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INTRODUCTION

To meet the Paris Agreement targets cost-effectively, the 
International Energy Agency calls for increases in energy 
efficiency to drive half of targeted emissions reductions 
(Figure 1), with renewables and carbon capture and 
storage driving much of the remainder. Existing research 
shows that the uptake of energy efficiency investments—
such as electric vehicles or more energy efficient 
refrigerators—remains inefficiently low, and that two of 
the most effective policies to increase adoption in higher 
income countries are: 1) carbon taxes that internalize 
negative externalities, and 2) nudges that increase the 
salience of energy savings (Gerarden, Newell, and 
Stavins 2017). 

But these policies may not be as effective in lower 
income settings, for two reasons. First, credit market 
frictions are more prevalent in low-income settings. This 
may prevent the adoption of technologies that already 
generate large private benefits, limiting the impact of 
internalizing externalities. Second, because energy is a 
larger portion of household budgets, attention to savings 
may already be high. Identifying the optimal policies 
to promote the adoption of energy efficiency in lower 
income contexts is important because almost all growth 
in global energy demand in the next several decades is 
expected to come from these countries (see Figure 2).

In a recent working paper, we estimate the financial and 
environmental benefits to adopting an energy efficient 
charcoal cookstove (Berkouwer and Dean 2021). We 
then identify an important barrier to adoption and explore 
the implications of these results for climate policies such 
as energy efficiency subsidies and carbon taxes. 
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FIGURE 1: IEA PROJECTED EMISSIONS REDUCTIONS UNDER THE 
SUSTAINABLE DEVELOPMENT SCENARIO

The International Energy Agency (IEA) projects that almost half of all emissions reductions 
required to meet the Paris Agreement targets are to come from energy efficiency gains.

Source: IEA (2018).
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ENERGY EFFICIENCY FOR THE POOR

Energy efficiency adoption can have large benefits for 
the poor. The United Nations Sustainable Development 
Goal 7 is to “Ensure access to affordable, reliable, 
sustainable and modern energy for all” (UN 2015). The 
share of household income spent on energy costs, also 
known as the energy burden, tends to be largest among 
the poor. Humans have a basic set of needs (including 
heating, cooking, and lighting), which low-income 
families must prioritize, and which tend to grow only 
slightly when incomes rise. Energy spending comprises 
3.5% of household income for the median American 
household but exceeds 7% for the poorest Americans 
(Drehobl and Ross 2016). The share in low-income 
countries is often even higher: the energy burden for 
the median household in our study sample is 20% 
of household income. Household adoption of energy 
efficient appliances has the potential to reduce these 
expenditures meaningfully. 

In Kenya, more than two-thirds of households still use 
traditional wood and charcoal stoves as their primary 
cooking technology (Kenya 2019 Census). These have 

significant negative health consequences. They produce 
indoor air pollution that contributes to millions of deaths 
each year and contribute to growing deforestation and 
climate change (WHO 2017; Pattanayak et al. 2019; Bailis 
et al. 2015). More than 4 billion people still do not have 
access to modern cooking methods (World Bank 2020b).

By 2030, half of Africa’s population is expected to be 
living in cities, where more than 80% of households 
rely on charcoal for daily cooking and heating needs 
(FAO 2017). Total spending on firewood and charcoal in 
Sub-Saharan Africa in 2012 was 12 billion USD (Bailis 
et al. 2015), and Kenyan households consumed 680 
million USD worth of charcoal in 2019 (Kenya Ministry of 
Energy 2019). Charcoal usage is expected to continue 
growing in coming decades due to rising incomes and 
rapid urbanization, as households that currently gather 
firewood for cooking climb up the energy ladder and 
switch to charcoal (Hanna and Oliva 2015). 

While middle-income Kenyans are increasingly adopting 
modern cooking technologies, adoption among lower-
income households remains low. We focus on low-
income households living in informal settlement areas 
around Nairobi, where charcoal is widely available 
and many households cook with traditional charcoal 

FIGURE 2: IEA PROJECTED CHANGE IN GLOBAL ENERGY DEMAND, 2016–2040 (Mtoe)

The IEA expects almost all growth in global energy demand in the coming decades to be driven by low- and middle-income countries.

Source: IEA (2017).
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stoves such as the Kenyan ceramic jiko (KCJ). For 
these households, the most salient feature of modern 
cookstoves is the financial savings—and the amount 
saved depends on energy prices. 

In Kenya, the price of charcoal has fluctuated in 
recent years due to the off-and-on implementation of 
government bans on deforestation for environmental 
reasons (Iiyama et al. 2014). Charcoal is usually sold 
in small metal or plastic tins (mkebe or kasuku), which 
contain between 1–4 kilograms of charcoal and retail 
for between $0.50–$1.50, although respondents report 
that the price of charcoal can sometimes fluctuate by 
20%–30% of the average price on a monthly basis.

Despite the benefits of energy efficiency technologies, 
adoption remains low. The IEA (2018) estimates that 
cost-effective energy efficiency opportunities in the 
household appliance and vehicle sectors that are 
available today to households globally have the potential 
to save $201 billion in avoided energy expenditures and 
$365 billion in transportation costs per year by 2040.

THE ENERGY EFFICIENT  
JIKOKOA COOKSTOVE

We study one such technology: the Jikokoa, an energy 
efficient charcoal cookstove produced by Burn 
Manufacturing, which is for sale for $40 in stores and 
supermarkets across East Africa. The Jikokoa is very 
similar to the KCJ: respondents report no change in 
the taste or smell of food, they can continue buying 
the same charcoal from their preferred vendor, and 
effectively no learning is required to switch from the  
KCJ to the Jikokoa.

Burn has sold more than 1 million stoves in the past five 
years, but adoption so far has been concentrated among 
higher- and middle-income Kenyan families. This is not 
because people have not heard of the stove: more than 
98% of respondents had heard of the stove, primarily 
via television (66%); a friend, neighbor, or family member 
(30%); the radio (20%), or a billboard, newspaper, or 
bus advertisement (10%). So then why is adoption still 
low among the lowest income families? Is it that the 
savings do not justify the high cost? Or do households 
face barriers that prevent them from adopting?

To answer these questions, we enroll 1,000 participants 
in Nairobi, Kenya, who use a traditional charcoal 
cookstove as their primary energy durable. 

Two-thirds of Kenyan households still use a traditional stove as their primary cooking 
technology. Displayed here is the Kenyan ceramic jiko (KCJ), a mid-tier charcoal cookstove. 

THE KENYAN CERAMIC JIKO

The Jikokoa is a modern charcoal cookstove sold in East Africa.

Source: Burn Manufacturing (2021).

THE JIKOKOA

https://burnstoves.com/products/charcoal-stoves
https://burnstoves.com/products/charcoal-stoves


4  kleinmanenergy.upenn.edu

Most households purchase a small amount of charcoal 
every day, usually between $0.50 and $1, with which to 
cook their daily meals. We offer participating households 
the opportunity to buy the Jikokoa at a subsidized price. 
By randomly varying the subsidy we can accurately 
estimate the impacts of adopting the stoves on families’ 
charcoal usage. Each household was invited to 
participate in four surveys over a 14-month period. 

We find that the Jikokoa reduces household charcoal 
consumption by 40% relative to a control group. 
This corresponds to large private financial savings: 
the average household saves $236 over the two-
year lifespan of the stove. This is a significant sum of 
money, especially considering that monthly income for 
households is around $120 per month.

Given the $40 cost of the stove, this represents a 
300% annual rate of return on investment. This is likely 
significantly higher than alternative investments to which 
respondents may have access. 

Previous studies of efficient cookstoves found declines 
in usage and benefits over time due to technology 
breakdown, poor maintenance, or user tastes (Pillarisetti 
et al. 2014; Hanna, Duflo, Greenstone 2016). To test this, 
we re-survey respondents and conduct a charcoal SMS 
survey one year after the main experiment. Out of the more 
than 500 stove adopters re-surveyed one year later, 98% 
still had the Jikokoa. Among the 2% who no longer had 
the stove, reasons for loss include theft, fire, non-payment 
repossession, and giving the stove away voluntarily. 

Twelve months after adoption, the stove continues to 
cause a reduction in charcoal spending of almost $2.50 
per week, corresponding to a 42% reduction relative 
to the control group. Savings appear constant over the 
long term. This improvement on previous cookstove 
technologies may be attributable to the Jikokoa’s ease 
of use and similarity to traditional jikos. It is also more 
durable, and adopters can access free repair services 
provided in Nairobi if needed.

The industrial process of charcoal production, transport, 
and consumption has a large carbon footprint. The 
average household in our sample consumes around 
850 KG of charcoal per year, and when factoring in the 
production, transport, and burning of charcoal, each 

FIGURE 3: PARTICIPANT LOCATIONS ACROSS NAIROBI

Participating households are located in informal settlement areas across Nairobi, Kenya. Each 
respondent is randomly assigned to one of four treatment groups.

Households save on average $2.50 per week in charcoal expenditures after adopting the 
Jikokoa. This effect is immediate and relatively constant over time, even one year after adoption.

FIGURE 4: CHARCOAL SPENDING BY JIKOKOA ADOPTION STATUS
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KG of charcoal emits around 8.1 KG of CO2e (FAO 
2017). The stove’s 40% reduction then corresponds 
to 6.9 metric tons of CO2e in avoided emissions over 
the two-year lifetime of the stove. Using the EPA (2016) 
estimate for the 2020 social cost of CO2 of $42, 
adoption of a stove generates almost $300 in CO2e 
emission reductions over two years of usage. Focusing 
on only the environmental benefits, investing in a Jikokoa 
reduces greenhouse gas emissions at a cost of $5.76 
per ton of CO2e. 

This is cheaper than many abatement technologies 
available in the United States: recent estimates put 
CAFE standards at between $48 and $310 per ton of 
CO2e, advanced nuclear at $59 per ton, coal retrofit 
with carbon capture and storage at $85 per ton, and 
the weatherization assistance program at $350 per 
ton (Gillingham and Stock 2018). It is more in line with 
estimates in other low-income countries: For example, 
Jayachandran et al. (2017) estimate $2.60 per ton 
abated through payments for ecosystem services in 
Uganda. Still, it is worth noting the Jikokoa’s large private 
financial and health benefits: factoring those in, the 
Jikokoa would have a negative abatement cost, since 
abating CO2e generates financial savings rather than 
costing money. 

Finally, the stove also generates significant time savings 
and health benefits. In ongoing research, we are working 
to quantify these additional benefits.

CREDIT DOUBLES ADOPTION

If the returns to adoption are so high, why was adoption still 
low among this population? We investigate whether a lack 
of access to credit might constrain adoption by eliciting 
households’ willingness to pay (WTP) for the item: the 
maximum they would be willing to pay to buy the good. 

Households who had to pay for the cost of the stove 
up front were on average willing to pay at most $12 to 
buy the stove. However, when we offered a random set 
of respondents the opportunity to pay for the stove in 
installments over a twelve-week period, WTP doubled. 

Respondents with access to credit were willing to pay $25 
to buy the stove. 

Is the optimal policy response to expand credit markets? 
The answer to this question is complicated. First, 
repayment was not perfect. Across all respondents who 
adopted the stove in the credit treatment groups, on 
average 72% of the loan was repaid. The loans offered 
in this experiment charged an interest rate of 1.16% per 
month, or 3.5% over the three months. In practice lenders 
could charge higher interest to recover losses from these 
high default rates, however this would increase default 
rates, since default is higher among people with higher 
costs. A recalibration exercise reveals that there is no 
interest rate at which a lender could break even for any 
price above $15. 

Second, the three-month loan increases willingness to pay 
to $25, but this is still below the stove’s market price of 
$40. One potential solution would be to extend the period 
of the loan to six or even twelve months. While we were 
unable to test this in our experiment, this might increase 
adoption further. Alternatively, policy makers may need to 
supplement access to credit with additional policies that 
increase the stove’s affordability.

FIGURE 5: DEMAND FOR THE JIKOKOA AMONG PARTICIPANTS WHO 
WERE OFFERED A LOAN AND THOSE WHO WERE NOT

Demand curves for people in the control group, who had to pay up front, and people in the 
credit treatment group, who could pay for the stove in installments over twelve weeks. At each 
price point, the demand curve shows what fraction of participants have a willingness to pay at 
least as high as that price and would therefore adopt the stove at that price. Access to a loan 
more than doubles average WTP, from $12 to $25.
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INCREASED ATTENTION DOESN’T  
AFFECT ADOPTION

In high-income contexts, inattention has been found 
to be an important determinant of energy efficiency 
adoption (Allcott and Taubinsky 2015; Gillingham, 
Houde, and van Benthem 2021; Jessoe and Rapson 
2014; and De Groote and Verboven 2019). 

The effectiveness of attention nudges as a policy lever 
may be higher or lower in low-income contexts. Energy 
is a much larger portion of the household budget (20% 
in our sample), so households may attend to these 
savings more carefully and make optimal trade-offs 
(Shah, Shafir, and Mullainathan (2015), Fehr, Fink, and 
Jack (2019), Goldin and Homonoff (2013). Other work 
suggests the cognitive stress of being poor can impair 
households’ decision-making capabilities (Haushofer 
and Fehr 2014; Schilbach, Schofield, and Mullainathan 
2016; Kremer, Rao, and Schilbach 2019).

To measure the impact of inattention, some participants 
in our study receive nudges that are designed to 
increase their attention to the stove’s financial benefits. 
They first receive text messages every three days 
for one month asking about their charcoal spending. 
Immediately before stating how much they are willing to 
pay, they complete an accounting exercise estimating 
their yearly savings and what they could spend it on. 

This heavy-handed intervention did not affect 
participants’ willingness to pay for the stove, suggesting 
individuals are already attentive to the savings potential. 
Given the lack of response to an intense intervention 
designed to increase attention, nudges to make salient 
potential savings may be an ineffective policy.

This may be due to the decision’s high financial 
consequences: the median respondent saves one 
month of income per year. There is modest evidence 
in the literature that when stakes are higher, cognitive 
performance among the poor improves. It may also 
be that energy expenditures are easier to track when 
inputs and outputs are strongly correlated—charcoal 
usage is relatively easy to track when its sole usage is 
for charcoal cookstoves. This is analogous to gasoline 

usage to power a vehicle and may explain why our 
findings align with some evidence showing households 
correctly evaluate costs against future gas prices when 
deciding whether to purchase a more energy efficient 
vehicle (Allcott and Wozny 2014; Busse et al. 2013).

CARBON TAXES

The energy efficient technology in this paper is privately 
profitable, and households attend to these savings, but 
credit constraints prohibit adoption for most agents. 
What do these results mean for environmental policy in 
contexts where financial market frictions are common? 

Economists do not often achieve unanimous agreement, 
but one policy with remarkably high support (including 
27 Nobel Laureate economists and four Federal 
Reserve chairs) is Pigovian taxation to correct negative 
externalities: in a first-best setting, the efficient solution 
to negative externalities is a Pigovian tax on the emitting 
good (Pigou 1920). 

FIGURE 6: DEMAND FOR THE JIKOKOA AMONG PARTICIPANTS WHO 
WERE NUDGED TO PAY ATTENTION TO THE SAVINGS AND THOSE WHO 
WERE NOT

Demand curves for people in the control group compared with people in the attention 
treatment group, who received several nudges designed to increase their attention to the 
Jikokoa’s financial savings. These nudges did not affect willingness to pay.
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There is broad support amongst economists in favor 
of a carbon tax as a tool to incentivize greenhouse gas 
emissions reductions in order to slow climate change. 
Low- and middle-income country governments are 
increasingly implementing carbon taxes to reduce 
emissions of greenhouse gases and local environmental 
pollutants. For example, South Africa, Chile, and Mexico 
have all enacted a carbon tax since 2014, each covering 
at least 40% of domestic greenhouse gas emissions 
(World Bank 2020a). 

However, the credit constraints we observe suggest we 
are not in a “first-best setting.” A carbon tax is unlikely 
to achieve optimal abatement and may not be the 
optimal policy in low-income settings where households 
face credit constraints. An agent facing binding credit 
constraints cannot respond optimally to the incentives 
set by the tax. 

Worse, a carbon tax would have important equity 
implications by increasing energy prices, especially for 
those with the tightest credit constraints, who are often 
the poorest and therefore also have the highest energy 
burden. Most likely, a carbon tax would be regressive. 

Instead, our results suggest policy makers wanting to 
increase the adoption of energy efficient technologies 
in these contexts should focus on increasing 
affordability through subsidies or targeted financing, 
particularly when the private benefits are large and 
inefficiencies due to imperfect targeting are minimal. 
Factoring in private savings and avoided environmental 
damages, a subsidy for the energy efficient cookstove 
would generate $19 of welfare gains for every $1 of 
government expenditure. 
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