 ppm and 1.7 ppm, respectively. The weighted percentage reductions for before-and-after
studies and cross-sectional studies were 51.3% and 46.9%, respectively.
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Table 9: Solid fuel stoves with chimneys: Personal CO (ppm)

Author (year) | Baseline stove Intervention Duration Analytic or | Number of | Units and | Baseline Intervention | % reduct- Absolute Global
and country and fuel stove and fuel | of follow- sampling homes averaging | CO (ppm) | CO (ppm) ion from difference Quality

if different up approach period (SD) (SD) baseline (95%Cl) assessment
Before and after designs
Smith Traditional Plancha 18 months | RCT 488 ppm 4.8 (3.6) 2.2(2.6) 54.2 -2.60 (-3.16, | 12/12
2009a(32) stove, biomass Intention 48-hr -2.04) stars
(mothers) to treat (100%)
Guatemala
Smith Traditional Plancha 18 months | RCT 500 ppm 2.8(2.5) 1.5(1.9) 46.4 -1.30 (-1.69, | 12/12
2009b(32) stove, biomass Intention 48-hr -0.91) stars
(children) to treat (100%)
Guatemala
Li 2001a(13) | Traditional HNP 3-pot 3 weeks Intention 26 ppm 1.5 (1.0) 0.7 (0.7) 53.3 -0.80 (-1.26, | 8/ 12 stars
Peru stove, hiomass | metal stove to treat 24-hr -0.34) (66.7%)
Li 2011b(13) | Traditional BGC 3-pot 3 weeks Intention 19 ppm 1.2 (1.0) 1.0 (0.7) 16.7 -0.23 (-0.79, | 8/ 12 stars
Peru stove, biomass | metal stove to treat 24-hr +0.33) (66.7%)
Cynthia Traditional Patsari 1 month RCT Per- 24 ppm 2.7(2.1) 1.0 (1.6) 63.0 -1.70 (-2.76, | 11/16
2008(19) stove, biomass protocol 24-hr -0.64) stars
Mexico (68.8%)
Weighted means 1012 3.7 1.8 51.3%
Author (year) | Baseline stove Intervention Duration Analytic or | Number of | Units and | Baseline Intervention | % reduct- Absolute Global
and country and fuel stove and fuel | of follow- sampling homes averaging | CO (ppm) | CO (ppm) ion from difference® Quality

if different up approach (Trad/Int) period (SD) (SD) baseline (95%ClI) assessment
Cross sectional designs
Bruce Traditional Plancha Several Random 99/46 ppm 3.3(2.0) 2.3(1.3) 32.6 -1.09 (1.64, | 8/11 stars
2004(31) stove, biomass years sample 24-hr -0.54) (72.7%)
Guatemala
Naeher Traditional Plancha Several Selected 25/28 ppm 3.0(3.3) 1.0(1.1) 67.8 -2.02 (-3.39, | 5/9 stars
2001a(23) stove, biomass years stoves 24-hr -0.65) (55.6%)
(Children)
Guatemala
Naeher Traditional Plancha Several Selected 25/26 ppm 3.4 (3.4) 1.1(1.7) 69.1 -2.38 (-3.85, | 5/9 stars
2001b(23) stove, biomass years stoves 24-hr -0.91) (55.6%)
(Mothers)
Guatemala
Weighted means 149/100 3.3 1.7 46.9

® Difference = Intervention mean minus baseline mean
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The pooled effect estimate (from random-effects meta-analysis) was -1.42 ppm (95%CI: -
1.99, -0.85), Figure 8. The I value of 84% (p<0.001) indicated a high level of statistical
heterogeneity.

Figure 8: Random effects meta-analysis for absolute difference in personal CO (ppm)

Intervention Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bruce2004{Plancha) 2259 134 46 334 1897 99 143%  -1.09[1.64,-054] —
Cynthia2008(F atzari) 1 16 24 27 21 24 108% 170276, -0.64] e —
Liz011{BGC) 087 073 18 12 1 19 143%  -0.23[0.79, 033 —T
Liz011{IMF) 07 068 26 15 088 26 148% -0.80[1.26,-0.34] —

Naeher2001(Flancha)-c 086 1.07 28 2493 334 2% 85% -202[339-063
Naeher2001(Flancha)-w 106 1.7 26 344 336 2% T4% -238[3.85-091]

Smith2009¢Planchal-c 15 19 2586 28 25 244 153% 1300169 -0.91] —
Smith2009(Planchal-w 22 26 M7 48 36 241 143% -260[306,-204 2 ——
Total {95% CI) 672 703 100.0% -1.42 [-1.99, -0.85] <

Heterogeneity: Taw®= 0.51, Chi*= 43.58, df= 7 (P = 0.00001); F= 4% | ; I i

-4 -2 0 2 4
Test for overall effect: £=4.87 (P = 0.00001) Reduction in COppm _ Increase in COppm

Sensitivity analysis examining the three types of study design showed a larger effect in the
cross-sectional studies (-1.60; -2.44, -0.76) and the only RCT (2 estimates: -1.93; -1.99, -
0.85) than for the before-and-after studies (-0.79; -1.45, -0.13). There were insufficient
studies for any further sensitivity analysis (Table 10).

Table 10: Summary of meta-analysis for impact on personal CO of stoves with
chimneys

Studies included Model Number of studies I-squared Pooled effect (95%CI)
(estimates)

All Random 5(8) 84% -1.42 (-1.99, -0.85)

RCT Random 1(2) 93% -1.93 (-3.21, -0.66)

Before-and-after Random 2(3) 69% -0.79 (-1.45, -0.13)

Cross sectional Random 2(3) 46% -1.60 (-2.44, -0.76)

As with personal PM, there was no statistical evidence of publication bias in studies of
personal CO according to Begg’s (p=0.440) and Egger’s (p=0.212) tests (Figure 9).

Overall strength of evidence: impacts of solid fuel stoves with chimney on personal
PM and CO

Particulate matter

There were only three before-and-after studies reporting on personal PM. The GEPHI
assessment downgraded these for heterogeneity, but upgraded for large effect (>50%
reduction), resulting in an initial score of Moderate. No additional criteria could be applied, so
the final assessment was Moderate, with an effect estimate of -0.15 (-0.06, -0.24) mg/m?.

Carbon monoxide

There was a slightly larger set of five studies available reporting on personal CO, with a mix
of designs. The single RCT provided separate estimates for women and children and was
scored high, but could not be used alone. The before-and-after studies were downgraded for
heterogeneity, and upgraded for large effect (>50% reduction from baseline), resulting in an
initial assessment of Moderate. The cross-sectional studies were not downgraded for
heterogeneity, but did not have a large effect, so the initial assessment was Low. Given the
small numbers of studies in each design group, the final assessment was based on all of the
available studies, and rated Low; with an effect estimate of -1.42 (-0.90, -2.0) ppm.
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Figure 9: Funnel Plot for personal CO (solid fuels stoves with chimneys) by study
design
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3.3 Solid fuel stoves (standard combustion type) without chimneys

Overall, 5 included studies, 3 and 2 studies conducted in Africa and Asia respectively,
addressed impacts of solid fuel stoves using standard (i.e. not enhanced by forced draught
or gasification) without chimneys; most of these were classified as moderate quality studies.
These mainly used rocket-type combustion chambers, although a few used more traditional
combustion chamber designs with a grate. Seven and eight estimates were available for
kitchen PM and kitchen CO respectively.

3.3.1 Kitchen concentrations

Particulate matter

Studies measuring effects on kitchen PM are shown in Table 11. There were four studies (7
estimates), all studies were before-and-after designs and all but one scored moderate or
good for quality. Baseline levels for kitchen PM range from 0.29 mg/m?® (SD 0.37) to 2.29
mg/m?® (SD 1.63), post-intervention levels from 0.28 mg/m?® (SD 0.26) to 1.18 mg/m® (SD
1.54). The PM percentage reduction ranged from 33.6% to 54.3%. The weighted means for
kitchen PM were 0.78 mg/m?® at baseline and 0.41 mg/m? post-intervention, and the weighted
percentage reduction was 47.6%.
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Table 11: Solid fuel stoves without chimneys: Kitchen PM (mg/m?)

Author Baseline Intervention | Duration | Analytic or Number PMy 5 or Baseline PM | Intervention PM | % reduct- | Absolute Global Quality
(year) and | stove and stove and of follow- | sampling of homes | PMy; (mg/m3) SD) (mg/m3) (SD) ion from difference® assessment
country fuel fuel if up approach period baseline (95%Cl)

different
Before and after studies (all studies)
Brant Traditional B1100 - 5-6 Per-protocol 39 PMzs 24- | 0.42 (0.43) 0.28 (0.26) 42.8 -0.14 (-0.30, | 9/12 stars
2012a(17) | stove, wood/ | rocket months hr +0.02) (75.0%)
India dung
Brant Traditional Mangala 1- 5-6 Per-protocol 22 PM_5 24- | 0.78 (0.70) 0.45 (0.44) 54.3 -0.33 (-0.68, | 9/12 stars
2012b(17) | stove, wood/ | pot no months hr +0.01) (75.0%)
India dung chimney
Brant Traditional Mangala 2- 5-6 Per-protocol 25 PMzs 24- | 1.31 (1.15) 0.60 (0.74) 39.9 -0.71 (-1.25, | 9/12 stars
2012c(17) | stove, wood/ | pot no months hr -0.18) (75.0%)
India dung chimney
Brant Traditional S2100 - 5-6 Per-protocol 19 PM,5 24- | 0.29 (0.37) 0.17 (0.10) 33.6 -0.11 (-0.29, | 9/12 stars
2012d(17) | stove, wood/ | rocket months hr +0.06) (75.0%)
India dung
CEIHD Traditional Enterprise <6 Intention to 36 PMgzs 24- | 0.65 (0.49) 0.32 (0.24) 50.8 -0.33(-0.51, | 8/12 stars
2006(33) stove, works/ VITA | months treat hr -0.15) (66.7%)
Ghana biomass Gyapa

Rocket
Dutta Traditional Bhagyalaxmi | 12 Per-protocol 21 PMzs 48- | 0.95 (1.20) 0.48 (0.55) 49.5 -0.47 (-1.03, | 8/12 stars
2007(16) stove, wood/ months hr +0.09) (66.7%)
India dung
Pennise Traditional UCEODA 1 month Reverse 7 PMys 24- | 2.29 (1.63) 1.18 (1.54) 48.6 -1.11 (-2.77, | 6 /12 stars
2007(34) stove, wood/ | Rocket to 1 year | order; hr +0.55) (50.0%)
Uganda dung wood stove selected

users

Weighted means 169 0.78 0.41 47.6

® Difference = Intervention mean minus baseline mean
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The main meta-analysis yielded a pooled effect estimate of -0.26 mg/m® (95% confidence
interval -0.39; -0.12) (Figure 10).

Figure 10: Random effects meta-analysis (absolute difference in PM (mg/m?) in

kitchen)
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Whilst the p-value for heterogeneity was non-significant (p>0.1), the I? statistic indicated
some minor heterogeneity (36%) and random effects meta-analysis was used. Sensitivity
analyses for intention-to-treat vs. per-protocol analysis did not show any major differences,

Table 12.

Table 12: Summary of sensitivity analysis for reductions in kitchen PM for stoves

without chimneys

Studies included Model Number of studies I-squared | Pooled effect

All Random |7 36% -0.26 (-0.39, -0.12)
Intention-to-treat analysis Random |1 - -0.33 (-0.51, -0.15)
Per-protocol analysis Random | 6 34% -0.24 (-0.40, -0.08)

The funnel plot for kitchen PM shows some asymmetry, Figure 11. While the Begg’s test was
not statistically significant, the Egger’s test showed borderline statistical significance,
indicating the possibility of publication bias.

Figure 11: Funnel Plot for reductions in kitchen PM for stoves without chimneys
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Carbon monoxide

Studies reporting impacts on kitchen CO are shown in Table 13. There were five studies (8
estimates), all but one were before-and-after designs, and all scored moderate to good on
quality. Baseline levels ranged from 6.6 ppm (SD 6.1) to 34.5 ppm (SD 33.5), post-
intervention levels from 4.4 ppm (SD 4.0) to 15.7 ppm (SD 19.2). The percentage reduction
ranged from 11.4% to 54.5%. The weighted means at baseline for before-and-after studies
and cross-sectional studies were 10.8 ppm and 11.8 ppm, respectively and post-intervention
6.6 ppm and 7.3 ppm, respectively. The weighted percentage reductions for before-and-after
studies and cross-sectional studies were 38.7% and 38.1%, respectively.
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Table 13: Solid fuel stoves without chimneys: Kitchen CO (ppm)

Author (year) | Baseline stove | Intervention Duration Analytic or | Number Units and Baseline Intervention % reduct- Absolute Global
and country | and fuel stove and fuel | of follow- | sampling of homes | averaging CO (ppm) | CO (ppm) ion from difference Quality

if different up approach period (SD) (SD) baseline (95%Cl) assessment
Before and after studies
Brant Traditional B1100 - 5-6 Per- 38 ppm 9.6 (9.1) 6.2 (6.5) 35.4 -3.40 (-6.96, | 9/ 12 stars
2012a(17) stove, biomass | rocket months protocol 24-hr +0.16) (75.0%)
India
Brant Traditional Mangala 1-pot | 5-6 Per- 24 ppm 6.6 (6.1) 4.4 (4.0) 54.5 -2.20 (-5.12, | 9/ 12 stars
2012b(17) stove, biomass | no chimney months protocol 24-hr +0.72) (75.0%)
India
Brant Traditional Mangala 2-pot | 5-6 Per- 25 ppm 10.5(6.8) | 5.9 (5.1) 43.8 -4.60 (-7.93, | 9/12 stars
2012c(17) stove, biomass | no chimney months protocol 24-hr -1.27) (75.0%)
India
Brant Traditional S2100 - 5-6 Per- 18 ppm 7.0 (7.3) 6.2 (4.2) 11.4 -0.80 (-4.69, | 9/12 stars
2012d(17) stove, biomass | rocket months protocol 24-hr +3.09) (75.0%)
India
CEIHD Traditional Enterprise <6 Intention 36 ppm 12.3(9.9) | 7.4 (6.1) 39.8 -4.90 (-8.70, | 8/12 stars
2006(33) stove, biomass | works/ VITA months to treat 24-hr -1.10) (66.7%)
Ghana Gyapa Rocket
Dutta Traditional Bhagyalaxmi 12 Per- 22 ppm 11.1 (7.8) | 6.9 (7.0) 37.8 -4.20 (-8.59, | 8/12 stars
2007(16) stove, biomass months protocol 24-hr +0.19) (66.7%)
India
Pennise Traditional UCEODA 1 month Reverse 7 ppm 34.5 15.7 (19.2) 54.5 -18.80 (- 6/ 12 stars
2007(34) stove, biomass | Rocket wood to 1year | order; 24-hr (33.5) 47.4,+9.80) | (66.7%)
Uganda stove selected
All before and after studies
Weighted means 170 10.8 6.6 38.7
Author (year) | Baseline stove | Intervention Duration | Analytic or | Number Units and Baseline Intervention % reduct- Absolute Global
and country | and fuel stove and fuel | of follow- | sampling of homes | averaging CO (ppm) | CO (ppm) ion from difference® Quality

if different up approach (Trad/Int) | period (SD) (SD) baseline (95%Cl) assessment
Cross-sectional studies
Ochieng Traditional GIlZ mud 10 Randomly | 94 ppm 11.8 7.3(7.2) 38.1 -4.50 (-9.32, | 7/9 stars
2012(35) stove, biomass | rocket stove months selected 48-hr (15.0) +0.32) (77.8%)
Kenya (1-24) adopters

¥ Difference = Intervention mean minus baseline mean
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The pooled estimate in fixed effect meta-analysis was -3.4 ppm (95%Cl -4.8, -2.0), with an I?
value of 0% showing no heterogeneity between included studies (Figure 12). In sensitivity
analyses, a meta-analysis of the two intention-to-treat analysis studies showed somewhat
greater CO reductions than the main meta-analysis but confidence intervals were very wide,
Table 14. Neither the funnel plot nor Begg’s or Egger’s tests suggested a risk of publication
bias, Figure 13.

Figure 12: Fixed effect meta-analysis (absolute difference in CO (ppm) in kitchen)

Intervention Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Brant2012(81100) .2 645 a8 98 91 38 153%  -340[6.96 0.16] -
Brant201 2{Mangala-1) 44 4 24 BE 6.1 4 227%  -220[512,077 -
Brant201 2{Mangala-2)-2 59 51 25 105 68 25 174%  -460[743,-1.27] -
Brant2012(52100) 2 42 18 T3 18 127%  -0.80[-4.68, 3.09] -
CEIHD2006(GyapaRocket) 74 BA 368 123 84 36 134%  -480[8.70,-1.10] -
Dutta2007 (Bhagyalaxmi) 49 7.02 22 1M1 78 22 100%  -4.20[-8.48,0.19] —
Ochieng201 2{GIZ-rockety 7372 49 118 15 45  83%  -4A50[-9.32 037 -
Pennise2007{ECEODARDcket) 157 182 7345 334 7T 02% -1880[4740 8800 ——————1—
Total (95% CI) 219 215 100.0% -3.41[-4.80,-2.02] []
Heterogeneity: Chi#=4.90, df=7 (P=067); F=0%

50 25 0 75 a0

Testfor averall effect 7= 4.82 (P = 0.00001) Reduction in COppm Increase in COppm

Table 14: Sensitivity analysis for effects of non-chimney stoves on kitchen CO

Studies included Model Number of - Pooled effect
studies squared

All Random | 8 0% -3.41 (-4.80, -2.02)

Intention-to-treat analysis | Random | 2 0% -4.75 (-7.73, -1.76)

Per-protocol analysis Random | 6 0% -3.04 (-4.61, -1.48)

Figure 13: Funnel Plot for effects of studies of non-chimney stoves on CO
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Overall assessment of evidence on impact of non-chimney stoves on kitchen PM and
CO

Particulate matter:

All studies reporting kitchen PM were before-and-after designs, and were downgraded for
publication bias, so the initial assessment was Low. With only 4 studies, no other criteria
were applied, and the final assessment was therefore also Low, with an effect size of -0.26 (-
0.12, -0.39) mg/m°.

Carbon monoxide:

The same four studies were available for kitchen CO, and were not downgraded as there
was no heterogeneity or publication bias, so the initial assessment was Moderate. No other
criteria were applied so the final assessment was Moderate, and the effect size -3.32 (-1.86,
-4.77) ppm.

3.3.2 Personal exposures

None of the included studies contained data on personal exposure to PM and CO for solid
fuel stoves without chimneys.

3.4 Advanced combustion solid fuel stoves

Only three studies addressed impacts of advanced combustion solid fuel stoves, all of which
were conducted as a set by the same investigators in India (36); these were before-and-after
studies and classified as of moderate quality. Stove models comprised free convection-,
forced convection- and forced-convection combined with optimized fuel stoves. During the
evaluation studies, users were reported not to be using the stove either fully or in an ideal
fashion. All three studies measured kitchen PM and kitchen CO, but not personal exposure.

3.4.1 Kitchen exposures

Particulate matter:

The studies measuring kitchen PM are summarised in Table 15. Baseline levels for kitchen
PM ranged from 0.32 mg/m? (SD 0.42) to 1.55 mg/m?® (SD 2.97), and post-intervention levels
from 0.18 mg/m?® (SD 0.18) to 1.11 mg/m* (SD 3.32). The percentage reduction in PM ranged
from 28.7% to 48.6%. The weighted means for kitchen PM for all studies were 0.65 mg/m® at
baseline and 0.38 mg/m? post-intervention, with a weighted average percentage reduction
from baseline of 41.4%.
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Table 15: Advanced combustion solid fuel stoves: Kitchen PM (mg/m?)

Author (year) Baseline Intervention Duration Analytic or Number PMzs or | Baseline Intervention % reduct- | Absolute Global quality
and country stove and stove of follow- sampling of homes | PMy; PM PM (mg/m3) ion from difference® assessment
fuel up approach period (mg/m3) (SD) baseline (95%Cl)

(SD)

Before and after designs (all studies)

Balakrishnan Traditional Free convection | N/A N/A 44 N/A 0.53 (0.60) | 0.27 (0.26) 49.6 -0.26 (-0.46, | 8/12 stars

2012(36) stove, -0.07) 67%
biomass

Balakrishnan Traditional Forced N/A N/A 11 N/A 0.32(0.42) | 0.18(0.18) 42.7 -0.14 (-0.41, | 8/12 stars

2012(36) stove, convection and +0.13) 67%
biomass optimised fuel

Balakrishnan Traditional Forced N/A N/A 10 N/A 1.55(2.97) | 1.12(3.32) 28.7 -0.44 (-3.21, | 8/12 stars

2012(36) stove, convection +2.32) 67%
biomass

All studies

Weighted means | | 65 | 0.65 | 0.38 | 414

* Difference = Intervention mean minus baseline mean
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In meta-analysis the pooled effect estimate was -0.22 mg/m*® (95% CI: -0.38; -0.06); no
statistical heterogeneity was observed, and fixed effect analysis is shown (Figure 14). Too
few studies were available for sensitivity analysis, or to test for publication bias.

Figure 14: Fixed effect meta-analysis (absolute difference in PM (mg/m?®) in kitchen)

Intervention Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Balakrishnan2012(Forced) 1.106 332 10 1.55 2974 10 0.3% -0.44[-3.21,2.32]
Balakrishnan2012(Forced+) 0.184 0.178 11 0.321 0.423 11 33.7% -0.14[-0.41,0.13]

Balakrishnan2012(free) 0.268 0.261 44 0.532 0.602 44 66.0% -0.26[-0.46,-0.07]

Total (95% CI) 65 65 100.0% -0.22 [-0.38, -0.06] ¢

Heterogeneity: Chi® = 0.58, df = 2 (P = 0.75); I = 0% _54 _52 5 é ‘l‘

Test for overall effect: Z = 2.76 (P = 0.006) Reduction in PM (mg/m3) Increase in PM (mg/m3)

Carbon Monoxide

The studies measuring kitchen CO are summarised in Table 16. For CO, baseline levels
ranged from 5.2 ppm (SD 5.5) to 29.0 ppm (SD 69.7) with post-intervention levels from 5.2
ppm (SD 4.5) to 11.2 ppm (SD 30.1). The CO reduction ranged from 41.5% to 61.2% of
baseline levels. Weighted mean values were 11.3 ppm at baseline and 5.7 post-intervention,
with a weighted average reduction of 49.7%.
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Table 16: Advanced combustion solid fuel stoves: Kitchen CO (ppm)

Author (year) Baseline Intervention stove | Duration of | Analyticor | Number Units and Baseline Intervention % Absolute Global
and country stove and follow-up sampling of averaging CO (ppm) CO (ppm) reduct- difference® quality
fuel approach homes period (SD) (SD) ion from (95%Cl) assessment
baseline

Before and after designs (all studies)

Balakrishnan Traditional Free convection N/A N/A 45 N/A 8.9 (10.5) 5.2 (4.5) 41.5 -3.68 (-7.03, | 8/12 stars

2012(36) stove, -0.33) 67%
biomass

Balakrishnan Traditional Forced convection | N/A N/A 11 N/A 5.2 (5.5) 2.7 (2.3) 47.1 -2.49 (-6.04, | 8/12 stars

2012(36) stove, and optimised fuel +1.06) 67%
biomass

Balakrishnan | Traditional Forced convection | N/A N/A 10 N/A 29.0 (69.7) | 11.2 (30.1) 61.2 -17.72 (- 8/12 stars

2012(36) stove, 64.75, 67%
biomass +29.31)

All studies

Weighted means | | 66 [ 11.3 | 5.7 | 49.7

® Difference = Intervention mean minus baseline mean

39




In fixed effects meta-analysis, the pooled estimate was -3.16 ppm (95%Cl -5.59, -0.73), with
an 12 value of 0%, Figure 15. Too few studies were available for sensitivity analysis, or to test
for publication bias.

Figure 15: Fixed effect meta-analysis (absolute difference in CO (ppm) in kitchen)

Intervention Baseline Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Balakrishnan2012(Forced) 11.24 30.08 10 28.96 69.67 10 0.3% -17.72 [-64.75,29.31] ¢ I
Balakrishnan2012(Forced+) 271 231 11 5.2 554 11 47.0% -2.49 [-6.04, 1.06]
Balakrishnan2012(free) 5.18 4.49 45 8.86 10.54 45 52.8% -3.68[-7.03,-0.33]

Total (95% CI) 66 66 100.0% -3.16 [-5.59, -0.73] ¢

Heterogeneity: Chi? = 0.60, df = 2 (P = 0.74); I* = 0%

Test for overall effect: Z = 2.55 (P = 0.01) -0 ~25 0 2

Reduction in CO (ppm) Increase in CO (ppm)

Overall strength of evidence for effect of advanced combustion stoves on kitchen PM
and CO

Particulate matter:

Only one set of three before-and-after studies was available for kitchen PM, and was
downgraded for risk of bias, resulting in an initial assessment of Low. This was unchanged in
the final assessment, and the effect estimate was -0.22 (-0.06, -0.38) mg/m?®.

Carbon monoxide:

The same set of studies was available for kitchen CO, and was similarly downgraded for risk
of bias, resulting in an initial assessment of Low. This was unchanged in the final
assessment, and the effect estimate was -3.16 (-0.73, -5.59) ppm.

3.4.2 Personal exposure

None of the included studies contained data on personal exposure to PM and CO for
advanced combustion solid fuel stoves.

3.5 Mixed interventions

Two studies reported on the effects of mixed interventions (hood, improved cook stove,
venting, fireless cook and LPG) on HAP. The first was conducted in Kenya and measured
PM and CO in two seasons (wet and dry) (11), and the second in Nepal, measured CO (11).
Both studies used before- and after- designs and were of moderate quality.

In Kenya, baseline levels for kitchen PM4 (24-hr) were 0.60 mg/m3 (SD 0.38) and 0.45
mg/m3 (SD 0.33) and post-intervention levels were 0.38 mg/m3 (SD 0.30) and 0.33 mg/m3
(SD 0.28) for wet and dry seasons respectively. The percentage reduction in PM was 49.9%
for wet season and 37.7% for dry season.

In Kenya and Nepal, baseline levels for kitchen CO (24-hr) ranged from 3.75 ppm (SD 2.49)
to 9.05 ppm (SD 10.09) and post-intervention levels ranged from 3.55 ppm (SD 3.47) to 7.82
ppm (SD 5.22) across the three measurements (2 studies). The percentage reduction in CO
ranged from 5.3% to 71.8%. Estimates of personal exposure (pre- and post- intervention)
were not available.
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3.6 Charcoal improved cook stoves

Two studies, conducted in Madagascar, reported on the effects of improved charcoal stoves
on HAP (22). The first, conducted in Ambositra, identified a slight increase in kitchen PM; s
(24hr) from a baseline mean of 0.35 mg/m*® (SD 0.36) to a post intervention mean of 0.40
mg/m? (SD 0.38). For CO (24hr) there was a significant decline in emissions from a baseline
mean of 42 ppm (SD 32) to a post-intervention mean of 8 ppm (SD 9). The second study,
conducted in Vatomandry, identified decreases in both 24hr PM,s (baseline mean 1.06
mg/m?® (SD 4.18); post-intervention mean 0.28 mg/m3 (SD 0.27) and 24hr CO (baseline
mean 11 ppm (SD 10; post-intervention mean 7.4 ppm (SD 6.1)).

In Ambositra the percentage changes in kitchen concentrations were a 12% increase for
PM,s (24hr) mg/m® and 81% decrease in CO (24hr) ppm. In Vatomandry the percentage
changes were a 74% decrease in PM,s (24hr) mg/m3 and a 33% decrease in CO (24hr)

ppm.
Estimates of personal exposure were not available.

3.7 Liquefied petroleum gas and natural gas

Only one study conducted in Sudan was identified that investigated the impact of an LPG
stove intervention (11). The study used a before-and-after design and was classified as
moderate quality. Follow-up measurement of exposure was conducted 12 months after
installation of the intervention. Kitchen PM and CO were measured over two seasons (wet
and dry).

Baseline levels for kitchen PM, s (24-hr) were 1.15 mg/m3 (SD 1.22) and 0.63 mg/m3 (SD
0.54) and post-intervention levels were 0.23 mg/m3 (SD 0.14) and 0.33 mg/m3 (SD 0.07) for
wet and dry seasons respectively. The percentage reduction in PM was 80% for wet season
and 47.6% for dry season. Baseline levels for kitchen CO (24-hr) were 13.35 ppm (SD 12.54)
and 9.62 ppm (SD 5.22) and post-intervention levels were 3.38 ppm (SD 2.49) and 1.96 ppm
(SD 3.47) for wet and dry seasons respectively. The percentage reduction in CO was 74.7%
for wet season and 79.6% for dry season.

Estimates of personal exposure were not available.

3.8 Ethanol

Two before-and-after studies conducted in Africa addressed impacts of ethanol; one was
classified as weak quality, the other high quality. Four estimates each were available for
kitchen PM and CO.

3.8.1 Kitchen concentrations

Particulate matter:

Studies measuring kitchen PM are summarised in Table 17. Baseline levels for kitchen PM
range from 0.39 mg/m? (SD 0.49) to 2.17 mg/m?® (SD 1.63), post-intervention levels from 0.09
mg/m?® (SD 0.05) to 0.15 mg/m?® (SD 0.11). The percentage PM reduction ranged from 63.5%
to 94.0%. The weighted means for kitchen PM for all studies were 0.72 mg/m*® at baseline
and 0.12 mg/m? post-intervention, with a weighted average reduction from baseline of 82.8%.

41



Table 17: Ethanol: Kitchen PM (mg/m®)

Author (year) | Baseline stove Intervention Duration Analytic or | Number of | PMzs Baseline Intervention | % reduct- Absolute Global
and country | and fuel stove of follow- sampling homes or PMy; PM PM (mg/m3) ion from difference quality

up approach period (mg/m3) (SD) baseline (95%Cl) assessment

(SD)

Before and after designs (all studies)
CEIHD Traditional Ethanol stove | Not Intention 11 PM_5 2.17 0.13 (0.08) 94.0 -2.04 (-3.00, | 7 /12 stars
2007a(33) stove, biomass specified to treat 24-hr (1.63) -1.08) (58.3%)
Kebribeyah
Ethiopia
CEIHD Traditional Ethanol stove | Not Intention 12 PMzs 0.96 0.15 (0.11) 84.4 -0.81 (-1.26, | 7/ 12 stars
2007b(33) stove, biomass specified to treat 24-hr (0.79) -0.36) (58.3%)
Bonga
Ethiopia
PAC Traditional Cleancook 5 months Intention 31 PM_ 5 0.39 0.14 (0.08) 63.5 -0.25 (-0.42, | 13/ 14 stars
2011a(22) charcoal stove ethanol to treat 24-hr (0.49) -0.07) (92.9%)
Vatomandry
Madagascar
PAC Traditional Cleancook 7 months Intention 31 PMzs 0.45 0.09 (0.05) 79.2 -0.36 (-0.51, | 13/ 14 stars
2011b(22) charcoal stove ethanol to treat 24-hr (0.43) -0.21) (92.9%)
Ambositra
Madagascar
All studies
Weighted means | 85 [0.72 [ 0.12 | 82.8
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In random effects meta-analysis the pooled effect estimate was -0.58 mg/m?® (95% Cl: -0.92;
-0.24), with a large 1? value of 82% indicating considerable heterogeneity (Figure 16). There
were insufficient studies for sensitivity analysis. Tests for publication bias were non-
significant for Begg’s (p=0.308), but marginally significant for Egger’s (p=0.056).

Figure 16: Random effects meta-analysis for absolute difference in PM (mg/m?) in
kitchen

Intervention Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
CEIHDIGAIAZOO7-1 013 o008 41 247 163 11 93%  -204[300,108) ———
CEIHDIGAIAZODT-2 IR AR 12 086 079 12 224% -0.81[1.26,-0.36)] ——
PAC2011(cleancook)-1 0142 0083 31 0389 0489 31 338% -025[0.42-007) &
PAC2011(cleancook)-2 0084 0.054 31 0453 0433 3 345% -036[F0.51,-021] L
Total {95% CI) 85 85 100.0% -0.58[-0.92,-0.24] L 3
Heterogeneity: Tau®= 0.08; Chi*=17.08, df=3 (P =0.0007); F=82% 52 51 5 15 é
Testfor overall effect: 2= 3.34 (P = 0.0008) Reduction in PM (mg/m2) Increase in PM (mg/m3)

Carbon monoxide:

Studies measuring kitchen CO are summarised in Table 18. Baseline levels ranged from
15.0 ppm (SD 23.0) to 70.5 ppm (SD 38.6) with post-intervention levels from 0.8 ppm (SD
1.0) to 14.6 ppm (SD 8.2). The percentage CO reduction ranged from 74.7% to 94.7%. The
weighted means were 33.0 ppm at baseline and 5.9 ppm post-intervention, with a weighted
average reduction from baseline of 82.2%.
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Table 18: Ethanol: Kitchen CO (ppm)

Author (year) | Baseline stove Intervention Duration Analytic or | Number of | CO Baseline Intervention | % reduction | Absolute Global
and country | and fuel stove of follow- sampling homes (ppm); CO (ppm) | CO (ppm) from difference quality

up approach period (SD) (SD) baseline (95%Cl) assessment
Before and after designs (all studies)
CEIHD Traditional Ethanol stove | Not Intention 11 CO (ppm) | 70.5 14.6 (8.2) 79.3 -2.04 (-3.00, | 7/ 12 stars
2007a(33) stove, biomass specified to treat 24-hr (38.6) -1.08) (58.3%)
Kebribeyah
Ethiopia
CEIHD Traditional Ethanol stove | Not Intention 12 CO (ppm) | 22.1 5.6 (3.7) 74.7 -0.81 (-1.26, | 7 /12 stars
2007b(33) stove, biomass specified to treat 24-hr (19.1) -0.36) (58.3%)
Bonga
Ethiopia
PAC' Traditional Cleancook 5 months Intention 31 CO (ppm) | 42.0 8.0 (9.0) 81.0 -0.25 (-0.42, | 13/ 14 stars
2011a(22) charcoal stove ethanol to treat 24-hr (30.0) -0.07) (92.9%)
Vatomandry
Madagascar
PACT Traditional Cleancook 7 months Intention 31 CO (ppm) | 15.0 0.8 (1.0) 94.7 -0.36 (-0.51, | 13/ 14 stars
2011b(22) charcoal stove ethanol to treat 24-hr (23.0) -0.21) (92.9%)
Ambositra
Madagascar
All studies
Weighted means | 85 | 33.0 | 5.9 82.2
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In random effects meta-analysis, the pooled estimate was -27.3 ppm (95% CI: -13.1, -41.5),
also characterized by large heterogeneity with an 1> of 83%, (Figure 17). There were
insufficient studies for sensitivity analysis. Tests for publication bias were non-significant for
Begg’s (p=0.089) and Egger’s (p=0.161).

Figure 17: Random effects meta-analysis for absolute difference in CO (ppm) in
kitchen

Intervention Baseling Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl [V, Random, 95% CI
CEIHDIGAIAZOO?-1 146 82 11 7F0A 386 11 172% -5A080[-79.22,-3258 ——
CEIHDIGAIAZO07-2 a6 37 12221 141 12 268%  -1650F27.51,-5.449)] ——
PACZ011 (cleancook)-1 I I 42 30 31 269% -34.00[-45.03,-22497) —a—
PACZ011 {cleancook)-2 08 1 3 18 23 31 290%  -14.20F22.30,-6.10] —+
Total (95% CI) 85 85 100.0% -27.32 [41.54, 13.10] -
Heterogeneity Tau*=164.23; Chi*=17.18, df= 3 (P = 0.0006); F= 83% 20 35 0 35 A0

Testfor overall effect 2= 3.77 (F = 0.0002) Favours experimental Favours contral

Overall strength of evidence for effect of ethanol stoves on kitchen PM and CO

Particulate matter:

Only two before-and-after studies (4 estimates) were available for kitchen PM, and these
were downgraded for heterogeneity and the marginally significant Egger’s test, but upgraded
for large effect (>50% reduction from baseline), resulting in an initial assessment of Low. This
was Lgnchanged in the final assessment, and the effect estimate was -0.58 (-0.24, -0.92)
mg/m®.

Carbon monoxide:

The same two studies were available for kitchen CO, and was downgraded for heterogeneity
and upgraded for large effect, resulting in an initial assessment of Moderate. This was
unchanged in the final assessment, and the effect estimate was -27.3 (-13.1, -41.5) ppm.

3.8.2 Personal exposure

Particulate Matter

No studies directly measured personal exposure to particulate matter. One study conducted
in Madagascar (22) estimated PM,s based on measurements of personal CO, and co-
located CO and PM, s in homes however results are not reported here as only studies with
direct measurements of pollutants were eligible for the review.

Carbon Monoxide

One quasi-experimental study conducted in Madagascar provided estimates for the impact of
introducing an ethanol stove on women’s and children’s exposure to CO at the two study
sites, Ambositra (highland) and Vatomandy (coastal) (22).

Baseline and post-intervention averages are shown in Table 19 for both the ethanol cook
stove intervention group and the control group for the study women and children. For both
adults and children levels of CO ppm were greater in Ambositra then in Vatomandry,
reflecting the higher altitude, colder conditions and more enclosed housing in the former site.
In Ambositra baseline levels for children ranged from 5.6 ppm (SD 5.3) to 10.0 ppm (SD 6.7)
and for adults levels ranged from 8.9ppm (SD 5.8) to 13.9 (SD 15.7). This compared to 0.6-
0.8ppm and 1.3-2.5ppm in children and adults respectively in Vatomandry.
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Table 19: Personal exposure measurements of CO ppm (24hr) for Madagascar quasi-
experimental study

Ambositra
Baseline Intervention
Intervention Total mean | sd mean | sd p-value
Personal exposure in children
Control 22 9.96 6.72 13.90 12.55 0.111
Ethanol 30 5.62 5.32 3.16 2.59 0.016
Personal exposure in adults
Control 18 13.91 15.66 12.78 10.48 0.678
Ethanol 26 8.87 5.78 4.19 7.01 0.001
Vatomandry
Baseline Intervention
Intervention Total mean | sd mean | sd p-value
Personal exposure in children
Control 23 0.63 0.64 1.89 2.76 0.051
Ethanol 31 0.79 0.90 0.98 0.85 0.503
Personal exposure in adults
Control 21 2.48 1.99 5.11 2.22 0.665
Ethanol 30 1.30 1.02 0.97 1.55 0.458

In Ambositra the ethanol intervention had a significant impact on personal exposure to CO
for both children (p=0.016) and adults (p=0.001). In children mean exposure reduced from
5.62ppm to 3.16ppm (56.2% reduction) and in adults from 8.87ppm to 4.19ppm (47.2%
reduction) from baseline to post-intervention follow-up 5 months later. There was no such
significant decrease in exposure in the control group, which showed a non-significant
increase between baseline and follow-up.

In Vatomandry, where baseline levels were considerably lower, the ethanol intervention did
not appear to impact on exposure to CO ppm for either children (p=0.503) or adults
(p=0.458). Both the adult and child control groups showed increases from baseline to follow-
up, non-significant for adults, but marginally so (p=0.051) for children.

3.9 Electrification

Only one study carried out in three South African villages was identified that examined an
intervention involving electricity for cooking (37). This cross-sectional study investigated the
effects of electrification via the grid in one village (which was used for cooking along with a
mix of other fuels including kerosene and solid fuel) compared to use of kerosene and solid
fuel only on HAP (PM and CO) in two matched villages without grid access.

The baseline level of kitchen PM4 (24-hr) was 0.16 mg/m® (SD 0.26), the post-intervention
level was 0.08 mg/m® (SD 0.12), implying a 50.0% reduction in PM. The baseline and post-
intervention levels for kitchen CO (24-hr) were 1.25 ppm (SD 0.69) and 0.69 ppm (SD 0.85)
respectively, representing a percentage reduction in CO of 44.8%. Estimates of personal
exposure were not available.

3.10 Other clean cooking interventions: biogas and solar

No studies with measurements of PM and/or CO meeting inclusion criteria were identified for
other clean fuel options, such as biogas and solar cookers.
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3.11 Behavioural and other types of intervention

A number of other structural and behavioural interventions have been proposed to contribute
to reductions in HAP and personal exposure (1).

The focus of this review was stoves and fuels, as these are seen as the most critical factor in
achieving low levels of HAP and exposure. Search terms designed to identify studies that
have reported on these other types of intervention were not included in the search.
Consequently, systematic assessment of their use and impact is not included here.

In most, if not all, programmes introducing new stoves and fuels will have included some
measure of behavioural change through user training and advice. A few studies identified
through the current review have studied behavioural change. Those by Barnes et al in South
Africa did not include HAP or exposure data (38). A study carried out in three areas of China
investigated a behavioural intervention in conjunction with an ICS intervention (39). This
study was in fact excluded from the main meta-analyses of ICS interventions due to large
discrepancies between numbers at baseline and follow-up, and this limitation applies to all

the comparisons between behavioural interventions and the ICS.

4. Summary of impacts of interventions on kitchen PM and CO

The findings of the systematic review for kitchen PM (Table 20) and CO (Table 21) are
shown below. More detailed information on the distribution of post-intervention

concentrations of PM and CO are provided in Figures 12 and 13, respectively, and the
accompanying discussion.

Table 19: Summary of impacts on household air pollution, based on main pooled
effect estimate (where available) for kitchen PM

Number Pooled effect Weighted mean Post-intervention
of estimate for % reduction in weighted mean
studies absolute concentrations
difference (95% CI) | (range)
Improved solid fuel stoves
Improved solid fuel 18 (23 -0.50 (-0.64; -0.35) -63.3 0.37
stoves with chimneys estimates) (+14.3% to -
89.5%)
Improved solid fuel 4 (7 -0.26 (-0.39; -0.12) -47.6 0.41
stoves without estimates) (-33.6 to -54.3%)
chimneys
Advanced combustion 1(3 -0.22 (-0.38; -0.06) -41.4 0.38
solid fuel stoves estimates) (-28.7% to -
49.6%)
Mixed interventions 1(2 -0.23 (-0.36; -0.10) -43.8 0.29
estimates) (-37.7% to -
49.9%)
Cleaner fuels
LPG, natural gas 1(2 - -63.8 0.28
estimates) (-47.6% to -
80.0%)
Ethanol 4(4 -0.58 (-0.92; -0.24) -82.8 0.12
estimates) (-63.5% to -
94.0%)
Electrification 1(1 - -50.0% 0.08
estimate)
Solar cookers - - -
Biogas - - -
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Table 20: Summary of impacts on household air pollution, based on main pooled
effect estimate (where available) for carbon monoxide

Number Pooled effect Weighted mean Post-intervention
of estimate for % reduction in weighted mean
studies absolute concentrations
difference (95% CI) | (range)
Improved solid fuel stoves
Improved solid fuel 17 (22 -5.39 (-6.92; -3.26) -62.8% 4.2
stoves with chimneys | estimates) (-23.3% to -
87.5%)
Improved solid fuel 5(8 -3.41 (-4.80; -2.02) -38.7% 6.6
stoves without estimates) (-11.4% to -
chimneys 54.5%)
Advanced combustion | 1 (3 -3.16 (-5.59; -0.73) -49.7% 5.7
solid fuel stoves estimates) (-41.5% to -
61.2%)
Mixed interventions 2(3 -1.53 (-3.05; -0.02) -47.7% 4.1
estimates) (-5.3% to -71.8%)
Improved solid fuel stoves
LPG, natural gas 1(2 - -68.8% 2.7
estimates) (-47.6% to -
80.0%)
Ethanol 24 -21.9 (-27.4; -16.5) -82.2% 5.9
estimates) (-74.7% to -
94.7%)
Electrification 1(1 - -44.8% 0.7
estimate)
Solar cookers - - -
Biogas - - -

The quantity of studies identified and quality of evidence supporting different interventions
vary greatly. Studies of clean fuel were especially sparse: no studies were identified that
document the impact of biogas or solar cooker interventions on HAP, and only one study
each examined the impact of LPG/natural gas and electrification interventions. Only two
studies were available for mixed interventions.

In interpreting these summary findings, it is important to keep in mind the variable number of
studies available across groups, and the specific circumstances (e.g. the baseline
concentrations), especially where the summary data in Table 20 and Table 21 are based on
very few studies. For these reasons, attention is focused on those stoves and fuels with at
least three studies.

Improved solid fuel stoves:

For kitchen PM, improved solid fuel stoves with chimneys showed the largest absolute
reductions of -0.50 mg/m?, which was around twice the reductions seen for non-chimney
stoves and advanced combustion stoves. The range of reductions are, however,
considerably wider for the chimney stoves. Post-intervention concentrations, are similar for
all three groups of solid fuel stoves at 0.37 to 0.41 mg/m3, with the chimney stoves having
marginally the lowest level.

For kitchen CO, again the chimney stoves had the largest absolute reduction (-5.39 ppm),
with non-chimney and advanced combustion stoves having reductions of about 60% of those
for chimney stoves. The range of percentage reductions was similarly greatest for chimney
stoves. Post-intervention weighted mean concentrations were 4.2 ppm for chimney stoves,
which is below the WHO 24-hr guideline level. Non-chimney stoves by contrast had a post-
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intervention weighted mean of 6.6, slightly above the WHO 24-hr guideline. The advanced
combustion stoves had a value of 5.7, almost exactly the same as the guideline.

Studies examining changes in personal exposure were only identified for improved solid fuel
stoves with chimneys; it is noteworthy that pooled absolute reductions for personal exposure
to PM (-0.15 mg/m®) and CO (- 1.4 ppm) were much lower than those for kitchen PM (-0.50
mg/m?®) and CO (-5.39 ppm) (see section 3.2.2).

Clean fuels

Among clean fuels, ethanol was the only fuel with more than one study, and the absolute
reduction in PM of -0.58 mg/m® was the largest among all of the interventions studied. The
post-intervention concentration of 0.12 mg/m3 was also the lowest achieved, with the
exception of the single study of electrification for which there was also a relatively low
baseline value. For kitchen CO, baseline levels were very high (for two of the four estimates
the baseline fuel was charcoal): the ethanol stove resulted in a very large absolute reduction
of -21.9 ppm, with a post-intervention weighted mean of 5.9 ppm just above the WHO 24-hr
guideline which may reflect some continued mixed fuel use.

Summary of studies reporting kitchen PM

Baseline and post-intervention levels for kitchen PM reported from all studies grouped by
intervention type are shown in Figure 18. For the purposes of comparison, the WHO Air
Quiality Interim Target 1 for annual PM, 5 of 0.035 mg/m? is shown on the graph.
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Figure 18: Baseline and intervention levels for kitchen PM (mg/m?) for all improved
solid fuel stove and cleaner fuel interventions in relation to WHO Air Quality Guideline
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The very large discrepancies in baseline levels are clearly apparent, ranging from a high of
3.37 mg/m® (Nepal, followed by chimney stove intervention) to a relatively low minimum of
0.16 mg/m? (South Africa, followed by electrification intervention).

Although none of the solid fuel interventions reach levels at or below IT-1, those with
chimneys come closest with values for the three best being 0.042. 0.053 and 0.062 mg/m3
(112, 14, 20). Across this group of stoves, post-intervention levels were highly variable, with
some still above 1 mg/m3. None of the non-chimney stoves performed particularly well in
terms of post-intervention levels, and again these were highly variable. Neither did the
advanced stove perform well, although it was recognized that use was sub-optimal, and
mixed with continued use of traditional stoves.

For the clean fuels, all of the ethanol studies had relatively low post-intervention values (22,
34), the lowest being 0.09 mg/m3. The single study of electrification had a low baseline of
0.16 mg/m3, and a post-intervention value of 0.08 mg/m3 (37). The study of LPG (two
estimates by season) reported relatively high post-intervention values of around 0.3 mg/m3.
All of these clean fuel studies, however, reported some continued mixed fuel use during the
intervention period.

Figure 19 illustrates baseline and post-intervention levels for kitchen CO across all
intervention types examined in the systematic review, and relates these to the WHO Air
Quality Guideline level for 24-hour CO of 5.68 ppm. Baseline levels differ greatly, with some
of these being below guideline levels (11, 13, 17, 26, 28, 36, 37). With respect to post-
intervention levels, nearly two thirds of all improved solid fuel stoves with chimneys examined
meet the CO guideline, whereas this proportion is only about one third for stoves without
chimneys. The gas and electrification interventions consistently met the CO guideline, while
the ethanol studies showed mixed results with large heterogeneity.
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Figure 19: Baseline and intervention levels for kitchen CO (ppm) for all improved solid
fuel stove and cleaner fuel interventions in relation to WHO Air Quality Guideline
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5. Experience from stove interventions in industrialised countries
and China

5.1 Industrialised countries

Biomass burning for residential heating is common in industrialized countries, particularly in
rural communities. The term wood stove refers to enclosed residential space heaters. Most
of these devices are vented, but stove designs can vary dramatically with respect to
emissions. Conventional devices, accounting for more than 80% of wood stoves in the
United States, have no emission reduction technologies or design features, and they emit 15
to 30 grams of PM,s per hour (g/h) (41). Improved models include both catalytic and non-
catalytic stoves with greater combustion efficiencies and at least 50% lower PM, s emissions
compared to conventional stoves (41). Pellet stoves, increasingly popular in Europe, burn
processed wood or other biomass materials and yield even lower emissions. Of these
various devices, conventional wood stoves are the primary target of several community-level
interventions to address concerns of ambient air quality. For example, a small community in
the Rocky Mountain region of the United States recently completed a large-scale programme
to replace over 1100 older model wood stoves with newer technology stoves, resulting in a
27% reduction of ambient levels of PM, 5 during the cold temperature period (42).

Few studies have evaluated the impact of wood stove technology upgrades on indoor air
pollution levels in industrialized countries. Several factors are known to influence the
effectiveness of a newly introduced wood stove. Indoor pollutant concentrations are the
result of a combination of indoor-generated particulates and infiltration of particles in ambient
air emitted from other sources. It is also generally understood, although poorly documented,
that behavioural factors have a large impact on stove emissions, including wood sizing, fuel
moisture content, ignition procedure, burn temperatures and maintenance.

The settings and stove technologies in industrial countries are very different from those in
most developing country communities. Nevertheless, further characterization of the sources
of variability and the efficacy of biomass burning interventions can help to inform
programmatic approaches in other settings. The limited findings suggest that stove
interventions may require supplemental strategies such as training of residents on best burn
practices and the use of low-technology assistive devices such as fuel moisture meters and
stove thermometers. Where such assistive devices or user training are impractical, new
technology stoves should be designed to be as user-independent as possible.

Table 22 summarizes four recent North American studies that measured indoor PM,s
concentrations before and after the introduction of a wood stove upgrade (43-46). Crude
comparisons of baseline and intervention means suggest modest overall reductions in indoor
PM,s but the outcomes were highly variable with one-third of homes showing no
improvements in indoor air quality. After accounting for repeated measures and ambient
factors three of the studies failed to demonstrate significant reductions in indoor PM, 5. Only
one of the studies occurred within the context of a randomized trial, and it showed no
reduction in indoor PM, 5 relative to control homes (mean percent reduction 1.0; 95% CI: -31,
34) (43, 44).
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Table 21: Summary of North American studies of wood stove interventions

Author No. of | PMzs Samples | PM2s Baseline | Intervention | % Absolute

(year) and homes | period | per sampling PM2s PM2s reduction | difference®

country home method (mg/m®) | (mg/m?®) from (95%ClI)
(SD) (SD) baseline

Before and after designs and RCT (Noonan 2012c)

Ward 15 24-hr 4t07 DustTrak 0.045 0.039 13.3 -0.006

(2011)(45) (TS (0.046) | (0.047) (-0.036,

Nez Perce 0.024)

Reservation,

United

States

Allen 15 6-day 2 Gravimetric, | 0.014 0.013 7.1 -0.001

(2009)(46) Harvard (0.006) | (0.007) (-0.0086,

Northern impactor 0.004)

British

Columbia,

Canada

Noonan 21 48-hr 2t05 DustTrak 0.045 0.021 53.3 -0.024

(2012b)(42) (TSI (0.033) | (0.019) (-0.041,

Montana, -0.007)

United

States

Noonan 15 48-hr | 4 DustTrak 0.067 0.068 [1.5] 0.001

(2012c)(43) (TSI) (0.043) | (0.061) (-0.038,

Western 0.040)

United

States

Weighted 66 0.043 0.034 21.3

Means

% Difference = Intervention minus baseline mean

5.2 The Chinese National Improved Stoves Programme

In the early 1980s, in response to widespread biomass fuel shortages, the Chinese
government initiated the world’s largest publicly financed programme to provide rural
households with more efficient biomass stoves and, later, coal stoves. By the early 1990s,
130 million improved stoves with chimneys had been installed under the National Improved
Stove Programme (NISP).

In 2002, an independent study was undertaken to evaluate, among other aspects, impacts of
the NISP on HAP (47). Measurements of PM and CO in nearly 400 households in Zheijang,
Hubei, and Shaanxi provinces provided several important insights. First, the impact of an
improved stove programme on HAP and health may be limited in settings where multiple
fuels and stoves are used in parallel. Secondly, given the importance of space heating,
making available an improved stove for cooking may not be a sufficient strategy to reduce
HAP; it also emerged that most coal stoves in use could not be considered improved. Thirdly,
while the stoves that were improved significantly reduced HAP, PM levels remained
substantially above the WHO air quality guideline limits and interim targets.

Separately, three retrospective cohort studies have examined the impact of the NISP on
COPD, lung cancer and adult ALRI mortality in Xuanwei province. For lung cancer, the
adjusted hazard ratio for men using improved coal stoves compared with traditional open
coal fires was 0.59 (95% CI: 0.49 to 0.71), and 0.54 (0.44 to 0.65) for women (48). For
COPD, use of improved stoves was associated with hazard ratios of 0.58 (95% CI 0.49 to
0.70) in men and 0.75 (0.62 to 0.92) in women (49). In both of these studies, the reduction in
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risk became unequivocal around 10 years after stove improvement. The third study, on adult
ALRI, also reported reduced hazard rations for improved stove users: among smoky coal
users the HR was 0.52 (95% CI: 0.34, 0.80) and among smokeless coal users the HR was
0.45 (95% CI: 0.22, 0.94) (50).

In conclusion, even though a large fraction of China’s rural population probably continues to
be exposed to relatively high levels of HAP, the NISP appears to have resulted in important
health benefits, at least for the three adult health outcomes studied in the Xuanwei area.
Nevertheless, where studied, the multiple stoves and fuel use, heating needs, and poor
condition of some stoves contribute to sub-optimal reductions in HAP and levels that still
substantially exceed WHO air quality guidelines for PM,s. The programme has successfully
shifted norms: most solid fuel stoves now available on the market in China have flues and
other technical features that classify them as improved.

6. Discussion and conclusions

Overview

This systematic review draws together for the first time all available studies providing data
using consistent measurement protocols for estimates of long-term small PM (mostly PM, s, a
few having measured PM,) and CO, for both cooking area (kitchen) and personal exposure
concentrations. The review covers solid fuel stoves (with and without chimneys, and
advanced combustion stoves), clean fuels (LPG, ethanol, electricity) and mixed interventions.
No studies were found for biogas or solar cooking.

The key strength of this review is its comprehensive nature, drawing on a wide range of
sources and reports, but applying consistent methods for data extraction, synthesis and
summary, and for evidence grading. A variety of approaches are utilised to present the
findings which allow appreciation of both group effects as well as individual study findings;
this is important because of the generally high levels of heterogeneity between studies in
baseline levels of pollution, the types of stove technology and circumstances of their use.

A major limitation of this review is the paucity of studies on personal exposure, advanced
combustion stoves, and clean fuels. It is also clear that there are a number of other factors
that contribute to the post-intervention levels achieved, including mixed stove and fuel use,
and other sources of pollution which may including lighting (especially from kerosene lamps)
and various neighbourhood sources. While these are suspected to be important, and noted
in some studies, none have carried out measurements that would allow a better
understanding of the attribution of HAP to these various sources.

Key findings

A number of clear findings emerge. For PM, and consistent with the data reported in Review
5 (HAP and exposure), baseline levels are very high, but also very variable. All intervention
groups, and most individual studies, find large percentage and absolute reductions in PM,
with rather few reporting small reductions or even increases. Among solid fuel stoves, those
with chimneys performed better than those without. Chimney stoves also performed better
than advanced combustion stoves, but the latter group had only a small set of studies in
which sub-optimal use of the new stove and combined use with traditional stoves were
reported. For clean fuels, ethanol showed the largest reductions, but was the only clean fuel
examined in more than one study.

While findings on reductions are useful, it is the post-intervention levels which can be
expected to be the most important determinant of health risk. Whilst there is a great deal of
variation in the post-intervention levels, the majority of solid fuel stoves tested did not
achieve levels even close to the WHO annual PM, 5 intermediate target 1 (IT-1) of 35 pg/m?®.
A few chimney stoves did, however, and this may warrant further examination of the
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technology and circumstances of use in these examples. For clean fuels, studies of both
ethanol and electricity reported levels of PM,sbelow 100 pg/m?, although mixed fuel use was
common.

Personal exposure data for PM is restricted to the group of solid fuel stoves with chimneys,
for which just three studies were available (five estimates) finding a 76% reduction to a post-
intervention level of 70 pg/m°. This is encouraging, but is based on a very limited amount of
evidence.

The findings for kitchen CO have issues in common with those for PM as well as some
important differences. Baseline levels also show a great deal of variability, many exceed the
WHO 24-hr guideline, but a number do not; this is a reflection of the fact that CO levels are
not generally as elevated above the guideline in comparison with the situation for PM,s. A
similar pattern of mostly large absolute and percentage reductions in CO, with the chimney
stoves having the best performance among the solid fuel stoves, and ethanol among the
clean fuels. The findings for the post-intervention levels, however, are quite different from
PM: for CO, the majority of studies report levels below the WHO 24-hr guideline, including a
majority of the chimney stoves.

Personal exposure data for CO is available from a few more studies than for PM, reflecting
the fact that personal CO is considerably easier to measure. Five studies (eight estimates)
reported reductions of around 50% to a post-intervention mean of 1.77 ppm.

While the findings for CO are encouraging, not all of the stoves and clean fuel studies
achieved kitchen levels below the WHO guideline, and it is also important that all of the major
pollutants are reduced to safe levels. Accordingly, while measuring CO is valuable, the major
focus should remain on meeting guidelines for PM,s.

Strength of evidence

The strength of evidence of intervention impact estimates as determined by the GEPHI
assessments is Low to Moderate. This implies that we can have some confidence in these
effect size estimates, but can expect some substantial changes with future studies, particular
where few studies are currently available. The results of graded studies were very similar to
the pooled estimates including all the studies and therefore estimates are reported for all
studies including cross-sectional studies utilising all the data.

The finding of significant publication bias for chimney stoves (kitchen PM and kitchen CO) is
a concern, and seems to be mainly confined to before-and-after studies: In this group of
studies, there may have been a tendency to not publish smaller studies with small effects, or
to carry out small studies that focus on the stoves and homes with the better performance.
This does suggest that for those sub-groups of studies for which publication bias was
present, results could have been overestimated; on the other hand, continued mixed stove
and fuel use and contributions from other sources in the home and neighbourhood will tend
to underestimate the potential of these interventions.

There was weak evidence for advanced combustion stoves, which is disappointing given the
potential these technologies appear to have based on laboratory emissions testing (see
Chapter 4). This group of technologies should be a priority for future evaluation work in the
field if we are to find out whether this potential can be realised in everyday use.

Summary of research needs

The major research need is for more field-based studies of the most promising solid fuel
stoves, including advanced combustion stoves, and also of the clean fuels. These studies
need to use standardized methods, and it is encouraging that in recent years most of the
studies have done so and have allowed this review to be conducted. It is also important that
use of multiple stoves and other combustion devices in the home and immediate vicinity is
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recorded, and their contributions to levels of HAP and exposure measured where possible.
Similarly, levels of ambient air pollution resulting from household combustion of neighbours
and other sources (which may include brick kilns, traffic, industry and power generation)
should be measured to assess the contribution to household levels of and personal exposure
to particulate matter and carbon monoxide.

Conclusions

This is the first systematic review to summarise reductions in household air pollution
achieved by currently available and tested solid fuel and clean fuel interventions in
community-based evaluation studies. For carbon monoxide many of the interventions
(especially chimney stoves and clean fuels) achieve levels below the 24 hour WHO air
quality guideline level of 5.7 ppm. However, for small particulate matter (most studies
reporting PM,s, a few PM,), none of the interventions — whether solid fuel stoves or clean
fuels - have reached WHO annual AGQ IT-1 for PM,sof 35 pg/m?, and consequently none
reach the actual guideline value of 10 ug/m®. Indeed, the majority of studies reported post-
intervention concentrations in homes of several hundred pg/m*® above the guideline IT-1
level, although a few solid fuel chimney stoves and clean fuels were within about 50 pug/m?.

The evidence presented here on the effectiveness of interventions has typically come from
small-scale evaluation studies and furthermore there was evidence of publication bias when
pooling results, especially for before-and-after studies of chimney stoves. Consequently,
some of these results may be biased somewhat in favour of the interventions, and HAP
concentrations across larger, fully representative samples of homes may be somewhat
higher. On the other hand, there may be contribution from neighbourhood sources of
pollution and - as was discussed in the Methods - available results are based on means, not
medians, and the distributions of individual measurements are almost always markedly
positively skewed; median values would therefore generally be lower than those for means.
That said, the WHO AQG and IT values are presented as annual (or 24-hr) means.

In order to bring levels of household particulate air pollution down to the WHO guideline level
across populations, efforts now need to be directed at development and testing of cleaner
combustion solid fuel stoves, promotion of access to clean fuels, and adoption of clean
household energy across communities to minimise neighbourhood contributions to HAP.
While venting of stoves is to be encouraged to reduce indoor levels and personal exposures,
reducing total emissions to the ambient environment are critical to achieving low
neighbourhood levels, as well as in realising climate change benefits.

While in the future solid fuel stoves will likely see further reductions in emissions, given the

apparent limitations reported here in terms of post-intervention PM levels, more attention
needs to be given to promoting access to clean fuels as widely and as rapidly as feasible.
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Appendix 1: GEPHI Assessments

The assessment of the quality of evidence available on intervention effect estimates follows
the GEPHI assessment procedure, as described in ‘Methods used for evidence assessment’.

These assessments have been carried out for the intervention groups as reported in this
review, with the evidence for each group stratified by study design. Where ten or more RCTs
or before-and-after studies were included to assess a given PM or CO outcome, only these
higher quality study designs were included in the GEPHI assessments, with cross-sectional
studies not contributing.

The GEPHI assessment tables were applied as follows:

1.

Study designs: quasi-experimental and before-and-after studies are entered into the
profile as moderate evidence. Although a few of the studies used quasi-experimental
designs, only the intervention group data has been used for so that this was in a
comparable form and would allow pooling of data in meta-analysis.

Publication bias: This has been assessed by funnel plot asymmetry where there were at
least 5 studies (or estimates). Where feasible, this has been done separately by study
design and reported in the tables accordingly. Where the number of studies was too few
to permit this, the overall risk of publication bias was used.

Large effect: Where the reduction is more than 50% from baseline and statistically
significant, studies were upgraded by +1; no additional upgrading was included for larger
reductions.

Additional criterion 1 (Consistency across settings and study designs): This was applied
where all or virtually all of the studies of different designs and across different settings
and types of the technology in question show substantial reductions in the PM or CO,
with studies being upgraded by +1.

Additional criterion 2 (Analogous evidence): This was not considered relevant and has
not been applied to any of these assessments

58



A1l.1 Solid fuel stoves with chimneys (kitchen measurements)

Table Al.1(a): GEPHI assessment of findings for solid fuel stoves with chimneys: kitchen PM,¢

No of Design Risk of | Inconsistency | Indirectness | Lack of Publication Other No. of Effect Quality
studies bias Precision bias homes (ug/m3)
Int | Cont | 95%Cl
12 (17 Before-and-after Low I” = 69% No No Yes (-1) Large effect (+1) | 388 | N/A -0.46 (-0.60; | Low
estimates) studies (-1) -0.33)
6 (7 Cross-sectional Yes (-1) | I° =83% No Yes (-1) No Non-significant 227 | 217 -0.53 (-0.94; | Verylow
estimates) studies (-1) Large effect +0.13)
Final score Based on Before- 11/12 show reductions (+1 for consistency) -0.46 (-0.60; | Moderate
and-after studies -0.33)
Table Al1.1(b): GEPHI assessment of findings for solid fuel stoves with chimneys: kitchen CO
No of studies Design Risk of | Inconsistency | Indirectness | Lack of Publication Other No. of Effect Quality
(estimates) bias Precision bias subjects (ppm) 95%
Int Cont | ClI
1 (1 estimate) RCTs Low N/A No No N/A No 36 36 -75(-6.1,- | High
8.9)
10 (14 estimates) | Before-and-after Low 1> =77% No No Yes (-1) Large 421 | N/A -55(-3.7,- | Low
studies (-1) effect (+1) 7.3)
6 (7 estimates) Cross-sectional studies | Yes I” = 88% No No No No 144 | 189 -4.7 (-1.7,- | Very low
(-1) 7.6)
Final score Based on RCTs and 11/11 show reductions (+1 consistency) -5.7 (-3.9, - | Moderate
Before-and-after 7.5)
studies
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Al.2 Solid fuel stoves with chimneys (personal measurements)

Table Al.2(a): GEPHI assessment of findings for solid fuel stoves with chimneys: personal PM,5

No of studies | Design Risk of Inconsistency | Indirectness | Lack of Publication | Other No. of subjects | Effect (ug/m3) Quality
bias Precision bias 95% ClI
Int Cont

3 (6 estimates) | Before-and-after Low 1°=74% No No N/A Large 129 N/A -0.15 (-0.06, - Moderate
studies (-1) effect (+1) 0.24)

Final score No additional criteria met -0.15 (-0.06, - Moderate
Based on Before- 0.24)
and-after studies

Table Al1.2(b): GEPHI assessment of findings for solid fuel stoves with chimneys: personal CO

No of studies | Design Risk of Inconsisten | Indirectne | Lack of Publicatio | Other No. of subjects | Effect (ppm) 95% | Quality
bias cy ss Precision n bias int Cont Cl
12 RCTs (women) Low N/A No No N/A No 247 241 -2.6 (-2.0, -3.2) High
estimates) RCTs (children) Low N/A No No N/A No 256 244 -1.3(-0.9,-1.7) High
2(3 Before-and-after Low 1°=69% No No No No 69 N/A -0.8 (-0.13, -1.5) Low
estimates) studies (-1
23 Cross-sectional Low 1°=46% No No No No 100 149 -1.6 (-0.8, -2.4) Low
estimates) studies
Final score No additional criteria met -1.42 (-0.9, -2.0) Low
Based on RCTs,
before-and-after
studies and cross-
sectional studies
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Al1.3 solid fuel stoves without chimneys (kitchen measurements)

Table Al.3(a): GEPHI assessment of findings for solid fuel stoves without chimneys: kitchen PM,s

No of Design Risk of | Inconsistency | Indirectness | Lack of Publication | Other No. of subjects Effect (ug/m3) Quality
studies bias Precision bias 95% ClI
Int Cont
47 Before-and-after Low 1°=36% No No Yes (-1) No 169 N/A -0.26 (-0.12, - Low
estimates) studies 0.39)
Final score -0.26 (-0.12, - Low
Based on Before- No additional criteria met. Only 4 studies. All studies show reductions, but only 2 estimates (from 0.39)
and-after studies 2 studies) are significant
Table A1.3(b): GEPHI assessment of findings for solid fuel stoves without chimneys: kitchen CO
No of studies | Design Risk Inconsistency | Indirectness | Lack of Publication Other No. of subjects Effect (ppm) Quality
of Precision bias 95% ClI
. Int Cont
bias
47 Before-and-after Low 1°=0% No No No No 170 N/A -3.32 (--1.86, Moderate
estimates) studies 4.77)
Final score -3.32 (--1.86, Moderate
Based on Before- No additional criteria met. Only 4 studies. All studies show reductions, but only 2 estimates (from | 4.77)

and-after studies

2 studies) are significant
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Al.4 Advanced combustion solid fuel stoves without chimneys (kitchen measurements)

Table Al.4(a): GEPHI assessment of findings for advanced combustion solid fuel stoves: kitchen PM,s

No of studies | Design Risk of Inconsistency | Indirectness | Lack of Publication | Other No. of subjects | Effect (ug/m3) Quality
bias Precision bias 95% ClI
Int Cont
1 (3 estimates) | Before-and-after Yes 1°=0% No No N/A No 65 N/A -0.22 (-0.06, - Low
studies (-1) 0.38)
Final score No other criteria met -0.22 (-0.06, - Low
Based on Before- 0.38)
and-after studies
Table Al.4(b): GEPHI assessment of findings for advanced combustion solid fuel stoves: kitchen CO
No of studies | Design Risk of Inconsistency | Indirectness | Lack of Publication | Other No. of subjects | Effect (ppm) Quality
bias Precision bias 95% ClI
Int Cont
1 (3 estimates) | Before-and-after Yes 1°=0% No No N/A No 66 N/A -3.16 (-0.73, - Low
studies (-1) 5.59
Final score No other criteria met -3.16 (-0.73, - Low
Based on Before- 5.59

and-after studies
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A1.5 Ethanol fuel stoves (kitchen measurements)

Table Al.5(a);: GEPHI assessment of findings for ethanol: kitchen PM, 5

No of studies Design Risk of Inconsistency | Indirectness | Lack of Publication | Other No. of subjects Effect (ug/m3) Quality
bias Precision bias 95% ClI
Int Cont
2 (4 estimates) Before-and-after Low 1°=82% No No Possible Large 85 N/A -0.58 (-0.24, - Low
studies (-1) (-1) effect (+1) 0.92)
Final score No other criteria met -0.58 (-0.24, - Low
Based on Before- 0.92)
and-after studies
Table A1.5(b): GEPHI assessment of findings for ethanol: kitchen CO
No of studies Design Risk of Inconsistency | Indirectness | Lack of Publication | Other No. of Effect (ppm) Quality
bias Precision bias subjects 95% ClI
Int Cont
2 (4 estimates) Before-and-after Low 1°=83% No No No Large 85 N/A -21.9 (-16.5, - Moderate
studies (-1) effect (+1) 27.4)
Final score No other criteria met -27.3 (-13.1, - Moderate
Based on Before- 41.5)

and-after studies
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