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Executive Summary 

Household air pollution (HAP) from burning of solid fuel for cooking in traditional stoves is 
estimated to be responsible for about four million premature deaths annually in the world. 
New technologies that replace traditional cooking methods can alleviate the health impacts 
from cooking with solid fuels, a benefit which can be measured in averted Disability-Adjusted 
Life Years (aDALYs). DALYs are used by health and development entities globally to measure the 
burden of disease from a disease or risk factor and as the metric to evaluate and compare the 
effectiveness of health-related interventions, for example in terms of dollars per aDALY. The 
World Bank and partners are interested in trialing a global crediting system for aDALYs from 
cookstove intervention programs as a results-based financing mechanism to achieve child and 
maternal health goals in developing countries. 

This report presents recommendations for a robust standardized approach to quantifying 
aDALYs from interventions to reduce household air pollution through dissemination of cleaner 
stoves and or fuels, which is critical to the success of a crediting scheme. The methodology 
outlined here is modeled on systems used in the global carbon markets, following a three-
phased progression of I) program planning, II) validation study, and III) annual aDALY 
verification. The current recommendations are heavily informed by a pilot of phases I and II 
conducted in Laos PDR in 2015, with funding from The World Bank.  

Phase I requires setting community expectations and obtaining stakeholder support for the 
program, with particular focus on the distribution of the resulting revenue between developers 
and communities. During this phase, program implementers must also make appropriate 
decisions on the technologies and dissemination methods to be used, and they are strongly 
advised to vet these decisions with rigorous adoption, durability, and fuel performance studies 
in the field.  

Phase II describes a set of validation study requirements in which specific air pollution, 
demographic, and programmatic data are collected from the field and subsequently used to 
model changes in health due to the intervention in terms of aDALYs. The main purpose of these 
studies is to establish what changes in air pollution exposure occur in households with the 
intervention technology compared to those with the old cooking system. To convert changes in 
air pollution exposures to health impacts, the methodology relies on HAPIT, the Household Air 
Pollution Intervention Tool, a web-based software tool, which incorporates results from the 
best available health effects studies worldwide and methods from the Global Burden of 
Disease. 

Finally, the report outlines recommended components for a final verification phase, during 
which field checks are performed to confirm that the validation study results continue to apply 
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to a newly scaled-up or ongoing dissemination program. The verification process allows aDALY 
savings to be registered and potentially sold. This phase of the methodology has not been 
piloted as part of this report, but we understand there is work in progress on verification 
protocols, to be detailed and vetted by others. 

In its next phase, the initiative to create a global health crediting scheme for household air 
pollution interventions will undertake pilot studies in other regions and using alternative types 
of interventions. Steps will also be taken to institutionalize the scheme and engage wider 
stakeholder participation in finalizing a quantification methodology.  
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Abbreviations and Definitions 

AAP  ambient air pollution 

ACE-1  African Clean Energy-1 advanced cookstove 

aDALY  averted disability-adjusted life year 

ALRI  acute lower respiratory infection  

Community Effect   the additional ambient air pollution exposures in a community that come from 
the cumulative emissions from household fuels in the community. See Annex 6. 

 
COPD  chronic obstructive pulmonary disease 

GACC  Global Alliance for Clean Cookstoves 

HAPIT  household air pollution intervention tool 

IAQG Indoor Air Quality Guideline, as described by the World Health Organization 

IHD  ischemic heart disease 

IRB  institutional review board, responsible for approving human subject monitoring  

HAP  household air pollution 

KAP  kitchen air pollution 

LC  lung cancer 

LPG  liquefied petroleum gas 

M&E  monitoring and evaluation 

PM2.5  particulate matter smaller than 2.5 microns in diameter 

Stacking  It is often observed that a new technology brought into a household often does 
not fully displace the old one, but is at first “stacked” with the old one. An 
example with new stoves is that they are often first used only for certain 
cooking tasks while the old technology is still used for others.  

SUMS  stove use monitoring systems 

WHO  World Health Organization 
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Preface 

Household air pollution (HAP) from burning of solid fuel for cooking in traditional stoves is 
estimated to be responsible for about four million premature deaths annually in the world (Lim 
et al. 2012). New technologies that replace traditional cooking methods can alleviate the health 
impacts from cooking with solid fuels, a benefit which can be measured in averted disability-
adjusted life years (aDALYs) 3. DALYs are used by health and development entities globally to 
measure the burden of disease and to evaluate and compare the effectiveness of health-related 
interventions in such terms as dollars per DALY averted. 

This documents presents a methodology for quantifying the aDALYs from the displacement of 
traditional cooking technologies by new, improved technologies. It heavily relies on a pilot 
study done with in-country partners by the Household Energy, Climate, and Health Research 
Group of the University of California Berkeley and Berkeley Air Monitoring Group conducted of 
the effectiveness of a stove intervention in Lao PDR in 2015. This evaluated the field 
performance and consumer acceptance in terms of several parameters, including air pollution, 
stove usage, and fuel consumption. The Laos experience is summarized as a case study in Box 1, 
below, and a more technically detailed summary of the pilot project’s methods and results can 
be found in Annex 8: Technical Summary of Laos Pilot Project. (For full details, see Hill et al., 
2015.) 

The methodology for quantifying aDALYs recommended in this document was formulated 
around the experiences and results of the Laos pilot study. Therefore the report focuses more 
heavily on the planning and validation phases but provides less definition on the verification 
process, which has not yet been undertaken in Laos.  

This project is a first step in a longer-term initiative, led by the World Bank and partners, to trial 
creating a saleable health product using an aDALY crediting system similar to that used in the 
carbon market for averted tonnes of carbon from various projects. As with the protocols 
approved in the carbon market, the framing and recommended field studies are intended to be 
“good enough” to acquire reasonable confidence of the changes dues to the interventions, but 
are not intended to be equivalent to the results of rigorous scientific assessments, which would 

3 The Disability-Adjusted Life Year, or DALY, is a metric to evaluate the years of healthy life lost due to a condition 
or disease. DALYs are composed of two parts: Years of Life Lost, or YLLs, and Years Lost to Disability, or YLDs. YLLs 
are calculated by subtracting the age at death from the “ideal” life expectancy. YLDs describe the number of years 
lived with impaired or reduced health due to a condition. The DALY allows comparison of the health status of a 
population across geographic regions and does not take into account race, socioeconomic status, or other 
demographic characteristics.  
For more information on DALYs, see: http://www.healthdata.org/gbd/faq#What is a DALY? 
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take many years and be too expensive for routine use in evaluating and comparing most 
proposed projects. 

The approach presented here is not intended to be a definitive and final answer to the question 
of how to measure aDALYs from household interventions to reduce air pollution from cooking, 
but rather the first step in a process to establish credible and feasible standards for quantifying 
aDALYs in the context of a potential commercial crediting system. Next steps in the larger 
initiative include conducting further pilots in other regions, engaging a wider group of experts 
and stakeholders, and building an institutional base for a health crediting system with an 
appropriate host organization, such as The Gold Standard Foundation. 
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Introduction 

This report provides recommendations for quantifying aDALYs from a household intervention 
designed to lower household air pollution (HAP) exposures in households using traditional 
biomass cookstoves. In order to quantify aDALYs, the proposed methodology combines 
validation and verification steps. The methodology guides the design and implementation of 
the pilot study carried out to validate the project design and confirm that it has the potential to 
generate cost-effective aDALYs. It also provides a recommended protocol for verifying that the 
intervention program actually averts DALYs as expected over the course of its lifetime. 
Requiring an initial project design validation followed by periodic (often annual) verification of 
the intended benefits as the program scales-up is the approach used globally in carbon 
crediting systems.  

The focus of the validation and verification of aDALYs is on personal exposure to air pollution of 
household members exposed to smoke from cookstoves, rather than on kitchen or other indoor 
concentrations, because exposure is the most closely related pollution indicator of health 
impacts. Although indoor concentrations and personal exposure are related, many studies have 
shown that a change in indoor concentrations can be a poor indicator of changes in actual 
exposure, which is the parameter linked to health. 

To convert changes in air pollution exposures to health impacts, the methodology relies on 
HAPIT, the Household Air Pollution Intervention Tool, a web-based software tool that 
incorporates the best-available health information from the world scientific literature on HAP. 
HAPIT requires users to input a variety of parameters about the intervention program (including 
the number of targeted households, the intervention’s useful lifetime, and the cost of the 
intervention) along with the results of the field validation monitoring effort (pre and post-
intervention exposures to PM2.5 and the fraction of households using the intervention). HAPIT 
uses Global Burden of Disease-style calculations (Smith et al., 2014)) to estimate the averted 
disease burden resulting from the intervention.4 Additional details on the assumptions 
underpinning the HAPIT model are presented in Annex 5. 

Methodology Objectives 

The recommended methodology is designed to meet three primary objectives that support the 
broader longer term goal of developing an aDALY crediting system. 

1) To develop a broad flexible approach to aDALY monitoring 

4 See the following link to the latest HAPIT version.  In this document, we assume that Version 3.0 will be used.  
https://hapit.shinyapps.io/HAPIT/ 
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The methodology is general enough to accommodate interventions in the form of alternate 
clean fuels as well as those introducing cleaner-burning biomass stoves, although the 
technologies, dissemination methods, and financing might be quite different between these 
cases. Whatever the program design, the methodology provides guidance on how to 
demonstrate a change in personal exposures of household member, which is the health-
relevant parameter of interest.   

2) To provide “good enough” evidence as distinct from research-quality evidence 

The recommended approach seeks to provide adequate evidence that an exposure reduction 
resulting from an intervention can be expected and sustained and thus give confidence to 
potential donors or investors that any aDALY-based credits issued are verifiable and credible.  
Importantly, the methods proposed here are not designed to actually measure changes in 
health from a change in HAP due to an intervention, which would require large, complicated, 
expensive, long-term field studies, particularly as the prevalence of most of the diseases known 
to be exacerbated by HAP (COPD, IHD, LC, stroke) take many years to develop but also many 
years to decline with reductions in exposure.  There is nevertheless a need for methods to 
credibly estimate the likely degree of ill-health that could be avoided by an intervention using 
the best available scientific evidence from epidemiological studies that could be expected from 
an intervention.  This would help both design better interventions and potentially help raise 
funds to implement them. 

The purpose of this proposed methodology is to provide this “good enough” evidence using the 
best available health effects information linked to high-quality air pollution exposure 
measurements. There is a long tradition of using such risk assessment techniques to evaluate 
environmental health hazards not only in air pollution but from interventions to reduce water 
pollutants, radiation, toxic chemicals, and so on.   

Evaluations of projects to reduce another important environmental health risk also benefit 
from such tools.  Interventions to mitigate climate change use CO2-equivalent metrics to 
estimate their benefits.  They are not required to actually show an impact on climate change, 
which would take sophisticated studies lasting many years, but rely on links established by the 
best current science between emissions of greenhouse gases and changes to climate.  These 
come from complex climate models informed by measurements and the best available science.  
Just so with HAPIT, which relies on the best intermediate variable between HAP and health, 
exposure to PM2.5.  Exposure is closely linked to the intervention via changes in pollution 
emissions as well as to health impacts themselves, but again via complex models based on 
major reviews of published health studies in real populations, which, like climate change 
models, evolve over time. 
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Thus, the methods in this document focus on obtaining reasonably accurate, statistically 
representative estimates of exposure changes in households experiencing the proposed 
intervention.  The link to health is provided by HAPIT, which has exposure changes as its 
primary input to estimate health changes. 

There are intrinsic differences, however, between what is needed to establish in a reasonable 
way reduction in carbon emissions versus reductions in exposure.  The most important is that 
carbon emissions from one house do not interact with those from other households – either 
next door or further afield.  Their impact is due their interaction at the atmospheric level in 
terms of global warming.  Not so with HAP exposures, which are affected in one house not only 
by what happens in that household but also by what happens in nearby ones and, indeed, to 
some extent by households far away.  This initial version of the aDALY protocols does not yet 
provide a way to estimate the community exposure changes and associate aDALYs, but it is 
intended that future versions will do so.  We do provide initial guidance, however, as to how to 
estimate the degree of this “community effect” for HAP-reduction projects (see Annex 6). 

Thus, the rigor of the suggested protocols here for use in a potential aDALY market are thus 
meant to roughly emulate those developed for the current world carbon market that are used 
to give assurance to investors that there have been a certain number of averted tonnes of 
carbon emissions.   

3) To assist potential implementers in understanding the prerequisites for successful 
aDALY quantification and the resources to do so. 

Although not its main objective, the report also provides a first-level guidance on choosing and 
testing the intervention technology to be deployed and selecting dissemination methods based 
on past experience.  These choices are critical because if an intervention technology is not used 
and does not replace the traditional technology to a large extent, and/or is not durable, it will 
likely not, in the end, produce significant exposure reduction even if it has low emissions of 
smoke when initially operating as designed.  Many cooking technologies and programs have 
failed because of these reasons in the past (see for example Balakrishnan et al., 2015).  Thus, 
those proposing an intervention for the purpose of achieving credits for aDALYs will need to 
seriously focus on these aspects if they hope to validate and verify both initial and continued 
exposure reductions. 
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Methodology Overview 

This report and methodology is divided into three major phases that cover seven steps, as 
shown in the overview diagram below.   

 

 
The proposed methodology is heavily informed by a demonstration of Phases I and II conducted 
in Lao PDR in 2015, which is summarized on page 20 and presented with more technical detail 
in Annex 8: Technical Summary of Laos Pilot Project. (For full details, see Hill et al., 2015.) 
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Phase l: Intervention Program Planning 

Step 1: Set expectations in the community 

Work with local leaders and/or community groups to ascertain that the community is willing to 
accept the lower cost or other direct benefit to the community of the intervention technology 
as reasonable compensation for foregoing the value of aDALYs sold on the international market 
for a project in their area. Other services and benefits may be additionally provided to the 
community to offer compensation considered equivalent to the market value of aDALYs. A 
formal agreement may be needed to this effect.  This is similar to the expectation for household 
projects in the carbon market, including those for cooking technologies. 

To meet what is increasingly considered essential in health intervention studies, it also strongly 
recommended that results of the validation study described below be disseminated afterwards 
to the households and communities that participated.  This needs to be done in ways that are 
suited to their needs and level of understanding. 

Step 2: Maximize potential health benefits through appropriate clean cooking system choices  

The intervention should be chosen not only to match local cooking patterns and fuel 
availability, but also have low pollutant emissions.  For gaseous fuel (LPG, natural gas, biogas), 
alcohol, and electric appliance interventions, it will not be necessary to conduct special testing 
on emissions.  For advanced biomass stoves including those using pellets, however, reliance 
should be on the results of high-quality independent lab tests (for example, Jetter et al. 2012). 
Any organization proposing introduction of a new fuel supply – whether biomass pellets, liquid 
fuels, or electricity – should be aware of the logistical complexity of such an undertaking.  

A good, regularly updated source of information to identify viable clean cooking interventions is 
the “Clean Cooking Catalog” hosted by the Global Alliance for Clean Cookstoves5.  Best would 
be if any interventions selected could meet the World Health Organizations’ Indoor Air Quality 
Guidelines (IAQGs), but at least they should meet the highest tiers of the ISO standards.6  As 
actual exposure reductions depend not only on the cleanliness of the new stove or fuel but also 
on high levels of usage and achieving low use of the traditional polluting stoves/fuels, a well-
used less clean stove can in principle sometimes achieve as much exposure reduction as a 
poorly used very clean stove.  Nevertheless, the best combination is a very clean and very well 
used fuel/stove combination that displaces the traditional cooking system in a short period. 

5 http://catalog.cleancookstoves.org 
6 http://www.iso.org/iso/catalogue_detail?csnumber=61975 
  http://cleancookstoves.org/technology-and-fuels/standards/iwa-tiers-of-performance.html  
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To have confidence in the potential for success of the selected intervention of any type, we 
strongly suggest usage, stacking, and technology survival or durability assessments be 
undertaken prior to the validation study. See Annex 1: Considerations in assessing usage, 
stacking, and survival for some considerations in these assessments, and Mukhopadhyay, et al. 
(2012) and Sambandam et al., (2014) for examples of measurements appropriate to such 
assessments. If project developers elect to move forward with validation without these initial 
evaluations, however, and then pursue verification of aDALYs, it is recommended that they 
conduct the first verification monitoring at six months and thoroughly evaluate stove usage, 
stacking, and survival at this time. These six-month results will inform the decision on whether 
to continue seeking annual verification of aDALY credits.   

In other words, although pre-validation assessments may delay the startup of the main 
dissemination, developers take a substantial risk if they elect not to conduct these preliminary 
usage/stacking/survival studies.  Without them, the project may be stopped due to poor 
performance in these areas at the first 6-month verification point by, for example, the 
estimated cost per aDALY being too high.  If they are done first, on the other hand, the cost of 
the validation study can be averted for an intervention that proves unsuitable, and those 
resources allocated to evaluating a more promising intervention.  Ideally, therefore, the 
validation study is done only after usage/stacking/survival is found acceptable.   

It is also recommended that fuel-use monitoring be conducted using standard field methods to 
verify performance and ensure that consumers receive the expected efficiency benefits, either 
in saved fuel cost or avoided fuel-collection activities. Although not directly part of the air 
pollution assessments required for validation, fuel-use measurements can be added to the 
validation study. Alternatively, they can be done as part of a pre-validation assessment of 
usage, stacking, and survival.  
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Phase II: Validation 

The validation phase is primarily comprised of the pre- and post- dissemination air pollution 
studies. The main purpose of these studies is to establish what exposure changes occur in 
households with the intervention compared to those with the old cooking system.  

Before choosing a study design, the project must decide whether it will claim credit only for 
benefits in the individual households receiving the intervention or will also claim a credit for the 
community effect.  The community effect comes from the influence of households on each 
other in a village, slum neighborhood, or other closely spaced community. Thus, a project in 
which only a small percentage of households adopt a new technology in a community will not 
achieve as high a benefit per household as one that achieves a high percentage penetration 
throughout the community.   Indeed, if the penetration is high enough, there will be a benefit 
to households in the neighborhood that are not even participating due to reductions of 
pollution coming from some of their neighbors. See Annex 6. 

A second decision to be made is whether the project will have the capacity or be able to work 
with a technical partner to do the additional monitoring and modeling to estimate the extent to 
which kitchen area pollution levels, combined with information from SUMs and questionnaires, 
can be used to estimate personal exposures. The advantage of this approach is that it may 
allow the project to avoid the more resource-intensive measurement of personal exposures in 
the verification phase.  It will likely require, however, relatively sophisticated modeling, which 
would be significantly enhanced by increasing the fraction of households in the pre- and post-
dissemination validation studies that would have both kitchen air pollution (KAP) as well as 
personal exposure measurements.7  See Annex 6 for more discussion. 

Step 3: Pre-dissemination air pollution monitoring 

In a population similar to the one being considered for the large dissemination, preferably 
based on assessment of household survey data, at least 50 households should be chosen for 
investigation in each of two communities, for a minimum total sample size of 100 households.8  
More households are better for achieving statistical significance and greater assurance of 
covering a range of household situations, but logistical and resource constraints are always 

7 The required r-square for a population level assessment such as this is much less restrictive than that required to 
establish results at the household level (See Balakrishnan et al., 2013; Hill et al., 2015). 

8 If all goes well, for example few data are lost or households drop out, 100 households would allow statistically 
significant detection of an approximate 20% difference in exposures before and after at a typical coefficient of 
variation (COV) of 0.7, but less if natural variation is higher than typical.  It is not realistic to expect to detect a 
smaller difference than this. If the program would be satisfied with only detecting a 30% difference, the sample 
size could be reduced.   See Edwards et al., 2007.   
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limiting factors.  See first table in Annex 3: Tables for calculating sample size for implications of 
the sample sizes in a before and after study without control group such as this.  Households in 
which the stove location is unlikely to change between monitoring periods should be given 
preference, as stove placement in reference to the location of the monitoring instruments and 
kitchen ventilation characteristics may substantially affect the relationship measured among 
kitchen air pollution, personal exposure, and stove use.  

If community credits are sought, the households in one of the two study groups should be close 
together such that their stove emissions affect each other and households are socially 
influenced by their neighbors and the other group be spread widely in another community.  
This distinction is not necessary if credit is not being sought for the community effect.  See 
Annex 6: Community effect credits. 

PM2.5 is the only required pollutant to be measured. 

No special instructions should be given to the households during the monitoring days 
themselves as to use of their stoves. 

Pre-dissemination (baseline) measurements  

o Household survey to be undertaken covering household physical, demographic, and 
socio-economic conditions.  See for example the annex of the Lao study (Hill et al., 2015) 

o Personal exposure measurements of the primary cook to PM2.5 of at least 24 hours (but 
48 hours if possible), simultaneous with the KAP measurements (see Annex 4 for some 
important considerations). Measurements should be taken in full-day intervals (i.e. 24 
hours) so as to capture diurnal variation in relevant exposure activities. 

o Kitchen air pollution (KAP) measurements of PM2.5 of at least 24 hours (but 48 hours if 
possible) in one-quarter of households undergoing personal monitoring.  (If modeling of 
the correlation between KAP and personal exposure is planned, all households should 
have KAP measurements.)   

o Stove-use monitoring (SUMs) should be conducted at baseline during the entire period 
that household measurements (e.g. personal exposure monitoring) are taking place plus 
one week both before and after on the primary traditional stove that the new stove is 
expected to replace.  This is important to determine cooking patterns and understand 
subsequent changes as well as the degree of stacking.  In those circumstances where 
two or more stoves are in regular use or usage changes over seasons, the project needs 
to judge whether additional stove monitoring is needed.  See Annex 2: An introduction 
to stove-use monitors (SUMs) for discussion of SUMs. 

o Monitoring form - A form will be used at the time each household is monitored 
designed to note any special circumstances in the household during monitoring (for 
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example, cooking for a festival or large party or eating away from home).  If the 
circumstances depart too far from normal, the monitoring session will have to be 
repeated or the household dropped from the sample.  

o If credit is sought for reducing ambient air pollution (AAP) in the village as part of a 
community credit (see Annex 6: Community effect credits), AAP and meteorological 
parameters should be measured at the approximate center of the intervention 
neighborhood(s) during the same period as the stove use monitoring (e.g. the entire 
period that household measurements are being made, plus one week both before and 
after).  
 

Step 4: Stove dissemination 

This may occur at any reasonable time after the pre-dissemination measurements and should 
be done by a group separate from those doing the air pollution monitoring to maintain 
objectivity in the assessment.  The dissemination mode needs to be carefully planned.  
Preferably, the same degree of interaction, training, and promotion of the new cooking system 
with the households can be undertaken with the pilot study homes as is planned in the large-
scale dissemination.  Specifically:  

• Households should only be encouraged to give up their traditional stoves in the 
validation study if the same encouragement is planned for the large-scale 
dissemination; and 

• No special attention should be drawn to the upcoming pollution monitoring 
sessions since these will inevitably not be done for every house as part of the 
large-scale intervention. 

Step 5: Post-dissemination monitoring  

Post-dissemination monitoring should occur no sooner than one month after dissemination. It 
is preferable, however, to conduct the post-dissemination monitoring in the same season as the 
pre-dissemination monitoring in locations where there are major seasonal variations.  

Care should be taken that the same households, cooks, and exact placement of monitors are 
used as in the pre-dissemination monitoring.  No special instructions should be given to the 
households during the monitoring as to use of their stoves.  If the stove is being used in a 
different location than in the pre-dissemination monitoring or if a different person is cooking, in 
most cases these data points will need to be excluded from the primary analysis.  The risk of 
this happening is one of the reasons why it is often a good idea to start with a larger sample 
than needed assuming that there is no loss during the project. 
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Post-dissemination (baseline) measurements  

o Personal exposure measurements of the primary cook to PM2.5 – 24 (or 48) hours, 
simultaneous with the KAP measurements, done using the same protocols as in the pre-
intervention monitoring. 

o Kitchen air pollution (KAP) measurements of PM2.5 of 24 (or 48) hours at the exact same 
location as previously done based on a mark left on the wall or photo documentation.  

o Stove-use monitoring - during the entire period that household measurements (e.g. 
personal exposure monitoring) are taking place plus one week both before and after of 
the new stove and the primary traditional stove it is expected to replace.  The old stove 
should be monitored even if moved to a different location in the household or placed 
outside of the household.  

o Monitoring form – Again, this form should be used at the time each household is 
monitored to note any special circumstances in the household during monitoring (for 
example, cooking for a festival or large party or eating away from home).  If the 
circumstances depart too far from normal, the monitoring session will have to be 
repeated or the household dropped from the sample. 

o If AAP is being measured, instruments should be placed in the same exact location as 
previously done and for the same period as the household measurements plus a week 
on each end. 
 

Step 6: Evaluation of exposure and health changes 

Based on the results of Steps 3-5, the following analyses should be done: 

o Determine personal exposure changes for the cooks, the primary purpose of the 
validation. 

o Establish usage trends for both new and traditional stoves using data from stove-use 
monitoring done during validation as well as any pre-validation assessments.  

o If credit is being sought for a community effect, analysis should examine whether there 
is a difference in changes in ambient levels between the test area with clustered 
households and the one where they are widely dispersed.  If so, an additional exposure 
reduction can be claimed for those dissemination programs operating at the community 
level.  See Annex 6: Community effect credits. 

o Run the HAPIT model using local data to estimate the potential health changes due to 
the clean cooking system introduction in terms of avoided DALYs and avoided 
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premature deaths.  Use default values for the ratio of child to mother exposures9 unless 
local values are available.  See Annex 7: Principal assumptions behind the HAPIT model 
for principal assumptions behind the estimates. 

o Care should be taken to report uncertainty bounds so as not to give a false sense of 
accuracy and precision.  These are provided in HAPIT V3.0 

The output of Phase II is technical validation report.  A sample is presented in Annex 8: 
Technical Summary of Laos Pilot Project based on the Laos PDR pilot project, which is presented 
in Box 1 -- below. 

Based on the estimates of potential health benefits, a decision must be made whether to seek 
funding and other resources to pursue a large-scale intervention.  The criteria for proceeding 
will vary by expectations of funders, national agencies, and the local communities.   

  

9 As ALRI (pneumonia) in infants and young children under 5 is one of the primary impacts of HAP, it would be ideal 
to separately assess their exposure.  Measuring the exposure of young children is difficult to do directly because 
they cannot wear available exposure monitoring instruments.  Thus, the standard approach presented here 
focuses on mothers’ exposures with a conservative default ratio applied to assign child exposures.  See Annex 5: 
Considerations in estimating child exposures for more discussion. 
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Box 1. Laos Pilot Project: Case Study of Planning and Validation Phases 

The Household Energy, Climate, and Health Research Group of the University of California Berkeley and 
Berkeley Air Monitoring Group conducted an investigation of the effectiveness of a pilot stove 
intervention in in Lao People’s Democratic Republic (Lao PDR) in early 2015. This project was 
completed with funding from the World Bank and with help from in-country partners. Field, lab, and 
analysis work of several kinds were utilized to determine field performance and impacts of the 
advanced stove, including measurements of air pollution, stove usage, and fuel consumption (Hill et al., 
2015). 

Project Overview 

Approximately 95% of households in the target population in rural Lao PDR cook with biomass fuels on 
variations of an open fire (Bonjour et al. 2013). Fuel used largely comes from gathered wood, brush, 
and crop residues with some purchased charcoal being used on some secondary cookstoves. Main 
items cooked include rice, grilled meat, herbs and spices, and local soups. In these tropical lowlands, 
there are minimal space-heating requirements. There is some liquid petroleum gas (LPG) in the villages 
and most homes are electrified.  
 
An estimated 5,400 premature deaths a year occur in Lao PDR as a result of exposure to household air 
pollution from solid fuel burning. Of this figure, about 700 are accounted for by pneumonia in children 
under five years old. HAP is ranked third of some 60 risk factors examined as a cause of ill-health in Lao 
PDR, leading to about 7 percent of total lost disability-adjusted life years (DALYs) nationally. 
Unfortunately, the burden of disease attributable to HAP is only slowly declining over time, falling at a 
rate of 2 percent per year since 1990.10    
 
This study evaluated the usage and air pollution and fuel-use performance of an introduced advanced 
biomass stove, the African Clean Energy stove (ACE-1). The study used measurements in 72 households 
in three villages of the Savannakhet Province, representing nearly one-quarter of all households in 
these communities. Results describe the comparisons between measurements conducted before and 
after the stove intervention in the same households. The report also estimates the potential health 
benefits of a large-scale introduction of this ACE-1 stove in Lao PDR compared to traditional biomass 
stoves, assuming the new ACE-1 stoves were to perform similarly in the large program.   
 
 

10 Further information about HAP and other causes of ill-health in Lao PDR can be found at 
http://www.healthdata.org/results/country-profiles 
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Methods 

Of the 72 total intervention homes, 36 were recruited into activities related only to Kitchen Air 
Pollution (KAP) measurement (called “Part B” activities), while the other 36 were recruited into Part B 
activities and additional activities related to personal exposure and gravimetric KAP measurement 
(called “Part C” activities).  
 
Part B activities performed in all 72 households included the administration of a baseline survey to 
provide demographic inputs and physical household characteristics; four days of continuous KAP 
sampling; application of Stove Use Monitoring Systems (SUMS) to assess stove usage for one to three 
weeks; and post-monitoring surveys to provide energy-use and exposure related information during 
the four days of KAP measurement.  
 
Activities unique to Part C households included two days of measuring both personal exposure to PM2.5 
and KAP that are nested within the four days of KAP measurement (from Part B described above). 
Furthermore, a separate post- monitoring survey relating only to the two days of personal sampling 
was administered. Personal exposure measurement activities were approved by the University of 
California, Berkeley Committee for Protection of Human Subjects (CPHS Protocol Number 2014-06-
6457). 
 
Each set of activities was performed before and after the introduction of the ACE-1 stove. 
 
Results 

Air pollution 
When introduced and promoted, the ACE-1 stove was readily adopted and used for nearly all cooking 
in the first weeks following deployment. When used as the only cookstove, it reduced average KAP 
levels by a factor of four in comparison to previous levels when using the traditional stoves. Results 
showed the cook’s personal exposure levels were reduced by about 35% (this statistically significant 
finding is the most important metric for health). Modeling of the relationship between KAP and 
personal exposure failed to show a reliable correlation between the two measurements that would 
have allowed future studies in this context to use KAP as a proxy for personal exposure.  
 
Stove usage 
As commonly reported in other settings, there was evidence of multiple stove usage in study 
households, a behavioral pattern described as stove stacking. A longer study would be able to 
determine with greater certainty the reasons for this stacking and the long-term trends and predictors 
of this practice.  
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Additionally, many intervention stoves appeared to have serious technical problems; within a few 
months, the ACE-1 was used on no more than 75% of meals on average. Although further study would 
be required to better characterize this decline, it called into question long-term stove usage and 
potential lifetime benefits, at least in the absence of major repair and servicing efforts. Finally, the 
stove reduced fuel consumption by 40% per person with exclusive usage.   
 
Estimated health benefits 
Health improvements in five disease types associated with HAP can be estimated using HAPIT by 
applying the mean exposure reductions measured in this study for several years.  Given exposure levels 
and reductions measured and modeled during this study, estimates from HAPIT suggest that a 
dissemination of 25,000 ACE-1 stoves in Lao PDR—assuming 100 percent stove usage and a 3-year 
stove lifetime—would avert between 730 and 2,660 total DALYs. While these impacts are significant, 
83% of the original burden of disease from exposure to biomass smoke remains even under these ideal 
usage conditions. This suggests room for further clean cooking interventions in the region.  
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Phase III: Verification 

The purpose of the verification phase is to determine if and to what extent the exposure and KAP 
reductions and stove usage rates measured in the validation phase are maintained as the program is 
implemented over time and/or stove dissemination is scaled up. 

Step 7: Recommendations for health investment verification protocol 

If there are sufficient potential health benefits to go ahead with a new dissemination or apply for 
aDALY credits for an ongoing one, a monitoring plan needs to be developed to verify performance over 
time as part of payments for, and evidence of, health reductions. 

Timing 

If no formal usage, stacking, and survival study was done in advance, then the first verification should 
be scheduled six months after dissemination and usage/stacking/survival estimates obtained.  For 
others, the first verification can be at 12 months with a smaller effort in assessing usage. 

Subsequent verification points are at 12-month intervals, unless otherwise specified by the funder, 
including each time some ongoing estimation of usage, stacking, and survival. 

Sample size 

The validation study protocol relies on statistical methods commonly used in health field studies. It is 
envisioned that statistical techniques similar to those used in the carbon market will be employed 
during verification studies. (For details, see the UNFCCC/CCNUCC11 documents in the reference list.) 
Several study designs are possible, using either a “before-after” design as stipulated for the validation 
study or a cross-sectional design with an intervention group compared to either the existing baseline 
measured in the validation phase or a new control group. Further consideration of these choices is 
needed to balance the necessary scientific rigor with the realities imposed by on-the-ground programs 
in a potential global health crediting scheme.  

Monitoring components 

Sampling should include households with and without the intervention, and calculations of change 
should be based on the difference maintained between the two groups (control and intervention).  The 
sample size requirements for this design are also found in Annex 3: Tables for calculating sample size. 

11 CDM-EB50-A30-STAN, Sampling and surveys for CDM project activities and programme of activities, page 5 and beyond.  
It is important to note that there is no fundamental difference in the basic statistical science behind the methods used in 
health studies and in this report and those used by CDM. 
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If convenient, it may be valuable to include some households from the original validation studies, but 
this is not necessary as long as the new households are taken from the same general population, which 
was one of the criteria for choosing the validation households. 

As noted above, if modeling has been done and strong correlations have been established, it may be 
acceptable to measure only KAP and stove use to estimate changes in personal exposure.  If no 
modeling has been done or modeling is unable to find a combination of other measurements that 
predicts exposure adequately, personal exposure measurements will have to be done as part of the 
verification, as they were for the validation. 

Assessing aDALYs Savings 

aDALY savings  can be determined on a “per protocol” basis, i.e., accounting for only those households 
still using the system. 12  The proportion of DALYs saved compared to the total possible with an 
absolutely clean intervention should be calculated both in this fashion as well as on a “intention to 
treat” basis, i.e. with the total DALYs caused by HAP in every household receiving the intervention as 
the dominator and the estimated aDALYs in the households actually using the intervention in the 
numerator. Additional credit in the numerator can be included for any measured community benefits, 
i.e. a community-wide reduction in ambient pollution due to cleaner combustion from the 
intervention.   In addition, the trend of estimated aDALYs starting with the validation and extending 
through each verification stage should be shown. 

Resource Requirements and Cost-Effectiveness 
 

The development of a methodology for quantification of aDALYs presents implementers with a 
potential opportunity to access new sources of funding tied to the health impacts generated by their 
activities. Implementers are advised, however, to consider carefully the full spectrum of resources 
required to complete the quantification process successfully.  

It is recommended that experienced professionals conduct the air pollution monitoring that is part of 
the validation and verification of aDALY interventions. Such a group will be able to provide details of 
equipment, protocols, forms, and quality assurance needed to satisfy international norms and 
potential funders. They will train and support local data collection agencies to take the necessary 
technical field measurements. They will also lead the process of obtaining institutional review board 
(IRB) approval from the appropriate oversight bodies, ensuring protection of study populations.  

12 For definitions of Intention to treat and per-protocol analyses, see http://www.bmj.com/lookup/ 
pmidlookup?view=long&pmid=25663096  and www.ncbi.nlm.nih.gov/pmc/articles/PMC3071397/ 
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Many of the most important determinants of the cost-effectiveness of quantifying health impacts 
result from an implementer’s commercial or programmatic choices about technology and/or program 
design. Although this report touches briefly on some of the characteristics of stove programs that the 
authors believe are critical to generating health impacts, it is also recognized that these considerations 
are outside the scope of the methodology for impact measurement. Implementers are nonetheless 
advised to evaluate indicators of adoption, usage, durability, and sustainability as rigorously as possible 
prior to deciding to seek credit for aDALYs.  

The current cost of a full validation study done by an independent professional organization in 
collaboration with knowledgeable in-country partners is estimated to be approximately USD $200,000, 
although this number will fluctuate depending on local infrastructure and advances in monitoring 
technologies. The costs of annually verifying aDALY generation for a mature cookstove program are not 
yet known. 

Methods to evaluate the costs of a project will vary greatly depending on funder, local resources, 
treatment of taxes/duties, financial stance, discount rates, time periods, and other issues well beyond 
this report.  In the end, however, they should be calculated on an  “intention to treat” basis, i.e. 
including the cost of supplying all households receiving the intervention originally even if some no 
longer use it or even do not have the system anymore.  
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Conclusion and Next Steps  

This document represents the first attempt to provide standard methods for validating and 
verifying exposure reductions and related health benefits attributable to household cooking 
system interventions.  It could be deployed to inform a potential future health market that 
would purchase and/or trade health improvement credits in standard units, in this case framed 
in averted DALYs or aDALYs. It takes as its model the methods that have evolved over the last 
decade to establish credits for averted tonnes of carbon to reduce the risk of climate change by 
reducing greenhouse emissions from a suite of interventions, including household energy 
interventions.   

The recommendations for validating and verifying aDALYs from HAP intervention programs 
presented here are heavily informed by a pilot study in Laos PDR, although of course also 
influenced by dozens of related studies done around the world in the last decades. A critical 
next step, therefore, is to pilot Phase I and II recommendations in other geographical regions 
and using other types of improved fuel and cookstove technologies. A piloting of this 
methodology in sub-Saharan Africa in 2016 is foreseen, along with a follow-up assessment in 
Laos PDR using second-generation technologies aimed at addressing challenges with durability 
experienced in the pilot study reported here. Since the conclusion of the Laos pilot, a validation 
study has also been conducted in Cambodia, adding to the overall body of experience with this 
type of assessment. 

At the same time, an initiative to develop and institutionalize a commercial health crediting 
scheme has been launched by the World Bank and other partners. Adopting standardized 
protocols for validating and verifying aDALYs is vitally important to success of this enterprise. 
Neutral third party organizations, such as The Gold Standard Foundation, are ideally positioned 
to standardize the aDALY quantification approach and set the rules for a global crediting 
scheme. The next steps in this initiative include soliciting further expert input and facilitating 
inclusive stakeholder participation. These inputs will be needed to address some of the more 
challenging recommendations for validation and verification, where the need for scientific rigor 
potentially conflicts with resource and market constraints. For example, the questions of how 
often verification should take place and how the sample size should be determined will need 
further discussion and vetting by the community of practice.   
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Technical Annexes 

Annex 1: Considerations in assessing usage, stacking, and survival  
Based on experience, we recommend that studies undertaken show at least 80% of meals being 
cooked in those households receiving the new cooking system over six months.  Stacking during 
usage should be less than 20%, i.e. the traditional stove should be used concurrently during less 
than 20% of meals. The percent of meals cooked is a better measure than adoption alone, but 
of course is affected by the adoption rate. At least 90% of stoves should not have had any 
failure over the period. See Johnson et al. (2015) for more quantitative guidance. 

The best way to determine usage and stacking is via objective measurement using stove use 
monitors (SUMs – see Annex 2: An introduction to stove-use monitors (SUMs)), although 
insights can be gained through carefully phrased and administered household surveys.  Care 
needs to be taken in fitting SUMs on the stoves, particularly on traditional stoves, which, while 
often very simple, are rarely uniform.  Considerable resources and attention need to be 
devoted to SUMs deployments to keep track of, clean, and evaluate the large datasets that are 
produced.  

Protocols for determining durability have been developed and are posted on the Global Alliance 
for Clean Cookstove website: http://cleancookstoves.org/technology-and-
fuels/testing/protocols.html 

Programs will want to evaluate whether a different approach or technology is needed if 
acceptable usage/stacking/survival values are not reached, for example active discouragement 
of use of the old stove and/or providing new systems with two-pot capabilities to reduce 
stacking.  If failure rates over 6 months exceed 15% but other criteria are met, a dissemination 
program could consider going ahead under an energy service model for the main 
dissemination, i.e. regular repair and replacement of the new system to maintain performance 
over at least 3 years. 

  

27 
Final Draft 12/7/15 
 

http://cleancookstoves.org/technology-and-fuels/testing/protocols.html
http://cleancookstoves.org/technology-and-fuels/testing/protocols.html


 
 

Annex 2: An introduction to stove-use monitors (SUMs) 
SUMs is a generic term for devices that monitor and log time-resolved stove usage, usually 
through keeping track of temperature.  The most widely applied device for this purpose has 
been the iButton, a small and relatively inexpensive (~USD $20) device developed for the food 
industry. Newer systems relying on infrared radiation or thermocouples are also coming into 
use.  Below are some of the primary publications available on their development and use.  As 
this is an active field, however, others will be appearing in future. 

iButton-based SUMs have revolutionized studies of household stoves by replacing imprecise, 
intrusive, and time-consuming survey techniques that are also subject to recall bias by 
participants and modification of responses due to the  presence of the investigators 
(Hawthorne effect).  Now one does not have to ask a woman how many hours she used her 
stove yesterday or last week, one can just download the data.  They are most valuable for 
intervention studies when deployed on both the new and old stove, thus providing objective 
measures of both usage and stacking. Placement of iButton SUMs on traditional stoves can be 
quite challenging, as the stoves vary widely in design and materials. Care must be taken to 
establish common placement practices in advance of a wide deployment of SUMs to ensure 
consistencies and reduce instrument failure. 

Although understanding of patterns is greatly assisted by deployment of SUMs, they do not 
replace qualitative assessment entirely in that, alone, they cannot derive the reasons for these 
patterns.   

Although operating on simple principles and being relatively simple to deploy, SUMs produce 
large datasets for each stove that are not so easily managed and analyzed.  To date, in fact, 
there is no agreed algorithm for evaluating data to obtain a common metric of usage for every 
situation, but much progress is being made.  For these reasons, we recommend that they be 
used and analyzed by independent professional organizations familiar with the techniques.  
Before long, however, the devices and techniques for data handling and analysis may become 
sufficiently regularized to be effectively applied more widely by other groups.  

Ruiz-Mercado I, Lam NL, Canuz E, Davila G, 2008, Smith KR, Low-cost temperature loggers as 
stove use monitors (SUMs), Boiling Point 55: 16 -19. 

Ruiz-Mercado I, Canuz E, Smith KR, 2012, Temperature dataloggers as Stove Use Monitors 
(SUMs): Field methods and signal analysis. Biomass and Bioenergy, 47: 459-468. 

Ruiz-Mercado I, Walker JL, Canuz E, Smith KR, 2013, Quantitative metrics of stove adoption 
using Stove Use Monitors (SUMs). Biomass and Bioenergy, 57: 136-148. 

28 
Final Draft 12/7/15 
 



 
 

Pillarisetti A, Vaswani M, Jack D, Balakrishnan K, Bates MN, Arora NK, Smith KR, 2014, Patterns 
of stove usage after introduction of an advanced cookstove: the long-term application of 
household sensors. Environ Sci Technol 48 (24), pp 14525–14533. 
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Annex 3: Tables for calculating sample size 
Table 1. Sample size required for paired before-and-after designs (no control group) to evaluate new compared to traditional stoves; to be used in the aDALY validation stage, and 
for possible use in the verification stage. Reproduced from Edwards et al. 2007.  
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Table 2. Sample size required in each group as required for cross-sectional designs to evaluate new compared to traditional stoves; for possible use in the aDALY verification 
stage. Reproduced from Edwards et al. 2007. 
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Annex 4: Considerations for household pollution measurements studies 
As discussed in the section Resource Requirements and Cost-Effectiveness, it is recommended 
that an experienced professional group be engaged to conduct the air pollution monitoring that 
is part of the aDALY quantification methodology.  Here, however, we note just a few of the 
major issues that need to be considered when doing such monitoring. 

• In every household participating in the study, a consent form should be administered that 
guarantees data privacy, low risk from the equipment, non-responsibility for loss or damage 
to the equipment, and the ability to withdraw from the study at any time without penalty.  
Any data form showing individual identifiers (name, household number, address, etc.) 
should be kept locked away by the project field manager.  These identifiers should not be 
entered into the database that will be available for analysis in which households should be 
identified only by a, preferably randomly generated, project code. 

• In a similar fashion, no photos should be taken in which individuals can be identified 
without an oral consent.  If the intention is to use the photo in publications, websites, or 
project reports, a written consent should be on file, although the person does not actually 
have to personally sign in illiterate populations (fieldworker can sign and date in their stead 
after oral consent is given) 

• To better be able to interpret the results, it is important to limit participants to non-
smokers, although it is acceptable to work in households where others smoke. Similarly, it is 
best to avoid households near highly polluting activities, such as busy roads, generator sets, 
and trash dumps.  

• Before beginning, a group of local women should be requested to choose among the 
available methods to carry personal monitors (backpack, sling, hip pack, and shoulder 
pouch) to optimize cultural acceptance.  

• To meet international norms for ethical research, personal measurements should only be 
done with non-pregnant women, 18 years or older. Finally, if there is intention to publish 
the results in a journal or use them in a student thesis, an application should be made in 
advance for review and approval of the protocols and questionnaires by an officially 
sanctioned institutional review board (IRB) charged with human subjects’ protection. In 
some settings, this may need to be performed by both university and in-country partners.  

• If personal monitoring is to be conducted on infants, children, or pregnant women, it is 
strongly recommended that IRB approval always be sought. This helps protect both the 
participants and investigators. 

• All relevant guidelines dictating such field studies in the countries in which measurements 
will be made should be followed. 
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Annex 5: Considerations in estimating child exposures 
The highest risk of ALRI is in children in their first 18 months, which is also the period during 
which they are with their mothers much of the time in most cultures.  Thus, the assumption 
that their exposures can be linked to that of their mothers with a simple ratio is not extreme, 
although may be inaccurate in some areas. 

After 18 months, ALRI risk declines and since children are walking and generally more mobile 
and independent, their exposures are less likely to be as closely linked to their mothers’ 
exposures.   

Both traditional equipment for personal measurements adapted from occupational hygiene and 
the first generation of personal monitoring equipment designed for HAP are too large and 
heavy for use for infants and young children.  To date, therefore only one study has measured 
infant (<18 mo) exposures directly by using small tubes worn by children measuring an 
indicator of PM in combustion smoke, carbon monoxide (Smith et al., 2010).  This is difficult to 
do and requires extensive local validation of the CO/PM relationship and is thus not 
recommended for normal aDALY studies. 

There is a new generation of personal PM monitors that are small and light enough to be 
considered for young children (perhaps as young as three), but their use for this purpose has 
not been validated and they would not capture the exposures of infants who have the greatest 
ALRI risk.  Unfortunately, once children begin to walk, their exposures change dramatically.  
Thus, we believe that in most circumstances, the mother’s exposure is a better indicator of 
infant exposure that that of older siblings.   Local evidence, of course, may find otherwise. 

In addition to the substantial increase in cost and logistical difficulty, and the limitations of 
current instrumentation that would be faced by adding personal measurements for infants and 
children to the protocols, it would absolutely require obtaining approval by a local IRB 
authorized to evaluate protection of human subjects – see Annex 4: Considerations for 
household pollution measurements studies.  For all these reasons, it seems unlikely to be a 
practical part of aDALY protocols in the near term. 

Currently, however, it is possible to estimate infant and child exposures indirectly by micro-
environmental monitoring, which does not involve wearing equipment.  This requires 
measuring pollutant concentrations in each major micro-environment where the child spends 
time.  This would mean adding at least the sleeping area and preferably nearby outdoors as 
well, in addition to the kitchen, which is already being measured.  This would involve a 
substantial increase in the equipment and data handling requirements for the studies. 
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Indirect exposure assessment also requires ascertaining the time-activity of the infants and 
children to understand when and for how often they spend time in each location being 
monitored and thus be able to reconstruct their total exposure.  There are social science 
techniques for determining time-activity (recall, observation, or diary), but they are imprecise 
and expensive to implement due to fieldworker time requirements.    

There is also one validated, relatively low-cost instrument based on ultrasound technology, 
which is small enough to be worn easily even by infants for measuring time-activity in 
households (TAMS – time activity monitoring system -- Allen-Piccolo, et al., 2009).   Its use with 
infants and/or children, however, would also trigger need for IRB approval. 
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Annex 6: Community effect credits 
Broadly, pollution exposures of household members can derive from three source categories:  

1) Household sources, such as the household cookstove that expose people in the 
immediate household environment, both indoors and outdoors 

2) Community sources, such as other cookstoves in the local area – this creates 
“community”  or “neighborhood” pollution 

3) Sources outside the immediate neighborhood creating general outdoor air pollution 
that can travel some distance and fill an entire air basin in some cases 

In general, only the third category is measured by ambient monitoring stations of the type 
deployed in many cities.  Representing sources over a wide area, its contribution to household 
exposures is not affected significantly by changes to individual household sources. 

It is becoming more apparent, however, that the second category – community/ neighborhood 
pollution – can be important in some circumstances even in communities that are not affected 
much by outdoor air pollution levels as usually measured.  An important part of the exposures 
to individual households in many villages, for example, cannot be reduced just by changes 
within the household but depend on reducing smoke emissions from the entire community.   
Thus, there is a kind of “herd” effect in that the larger the fraction of the community that is 
covered, the greater the total impact can be.  (The total benefit is more than just the sum of 
benefits from the first category above) 

Consider three extreme situations: 

a) A household all by itself far from any other sources of pollution. In this case, exposures 
come entirely from its own sources and, if cleaned up, very low levels of exposure could 
be achieved.  Exposures are entirely created by sources in category 1) above. 

b) A household in the midst of a densely populated village that itself is far from other 
sources such as highways, industries, etc.  In this case, cleaning up one household 
cannot lower exposures below the level of community pollution created by the activities 
of all households locally.  If a large fraction of households receive a successful clean 
intervention, however, exposures can be brought to low levels like in a). 

c) A household in a densely population slum of a highly polluted city.  In this case, the 
households’ exposures are a combination of all three types of sources (1-3) above and 
any improvement on one category will be limited by remaining contributions from the 
other two. 
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Because of the use of personal exposure monitoring in a before and after design, the change in 
exposure due to the change in household fuel/stove is a reasonable indication of the benefits 
for all three situations.  What may be different, however, is both: 

• the interpretation of the exposure change in health terms due to the non-linear 
characteristics of the exposure-response relationships for the diseases 

• the appropriate counterfactual, i.e., the maximum achievable reduction in each case. 

This document is focused only on the first source category above (1), with the implicit 
assumption that the other two categories are not appreciably affecting exposures.  Recognizing, 
however, that category 2), community pollution, is more important for many areas than 
previously realized, the intention is to provide a supplementary guidance document that would 
specify more completely what monitoring and assessment means should be applied in order for 
an intervention project to claim community aDALYs, i.e. those that accrue in the community 
beyond just those households receiving the new fuel or stove. 

Doing so, however, would entail additional monitoring and evaluation expenses, which would 
have to be weighed by projects in relation to the potential benefits achieved by establishing 
more aDALY credits. 
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Annex 7: Principal assumptions behind the HAPIT model13 
• Change in personal exposures of the cook adequately indicates change of exposure to 

other household members adjusted by the default relationship between women’s and 
child exposures. (HAPIT v3) 

• Measurements of changes over a few months adequately indicate changes over years if 
the new cooking system continues to be used and maintained, i.e. that seasonal and 
secular variations do not alter the basic conclusions. 

• That the inevitably somewhat different dissemination approaches during the planned 
large-scale intervention will not result in significantly different performance and usage 
compared to what is observed during the validation study. 

• The international PM2.5 exposure-response relationships in HAPIT adequately reflect 
health impacts for the risk of the five diseases estimated 

• National background disease patterns adequately describe the patterns in the 
dissemination region and will remain relatively constant over the evaluation period. 

 

  

13 Pillarisetti, A; Mehta, S; Smith, KR. 2015, “HAPIT, the Household Air Pollution Intervention Tool, to evaluate the 
health benefits and cost-effectiveness of clean cooking interventions.” In Broken Pumps and Promises: 
Incentivizing Impact in Environmental Health; Thomas, E., Ed.; Springer International Press. 
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Annex 8: Technical Summary of Laos Pilot Project 
The following is a hypothetical summary assessment based on the measurements done in Lao 
PDR. (For full details, see Hill et al., 2015.) 

Population 

Location: rural Lao, PDR 

Climate: tropical low lands; minimal space heating 

Socioeconomic conditions:  USD 1260 GDI/capita; Gini coefficient: 36.2; women’s literacy: 73%; 
TFR: 3.1; child mortality 73/1000; 80% employment in agriculture; rice (80% of arable land); 
95% of Lao population uses biomass for cookfuel  

Cookfuel used: gathered wood, brush, and crop residues with some purchased charcoal.  Little 
LPG in target villages. 

Housing: mostly on stilts, indoor cooking in well-ventilated kitchens 

Stove: variations on an open cookfire, usually in fire pit composed of a box filled with sand in 
the kitchen with a metal tripod and/or concrete bucket stove for cookfire.    

Other combustion sources: secondary stove for occasional grilling with charcoal; sporadic 
outdoor trash burning and heating fires; environmental tobacco smoke. 

Main foods cooked: rice, grilled meat, rice, herbs and spices, and local soups,  

Electricity: most houses electrified, but few electric cooking appliances in use 

Intervention 

Stove: African Clean Energy – ACE-1.  Semi-gasifier, forced-draft, top-loaded stove with battery 
recharged by PV panel running an adjustable-speed fan.  Requires some degree of fuel 
processing (chopping) by user.  Not currently available in country, but imported for validation 
study. 

Stove cost (without any dissemination costs) ~$80.   

Lab performance: Not yet evaluated itself, but the ACE-1 is quite similar to the Philips stove 
made in the same factory, which was one of the best performing stoves in the EPA lab emission 
tests (Jetter et al., 2012).  It had an emissions rate of about 10 mg/min of PM2.5 (mean of wet 
and dry wood), which is about 6 times the intermediate emissions rate target in the WHO 
IAQGs, but about 10 times lower than the emissions rate of the traditional woodstove (3-rock 
fire) tested by EPA. 

38 
Final Draft 12/7/15 
 



 
 

Dissemination method: stove given to households willing to participate in validation study with 
approximately 2 hours of  training given to each woman cook, mostly in group settings including 
about 10 min at each household.  No explicit arrangement made for repair and maintenance.  
Households requested to move traditional stove out of kitchen and use less. 

Validation study results 

This study evaluated the usage, air pollution, and fuel-use performance based on 
measurements in 72 households in three villages of the Xonboury District of Savannakhet 
Province from December, 2014, through February, 2015.  Mean temperatures during the pre-
dissemination monitoring were in the low 20s (degrees Celsius) and in the high 20s during the 
post-dissemination monitoring.  Rainfall was minimal in this season. 
 
The dissemination for the validation covered about 23 percent of all households in these three 
villages.  This sample size was chosen to be able to ascertain at least a 35% difference in 
exposures assuming typical COVs from HAP studies (~0.7) and a 15% loss of households due to 
instrument and other issues with a power of 0.8.  See Annex 3. 
    
The summary below describes comparisons between household measurements conducted 
before stove introduction and those conducted approximately two weeks after introduction in 
the same households.   The same number of households were monitored before and after – 
there were no dropouts.  Difference in sample sizes were due to instrument failures and other 
technical issues. 

 
Major findings about the ACE-1 stove intervention revealed by this study: 
 
--Pollution (see Table 1 for summary of findings) 

 
• When introduced and promoted, it was readily taken up by the villagers and apparently 

used for nearly all cooking in the first weeks 
• When asked to be used as the only cookstove, it reduced average kitchen pollution 

levels by about a factor of four compared to the traditional open biomass stoves. 
• When used exclusively, it reduced fuel consumption per person by about 40 percent. 
• When asked to be used exclusively, it reduced personal air pollution exposures of the 

cook by about 35 percent – this statistically significant finding is the most important 
metric for health.   See Figure 1. 

• Village outdoor pollution levels were apparently not affected even though nearly one-
quarter of the households took on cleaner-burning ACE-1 stoves, which limits the 
maximum exposure reduction that can occur for anyone in the village because of smoke 
coming from neighbors’ stoves.  No community credit can thus be claimed based on 
available measurements. 

• Pollution exposures, although substantially improved, did not come down to WHO 
guidelines or typical national standards for pollution. 
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Table 1.  Summary air pollution results from evaluation of ACE-I stove in Laos. 

Measurement 
Type n 

Mean 
(µg/m3) 

Lower 
95% CI 
(µg/m3) 

Upper 
95% CI 
(µg/m3) 

Max 
(µg/m3) 

Min 
(µg/m3) 

Med 
(µg/m3) 

SD 
(µg/m3) 

COV 

Ambient                    

Before 7 52 38 67 73 26 50 16 0.30 

After 14 57 38 77 153 15 57 34 0.59 

Kitchen                    

Before 29 439 301 576 1889 71 376 361 0.82 

After 29 118 96 139 329 46 103 58 0.49 

Personal 
Exposure 

                  

Before 25 119 96 143 309 43 109 57 0.47 

After 25 77 66 88 136 32 72 27 0.35 

 

--Usage/stacking/lifetime 
 
• As is common with new technologies, there was evidence of stacking in many 

households in the initial weeks, i.e. some remaining use of the traditional stove.  Only a 
longer study could determine the reasons for and duration of this practice 

• Although continuing monitoring is needed to firmly establish trends, many stoves 
apparently had serious technical problems and, within a few months, usage rates of the 
ACE-1 declined substantially to no more than 75% of meals on average in the study 
households. 

• This calls into question what the stove lifetime and usage are likely to be in the longer 
term for this stove, at least without major efforts to provide local servicing and repair 
facilities. 

 
 
Figure 1.  Before and after measurements of personal exposures of the cook. 
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--Estimated health benefits 
 

• Assuming the mean measured exposure reduction extended for several years in a 
population of 25,000 households receiving the intervention in Lao, PDR, the HAPIT 
model indicates health improvements as shown in Table 2 for the five disease types. 

• Although this intervention could achieve some heath improvement, compared to 
introduction of a truly clean intervention about 87 percent of the total health impact of 
the stove pollution still remains when the stove is being used as intended because of the 
remaining pollution exposure.  See Figure 2 

 
Table 2. Averted DALYs and premature deaths by disease for an exposure reduction from 119 µg/m3 to 77 

µg/m3 in 25,000 Lao households; 75% usage; no stacking; 3-year lifetime 
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  ALRI COPD IHD Lung Cancer Stroke Total 

  DALYs Deaths DALYs Deaths DALYs Deaths DALYs Deaths DALYs Deaths DALYs 
Deat

hs 

Central 
Estimate 

885 10 95 2 125 5 35 1 80 4 1220 22 

Lower 
Interval 

400 5 25 1 60 3 15 1 35 2 535 12 

Upper 
Interval 

1450 17 150 4 205 9 55 2 145 7 2005 39 

 

 
Figure 2. Estimated averted DALYs based on alternative scenarios for stove intervention 
 
There are potentially other socioeconomic benefits of using ACE-1 stoves but this report 
only focuses on health impacts due to air pollution.  Advanced biomass stoves like the ACE-
1 may also have safety benefits compared to open cookfires, but these were not evaluated 
here.  A decision whether to go ahead with a large-scale stove program as a health 
intervention should consider not only these findings, but also what alternative health 
investments are available in the country. 
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