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Abstract
Kenya has experienced a decade of relative prosperity with consistent economic growth and
minimal political tension. GDP is growing by 3% annually and poverty rates are declining. Despite
these gains, Kenya still has a lot of ground to cover to achieve the Sustainable Development Goals
(SDGs) by 2030. SDG7, which aims to ‘Ensure access to affordable, reliable, sustainable and
modern energy for all’, exemplifies both Kenya’s achievements and the challenges that remain.
Access to grid-based electricity and LPG have grown rapidly. However, over 90% of Kenyans still
rely on polluting fuels like wood, charcoal and/or kerosene for some or all of their cooking needs.
Substantial effort is needed to ensure all Kenyans have access to clean cooking options by 2030. We
present the results of a pilot study in which gasifier-based pellet stoves were introduced in 150
peri-urban households. The stoves include an internal fan that improves combustion efficiency and
reduces emissions by 90%–99% relative to charcoal and fuelwood in traditional devices. A subset
of participants received stoves with ‘Pay-as-You-Cook’ (PAYC) hardware, which relies on pre-paid
RFID card to activate the stove’s internal fan, allowing vendors to sell the stove below cost and
recoup losses through pellet sales. We find that people were willing to include pellet stoves in their
cooking routines and, in many cases, pellets displaced polluting fuels. We also find that PAYC
hardware did not negatively impact adoption: PAYC users had higher daily rates of fuel
consumption and reported higher willingness to pay for the stove than non-PAYC users. However,
stoves were not used exclusively. Instead, people stacked pellets in combination with other cooking
options, with pellets contributing to 12%–40% of their cooking needs (inter-quartile range).
Though the project did not successfully overcome all of the barriers necessary to achieve long-term
adoption of advanced pellet stoves, the results demonstrate that pellets could contribute to a
portfolio of cleaner options.

Social media abstract:
In a pilot project, clean-burning ‘pay-as-you-cook’ pellet stoves were stacked with LPG and
polluting fuels.

1. Introduction

Kenya has experienced a decade of relative prosper-
ity with consistent economic growth and minimal
political tension. During this period, per capita GDP
grew by 3% annually, poverty rates declined by 5%–
10% points between 2005/6 and 2015/16, and the

country shifted from lower to lower-middle-income
status [1, 2]. Despite these gains, Kenya’s still has
a lot ground to cover to achieve the Sustainable
Development Goals (SDGs) by 2030. SDG7 aims
to ‘Ensure access to affordable, reliable, sustainable
and modern energy for all’. Looking at Kenya’s pro-
gress toward this goal reveals some achievements but
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also highlights the challenges that the nation still
faces.

The targets specified in SDG7 include access to
both electricity and clean cooking. Kenya has made
progress in both areas. For example, between 50%and
64% of the country’s population currently has grid
access and hundreds of thousands use solar lighting
products [3, 4].1 Additionally, access to cooking gas
(LPG) increased by roughly 10% annually between
2014 and 2018 [4]. However, more than 90% of
Kenyan families still rely on polluting fuels like wood,
charcoal and kerosene as their primary or secondary
cooking option [4].2 Substantial effort is needed for
Kenyans to achieve universal access to clean cooking
options by 2030.

Polluting fuels are associated with a range of neg-
ative impacts that link the achievement of SDG7 to
progress toward other goals like improving health
(SDG3) and mitigating climate change (SDG13) [5,
6]. In Kenya, cooking is commonly done indoors [7].
Roughly 5% of premature mortality is attributable
to exposure to household air pollution [8]. Many of
the same pollutants that harm human health also
contribute to climate change, which is exacerbated if
woodfuels are harvested unsustainably leading to a
reduction of forest carbon [9]. Reducing unsustain-
able wood harvesting also reduces land degradation
(SDG15). Other SDGs support increased access to
cleaner cooking options. For example, several stud-
ies have found that education (SDG4) and gender
equality (SDG5) are both associated with the use of
improved stoves and/or clean fuels [10–14].

For decades, cleaner cooking options have been
promoted to reduce the health and environmental
impacts associated with polluting fuels. Millions of
stoves have been disseminated, many of which have
been shown to reduce emissions in both lab and field
conditions [15–17]. However, health improvements
and reduced environmental impacts are elusive and
difficult to measure. Sometimes, new technologies
are quickly discarded and people revert to their old
practices. Other times, new stoves are enthusiastically
embraced, but people ‘stack’ them with their older,
‘baseline’ technologies. Stacking can persist for years,
limiting the benefits of cleaner options [18]. Many
in the research community now seek to understand
whether a combination of suitable options could cre-
ate a ‘clean stack’ for households to eliminate their
reliance on polluting fuels.

Advanced gasifier pellet stoves could contribute
to a ‘clean stack’; emissions reductions of 90%–99%

1Two recent nationally representative surveys resulted in different
estimates of electricity access; we present the two estimates as upper
and lower bounds.
2WHO classifies wood, charcoal and kerosene as polluting fuels
because they present a risk to public health. Though it is a fossil
fuel, LPG is considered non-polluting because there are very few
emissions at the point of use.

relative to charcoal and fuelwood have been meas-
ured in field conditions, which is nearly as low as
LPG [17]. However, numerous challenges need to be
overcome to achieve widespread use. First, the stoves
are costly, and few families can pay the full price
upfront. Second, the stove and fuel both differ from
the stove/fuel combinations commonly in use, so that
users must adapt their cooking behavior. Third, new
fuel sales and distribution systems must be created
to ensure that users have access to a consistent and
affordable fuel supply.

Here we present the results of a pilot study in
which an advanced gasifier pellet stove was intro-
duced in 150 households across two peri-urban com-
munities outside Nairobi, where the household fuel
mix includes a combination of clean and polluting
options. The timing of the study is particularly inter-
esting because it occurred soon after the Kenyan gov-
ernment implemented a ban on charcoal produc-
tion [19]. The ban went into effect in February 2018,
and the intervention phase of this project began in
November of the same year. The ban has not been
fully enforced and charcoal is still widely available, but
prices increased roughly 75% [20]. When our pilot
project was implemented, people had already star-
ted substituting charcoal with LPG or kerosene. This
complicated our study, which was initially designed
to test whether pellets would displace charcoal. Nev-
ertheless, the price shock provided an opportunity to
see how pellets fit into a fuel mix in which charcoal
has already been sidelined.

We find that participants were willing to use
advanced gasifier stoves and, in many cases, displace
polluting fuels. However, the pilot project did not
successfully overcome all of the barriers necessary
to achieve long-term adoption. In the sections that
follow, we provide some background on advanced
pellet stoves and describe the residential energy mix
in urban and peri-urban Kenya. We then explain
the pilot study design and examine the results of
the study. We then close with a discussion of policy
implications.

1.1. Pellet stoves and fuels in Kenya and elsewhere
Advanced gasifier stoves for household use were first
introduced in the mid-2000 s [21]. Several types of
gasifiers have been developed and disseminated either
in pilot projects like this one or in limited commer-
cial markets. One design is side fed like a common
‘rocket’ style stove and can burn typical fuelwood, but
most models are batch-fed and require small wood
pieces, pellets, or similarly sized solid fuels like nut-
shells. The characteristic feature that they all have
is an internal fan that blows air into the combus-
tion chamber. The ‘forced-draft’ improves combus-
tion efficiency and reduces emissions. Additionally,
pellets are uniform in size and moisture content,
which further improves combustion.
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Figure 1.Mimi Moto stove (left) and PAYC hardware (right).

This pilot project was conducted in collabora-
tionwithBurnManufacturing, aNairobi-based cook-
stove manufacturer, and Mimi-Moto, a Netherlands-
based stove design company. Mimi-Moto recently
developed a forced-draft pellet stove (hereafter the
MM), which is available in select markets. The MM
achieved Tier-4 status in energy efficiency, indoor
emissions, and overall emissions and was selected for
this study precisely because of its emission reduction
potential.3

1.2. Overcoming barriers to scaling advanced
gasifier pellet stoves
There are three main barriers to achieving scale dis-
semination of advanced gasifier pellet stoves: afford-
ability, adoptability, and access to affordable fuel.
This pilot project explored options to directly address
affordability and adoptability. However, the project
only implemented short-term measures to make fuel
accessible for participating households. To trulymake
pellet fuels affordable and accessible at a large-scale,
substantial investment will be required, which is bey-
ond the scope of this project.

1.3. Making advanced gasifier stoves affordable for
poor urban households
The main objective of this pilot project was to under-
stand how people use the MM stove, so the imple-
menters needed to ensure uptake in sufficient num-
bers to observe a range of user behaviors. To pro-
mote uptake, the stoves were sold at roughly one-
fourth of their retail cost.While this degree of subsidy
is suitable for a pilot project supported by external
funds, it is not a sustainable approach to achieve
commercial scale-up, unless the initial losses can be
recovered. Other commercial projects using the same

3The international community uses four indicators to categorize
stove performance: efficiency, total emissions, indoor emissions
and safety (IWA-ISO 2012). The indicators are scaled in five tiers
ranging from zero (worst) to four (best) (GACC 2017).

stove model either provide the stove for free, or for
a steep discount and recover the loss through profits
on pellet sales. To simulate a commercial project, this
pilot project adopted a similar approach. There is
a risk that stove users will not purchase fuel from
the stove provider unless they take steps to ‘lock-in’
their customers. For example, one company promot-
ing the MM stove in Rwanda gives stoves for free
on the condition that their customers sign a con-
tract obligating them to buy pellets for 12 months
[22]. The firm also offered pellet delivery. A com-
pany in Zambia adopts a similar approach by selling
the MM for a 10%–20% down-payment and signing
users up for a monthly pellet purchase plan for 12–18
months [23].

The commercial projects in Rwanda and Zam-
bia have both dealt with defaults in payments. To
reduce the risk of default, this project tested a ‘pay-
as-you-cook’ (PAYC) approach in a subset of house-
holds. The concept is similar to ‘pay-as-you-go’ deliv-
ery models for off-grid solar home systems, which
are already common inmany developingmarkets [24,
25]. The past year has also seen rapid growth of pay-
as-you-go LPG services, such as Envirofit’s ‘Smart-
Gas’, PayGo Energy, and M-gas, which was recently
acquired by SafariCom, Kenya’s largest mobile phone
provider [26, 27]. To our knowledge, this is the first
study of adoption of a PAYC cooking solution.

The PAYC system adds about USD 5 to the pro-
duction cost of the stove. It functions by adding an
RFID reader4 linked to a timer integrated into the
stove’s controller (figure 1). When the user purchases
pellets from an authorized vendor, they receive an
RFID card with sufficient credit to burn the entire
bag.5 They activate the stove by waving the card in

4RFID or radio-frequency identification is a prolific technology
used in applications ranging from retail theft prevention, to so-
called smart passports and key-less entry systems.
5In the pilot project, fuel was available in either 2 kg or 10 kg bags.
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Figure 2.Map showing the location of the communities.

front of the controller. An indicator verifies activ-
ation is successful and also flashes when the credit
is running low, which occurs when the pellets are
nearly used up. When the fuel is finished, the user
returns to the authorized vendor to obtain more fuel
and another RFID card, ensuring the stove provider
recoups their loss from the initial stove sale.

2. Methods

2.1. Study design
MM stoves were marketed in Gachie and Githun-
guri, peri-urban communities in Kiambu County
outside Nairobi: (figure 2). The communities were
selected based on their proximity to the stove and fuel
providers. 30 PAYC stoves were sold in Gachie and
120 MM stoves without PAYC hardware were sold in
Githunguri.6In both communities, stoves were sold
for KES 2000 (~USD 20), well below the stove’s pro-
jected retail price of KES 8000. For comparison, stoves
commonly in use in these communities cost between
KES 400 for a simple charcoal stove and 4500 for
a single-burner LPG stove (4 and see supplemental
materials for stove-specific prices).

Stoves were promoted during a series of sales
events held on market days when potential custom-
ers have the cash on hand. Buyers signed-up, paid
a small deposit, and the stove was delivered to their
home. The home visit allowed vendors to provide
‘hands-on’ training to ensure users understood how
to operate the stove. It also allowed the team to

6The numberwas dictated by the limited production of PAYChard-
ware.

implement a short baseline survey. Follow-up surveys
were also conducted roughly 3 months after stoves
were delivered. Pellets were sold from kiosks located
close to the households through vendors recruited
by Burn, who tracked sales and periodically reported
back to the research team.

The project tested two types of fuel: wood pel-
lets produced from sawdust and macadamia shells.
Participants received one free 2 kg bag of each, so
they could try both and decide which they prefer.
Later, participants purchased their preferred fuel in
either in 2 kg or 10 kg bags. Macadamia shells cost
KES 15 kg−1 and pellets cost 25 kg−1.7 For com-
parison, during the project, charcoal was selling for
roughly KES 35 kg−1,8 kerosene cost 100 KES kg−1,
and LPG cost KES 160 kg−1.9 However, comparing
cost per unit mass fails to account for different calor-
ific values and stove efficiencies. Taking these factors
into account, we can estimate the costs of obtaining
‘useful energy’ for each stove/fuel combination. Here,
we find that charcoal is the cheapest option at 3–4

7Macadamia shells were purchased from a nut processor for KES
8 kg−1, then packaged and sold through vendors for a small profit.
Kenya’s pellet industry is at a very early stage and costs are still quite
high. We purchased pellets wholesale for KES 47 kg−1. After pack-
aging, distributing and adding a smallmarkup, the retail cost would
have been KES 75 kg−1, which is more than charcoal. To ensure
users could participate, pellets were sold for KES 25 kg−1, which is
similar to US prices heating pellets (USD 250/ton).
9These prices are national averages among urban Kenyans andmay
not reflect the prices that participants paid during the pilot study.
The charcoal price is taken from then National Bureau of Statistics
monthly consumer price index data from the start of the study [20]
and other fuel prices are from urban responses given in a national
household energy survey collected betweenOctober andNovember
2018, which directly overlaps with the start of the pilot project [4].
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Figure 3. Steps in SUMS software to detect a cooking event.

KES (MJdel)−1. Kerosene is slightly more expensive at
~5KES (MJdel)−1. LPG costs around 6KES (MJdel)−1,
and wood costs 5–9 KES (MJdel)−1 depending on
the efficiency of the device. Interestingly, the cost
of useful energy from the MM at the fuel prices
offered in this study is just 2–3 KES (MJdel)−1, which
is lower than all of the current options (see table
S1 and accompanying discussion in Supplemental
Material for an explanation of the underlying data
and assumptions used for these calculations).

In Gachie, where PAYC stoves were marketed,
buyers were studied in more detail. Stove use was
measured by installing stove use monitors (SUMs)
on all baseline stoves. In addition, two rounds of in-
depth interviews and focus group discussions were
implemented to understand users’ daily practices and
motivations. The results of the interviews and focus
groups are detailed elsewhere [28]. Here we focus on
data collected from surveys, fuel sales, and SUMsdata.

3. Data collection and analysis

3.1. Surveys
Surveys collected basic socio-demographic data as
well as information about baseline cooking behavior
and respondents’ experiences using the MM stove.

3.2. Stove use monitors
Stove use monitors (SUMS) have been described in
several previous publications [29–32]. The system
consists of a data-logging temperature sensor to col-
lect temperature measurements, a data management
program, customized signal-processing software, and
reporting tools to quantify and graphically illustrate
cookstove use and adoption. This study used Labjack
Digit-TLH data loggers (Labjack Corp., Lakewood,
CO), which log temperature pre-set intervals. Data
are downloaded through a USB connector. Digits
measure between −35 and +85 ◦C with ±0.5 ◦C

accuracy and store up to 260 000 readings with
timestamps recorded for each data point.

SUMs were deployed on baseline stoves in
early November 2018, two weeks before MM
deployment. Roughly 2 weeks later, MM stoves were
distributed with SUMs attached. SUMS were checked
periodically to download data and replace depleted
batteries or malfunctioning sensors and remained in
place until the close of the study in May 2019. Data
was coded with household ID, SUM ID, stove type,
and download date and field staff tracked household
details, including issues that would affect the analysis
(e.g. the participant removed the sensor or obtained
a new stove).

SUMS data was analyzed with custom Python
scripts to determine the number and duration of
cooking events. Plots of device signals with event
counts and event duration were illustrated through
a graphical user interface, also coded in Python (see
supplemental materials for examples of these out-
puts). Outputs from the SUMS software were fur-
ther processed in SQLite and Microsoft Excel. Scripts
performed five main steps (figure 3). We briefly
describe each step here (see supplemental materials
for details).10

(a) Signal smoothing
In this first step, a smoothing algorithm is
applied to the dataset to remove noise. This pro-
cess is applied to all stove types.

(b) Ambient temperature profile
The SUMS software generates an ambient tem-
perature profile by removing large peaks in the
temperature profile. This distinguishes back-
ground temperatures and diurnal peaks from

10The code will be made available upon request.
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Table 1. Basic characteristics of households in the sample, the county and country-wide.

Households in this studya Urban and peri-urban householdsb

Gachie (n= 30) Githunguri
(n= 120)

Kiambu
(n= 830)

Nationwide
(n= 9484)

Average HH size 3.9 — 3.0 3.3
% who own their home 7% — 32% 26%
Mean no. of rooms occu-
pied

2.3 — 2.1 1.8

Electricity 90% 97% 87% 74%

Primary cooking fuel (prior to intervention)

LPG 73% 37% 46% 28%
Charcoal 23% 34% 17% 23%
Fuelwood 0% 27% 6% 16%
Kerosene 4% 1% 28% 29%
Electric 0% 1% 0% 1%
Other/Did not cook 0% 1% 3% 4%

Stove/fuel stacking (prior to intervention)

Percentage of HHs using
more than one stove/fuel

80% 75% 49% 52%

aFirst three questions were not asked in GithunguribCounty and national-level data are from the 2015/16 Kenya Integrated Household

Budget Survey [33]

cooking events and helps define the threshold
temperature used in subsequent steps.

(c) Signal peak detection
Temperature peaks are identified by an
increasing rate of temperature change that is
too high to be explained by changes in ambient
conditions. A cut-off rate determines when the
stove is activated and a possible cooking event
[29, 30].

(d) Cooking event detection:
The start of a cooking event is identified
with the smoothed temperature exceeds a user-
defined threshold temperature. To define the
threshold, the SUMS software applies three dif-
ferent algorithms based on previous SUMS ana-
lyses. The algorithm with the highest event cap-
ture rate and lowest rate of false events is used
for further analysis (see supplemental materials
for details).

(e) Cleanup:
Sometimes stoves cool below the threshold tem-
perature and then heat up again during a single
event. This step merges separate events that
occur within a preset time (e.g. 30 min). It also
removes short-duration events and events that
do not reach a sufficiently high temperature.

4. Results

Surveys provide an overview of each household and
allow a comparison with Kenya’s broader urban

and peri-urban population. The families who pur-
chased MM stoves were typical of Kenyan families
living in small towns and peri-urban areas (table
1). Most households have 3–4 members, the major-
ity rent their homes, which consist of 2–3 rooms.
Nearly all homes are connected to the main grid
although none of the families in the sample and
very few country-wide, use electricity to prepare
meals.

Participants noted that they use a variety of
primary cooking fuels including LPG, charcoal, and
kerosene, which also matches the broader urban and
peri-urban population. One difference between com-
munities is the use of fuelwood in Githunguri, but
not Gachie. For participants and throughout Kiambu
county, LPG is the most common primary fuel. How-
ever, the ‘primary’ label is misleading. We observe
a stacking pattern among participants in this study
which is similar to the rest of the Kenyan population:
at the outset, 69% stacked LPG with polluting fuels
(specific stove/fuel combinations are shown in figure
4), 15% used LPG exclusively, and the balance used
only polluting fuels.

Baseline fuel mix is an important indicator
because it provides an indication of the emissions
reductions that the MM stove could achieve. It
also provides some information about users’ starting
points and their potential motivation for trying this
new technology. These themes are beyond the scope
of this analysis and are explored in a companion paper
[17].

Follow up surveys asked participants about use,
types of meals cooked, and overall satisfaction with
the introduced stove. Here, participants gave mixed

6
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Figure 4. Breakdown of baseline cooking options used in both communities.

Figure 5. Participants’ stated ‘willingness to pay’ after using the MM stove for ~3 months. The red line shows what they actually
paid at the start of the study.

responses. In surveys administered roughly three
months after receiving the MM stove, participants
were asked how often they used the stove in the past
week. Two thirds of those who responded claimed
that they used the MM stove daily, 20% claimed that
they used it 3–5 d/week, and 7% said they had not
used it at all (see figure S3). This distribution of MM
usage does not agree completely with SUMS data,
which indicated lower levels us use (see below and
supplemental materials). In addition, the majority of
users claimed that they found the MM suitable for all
types of dishes, particularly staple grains like rice or
maize meal, which constitute the main caloric con-
tent of most meals (figure S4). The only limitation
that emerged was that some users felt that the MM
was not good for quick tasks like boiling water for tea,

because it is batch-lit, cannot be easily extinguished,
and they did not want to waste fuel.11

Participants were also asked about things they
found challenging and things they would change
about the stove. Nearly half of those responding (45
out of 110) did not mention any challenges. For those
who did, the most common issues they raised were
the stove’s power control (20/110) and the smokiness
(24/110). Notably, most users who were bothered by
the MM’s smokiness reported that LPG was their
primary fuel prior to our intervention, so they were

11 MM designers informed us that short tasks can be accommod-
ated without waste by using a smaller charge of pellets, but it
requires some trial and error to get the quantity correct.

7
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accustomed to smoke-free cooking. In addition, the
survey focused mainly on technical aspects of the
MM. In more detailed interviews, and focus-groups,
the research team probed more deeply into the users’
experiences acquiring and learning to use the stove,
as well as after-sales support, which we explore in the
companion paper [28].

114 participants responded to a question ask-
ing what they would change about the stove. Mul-
tiple responses were permitted, with 135 sugges-
tions collected overall. Nearly one in four respond-
ents said they would not change anything. The
remaining responses were coded into three categor-
ies: stove design; fuel characteristics; and cost. Most
suggestions focused on stove design (57%) with 26%
of respondents suggesting that the stove should be
larger. 30% of responses focused on various fuel
issues and 9% of respondents made suggestions
related to cost (see supplemental materials for details
stacks.iop.org/ERL/15/084017/).

In addition, follow-up surveys asked participants
about their willingness to pay (WTP) for the stove.
They originally paid KES 2000 and were aware that
this price was subsidized. The subsidized price of KES
2000 was the median response. It is possible that the
proce created an anchor for the question (figure 5).
Nevertheless, 44% of responses indicated that thew
were willing to pay a price that exceeded the KES
2000 they payed in the pilot. In addition, responses
differed between the two communities: in Githunguri
the median was KES 2000 and in Gachie it was KES
3000 (p < 0.01).

The survey data reflect some satisfaction with
the stove among MM users. Many noted that they
encountered challenges and suggested improve-
ments, but people used the stoves for a wide
range of cooking tasks. This indicates that stoves
met their expectations, and many stated that they
would be willing to pay more than the subsid-
ized price they originally paid. In addition, PAYC
users reported higher WTP than non-PAYC users,
indicating that the PAYC feature may not be a
major barrier to adoption (however, see 28 for
a deeper examination of users’ experiences with
PAYC).

4.1. Fuel sales
Fuel vendors reported pellet sales between Octo-
ber 2018 and March 2019. Users had a strong pref-
erence for macadamia shells, which outsold wood
pellets by nearly a factor of four (figure S5). This
was also evident from the surveys; 80% of users
stated a preference for macadamia shells. Respond-
ents explained their preference because macadamia
cost less and, according to some, burned more slowly
than pellets, although others reported that pellets las-
ted longer.

Fuel sales data also allow us to examine per cap-
ita consumption in the two communities. We found

average daily pellet and macadamia shell consump-
tion was ~0.4 kg/household in Gachie (the PAYC
community) and ~0.2 kg/household in Githunguri,
which supports the assertion that PAYCwas not a bar-
rier to MM use.

4.2. SUMS data
In total, we monitored 83 stoves in 29 households
between November 2018 and May 2019 (one house-
hold recruited from Gachie dropped out soon after
the study began). Over the six-month monitoring
period, we recorded 11 700 complete ‘stove-days’
(some days were missed because of malfunctioning
sensors). To observe household-level stacking and
changes in stove use, we need valid measurements
from every stove in the household. If one sensor fails
for a number of days, we cannot draw conclusions
about those days of stove use. After filtering out days
during which one or more SUMS failed, we were left
with 3263 valid ‘household-days’ of data: 339 before
MMs were distributed, and 2924 after). We review
cooking patterns amongMM users prior to the inter-
vention, MM usage during the monitoring period,
and the extent of stove/fuel stacking both before and
after participants received theMMstoves (an example
of processed SUMs data is shown in figure S6).

Sensors failed in five households during baseline
data collection, before the introduction of the MM
stove, limiting our baseline sample to 24 house-
holds. Among these, LPG was used for nearly 75%
of cooking time before the MM stoves arrived.
Disaggregating into different baseline fuel users, we
find 11 households used LPG exclusively, nine house-
holds stacked LPG with kerosene and/or charcoal,
and four households used amix of kerosene and char-
coal with no LPG.

At a community scale, MM use fluctuated over
time (figure 6(a)). For the first month, about half of
the participants used theMM frequently: 20% used it
daily, and ~30% used it three or more days per week.
After that, use declined and by the 10th week (early-
January), fewer than half of the households used the
stove at all. We later discovered that the two pellet
retailers were inaccessible at the point where we iden-
tified a sudden and significant drop in usage, and
users could not obtain fuel. Usage rebounded and
increased steadily through February, before dropping
off in early March. MM use peaked again in mid-
March immediately after the research team visited the
community to collect data but fell soon after and fluc-
tuated between 15% and 30% of users through the
end of the monitoring period in early May.

SUMS also measure the duration of cooking
events. This indicates whether stoves are used for
short tasks like making tea or reheating leftovers, or
for longer tasks like preparing full meals. Most people
used theMMfor just over 2 h per cooking task; 90%of
events fell between 1.2 and 4.1 h (figure 6(b)), indic-
ating that most people used the MM for substantial
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Figure 6. (a) Percentage of households using the MM stove at least once each day between mid-November and early May; (b)
Distribution of MM-stove event-times over the entire monitoring period (using all algorithms).

Figure 7. Contribution to total cooking by stove and fuel during the two weeks before (left) and 24 weeks after adoption of the
MM (right). Plots show the full sample (a), HHs that used only LPG at baseline (b), HHs that stacked LPG with charcoal and/or
kerosene (c), and HHs that used only charcoal or kerosene with no LPG (d).
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cooking tasks. For comparison, cooking events with
LPG and kerosene generally ranged between one and
two hours, and tasks utilizing charcoal lasted between
2 and 6 h (table S3).

SUMS data also allows us to examine contribu-
tions of different stove and fuel options to overall
cooking time. During the post-adoption monitoring
period, participating HHs used the MM for 27% of
observed cooking time, with considerable variation
across households. The full sample is shown in fig-
ure 7(a). We grouped the sample by the mix of fuels
used prior to MM adoption, to see whether groups
behaved differently. The sample sizes are small, and
we cannot generalize from these results; however, we
see patterns thatmight beworth further investigation.
The 11 households that were exclusive LPG users dur-
ing baseline used the MM for roughly 26% of their
cooking activity during themonitoring period (figure
7(b)). The households that used LPG in combination
with kerosene and/or charcoal used the MM for 18%
of their observed cooking activity, while households
that used only charcoal or kerosene during baseline
used the MM for over 40% of monitored cooking
activity (figures 7(c) and (d)).

Last, we examine absolute changes in baseline
cooking activity. Across the community, we observe
a 12% reduction in time spent cooking with baseline
fuels (figure 8), but this was not uniform. Among
the 23 households with valid data from before and
after MMs were delivered, 16 households reduced
baseline stove use by an average of ~24%, but the
remaining seven households used baseline stoves as
muchormore after obtaining theMMstove. For these
users, the MM was a complementary technology that
expanded their cooking options but did not reduce
baseline fuel.

4.3. Limitations of the study
This pilot study faces several limitations. Our house-
hold survey sample covers all 150 participants, and
we collected over 11 000 ‘stove-days’ of SUMs
data, the latter covered a relatively small num-
ber of households, particularly to compare pre-
and post-MM behaviors. In addition, the sample
was self-selected and not necessarily representat-
ive of the two communities or peri-urban Kenyans
more generally. Thus, while the results are instruct-
ive, we cannot make generalizations to the broader
population.

In addition, the study was originally intended to
test whether the MM could reduce negative impacts
associated with charcoal. However, the Kenyan gov-
ernment’s charcoal ‘ban’, which was announced
months before this pilot project was implemented,
created an unprecedented charcoal price shock, shift-
ing study participants toward more kerosene and/or
LPG usage already before the MM introduction. As
a result, our baseline showed lower charcoal depend-
ence than existed prior to the ban.

5. Discussion and conclusions

The MM made modest a contribution to families’
cooking needs. People were generally satisfied with
the stove’s cooking performance, though they suggest
several changes to improve users’ experience (table
S2). In addition, there were shortcomings in fuel pro-
vision that likely resulted in lower usage than would
have occurred if fuel was more available.

Participants showed a preference for macadamia
shells over pellets, both because of lower cost and
longer burn times. This raises questions about scalab-
ility. Kenya produces 14 000 tons of macadamia
shells per year.12 Families in Gachie used roughly
0.4 kg day−1, which accounted for just over a quarter
of their cooking time. Shell production could satisfy
similar demand in 96 000 households: a tiny frac-
tion of the population using polluting fuels in urban
and peri-urban areas. However, as the country’s pel-
let industry matures, quality and affordability should
improve, making pellets a more attractive option.

Whether the MM or similar stove models play a
role in Kenya’s future mix of clean cooking options
remains to be seen. This small pilot project has
demonstrated that people using a variety of baseline
fuels werewilling to use a gasifying pellet stove over an
extended period of time for a fraction of their cook-
ing needs. Based on pellet sales, surveys and WTP
data, the PAYC hardware did not result in lower use
rates or create a substantial barrier to adoption and
may be a viable option for vendors to sell expensive
stoves below cost and recoup their losses over time.
These lessons could also be pertinent for the emerging
players in PAYC LPG, which has seen a lot of recent
investment in Kenya. Displacing modest amounts of
polluting fuels with MM stoves, while unlikely to
result in health improvements (SDG3), will reduce
emissions (SDG13) and potentially relieve pressure
on forest resources (SDG15), particularly in markets
where charcoal demand has not been affected by a
government ban.
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Figure 8. Average daily minutes of stove use in Gachie HHs before (n= 26) and after (n= 27) MM adoption.
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Ringström S, Annebäck J, Ghosh E, O’Connor M and Bailis
R 2020 Opening the black box: a service design-driven
approach to understanding the use of cleaner cookstoves in
peri-urban Kenya Energy Res. Soc. Sci. submitted

[29] Ruiz-Mercado I, Canuz E and Smith K R 2012 Temperature
dataloggers as stove use monitors (SUMs): field methods and
signal analysis Biomass Bioenergy 47 459–68

[30] Ruiz-Mercado I, Canuz E, Walker J L and Smith K R 2013
Quantitative metrics of stove adoption using stove use
monitors (SUMs) Biomass Bioenergy 57 136–48

[31] Simons A M, Beltramo T, Blalock G and Levine D I 2014
Comparing methods for signal analysis of temperature
readings from stove use monitors Biomass Bioenergy 70
476–88

[32] Piedrahita R et al 2016 Assessment of cookstove stacking in
Northern Ghana using surveys and stove use monitors
Energy Sustain. Develop. 34 67–76

[33] KNBS 2018 Kenya integrated household budget survey
2015/2016 National Data Archive (Kenada)
(http://54.213.151.253/nada/index.php/catalog/88/study-
description)

[34] Bada S O, Falcon R M S, Falcon L M and Makhula M J 2015
Thermogravimetric investigation of macadamia nut shell,
coal, and anthracite in different combustion atmospheres J.
S. Afr. Inst. Min. Metall. 115 741–6

[35] International Nut and Dried Fruit Council 2019 Nuts &
dried fruits: Statistical Yearbook 2018 (Reus, Spain:
International Nut and Dried Fruit Council)
(https://www.nutfruit.org/files/tech/1553521370_INC_
Statistical_Yearbook_2018.pdf)

[36] Kar A, Bailis R and Zerriffi H 2019 The risk of survey bias in
self-reports vs. actual consumption of clean cooking fuels
World Develop. Perspect. accepted

[37] Northcross A, Shupler M, Alexander D, Olamijulo J,
Ibigbami T, Ana G, Ojengbede O and Olopade C O 2016
Sustained usage of bioethanol cookstoves shown in an urban
Nigerian city via new SUMs algorithm Energy Sustain.
Develop. 35 35–40

[38] Smith K, Uma R, Kishore V V N, Lata K, Joshi V, Zhang J,
Rasmussen R A and Khalil M A K 2000 Greenhouse Gases
from Small-Scale Combustion Devices in Developing Countries
Phase IIa: Household Stoves in India (Research Triangle Park,
NC: US Environmental Protection Agency)
(https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?
ZyActionD\protect$\relax=$ZyDocument&Client\protect$\
relax=$EPA&Index\protect$\relax=$2000\protect$\relax+
$Thru\protect$\relax+$2005&Docs\protect$\relax=$&
Query\protect$\relax=$&Time\protect$\relax=$&EndTime\
protect$\relax=$&SearchMethod\protect$\relax=$1&
TocRestrict\protect$\relax=$n&Toc\protect$\relax=$&
TocEntry\protect$\relax=$&QField\protect$\relax=$&
QFieldYear\protect$\relax=$&QFieldMonth\protect$\
relax=$&QFieldDay\protect$\relax=$&IntQFieldOp\
protect$\relax=$0&ExtQFieldOp\protect$\relax=$0&
XmlQuery\protect$\relax=$&File\protect$\relax=$D%3A%
5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%
5C00000026%5CP1009BSZ.txt&User\protect$\relax=
$ANONYMOUS&Password\protect$\relax=$anonymous&
SortMethod\protect$\relax=$h%7C-
&MaximumDocuments\protect$\relax=$1&FuzzyDegree\
protect$\relax=$0&ImageQuality\protect$\relax=$r75g8/
r75g8/x150y150g16/i425&Display\protect$\relax=$hpfr&
DefSeekPage\protect$\relax=$x&SearchBack\protect$\
relax=$ZyActionL&Back\protect$\relax=$ZyActionS&
BackDesc\protect$\relax=$Results%20page&
MaximumPages\protect$\relax=$1&ZyEntry\protect$\
relax=$1&SeekPage\protect$\relax=$x&ZyPURL)

[39] Mukhopadhyay R et al 2012 Cooking practices, air quality,
and the acceptability of advanced cookstoves in Haryana,
India: an exploratory study to inform large-scale
interventions Glob. Health Action 5 19016

[40] Hankey S, Sullivan K, Kinnick A, Koskey A, Grande K,
Davidson J H and Marshall J D 2015 Using objective
measures of stove use and indoor air quality to evaluate a
cookstove intervention in rural Uganda Energy Sustain.
Develop. 25 67–74

[41] Clean Cooking Alliance 2019 Clean cooking catalog Clean
Cooking Cat. (http://catalog.cleancookstoves.org)

[42] Pillarisetti A, Vaswani M, Jack D, Balakrishnan K, Bates M N,
Arora N K and Smith K R 2014 Patterns of stove usage after
introduction of an advanced cookstove: the long-term
application of household sensors Environ. Sci. Technol. 48
14525–33

[43] Clark S et al 2017 Adoption and use of a semi-gasifier
cooking and water heating stove and fuel intervention in the
Tibetan Plateau, China Environ. Res. Lett. 12 075004

[44] Lozier M J et al 2016 Use of temperature sensors to
determine exclusivity of improved stove use and associated
household air pollution reductions in Kenya Environ. Sci.
Technol. 50 4564–71

12

https://doi.org/10.1016/j.enpol.2017.05.016
https://doi.org/10.1016/j.enpol.2017.05.016
http://cleancookingalliance.org/about/news/05-30-2017--pay-as-you-go-technology-to-boost-access-to-cooking-fuel.html
http://cleancookingalliance.org/about/news/05-30-2017--pay-as-you-go-technology-to-boost-access-to-cooking-fuel.html
http://cleancookingalliance.org/about/news/05-30-2017--pay-as-you-go-technology-to-boost-access-to-cooking-fuel.html
https://www.businessdailyafrica.com/corporate/companies/Safaricom-MGas-partner-in-pay-per-use-cooking/4003102-5418200-oyc7s4z/index.html
https://www.businessdailyafrica.com/corporate/companies/Safaricom-MGas-partner-in-pay-per-use-cooking/4003102-5418200-oyc7s4z/index.html
https://www.businessdailyafrica.com/corporate/companies/Safaricom-MGas-partner-in-pay-per-use-cooking/4003102-5418200-oyc7s4z/index.html
https://www.businessdailyafrica.com/corporate/companies/Safaricom-MGas-partner-in-pay-per-use-cooking/4003102-5418200-oyc7s4z/index.html
https://doi.org/10.1016/j.biombioe.2012.09.003
https://doi.org/10.1016/j.biombioe.2012.09.003
https://doi.org/10.1016/j.biombioe.2013.07.002
https://doi.org/10.1016/j.biombioe.2013.07.002
https://doi.org/10.1016/j.biombioe.2014.08.008
https://doi.org/10.1016/j.biombioe.2014.08.008
https://doi.org/10.1016/j.esd.2016.07.007
https://doi.org/10.1016/j.esd.2016.07.007
http://54.213.151.253/nada/index.php/catalog/88/study-description
http://54.213.151.253/nada/index.php/catalog/88/study-description
https://doi.org/10.17159/2411-9717/2015/v115n8a10
https://doi.org/10.17159/2411-9717/2015/v115n8a10
https://www.nutfruit.org/files/tech/1553521370_INC_Statistical_Yearbook_2018.pdf
https://www.nutfruit.org/files/tech/1553521370_INC_Statistical_Yearbook_2018.pdf
https://doi.org/10.1016/j.esd.2016.05.003
https://doi.org/10.1016/j.esd.2016.05.003
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1009BSZ.TXT?ZyActionD\protect $\relax =$ZyDocument&Client\protect $\relax =$EPA&Index\protect $\relax =$2000\protect $\relax +$Thru\protect $\relax +$2005&Docs\protect $\relax =$&Query\protect $\relax =$&Time\protect $\relax =$&EndTime\protect $\relax =$&SearchMethod\protect $\relax =$1&TocRestrict\protect $\relax =$n&Toc\protect $\relax =$&TocEntry\protect $\relax =$&QField\protect $\relax =$&QFieldYear\protect $\relax =$&QFieldMonth\protect $\relax =$&QFieldDay\protect $\relax =$&IntQFieldOp\protect $\relax =$0&ExtQFieldOp\protect $\relax =$0&XmlQuery\protect $\relax =$&File\protect $\relax =$D%3A%5Czyfiles%5CIndex%20Data%5C00thru05%5CTxt%5C00000026%5CP1009BSZ.txt&User\protect $\relax =$ANONYMOUS&Password\protect $\relax =$anonymous&SortMethod\protect $\relax =$h%7C-&MaximumDocuments\protect $\relax =$1&FuzzyDegree\protect $\relax =$0&ImageQuality\protect $\relax =$r75g8/r75g8/x150y150g16/i425&Display\protect $\relax =$hpfr&DefSeekPage\protect $\relax =$x&SearchBack\protect $\relax =$ZyActionL&Back\protect $\relax =$ZyActionS&BackDesc\protect $\relax =$Results%20page&MaximumPages\protect $\relax =$1&ZyEntry\protect $\relax =$1&SeekPage\protect $\relax =$x&ZyPURL
https://doi.org/10.3402/gha.v5i0.19016
https://doi.org/10.3402/gha.v5i0.19016
https://doi.org/10.1016/j.esd.2014.12.007
https://doi.org/10.1016/j.esd.2014.12.007
http://catalog.cleancookstoves.org
https://doi.org/10.1021/es504624c
https://doi.org/10.1021/es504624c
https://doi.org/10.1088/1748-9326/aa751e
https://doi.org/10.1088/1748-9326/aa751e
https://doi.org/10.1021/acs.est.5b06141
https://doi.org/10.1021/acs.est.5b06141

	Enhancing clean cooking options in peri-urban Kenya: a pilot study of advanced gasifier stove adoption
	1. Introduction
	1.1. Pellet stoves and fuels in Kenya and elsewhere
	1.2. Overcoming barriers to scaling advanced gasifier pellet stoves
	1.3. Making advanced gasifier stoves affordable for poor urban households

	2. Methods
	2.1. Study design

	3. Data collection and analysis
	3.1. Surveys
	3.2. Stove use monitors

	4. Results
	4.1. Fuel sales
	4.2. SUMS data
	4.3. Limitations of the study

	5. Discussion and conclusions
	Acknowledgments
	References


