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What are the biggest problems in the world?

• Poverty

• Disease

• Climate Change
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The problem

• About 3 billion people cook with biomass fuels such as wood,
charcoal, or animal dung (Bonjour et al. 2013).

• Cooking with biomass fuels causes four million annual deaths
(Lim et al. 2012).
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• Smoke from this cooking contributes to climate change and
deforestation (Ramanathan and Carmichael 2008; Bailis et
al. 2015).
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A possible solution

• First best solution (look at my kitchen or yours):

• Replace biomass fuels with gas or electricity
• Unfortunately, most who cook with soils fuels lack affordable

consistent supply of gas or electricity (Lewis and Pattanayak
2012; Rehfuess et al. 2010)

• Second best solution (?):

• Fuel-efficient cookstoves that use the same types of typical solid
fuels
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A possible solution

Figure: Wood burning stoves: three stone fire versus Envirofit G-3300

(a) Three Stone Fire (b) Envirofit G-3300
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Well, maybe...they look good in the lab
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But mixed results in the field

• Hanna, Duflo, and Greenstone (2016) find reductions in

smoke inhalation in first year, but no changes in smoke

inhalation over longer periods in an RCT in India.

• Suggest low use results from low valuation (lack of maintenance)

• Bensch and Peters (2015) find reductions in fuel use, smoke
emissions, and smoke-related disease symptoms in an RCT
in rural Senegal.

• Pillarisetti et al. (2014) found that users experimented with
a fuel-efficient stove at first, but use declines over time. By
one year after introduction, households used traditional
stoves for 75% of their cooking in a non-RCT sample of
pregnant women in India.
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Our contributions...

• Typically cookstove studies have given stove away for free or

a highly subsidized price. Our sample paid market price.

• Debate on appropriateness of subsidies (latrines, mosquito nets,
deworming meds, etc.) hinges on how usage of the product
varies as price paid varies. Market-price cookstove usage study
has not been done.

• We provided households with a second fuel-efficient stove

(delayed) as common cooking practice in the area was to

cook with two pots simulataneously.

• Could a second fuel-efficient burner substantially reduce stove
stacking?

• We adjust for observer-induced bias (Hawthorne effect).

The Effects of Fuel-Efficient Cookstoves 8 / 24



Our contributions...

• Typically cookstove studies have given stove away for free or

a highly subsidized price. Our sample paid market price.

• Debate on appropriateness of subsidies (latrines, mosquito nets,
deworming meds, etc.) hinges on how usage of the product
varies as price paid varies. Market-price cookstove usage study
has not been done.

• We provided households with a second fuel-efficient stove

(delayed) as common cooking practice in the area was to

cook with two pots simulataneously.

• Could a second fuel-efficient burner substantially reduce stove
stacking?

• We adjust for observer-induced bias (Hawthorne effect).

The Effects of Fuel-Efficient Cookstoves 8 / 24



Our contributions...

• Typically cookstove studies have given stove away for free or

a highly subsidized price. Our sample paid market price.

• Debate on appropriateness of subsidies (latrines, mosquito nets,
deworming meds, etc.) hinges on how usage of the product
varies as price paid varies. Market-price cookstove usage study
has not been done.

• We provided households with a second fuel-efficient stove

(delayed) as common cooking practice in the area was to

cook with two pots simulataneously.

• Could a second fuel-efficient burner substantially reduce stove
stacking?

• We adjust for observer-induced bias (Hawthorne effect).

The Effects of Fuel-Efficient Cookstoves 8 / 24



Study design - background

• Mbarara District, Uganda

• Worked with local research organization, CIRCODU, for
data collection (in 2012)

• Almost all households (97%) cooked on three-stone fire in
separate cooking huts

• Agrarian livelihoods, farming matooke, potatoes, millet as
well as raising livestock
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Study design - RCT

• Sample selection:

• Marketed wood-burning Envirofit G3300, retail price $16

• Visited 26 rural parishes (12 cash-and-carry and 14 free
trial plus time payments) this is focus of Levine et al. 2018

• Among stove purchasers in the 14 free trial and time
payments parishes, asked for volunteers that met criteria:

• Use wood as a fuel source
• Regularly cooked for eight or fewer people
• Someone usually home

• In each parish more than 12 agreed to join study, so we
randomly selected 12
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Study design - RCT

• Stove tracking:

• We tracked 164 households for six months with SUMs

• SUMs placed on two three stone fires in all 164 households
(before any Envirofits delivered) and on Envirofits when
delivered

• Then we randomly staggered delivery of Envirofit
(identification for RCT)
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Study design - RCT

• Rollout - staggered delivery about 5-6 weeks apart:

• Wave 1: only three stone fires
• Wave 2: half of buyers (early buyers) get one Envirofit
• Wave 3: other half (late buyers) get one Envirofit
• Wave 4: all get second Envirofit (as surprise gift)

• Kitchen performance tests (KPTs) - following Bailis et al.

(2007) we performed three 72-hour KPTs per household and

recorded:

• Quantity (kg) of firewood used daily
• Levels of household air pollution (PM 2.5)
• Self-reported cooking diaries (meals cooked per day, people

cooked for per day, etc.)

• Temperature sensors tracking continuously for six months,
KPT measures only for the ‘week’

• Long-term follow up: 3.5 years later we made unannounced
visits to all households to examine stove use
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Sample SUMs temperature data

Figure: Example of household level SUMs temperature data in same
household at same times

20
30

40
50

60
70

SU
M

s 
Te

m
pe

ra
tu

re
 [C

], 
t

16jun2012 21:06:40 22jun2012 16:00:00 28jun2012 10:53:20 04jul2012 05:46:40
Date/Time

Dashed line is TSF, Solid line is ambient temp
SUMs data for Three Stone Fire and Ambient Temperature

(a) Three Stone Fire
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Specification - wood use and PM2.5 (just KPT weeks)

Yipt = αip + b0 ∗ Ti + b1 ∗ Early have Envirofitt + b2 ∗
Both have Envirofitst + β1(Ti ∗ Early have Envirofitt) +
β2(Ti ∗Both have Envirofitst) + εipt

• Yipt is daily wood use or daily PM2.5 concentration for
household i in parish p in study wave t

• includes household fixed effects (controls for cooking style
or talent of cook, fixed structures of kitchen like windows)

• study wave and treatment dummies
• coefficient of interest is β1 - the causal effect of owning one

Envirofit
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Specification - accounting for Hawthorne effects

• We found participants increased Envirofit use about 2.5
hours per day while decreasing three stone fire use by about
2.5 hours per day in the final KPT (Simons et al. 2017):

• We use usage data from periods with no external observers
to adjust usage data in periods with external observers

∆Adj Woodwave
group = ∆TSF Hourswave

group ∗
(TSF Wood

hour
) + ∆ENV Hourswave

group ∗ (ENV Wood
hour

)

• ∆TSF Hours and ∆ENV Hours are differences in hours
cooked due to observer presence

• (TSF Wood
hour ) is hourly rate of wood consumption from first

KPT (when no Envirofits)
• (ENV Wood

hour ) is laboratory result (we had not periods of

exclusive Envirofit use) so (ENV Wood
hour ) is half the rate of a

three stone fire
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Balance and summary statistics

• Study was balanced, out of 20 covariates only one was
statistically significantly different (at 10% level) between
randomly assigned early buyers and randomly late buyers at
baseline

• Key baseline statistics (control group) related to stove usage:

• Net wood weight used was 9.3 kg/day
• Average PM2.5 reading was 414.3 µg/m3

• Total daily hours cooked on three stone fires was 12.4
hrs/day
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Results - effect of Envirofit on daily wood use (kg/day)

(1) (2)
VARIABLES OLS FE

Treatment 0.72
(0.72)

Early buyers have one Envirofit -1.86*** -1.73***
(0.60) (0.56)

All buyers have two Envirofits -2.48*** -2.48***
(0.68) (0.66)

Treatment x Early buyers have one Envirofit -0.95 -1.08*
(0.85) (0.56)

Treatment x All buyers have two Envirofits -0.46 -0.55
(0.88) (0.59)

Constant 12.40***
(0.46)

Observations 1,116 1,116
R-squared 0.15 0.42
Number of household fixed effects 163

Standard errors clustered at parish-wave level in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Results - effect of Envirofit on daily ln(PM2.5)

(1) (2)
VARIABLES OLS FE

Treatment -0.02
(0.03)

Early buyers have one Envirofit 0.12** 0.12**
(0.05) (0.05)

All buyers have two Envirofits -0.10** -0.10*
(0.04) (0.05)

Treatment x Early buyers have one Envirofit -0.13* -0.12**
(0.07) (0.06)

Treatment x All buyers have two Envirofits -0.02 -0.02
(0.06) (0.06)

Constant 6.57***
(0.07)

Observations 1,242 1,242
R-squared 0.87 0.92
Number of household fixed effects 164

Standard errors clustered at parish-wave level in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Results - adjusted for Hawthorne effect

• When we adjust for stove use outside of KPTs (the periods

when observers were present), we find:

• Most of the reductions disappear
• Wood use declines 1.7%, instead of 11.6%
• PM2.5 concentrations decline by 0.3%, instead of 12.0%
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Results - long-term use (3.5 years later)

• Similar to Bensch and Peters (2015) and Hanna, Duflo and

Greenstone (2016) we made unannounced return visits 3.5

years later :

• At time of visit about 80% of households were home (137
out of 164)

• At moment of visit, about 48% were actively cooking (66
out of 137)

• Among those, only 9% were cooking with Envirofits (6 out
of 66)

• So enumerators asked those not cooking to see their stoves

(131 HHs) to inspect for obvious signs of use

• 65% had an Envirofit with obvious signs of use
• 17% had Envirofit stored and clearly not in use
• 2% had Envirofit in perfect condition (essentially never

used)
• 8% said Envirofit was damaged and disposed of
• 8% said they had given the stove away
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Conclusions

• Despite our sample that paid market prices for fuel-efficient

cookstove, usage rates were not markedly different than in

previous studies:

• Initial period of higher use, then decline in use (likely
implying poor substitutability)

• Pillarisetti et al. (2014) found that traditional stove used
about 75% and introduced stove about 25%

• By end of our study, roughly 67% of cooking on three stone
fires and 33% on Envirofits

• Hanna, Duflo and Greenstone (2016) argued low long term
use was due to lack of maintenance by the stove owner

• In our long term followup we confirm low usage levels, but
it was not due to durability or maintenance issues

• Do households fully switch when they have a second stove?

• No, anecdotally households used the fuel-efficient stove to
heat things that cook relatively quickly (boil water for tea),
but preferred three-stone fires for low-heat cooking such as
simmering common dishes like rice and beans or cooking
bananas.

The Effects of Fuel-Efficient Cookstoves 21 / 24



Conclusions

• Despite our sample that paid market prices for fuel-efficient

cookstove, usage rates were not markedly different than in

previous studies:

• Initial period of higher use, then decline in use (likely
implying poor substitutability)

• Pillarisetti et al. (2014) found that traditional stove used
about 75% and introduced stove about 25%

• By end of our study, roughly 67% of cooking on three stone
fires and 33% on Envirofits

• Hanna, Duflo and Greenstone (2016) argued low long term
use was due to lack of maintenance by the stove owner

• In our long term followup we confirm low usage levels, but
it was not due to durability or maintenance issues

• Do households fully switch when they have a second stove?

• No, anecdotally households used the fuel-efficient stove to
heat things that cook relatively quickly (boil water for tea),
but preferred three-stone fires for low-heat cooking such as
simmering common dishes like rice and beans or cooking
bananas.

The Effects of Fuel-Efficient Cookstoves 21 / 24



Conclusions...continued

• We document large Hawthorne effects:

• Households cooked about 2.5 hours per day more on the
Envirofit and 2.5 hours a day less on three stone fires when
observers were present

• They switch use patterns back when observers left
• This issues had been mentioned as a concern (but largely

ignored) in previous cookstove literature
• Reductions in wood use (11.6%) and PM2.5 concentrations

(12.0%) after the introduction of one Envirofit, but once we
adjust for Hawthorne effect this reduction was almost zero

• Recommend focusing research/policy on transitioning

households to gas or electric, coupled with policies to

decrease biomass stove use

• PM2.5 levels would have needed to fall by 90% from
baseline to reach WHO targets (even with no Hawthorne
effect, PM2.5 only fell 12.0%)
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Whole paper in a graph - average daily stove use
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Thank You
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