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Executive Summary

Introduction

Approximately 2.8 billion people across the world rely on solid fuels, kerosene, and coal for cooking
(International Energy Agency (IEA), International Renewable Energy Agency (IRENA), United Nations
Statistics Division (UNSD), World Bank, and World HealthOrganization (WHQO) 2020). Burning these
polluting fuels in inefficient stoves produces household air pollution (HAP) that adversely affects human
health, environmental quality, and the climate (Anenberg et al. 2013; Lim et al. 2013; Martin et al. 2014;
Myhre et al. 2013). Approximately 4 million premature deaths occur each year due to exposure to HAP
(WHO 2018). SubSaharan Africa (SSA) and South Asia (SA) have the highest global shares of polluting
fuel users (77% and 61%, respectively) and therefore beaa disproportionate burden of HAP impacts
(Bonjour et al. 2013). Despite progress in dissemination and efforts to roll out and scale interventions
worldwide, these interventions have not always resulted in significant behavior change or positive
impacts, and high population growth in these regions has stalled the decline in solid fuel users as a share
of the population (IEA, IRENA, UNSD, World Bank, and WHO 2020). The literature on the economics of
such technologies, from the perspective of households and communities, suggests that private incentives
play an important role in these continued challenges. Put differently, the net benefits from switching to
cleaner technology are not always positive for individual users.

Global progress towards clean cooking perhaps has been more rapid in urban areas, but rising ambient
air pollution levels in most major cities in SSA and SA necessitate multipronged mitigation strategies that
both continue to combat HAP generation and also address other urban air pollution so urces. Previous
cost-benefit analyses of clean cooking primarily have been conducted at the regional (Hutton et al. 2007;
Larsen 2014) or household levels (Jeuland and Pattanayak 2012; Jeuland, Tan Soo, and Shindell 2018).
None of these analyses have considered the urban context specifically or been carried out at the city
level. In addition, no prior analyses have applied a framework based on the economic theory of demand,
to examine how specific policy interventions (such as subsidies or other incentives) might shift the
private net benefits of different cooking transitions.

This report presents a framework and results from an urban cost -benefit and policy analysis, applied in
two contrasting but important settings for studying urban cooking transitions. These cases p in Nairobi,
Kenyaand Kathmandu, Nepalp were selected to provide insights into the differences between SSA and
SA, the two regions with the greatest persistence of solid fuel use. While every city is unique, these two
examples demonstrate im portant differences between their regions, most notably related to the fuel mix
that typically is used by households: charcoal and kerosene in SSA, and firewood in SA. The two cases of
Nairobi and Kathmandu also demonstrate, among clean options, different potentials for LPG, ethanol, and
electric cooking.
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Approach

We extend an existing framework to allow for such analysis in Nairobi and Kathmandu (Jeuland, Tan Soo,
and Shindell 2018). In each policy site, we first outline baseline conditions, and discuss the hypothetical
health, well-being, environmental, and climate implications of fully transitioning to various potential
cleaner cooking solutions. In the subsequent policy analysis for each location, we account for partial
uptake and use of cleaner cooking choices, and shift to a description of the net benefits (social and
private) of each transition under five real-world policy interventions, given the limited evidence about the
effectiveness of such strategies (Table E1). The interventions include stove subsidy, combined stove and
fuel subsidy, combined stove subsidy and financing, combined stove subsidy and behavior change
communication (BCC), and lastly, a polluting fuel ban (Table E2). Our results are meant to inform policy-
makers about the relative merits of these different strategies for accelerating clean cooking transitions in
these settings.

Table EL Summary of cooking transitions

Transition No. Nairobi Kathmandu Valley

Traditional charcoal to charcoal
improved cookstove@dCS)
All charcoal toliquefied petroleum gas

1 Traditional firewood to natural draft ICS

2 (LPG) Traditional firewood to LPG

3 Kerosene to LPG Traditional firewood to electricity
4 All charcoal to ethanol LPG to electricity

5 Kerosene to ethanol Electricity to LPG

Table E2. Summary of policy interventions

Transitions applicable

Policy Intervention Nairobi Kathmandu Valley

Stove subsidy only All All

Fuel subsidy (w/stove subsidy) All excepttraditional charcoal to All excepttraditional firewood to
y y charcoal ICS (T1) natural draft ICS (T1)

Stove financing (w/stove subsidy) All All

Behavior change communication All All

(w/stove subsidy)

Polluting fuel ban All All except LPG to electricity (T4)

andélectricity to LPG (T5)

Similar to Jeuland and Pattanayak (2012) and Jeuland, Tan Soo, and Shindell (2018), we develop
equations that allow calculation of the costs and benefits associated with various clean cooking choices.
We also incorporate accounting of the contribution of domestic fuel burning to ambient PM 5!
concentrations and exposures. This is particularly relevant in urban areas in low- and middle-income

! The United States Environmental Protection Agency definesPMzsu p ! j o fineimhaléble garticles, with diameters that are
generally 2.5 micrometers and smallerLJUnited States Environmental Protection Agency 2020).
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countries, where exposures to pollution are not as strongly influenced by household cooking as in rural
environments, but are substantial nonetheless. Two additional and key modifications are to allow
aggregation of costs and benefits at the city level, and to characterize the costs and benefits of specific
policies, based on the likely behavioral responses they would engender. Finally, we include several
transitions that were not considered in previous analyses, crafted in response to feedback obtained
during our in-country stakeholder interviews about the most relevant options to consider in each city. The
unit of analysis for our calculations is the whole of Nairobi city (in Case 1) and the whole of Kathmandu
Valley, including the cities of Kathmandu, Lalitpur, and Bhaktapur (in Case 2).

Data Sources and Model Parameters

The model was parameterized using a variety of secondary datasets relevant to energy used in our study

locations, supplemented by global literature as previously presented in Jeuland, Tan Soo, and Shindell

(2018). We also conducted more focused data collection in 2019, among 354 households from four

informal settlements in Nairobi, and 360 households from peri-urban areas in the Kathmandu Valley. In

both sites, in addition to asking questions aimed at specifying parameters that are not available in the
mjufsbuvsf-!I xfljodmvefel!b!tubufel! gsfgfsfviydfdr! fyqfsjnfou!
proposed transitional (firewood, charcoal, and kerosene) or clean cooking (LPG, electricity, and ethanol)

technologies, which was crucial for our eventual prediction of the effects of pricing policies, in the

investment cases analyses.

Results

Ourresults show that in each location, the most cost -beneficial and practical intervention varies
depending on the polluting or transitional cooking technology that is being replaced. We applied several
criteria to assess the relative value of different solu tions: (a) positive and high social net benefits (to
generate social value); (b) positive private net benefits (to foster adoption of the solutions); (c) modest
cost burden on the government; and (d) pro-poor outcomes. We also considered logistical aspects .

Solutions for Nairobi, Kenya

From the social net benefits perspective, the combined stove subsidy and financing policy option is the
most cost -beneficial for transitions from traditional charcoal (to improved cook stoves [ICS] charcoal)

and kerosene (to LPG and ethanol), while a charcoal ban appears most costbeneficial for the transitions
from all charcoal stoves (Table E3). However, a charcoal ban is logistically difficult and not pro -poor, so a
stove subsidy with financing is likely more appropriate. Fuel subsidies for ethanol and LPG also are
clearly attractive privately, but these have public costs that are an order of magnitude higher than the
other interventions (Figure E1). In each of the five transitions, government subsidy costs in the stove
subsidy plus financing option are far lower, though this policy is more costly than the stove subsidy or
stove subsidy plus BCC approaches, because it reaches more customers. Because of the large number of
households using kerosene, transitions from this dirt y fuel to LPG are potentially the most favorable in
Nairobi. A kerosene-to-ethanol transition also has high social net benefits, but the ethanol market is
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necessary to make this a viable transition. Transitions away from charcoal also are attractive and more

likely to be pro-poor, though they affect a smaller fraction of households. With a stove subsidy and

financing policy, this transition to LPG would have positive and significant monthly social and private net

benefits, and the cost to the government would remain modest.

It is essential to remember that, though the stove and fuel subsidy policies are considered pro-poor based
on a metric of private benefits that considers the most salient (non -health) benefits, subsidies for clean
fuels are difficult to target in practice, and therefore they end up mostly benefiting higher income
households (Kar et al. 2019; Pachauri 2019). As a result, an efficient targeting instrument that reaches the
poor preferentially could be especially helpful in reducing the high public costs of clean fuel subsidies in
Nairobi (Figure E1), while at the same time, being prepoor. Examples of such an instrument include a
means-tested cash transfer conditioned on household fuel use, or alternatively, a subsidy targeted
specifically at the poor based on easily-applied eligibility criteria, like the LPG subsidy in India.

Given the relatively good performance of a stove subsidy and finance policy, it also is worth comparing

ui f!ldpncjobujpo!t!mjlfmz!fggfdut! po!uif! pwfsbmm!gpuf ouj]
policy option achieves only about 18% of the potential of the transition to charcoal ICS, and between 29%

and 40% of the potential of the transitions from charcoal and kerosene to clean fuels. As such, some

benefits would be left on the table, and additional instruments could be necessary to capture more of

ui ftflusbotjujpot!!tcfofgjut/

Solutions for Kathmandu Valle y, Nepal

The transitions to electricity from firewood and LPG vyield considerably higher social net benefits than
movement to LPG by firewood users (Table E3). For the firewoodto-electricity transition, the highest
monthly social net benefits are realized with a ban on firewood. For the LPGto-electricity transition,
benefits are greatest with a stove subsidy and financing policy. The high enforcement costs of a ban and
the reality of stove stacking (combined use of traditional, improved and clean stove tec hnologies) could
render a firewood ban challenging, though the dynamics of this fuel use, which is mostly collected, are
notably different than for charcoal in Nairobi, where that fuel is mainly purchased. An alternative to a ban
that delivers nearly the same net social benefits is the combined stove and fuel subsidy (Figure E2), but
this policy also would face significant practical challenges, due to the difficulty of targeting electricity
subsidies specifically for cooking purposes (given electric appliances within the household unrelated to
cooking). Transitioning existing firewood users to LPG appears to have limited effects, and likely would
require subsidizing LPG. This would be justified only by effective targeting to low -income populations,
giventheqpmj dz! t! of hbuj wf! tpdj bm!ofu!cfofgjut/

An LPGto-electricity transition is intriguing for Kathmandu, because it has a potential to generate large
social and private benefits. The two preferred interventions for supporting this transition appear to be the
stove subsidy and financing policy, and a combined fuel-and-stove subsidy. However, the latter likely
would face substantial implementation hurdles, for the reason discussed previously: targeted electricity
subsidies for cooking would appear impractical wi thout new technology. Similar to the case of fuel
subsidies in Nairobi (in that case, for LPG or ethanol), electricity subsidies also would be difficult to target

Public Investment Cases for Clean Cooking 6



to the poor. Also, while transitions to electricity appear favorable, electricity as a primar y cooking source
currently is rare in Kathmandu Valley. BCC campaigns likely would be necessary to educate households
about the benefits of cooking with electricity, from a cost and energy security perspective.

Finally, comparing the actual policies to the potential of the electricity transitions in Kathmandu Valley, we
note that the firewood -to-electricity transition would achieve about 37% of the transition potential under
the stove subsidy and financing option. For the LPG-o-electricity transition, th e stove subsidy plus
finance option would reach 24% of the potential of this transition.

Public Investment Cases for Clean Cooking



Table E3 Summary oftooking transitions in Nairobi and Kathmandu Val{all outcomes reported a
city scale, in U.S.$/month)

Social net Most pro-poor
benefits (Net Private net Public cost (NPV T private
Present Value or  benefits (NPV) net benefits
NPV) without health)
Panel A: Nairobi transitions
1. Technology ban 1. Stove 1. Stove subsidy 1. Stove
Transition 1: ($44.034) financing plus ($1,295) financing plus
Traditional subsidy subsidy
charcoal to 2. Stove financing ($14,619 . , ($11,495) .
charcoal ICS plus subsidy 2._ BCC campaign 2._ BCC campaign 2.. BCC campaign
($38,596) with stove subsidy with stove subsidy with stove subsidy
’ ($5,299 ($4,822) ($4,247)
1. Fuelplusstove 1 Euelplusstove
1. Technology ban subsidy 1. Stove subsidy smlJbsidyp
Transition 2: All ($1.1 m|II|_on) . ($4.5 million) ($40,659) . ($3.2 million)
2. Stove financing 2. Stove 2. BCC campaign
charcoal to LPG . : . . .
plus subsidy financing plus with stove subsidy
($421,822 subsidy ($52,550)
($209,758

1. Fuelplusstove 1. Fuelplusstove

1. Stove subsidy

1. Stove financing subsidy subsidy
plus subsidy ($8.4 million) ($219,159) ($6.9 million)
Transition 3: ($1.5million) .
Kerosene to LPG 2. BCC campaign 2. Stove 2'. BCC campaign 2. Stove
: ; : . with stove subsidy . .
with stove subsidy financing plus ($283,254) financing plus
($1.1 million) subsidy ’ subsidy
($14 million) ($610,756)
1. Technology ban 1. Fuelplus stove 1. Stove subsidy
Transition 4: Al ($1 million) subsidy ($19,872)
charcoal to 2. Fuelplus stove ($660,749 2. BCC campaign None
ethanol subsidy 2. Stove financing with stove subsidy
($589,293 plussubsidy ($28506)
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($72,515

1. Stove financing 1. Fuelplusstove

1. Stove subsidy 1. Fuelplusstove

plus subsidy subsidy .
Transition 5: ($496,497 ($1.7million) ($107:110) ?;g);idiIZG)
Kerosene to 2. BCC campaign 2. Stove 2.. BCC campaign
ethanol . . : . with stove subsidy

with stove subsidy financing plus ($153,654)

($298,466 subsidy ’

($280,442
Panel B: Kathmandu Valley transitions

1. Stove financing 1. BCC 1. Stove subsidy iériggign with
Transition 1- plussubsidy campaign \{vith ($20,105) stove subsidy
Traditional ' ($74,761) _ stove subsidy ($8,376)
firewood to 2. BCC campaign  ($25,780) . 2.BCC : 2 étove subsidy
natural draft ICS plus stove 2. Stove subsidy campaign with @7 269)

subsidy ($21,112) stove subsidy ’

($44,750) ($32,490)

Transition 2:
Traditional
firewood to LPG

1. Stove subsidy 1. Fuelplusstove
($1,266) subsidy
($2.6 million)

1. Fuelplusstove
subsidy
($2.5 million)

1. Stove subsidy
($15,615)

2. BCC campaign
with stove subsidy
($24,582)

Transition 3:
Traditional
firewood to
electricity

1. Technology ban 1. Fuelplus stove

($167,946) subsidy
($308,932)

2. Fuelplus stove

subsidy

($165,612)

1. Fuelplus stove
subsidy
($173,502)

1. Stove subsidy
($37,447)

2. BCC campaign
with stove subsidy
($50,113)
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1. Fuelplusstove 1. Stove subsidy 1. Fuelplusstove

subsidy subsidy
($2 million) ($67,287) ($2 million)

1. Stove financing
plus subsidy

Transition 4: LPG ($1.45 million)

2. Fuelplusstove 2. BCC campaign

to electricity subsidy f2 Stoye | with stove subsidy f2 Stoye |
. inancing plus inancing plus
($1.4 million) subsidy ($120,080) subsidy
($1.4 million) ($1.4 million)
1E 1. Stove subsidy
. u_elplus stove ($137) 1. Fu_elplus stove
Transition 5: subsidy subsidy
‘ None ($3.7 million) ($3.7 million)

Electricity to LPG 2. BCC campaign

with stove subsidy

($215)
Note: In each row, the intervention that is bolded appears most often and highest in rank (with preference given to overall social benefits in the
case of ties), while italicized interventions appear equally often or second most often and are highly ranked.
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Figure E1. Comparison of relative performance of policiesftmtering different cooking transitions in Nairobi
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Figure E2. Comparison of relative performance of the policies for fostering different cooking transitions in Kathmandu Valley
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Conclusion

Our analysis shows that the most socially beneficial and robust interventions p which have a lower

government cost burden and are more beneficial to households in general and also to the poor p are not

the same in Nairobi and the Kathmandu Valley. For Nairobi, transitions from charcoal and kerosene to

LPG appear most attractive, achieved by using a combined stove subsidy and financing intervention.
Uiftfldpodmvtjpot!cpmtufs!uif! dbtf ! geratdvaliefaddédpawéns onf ou!
LPG to reduce its cost, and its efforts to reduce the supply of charcoal and kerosene and simultaneously

to increase access to LPG. A transition to ethanol (from the two aforementioned polluting fuels) also

would be beneficial, but the higher costs of this technology and its lower market development makes this

transition difficult to implement for the time being.

For Kathmandu Valley, in contrast, social benefits are greatest in transitions to electric induction cooking,

especially from LPG, but also from firewood. A stove subsidy plus financing policy intervention is likely to

be most effective for fostering this transition, but BCC activities also appear attractive and necessary, due

to low public awareness. The potential ofelecu s j d! dppl joh! sftpobuft! xjuiluif! Of
dzZf ygboejoh! bddftt!up! fmfdusjdjuz!boe!dmfbo!dppljoh!up!
2018), but also would require strengthening grid distribution lines and improving substations to cater to

growing electricity demand.

In order to accelerate these transitions, both governments should study and evaluate ongoing efforts to
ensure that new innovations p such as pay-as-you-go for LPG or new stove subsidy and financing efforts
p are effective and reaching the most relevant populations that are current users of polluting fuels. It is
also critical to do more work to understand and influence fuel stacking, because urban households often
continue to use multiple fuels. Subsidy policies, in particular, would likely be costly and difficult to
implement. For electricity, efforts to bolster generation and transmission infrastructure also require
careful and thoughtful planning and implementation.

Finally, as these two cases illustrate, different cities have different cooking situations. Context -specific
analysis is required to identify the most relevant cooking transitions to pursue, as well as the most
attractive policies to foster those transitions. Using the framework developed and presented in these two
cases, policy-makers could consider solutions for their own context, including for rural regions, or could
examine differences across larger and smaller cities.

Public Investment Cases for Clean Cooking 13



Introduction

Globally, nearly 2.8 billion people rely on solid fuels (animal dung, charcoal, crop residue, fuelwood),
kerosene and coal for cooking (IEA, IRENA, UNSD, World Bank and WHO 2020). Household air pollution
(HAP), resulting from burning these polluting fuels in inefficient stoves, impacts human health,
environmental quality and the climate (Anenberg et al. 2013; Lim et al. 2013; Martin et al. 2014; Myhre et
al. 2013). The WHO estimates that approximately 4 million premature deaths occur each year due to
exposure to HAP (WHO 2018). Unsustainable fuel harvesting of solid fuels also contributes to
deforestation and forest degradation (Bailis et al. 2015). Among global regions, Sub-Saharan Africa (SSA)
and South Asia (SA) have the highest global shares of polluting fuel users (77% and 61%) and therefore
bear a disproportionate burden of HAP impacts (Bonjour et al. 2013). Despite progress in dissemination
and uptake of cleaner solutions by an increasing absolute number of people, high population growth in
these regions has meanwhile stalled the decline in these shares of solid fuel users (IEA, IRENA, UNSD,
World Bank and WHO 2020).

In effect, though various clean cooking interventions are being rolled out and scaled up worldwide, these
have not always resulted in significant behavior change or positive impacts (Bailis et al. 2009, Mortimer et
al. 2017, Nepal et al. 2011, Rhodes et al. 2014). The literature on the economics of such technologies
from the perspective of households and communities suggests that private i ncentives play an important
role in these limited successes: The net benefits from switching to cleaner technology are not always
positive for users. Some studies find high annual global net benefits of switching from traditional cooking
to improved cookst oves (ICS) (Hutton et al. 2007, Larsen 2014). Others argue for ambiguous but often
negative private benefits (Jeuland and Pattanayak 2012; Jeuland, Tan Soo and Shindell 2018); this is in
contrast to social benefits which are typically positive and large (J euland, Tan Soo and Shindell 2018.2 In
addition, many factors that determine the choice of clean cooking options are difficult to include in cost -
benefit analysis owing to their context -specific nature and subjectivity (e.g., tastes, time and risk
preferences, perceptions about HAP impacts, and technology aesthetics) (Jeuland et al. 2015, Van der
Kroon et al. 2014).

And though global progress towards clean cooking has been more rapid in urban areas, the rising

ambient air pollution levels in most major c ities in these regions necessitate multipronged mitigation

strategies that continue to combat HAP generation as well as address other urban air pollution sources.

Previous cost-benefit analysis of clean cooking have primarily been conducted at the regional (Hutton et

al. 2007, Larsen 2014) or household levels (Jeuland and Pattanayak 2012; Jeuland, Tan Soo and Shindell

2018), and we are aware of none that have considered the urban context specifically or been carried out

at city-level. In addition, no prior analyses have applied a framework based in the economic theory of

demand to examine how specific policy interventions (such as subsidies or other incentives) might shift

the private net benefits of specific household cooking transitions. Still, this lack o f complete analysis has

opu! gsfwfoufel!tpnfl!gspn!bshvjoh!uibu!b!ipvtfipme!t!ofu!

2 This disconnect on its own create s a challenge for policy-making, even if the case for intervention, based on a positive social net
benefits argument, is clear. Specifically, instruments are required that would help turn the logic of transitioning positive among
private individuals, who will otherwise resist it.
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positive in an urban setting than in a rural one. This argument typically rests on a simple assertion that
greater scarcity of solid fuels in urban settings, and the fact that most households purchase rather than
collect these fuels, render fuel savings particularly salient and valuable for households in these locations
(Jeuland, Pattanayak and Peters 2020).

Against this backdrop, we report here results from an urban cost-benefit and policy analysis applied in
two contrasting but important settings for studying urban cooking transitions. These cases p in Nairobi
and Kathmandu p were selected to provide insights into the differences between these two regions with
the greatest persistence of solid fuel use, SSA and SA. While every city is unique, these specific cities do
demonstrate important differences across their regions, most notably related to the fuel mix thatis
typically used by households: Specifically, the widespread use of charcoal in SSA, which is virtually
nonexistent in SA. Kerosene use for cooking is also much more prevalent in Nairobi than in Kathmandu.
Furthermore, among clean options, though electric cooking is not especially prevalent in either location
and liquefied petroleum gas offers the main clean fuel alternative to polluting fuels, policy makers in
Kathmandu appear especially interested in the potential for electric cooking, duetothecovousz ! t i j hi !
endowment with potential hydropower generation sites.

Focus City in Sub-Saharan Africa: Nairobi, Kenya

Our study focuses on Nairobi as an illustrative urban case in SSA owing to (a) the scale of the air pollution

problem in the region (Katoto et al. 2019; Naidja et al. 2018; Schwela 2012), (b) the high use of both

charcoal and kerosene in the city (neither of which is considered a clean cooking fuel), and (c) the
hpwfsonfou!t!bdujwf!joufsftu!jo!fohf oeesdpolutngfoel dmf bo! dp]
vtfst!bsf!tpnfxibu! mpxfs!jo!Objspcj!)b!djuz!t!xiptf!ti:
urban areas overall (27.8% of the total population) exhibit primary reliance on several fuels: LPG (46%),

firewood (21%), charcoal (17%) and kerosene (16%) (CCAK and Kenya MoE 2019; Worldometers 2018).

Lfozb!jt!bmtp!bo!jngpsubou! dpvousz!gps!tuvezjoh! gspcmf]
population still relies primarily on wood and charcoal stoves for cooking (CC AK and Kenya MoE 2019),

despite Kenya being an early leader in East Africa in establishing a market for improved cookstoves (ICS)

such as the Kenyan Ceramic Jiko (KCJ) in the 1980s (Accenture Development Partnerships 2012). The
government and private sectos ! i bwf ! dpoujovfelup!qvti!JIJDT!boe! dmfbol! gv
emissions reduction targets under the Paris Climate Agreement. Specific policy interventions include a

voluntary and sector-driven labeling program for clean cooking technologies t hat is currently under

development, and removal of the value added tax (VAT) on liquefied petroleum gas (LPG) Clean Cooking

Alliance 2018).% Nationwide, estimates suggest that 22,109 deaths annually can be attributed to polluting

household fuel use (Global Burden of Disease Collaborative Network 2020). Solid fuel use is meanwhile

considered a key contributor to declining forest cover, which stood at 6.9% in 2017 (Government of Kenya

2018). Finally, though Kenya has strict air quality regulation standards, monitoring of pollution sources is

3 However, a recent media article reports that the International Monetary Fund (IMF) is pressuring the Government of Kenya to rmise
prices of LPG and other basic goods like bread, and maize and wheat flour by at least 16% (Busines Daily, 2020). Stakeholders are
in the process of submitting petitions to reject this proposal.
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quite limited, including for particulate matter; for example, we were unable to find systematic, publicly
bwbj mbcmf! nfbtvsft! pg!gpmmvujpo! mfwfmt!jo! Objspcj-!Fbt

Focus City in South Asia: Kathmandu Nepal

Kathmandu faces severe air quality challenges. The entire valley is very dense and the city is considered

one of the most polluted in Asia, with daily average PMasd podf ousbuj pot! cfuxffol! 41! up!
exceeding the WHO 24hour guideline by factors of 1.2 to 8.3 (Islam et al. 2019). This urban metropolis is

experiencing rapid urbanization, and pollution sources are diverse, arising from construction, poorly

regulated industrial activity, open burning of solid waste, and household burning of firewood (Parajuly

2016). Specific to outdoor PM 25 in Kathmandu Valley, Islam et al. (2019) find that household sources,

namely continuing biomass and garbage burning, are major contributors to ambient air quality problems.

And though the proportion of solid fuel users for cooking is fairly low in Kathmandu, at only 12%, similar

to Nairobi, this nonetheless represents a significant proportion of the urban population nationwide. Given

that more than 25% of urban dwellers nationwide (who comprise 44% ofthed pvousz! t ' upubm! gpquvr
use solid fuels for cooking (Government of Nepal 2012), this population is relevant to considering the

urban fuel transition in this country overall.

As a country, Nepal faces numerous environmental challenges, which manifest in substantial health and

economic costs. The Environmental Performance Index places Nepal last out of 180 countries on air

quality, as measured by indicators of household solid fuel use, PM2 s exposure and exceedance measures

(Yale University 2018). Approy nbuf mz! 91&! pg! Of gbm! t ! upubm! gpgvmbuj po! s
firewood and animal dung) for cooking. Nationwide, the number of deaths attributed to HAP is estimated

to be 21,603, with 2,048 of these among children under 15 years old (IHME, 2020). Te Terai and Siwaliks

regions have also experienced rapid deforestation owing to conversion of forest to agricultural land and

increased infrastructure development (DFRS, 2014a, 2014b).

Against this backdrop, a recent major transition in governance provides new opportunities for policy

interventions and environmental protection. National plans and legislation to address these challenges

include efforts to spur development and introduction of efficient ICS; promotion of cleaner fuel and

technology; and strategies for ambient urban air quality management, such as promotion of
fowjsponfoubmmz!tvtubjobcmfl!lusbotgpsubujpo!)Tbvel!l boe! QI
tjhojgjdboumz! jodsfbtf!fmfdusjdjuz! gspeegsandielpted! vtj oh! ui i
interest in promoting electric cooking (Pakhtigian et al. 2019; Wu et al. 2013), make urban Nepal an

interesting case study for two additional reasons. The first relates to assessing the potential for an

energy security-enhancing transition from one clean fuel (LPG) to another (electricity) in the capital city of

a low-income country| a rarity among countries with high HAP levels. Second, the production of

electricity using renewables and subsequent policy directives encouraging households to switch to

electric cooking will enable Nepal to achieve multiple Sustainable Development Goals: Numbers 3 (Good

Health and Well-being), 7 (Affordable and Clean Energy), 11 (Sustainable Cities and Communities) and 13

(Climate Action).
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Why this report focuses on costs and benefits in the
urban context

As noted above, the majority of the population in low- and middle-income countries relying on biomass
and other polluting fuels resides in rural areas. Yet the transition to clean cooking remains a challenge in
most peri-urban areas and informal settlements in developing country cities (WHO 2018). In Central
America, for example, income growth is projected to enable urban households to fully switch to modern
cooking energy services only by 2030 (Pachauri et al.2018). In Nairobi, there is continued reliance by
considerable shares of the population on kerosene p a fuel that the WHO recently classified as a polluting
fuel (30%) p and charcoal (6%) (CCAK and Kenya MoE 2019). Consistent with global trends, the
Kathmandu Valley region already has substantial LPG use as a primary cooking fuel (84%), but primary
firewood users still comprise about 11% of the population (Government of Nepal 2012). In SA overall, in
2010, PM2 s from HAP contributed to 26% of ambient PM2 s (Chafe et al. 2014). The contribution of HAP to
ambient PM. s from domestic fuel burning in urban SA is estimated to be approximately 13%,* and
reaches 34% in urban SSA (Karagulian et al. 201555. Recently, Mahapatra et al. (2019) found that
background pollution contributes to 20 -25% of local pollution (as measured by aerosol optical depths) in
the Kathmandu Valley.

The sparse literature on energy use in cities in SSA has focused mainly on energy use efficiencies (Anozie
et al. 2007), particulate pollution (Antonel and Chowdhury 2013; Mkoma et al. 2013; Van Vliet and Kinney
2007; Zhou et al. 2013), source apportionment (Gaita et al. 2014), and ISO technology standards (Nerini,
Ray and Boulkaid 2017), without adequately considering economic and social science aspects of the
problem. The few such studies conducted in urban Kenya are on energy consumption patterns (Hughes-
Cromwick 1985; Karakezi, Kimani and Onguru 2008; Ngui et al. 2011) and fuel choices (Treiber et al.
2015). Air pollution research in the Kathmandu Valley has similarly largely focused on emissions from
outdoor sources (Kim et al. 2015), and on health impacts (Gurung and Bell 2012; Melsom et al. 2001).
This complements broader evidence from Nepal linking biomass fuel use with the prevalence of
respiratory infections (Shrestha and Shrestha 2005) and tuberculosis (Pokharel et al. 2010). Studies
conducted in rural Nepal have also considered ventilation and clean fuels, and have obtained varying
results for impacts on health: some find negative assoc iations between kitchen ventilation and the
prevalence of cataracts (Pokharel 2005); others find that use of clean fuels like biogas reduces
prevalence of chronic bronchitis and acute respiratory infections (Pant 2007). Pant (2012) finds use of
dung briquettes to be associated with increased prevalence of asthma and eye diseases. Bates et al.
(2019) find surprising positive associations between LPG use and cases of pulmonary tuberculosis, likely
due to inadequate control for confounding or selection into LP G use.

4 Karagulian et al. 2015 include Afghanistan, Bangladesh, Bhutan, Maldives, Nepal, Pakistan and Sri Lanka under the Southern As

group. Source apportionment was calculated separately for India.

5 We use these source apportionment figures from Karagulian et al. 2015 in our analysis for Nairobi and Kathmandu. Karagulian et

al. 2015 include the following countries in Africa: Algeria, Angola, Benin, Botswana, Burundi, Burkina Faso, Cameroon, Capearde,

Df ousbm! Bgsj dbo! Sfgvcmjd-! Dibe-!Dpnpspt-! Dpohp-!ibDeaGhborEGaibiqyj sf - ! Ekj cy
Ghana, Guinea, Guineaissau, Lesotho, Liberia, Libya, Kenya, Madagascar, Malawi, Mali, Mauritius, Mauritania, Morocco,

Mozambique, Namibia, Niger, Nigeria, Republic of Congo, Rwanda, Sao Tome and Principe, Senegal, Seychelles, Sietraone,

Somalia, South Sudan, South Africa, Sudan, Swaziland, Tanzania, Togo, Tunisia , Uganda, Western Sahara , Zambia, Zimbabwe.
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This health evidence notwithstanding, policy-makers especially need information on the rationale for
policies that would shift consumers of polluting fuels to use of cleaner options. Alternative policies have
dramatically different cost implication s, which affect both the ability of resource -constrained
governments to intervene and scale interventions, and the speed of transitions and therefore overall
welfare benefits delivered. Though Malla et al. (2011) conducted cost -benefit analysis of specific stove
interventions in peri-urban and rural Kenya, and in rural Nepal, their calculations were incomplete: They
considered a set of technology-based interventions that lacked policy detail. A few limited studies of the
health costs and benefits of using c lean cooking technologies in Nepal (Pant 2007; Pant 2012) have
neither included the full suite of costs and benefits nor calculated net benefits. At a global level, there is
overwhelming focus on emissions and health impacts (Jeuland et al. 2020), but very limited
understanding of the practice and benefits implications of policy instruments meant to stimulate clean
cooking energy use in the urban centers of developing countries (EnDev 2012).

Our approach

In this report, we extend an existing rigorous framework to allow for such analysis in the context (Jeuland,
Tan Soo & Shindell, 2018). In each of our policy sites (Nairobi and Kathmandu), we first outline baseline
conditions, and discuss the hypothetical health, well-being, environment and climate implications of fully
transitioning to several potential cleaner cooking solutions. It is important to note that these initial
calculations of potentials are hypothetical because real -world interventions have rarely succeeded in
inducing a complete, immediate shift to clean solutions (Jeuland et al. 2018). Thus, in the subsequent
policy analysis for each location, we shift to a description of the net benefits (social and private) of each
household cooking transition under five real-world policy interventions given the limited evidence on the
effectiveness of such strategies. The interventions include a stove subsidy alone, a combined stove and
fuel subsidy, a combined stove subsidy and financing intervention, a combined stove subsidy and
behavior change communication (BCC) campaign, and lastly, a polluting fuel ban. Our results are meant
to inform policy -makers about the relative merits of these different strategies for accelerating clean
cooking transitions, but readers should be cognizant that our predictions rest on a thin evidence base and
that it thus remains essential to continue to generate high quality evidence on policy effectiveness in this
domain.
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Background

This section describes current energy-related policies that are planned or being implemented in Kenya
and Nepal. These policies were identified from a document review facilitated by the Clean Cooking
Alliance (CCA) and its country offices in Kenya and Nepal, and from a series of meetings and discussions
held in Nairobi in October 2018 and Kathmandu in March 2019. Based on these qualitative interviews and
consultative meetings, we also provide perspectives from select stove manufacturers and non -profit
organizations, particularly concerning their response to the clean cooking policy dynamics and
environment in their respective countries.

Focus City in Sub-Saharan Africa: Nairobi, Kenya

Strategies and policies on clean energy and clean cooking

Ui f!Lfozbo! Hpwfsonfou!t! Fofshz!Bdu! 312: ! nboebuft!uibul!:
its own energy plan (Government of Kenya 2019). Under this law, the Energy and Petroleum Regulatory

Authority (EPRA), along with the Kenya Bureau of Standards (KEBS), is responsible for ensuring that only

energy-efficient and cost -effective appliances and equipment are imported into Kenya (Government of

Kenya 2017).6 The Rural Electrification and Renewable Energy Corporation, among other roles, was
dsfbufelup! dzefwfmpg! boe! gspnpuf!jo!dpmmbcpsbujpo! xjui!|
technologies, including but not limited to biomass, biodiesel, bio -ethanol, charcoal, fuelwood, solar, wind,

tidal waves, small hydropower, biogas,coch f of sbuj po! boe! nvojdjgbm! xbtuf-1!cvu!
(Government of Kenya 2017). The provision ofanenablim ! gsbnf xpsl ! gps! ui f! di ggj djfo
production, conversion, distribution, marketing and utilization of biomass, solar, wind, small hydros,

nvojdjgbm! xbtuftlL)d bmtp!sftut! xjuiluijt!dpsqgpsbujpo/! Gj
Resource Advisory Committee and a renewable energy feedin-tariff system to speed up electricity

generation through renewable energy sources.

Kenya has an ambitious goal of universal electricity access (grid extension along with off -grid
technologies, mini grids and independent solar systems) by 2022 (World Bank 2018), while 2028 is the
target year for achieving modern cooking services to all Kenyan households (CCA2019).” The regulation
of the fuelwood sector with a draft Forest Act along with a six -point system of control from producer to
consumer is being envisaged. However, the Forest (Charcoal) Regulations 2009 have yet to be fully
adopted.8 Four priority areas outlined in a Country Action Plan, currently underreview, include (i)
improving the policy and regulation of the energy sector, especially for charcoal production, appropriate

6 Figure B1 shows the different stakeholders in the clean energy and clean cooking sector in Kenya. Appendix B1 describes tte role

of each of these stakeholders in more detail.

7 Only 23% (about 1.97 million households) of the Kenyan population, had grid electricity supply in 2013. Access to modern cooking

services was at 3.2 million households, according to market assessment of Clean Cookstoves Association of Kenya (CCAK) under

the Kenya Country Action Plan 2013 (KCAP). Over 80% of Kenyans thus relied on the traditional use of biomass as the primary

source of energy for cooking and heating with firewood contributing 79/ 8 &! boe! di bsdpbm! 24/ 4&/ L) ) TEF5Bmm! Bd
Kenya, 2018).

8 Details of the Forest (Charcoal) Regulations 2009 are inthe Background section) dzQp mj dj f t ! sf mbuf e! up! t qf dj gj d! ¢
t upwft LI
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forestry management plans and afforestation efforts; (ii) building human and institutional capacity; (iii)
increasing access to electricity; and (iv) increasing access to moder n cooking solutions, including a
cross-sectoral initiative to bring together various ongoing efforts and improve coordination across
agencies, the private sector, community service organizations and NGOs (SE4All Kenya Action Agenda
2016).

The Ministry of Energy (MoE) is at the forefront of (i) awareness creation of the numerous benefits of ICS
and clean fuels (along with CCA GIZ, Practical Action and SNV among other key stakeholders); (ii)
implementation and development of cookstoves dissemination project s; and (iii) definition and scale-up
of certification processes for residential and commercial cookstoves (SE4AIll Kenya Action Agenda 2016).
Along with partner organizations, the Kenyan government has developed standards for both biomass and
charcoal stoves (focused on efficiency, PM2s and CO emissions, durability and safety) that need to be
enforced.® While government programs thus far have emphasized provision of electricity over clean
cooking, the MoE now has a World Bankfunded five-year program, the Kenya Offgrid Solar Program
(KOSAP), whose second component is currently under implementation and combines off-grid electricity
with clean cooking, in addition to promoting stand -alone solar home systems (World Bank 2020).

The Clean Cooking Association of Kenya (CCAK)p a local association of all actors in the clean cooking
sector, that primarily plays a financing role p and the Ministry of Health (MoH) through its Climate
Change, Energy and Health Technical Working Groups, have developed draft manuals ath curriculum for
training of community health volunteers and extension workers. As of October 2018, the MoH was
undertaking field testing of these manuals to facilitate their finalization and launch. The overall goal of
this effort is to educate households about the link between HAP and development outcomes, and on how
to mitigate negative HAP impacts. The Ministry has included HAP in its universal coverage policy
between 2018-2022, that seeks to ensure that all have access to quality and affordable health. With
support from CCA, the MoH has also received low-cost equipment to measure air pollution in households,
to support continuous monitoring of air quality and assessments of the link between HAP and maternal
and child health. As of 2017, Kenya had no rolust system or standardized structures for monitoring air
quality and subsequent reporting and dissemination, however (Kenya Air Quality Management Sub
Committee Report 2017). In early 2017, a National Committee on Air Quality Management and
Coordination recommended establishment of 15 new air monitoring stations in big cities including
Nairobi, Mombasa, Kisumu and Nakuru to address this lacuna (Kenya Air Quality Management Sub
Committee Report 2017).

Voefs! Lfozb!t! Obuj pobm! Dmj8ad22),fled yithb Mihidtry oBEhvirpnment a@dnb o ! ) 31 2
Forestry (MoEF), there is prioritization of electricity supply from renewable sources and encouragement

of clean cooking transitions. Concerning the latter, the Plan specifies a goal of increasing the number of

a) urban households using LPG, ethanol and other clean fuels to 2 million, and b) rural households using

improved biomass (charcoal and wood) cookstoves to 4 million (Government of Kenya 2018), by the end

9 The following standards now exist: (1) Kenya Standard- Biomass stoves- performance requirements, Fourth edition. This standard
replaced the KS 1814:2018 Kenya Standard Biomass stoves (revised); (2) Kenya Standard Meter for dispensing Liquefied
Petroleum Gas (LPG) from cylinder Specification, First edition (new); (3) Kenya Standard Clean cookstoves and clean cooking
solutions -Harmonized laboratory test protocols Part 1: Standard test sequence for emissions and performance, safety and
durability, First edition.
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of June 2023. As per the latest estimates (CCAK and MoE 2019), 64.7% of Kenyan households (8.1
million) use wood as their primary fuel for cooking, 19% primarily use LPG (2.4 million) and 10% primarily
use charcoal, for cooking purposes (1.3 million). In addition, 14% of Kenyans, and 28% in urban areastely
primarily on kerosene for cooking. Importantly, many households stack fuels: the prevalence of
woodstove use p either as a primary or secondary stove p is substantial at 92%. And though LPG use
increased six fold between 1999-2018 from close to 0.6 million to 3.7 million (54% in urban and 18% in
rural locations), primary LPG users continue to stack polluting fuels: Among primary LPG users, the
amount of charcoal used, for example, on average is 42% of that used by households that primarily rely
on charcoal for cooking.

Policies related to specific cooking fuels and stoves

Charcoal

Bgqgspyjnbufmz! 28&!pg!Lfozb!t!vscbo! gpgqvmbujpo! boel! 8&! p
domestic energy (CCAK and MoE 2019). Though the charcoal industry is the largest contributor to job

creation relative to other sectors (Government of Kenya 2018), the informal nature of the sector and non-

industrial production of charcoal renders regulation and management of its production and supply a

challenge. Along with the MoEF, MoE is attempting to promote briquettes from coffee and coconut husks,

and sugar waste (bagasse) to reduce pressures on forests. Standards for the production of sustainable

charcoal and carbonized briquettes are under development. While charcoal-burning kilns are being

promoted, there are no production or labeling standards for artisanal charcoal stove production (e.g.,

there are no standardized procedures or guidelines for replication of the Cookswell Jiko manufactured

Kenya Ceramic Jiko, also known as the KCJ).

According to the Forest (Charcoal) Regulations 2009, the Kenya Forest Service is the only authorized
entity for issuance of licenses for charcoal production and transport. These regulations mandate several
things. First, that all commercial charcoal producers be organized to form charcoal producer associations
that encourage sustainable charcoal production (with the underlying goal of making licenses affordable).
Second, licensing committees formed under forest conservation committees review applications for
charcoal producer licenses (paying special attention to places of intended charcoal production,
designated charcoal collection centers, consent of individuals on whose land charcoal is produced, type
of tree species, and estimated volume of trees to be harvested) and approve proposed charcoal
production plans. Third, land owners intending to produce charcoal for self -consumption do not need a
license but land owners intending commercial charcoal production do. And fourth, charcoal or charcoal
products can be moved from one location to another only if the person is in pos session of a valid
charcoal movement permit, has a certificate of origin for charcoal, and has an original receipt from the
vendor (Government of Kenya 2009).

On February 26, 2018, the Cabinet Secretary for Environment and Forestry issued a gazette notice

appointing a Taskforce for 30 days to examine forest resources management and logging activities in

Lfozb/ ! Tqfdjgjdbmmz-!gps!di bsdpbm-!uif!opujdf!tubufe! ui
regulatory regime governing charcoal burning and trade, and make recommendations on the need, or
puifsxjtf-lup!cbo!dibsdpbm!cvsojoh-!usbefl!lps!vtf/ L)) Ui:
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ministries maintain that since the charcoal industry is a large employer, particularly in the informal se ctor,
a ban is not an appropriate solution and that sustainable forest management is of more critical concern.

In its report, the Taskforce recommended development of sustainable charcoal production and
nbobhfnfoul!tuboebset-! boe! dib-liplofaliendy jesedrdchedalfermagiivej po! boe! t
fofshz!tpvsdft!up!jodsfbtf!bddfttjcjmjuz! boe! bwbj mbcj mj
3129*/ 1 IJngpsuboumz-!tuif!nbyjnvn!gjof!po!dinbljoh!boe! gqpt
provisional forest; or in a community forest, private forest or farmlands without a license or permit of the
pxofslL)jt!61-111!LFT!ps!b!nbyjnvn!jngsjt ponfjc?u! ufsn!lpg

While there is ambiguity among charcoal producers and buyers of how and when these recommendations
will come into effect, charcoal is available widely in local markets albeit at double the price compared to
that in the months prior to issuance of the gazette notice. Charcoal is now more expensive to use than
LPG. Donor agencies argued for regulating the charcoal transport sector by providing them licenses and
permits, establishing government schemes for plantations specifically for charcoal production, and
incentivizing small -scale pellet and briquette entrepreneurs.!!

Biomass-fuel Improved Cookstoves (ICS)

In the 1980s, ICS programs were designed to give households free ICS. However, some have argued that
partial contribution to these technologies is needed to encourage households to better use them
(Rehfeuss et al. 2013),despite some contrary evidence in the broader literature, i.e., that free stove
provision does not spoil demand or reliance on effective and user-friendly technologies (Bensch and
Peters 2015, Bensch and Peters 2020). In the current ICS landscape in Kenyathe VAT has been
reinstated as of June 2020 (The Star 2020). This affects companies that import stoves (such as BioLite,
which also now owns EcoZoom), however owing to reduced import duties on ICS parts, companies such
as Envirofit that import parts but assemble stoves in-country remain unaffected. The Kenya Association
of Manufacturers (KAM) and the Ministry of Industry, Trade and Cooperatives petitioned for import taxes
to be increased to encourage local manufacturing and employment. As the only in-country stove
manufacturer, Burn Manufacturing, which produces the popular Jikokoa ICS, has benefitted from this
move. In addition, the unfavorable tax regime is not conducive to budding entrepreneurs in the sector.
This includes payment of a 15% presumptive tax on the value of an annual trading license for companies
with turnover less than 5 million KES in a year of income, and that are issued or liable to be issued with a
business permit or trade license (Kenya Revenue Authority 2020); an additional TurnoverTax (TOT) of 3%
on the gross sales or turnover for companies/businesses with turnover less than 5 million KES in a year
of income and not VAT -registered (Kenya Revenue Authority 2020); and high electricity tariffs.

As the Kenyan government is keen on a maket-driven approach for ICS, no government subsidies are
given for these technologies. Donors and development organizations, however, may subsidize ICS for
their beneficiaries. While the MoE sees value in combining clean cooking programs with other related
social programs, it has no existing plans to engage in developing complementary policies.

101 USD=99.4271 KES (as of Deember 22, 2019). Source: https://www.oanda.com/currency/converter/
11 The United Briquette Producers Association-Kenya, formally registered in 2019, comprises government representatives, those
from the private sector, NGOs, academia, donor agencies, and others working in the carbonized briquette sector.
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Kerosene

In Kenya, until early 2018, there were no government directives discouraging kerosene use owing to low
awareness of the harmful links between kerosene use and negative health effects. Since then, punitive
pricing policies are increasingly being leveraged to discourage use. Apart from being a polluting fuel,
owing to its low prices, kerosene had historically been used to adulterate diesel, which led to market
distortion and increased failure of machinery. The Petroleum Institute of East Africa (PIEA) proposed that
kerosene be made unprofitable by increasing the excise duty on that fuel. The revenue generated from
increased kerosene prices could then be usedto support LPG procurement and subsidize the cost of LPG
cylinders. As of October 2018, kerosene is priced on par with diesel. Along with PIEA, CCAK and EPRA
lobbied for an increase in kerosene price and a reduction in the price of LPG. Some bureaucrats invarious
ministries acknowledge that while the kerosene tax has led to doubling of prices, alternate sources of
cooking energy are not yet affordable to many.

Ethanol

In East Africa, ethanol is a by-product of the existing sugar refining process (i.e. it is molasses-based).
Though ethanol is in its hascent stages of production and extensive distribution in Kenya, it holds

promise as a clean fuel alternative, especially for urban populations, as kerosene prices soar. Since
ethanol stoves are currently priced higher than charcoal ICS and the fuel is not widely available, their
penetration among low-income households remains low. While some small-scale enterprises distribute
ethanol, such as Consumer Choice and Leocome, KOKO Networks, which obtains importedethanol from
the upstream distributor Vivo Energy, is the major private sector ethanol promoter.12 In distinguishing it
from alcohol, ethanol for cooking is denatured at the source. Given the few ethanol providers currently in
the Kenyan market, widespreadavailability, cost and reliability of ethanol supply remain important supply -
side challenges.

LPG

Ui f! hpwfsonfoult! MQH! gpmj dz! qsjps!up!3127! mbdl fe! gpmj d:.
moreover did not set clear mandates, but rather made broad statements about protecting the

environment. A new policy, developed in a technical committee organized in 2016 (where PIEA was an

active participant), has clear statements related to the goal of converting users of competing fuels and

kerosene to LPG by2020 (first timeline) and 2030 (final timeline). It specifies how 100% conversion can

be achieved, and highlights the major challenges to meeting this goal, which include (a) cost, (b) access,

(c) awareness & sensitization, (d) lack of knowledge concerning the relationship between LPG use and

health and environmental degradation, and (e) an ingrained reliance on charcoal and firewood.

Bt! b! mpcczjoh!cpez!uibu!tvggqpsut! hpwfsonfou! gpmjdz! boe
involvement with the MoE ensured systematic policy directives on LPG with action plans. Among the
infrastructure deficiencies that PIEA outlined were storage, cylinder filling, and cylinder supply. PIEA

2 As of September16 - ! 3131 -! LPLP! Of uxpsl t!ibe!tpme!61-111!dpplfs!ljut!jo! Obj s,
Tnbsu! BUN! Of uxps!| L) bggspbdi!up!cjpfuibopm!dppljoh!gvfm! mpxfst!uif!sf
traditional centralize d bottling model (Stakeholder Interviews, 2019 and Email communication with KOKO Networks, 2020). The

latter model is typically expensive, owing to additional costs of bottling facilities, packaging and last -mile retailer margins (KOKO

Networks 2018).
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pushed for LPG to be zerorated (0% import duty)13 and for kerosene and charcoal supply to be minimized
in the market. The existing regulatory framework which was not consumer safety -friendly was amended.
According to the Petroleum (Liquefied Petroleum Gas) Regulations of 2019 (Legal Notice No. 100),
cylinder exchange from rival oil marketers is disallowed to protect consumer safety and provide an
ownership guarantee (EPRA 2019).

PIEA has been lobbying aggressively for the past 4 years and received support from the MoE, Ministry of
Petroleum & Mining, and EPRA, to have the National Treasury equalize taxes on kerosene and diesel (also
known as the anti-adulteration levy). Between November 7, 2019 to June 30, 2020, the valueadded tax on
LPG was zerorated (RSM International Association 2019), with the intention of making LPG an accessible
and affordable clean fuel. However, since June 30, 2020 the 14% VAT has been reinstated (Ernst and
Young 2020). While LPG supply is not regulated, the government plans to standardize procurement of
LPGp similar to kerosene and petroleum.

Technological innovations are also facilitating LPG provision and financing opportunities for first -time

LPG users, particularly in informal urban settlements. Pay-as-you-go'*uf di opmphz!)f/ h/ -1 Qbz! H
model), piloted in some informal settlements in Nairobi, allows consumers to buy LPG in smaller

guantities (to ease liquidity constraints or transport challenges); it connects consumers to retailers,

retailers to distributors, and the latter to suppliers. Entirely based on the M-PESA technology (which

Kenyans are already using for solar energy and electricity), LPGtopv q! ef qf oet ! po! dpotvnfst! |
is largely targeted at daily wage workers who previously could not afford LPG.

Following the establishment of the Petroleum (Liqu efied Petroleum Gas) Regulations of 2019, PIEA also

conducted sensitization workshops among LPG stakeholders (storage owners, distributors, retailers,
dzmjoefs!nbovgbduvsfst-!wbmjebupst*! po!uif!ofx!lqgpmjdz! i
not limited to consumers, but also includes regulatory agencies and all stakeholders along the value

chain. For existing and potential LPG consumers, PIEA has been using conventional and norconventional

media, through content-based packaging or dissemination via social media and dedicated articles in the
gsftt-tup!fngibtj{f!MQH!t ! bdudfsmjximghzf! blgjgpslepitj mj ulbze
education, income generation/expansion, health, environment).

13 More information on the distinction between zero rating and VAT exemption is provided here:

https://www.taxpolicycenter.org/briefing -book/what -difference -between-zero-rating-and-exempting-good-vat [Accessed: June 9,

2020]

% In the LPG PayGo Model, the cylinder is connected to a meter that reflects fuel quantity and signals

refilling. Refilling say 100 KES worth of LPG could be donethrolhi ! pof !t ! npcj-Gof ! qi pof! ) Qbz
application). That information goestothe Pay-Hp ! t ! cbd!l ! pggj df ! ui bu!joluvso!epft
where cylinders need to be replaced. If there is LPG remaining in a cylinder at the time of exchange, Pay

Gowillcreditthf ' i pvt fi pme! uif!frvjwbmfou! pg! MQH!t! xpsui! boe! ef
dzmjoefs!j/f/lipvtfipme! pomz! gbzt!gps!uif!beejujpobm! Ml
brand owners are guaranteed that the asset is being utilized, they are the ones filling cylinders; that they

are taken back to the same facility for repair, and likewise for refilling. There is also a connection now

between distributors and retailers, where the latter informs the former of what is required in a certain

location and time frame. Since the retailer and consumer are connected, the retailer is always aware of
dpotvnfst!!offet]/
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The response of stove manufacturers and distributors to clean

cooking policies

Ui f! hpwf sonfou!t! Cjh! Gpvs! Bhfoeb!)3129*!jodmveft!fotvs]
increasing manufacturing, and making healthcare affordable. Some international stove manufacturers

and distributp st ! cf of gj u! gspn! uif! hpwfsonfou!t! mpdbm! nbovgbduv
business model (e.g., Burn Manufacturing). However, in the absence of an established market for ICS,

other international companies (e.g., EcoZoom, BioLite) refrain from making manufacturing investments in

the country and continue to operate on thin distribution margins. Locally -made products can be

standardized to meet the KEBS benchmark but local stove companies (e.g., Cookswell Jiko) do not

benefit from these investment -driven policies as they have limited capital. It is unclear if the East African

Community Common External Tariff (CET) reduction on import duty for ICS from 35% to 25% (for the

fiscal year 2019-2020) has been able to attract any new players into the market.

In keeping with LPG policy reforms and the changing clean cooking market, Envirofit is piloting an LPG-
pay-as-you-cook technology among 1,200 households in low- and middle-income neighborhoods in
Nairobi. Households are given a 13.5kg gas cylinder andtwo-plate cooker, if they do not already own one.
Atop the cylinder is a smart meter, and households can buy refills for as little as 50 cents worth of LPG
through M-PESA.

Ui flefwfmpgnfou!tfdupspt!sftgpotf!up

Insights in this sectio n are drawn from interviews conducted in October 2018 with select development
organizations that were available for interviews. It is important to note that progress in the clean cooking
sector in Kenya is the result of collective coordination from various development organizations, and not
necessarily the limited set discussed below.

Though SNV has traditionally been involved in biogas programs in rural Kenya, they have now expanded

to ICS and are moving towards LPG promotion. The organization is considering supporting a pilot ethanol

nbsl ful!joluif!Lblvnbl!lsfgvhff!dbngqg/ ! -ba3allfirancidgfRBFO ! dppl j oh
program funded through EnDev (G1Z), and SNV is also one of the facility managers for KOSAP Component

2, described previously. In an RBF scheme, development agencies enter into contracts with stove

manufacturers, distributors and retailers for market penetration of their Kenya Industrial Research and

Development Institute (KIRDI}tested stoves. The RBF incentives to partner organizations vary by ICS

categories or tiers (i.e. for each stove a company/organization sells, EnDev provides certain incentives).

SNV is also among the few organizations conducting a study on institutional cooking in schools and

prisons using clean cooking te chnologies; the program includes establishment of technology standards.

GlZ Energy is primarily focused on improved cooking technologies and lighting in rural Kenya, but its
program offers important insights for urban settings. It aims to understand the s upply for and quality of
ICS, the need for a consumeroriented approach and education, and the design of appropriate marketing
and promotion strategies around ICS.

Frvjuz! Gpvoebujpo!t!)uif!dpsqgpsbuf!tpdj bBEcoMofolaap ot j cj mj |
enables customers to access clean cooking and lighting solutions conveniently and under attractive
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financing conditions. 15 What started as a paper loan process with minimal uptake is now available in a
mobile phone application that reaches many more beneficiaries. The Foundation focuses on (i)
developing loans, (ii) creating distributional networks [currently Equity Bank has 177 branches and over
35,000 agents; some agents (~20-30 per branch) can also become distributors of clean cooking
technology]; and (iii) selecting ICS products (there are currently three partner companies: BioLite, Burn
Manufacturing, and Envirofit).

Sftgpoejoh!up!Lfozb!t!usbotjujpo!up! MQH! boe! di bohj oh! Ml
promoting Proto Fof shz! t! MQH! dz mj oef st --dountryjaridistribsted throlglo v g b duv s f e!
agents in urban Kenya. For rural Kenya, Equity Foundation is partnering with the National Oil and Global

LPG Partnership on a pilot initiative through which households can obtain a loan of less than $100 (i.e.

9,990 KES) for a 13kg LPG cylinder, hose pipe and burner stove. For subsequent refills, beneficiaries can

borrow 750 KES and pay this back over time in small installments. Equity Foundation uses a group

lending channel, where a group comprises about 30 women, each taking a loan for different purposes

(e.g., purchasing cows, iron sheets, ICS). It also creates educational messages that are disseminated

through radio, fliers, seminars, road shows and cooking competitions. While other financial institutions

exist (e.g., micro-finance institutions with ~10,000 members and savings and credit cooperatives with
bcpvu!6-111!'nfncfst*-1Frvjuz! Gpvoebujpo!t!tusfohui! mjf:
million.

In the domain of information, education and communication (IEC) and BCC, Population Services Kenya

(PSK) has been working on clean cookstoves for about 2 years, initially with support from the Clean

Dppljoh! Bmmj bodf! gps'! 45 Thelir dpgrgachtinvglvésa stiatpdybf delgmegting h o /

messages by target groups (one for charcoal ICS and another for cleaner options such as biogas, ethanol,

LPG and electricity), working to solve demand side issues related to access to and infrastructure for

products, creating financing options for cash -constrained households, and engaging other sources for
nfttbhflejttfnjobujpo!tvdi!bt!dpnnvojuz!ifbmui!wpmvouf:
approach of engaging community health volunteers in three counties.

The United Nations Environment Program (UNEP), though not an active player in the clean cooking

domain, has three foci that relate to this problem. The first is affordable monitoring of air quality,

supplementing existing infrastructure and identifying a reas of high pollution (hotspots). Currently, there

are six monitoring units around the city and identified hotspots include a mix of sites (e.g., highway,

industrial sites, and urban background sites with high informal settlement density). Second, UNEP

supports countries in their efforts to develop air quality policies. Based on evidence from the first pillar,
bjs!rvbmjuz!bduj po! gmbot! bsf! efwfmpgfe/!Uijse-!lqgvcmjd!|
developed with partner organizations like the WHO and Clean Air Quality, to showcase best practices and

allow for cross pollination of ideas from different agencies and international organizations.

15 Specifically, interest of 13% per annum is charged on a declining balance, and 6.5% for a balance less than 5,000 KES.

pSKhasbeeo ! b! mpdbmmz! sfhjtufsfe-!joefqgqgfoefou!lLfozbo!foujuz!tjodf!3125-
PSK works closely with private sector stakeholders, ranging from large commercial distributors to small kiosks, to support a

network of more than 320 private providers at Tunza franchised clinics and community -based organizations, as well as many other

institutions, suppliers and partners.
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Focus City in South Asia: Kathmandu, Nepal

Strategies and policies on clean energy and clean cooking

In May 2018, the Nepal government released the White Paper on Energy, Water Resources and Irrigation
Tfdups!t! Tubuvt! boe! Spbenbqg!gps!uif!gvuvsf!)ifsfbgufs!
resources as being central to achieving sustainable development in Nepal (World Bank 2018). The
government also declaredthe 2018-3 1 39! qf sj pel ui f! ¥f ofshz! boe! xbufs! sftp
gbgfs!jt!mbshfmz! efwpufelup! fmfdusjdjuz! hpbmt;!d2b*! Up!
15,000 MW installed capacity in 10 years, (b) To expand access to electricity and clean cooking to 100%

of the population in 5 years, and (c) To increase the per capita consumption of electricity to 1,500 kWh in

211 zfbstLd) Xpsme! Cbol ! 31298 LUbUjDjbpwusodbbbbdbedf mmdphk dzdimb a
gsphsbn! L )Hpwfsonfou! pg! Ofgbm! 3129*/ 1! Up!bdijfwf!jut! hj
Hpwf sonfoul!l pg! Of gbm! dzZgmbot ! up!jodsfbtf!fmfdusjdjuz! hf o
hyespgqpxfs!jolgjwf!zfbst!boe! 26-111! NX!jo!gjguffolzfbst]

To support these goals, the document mentions five specific actions. First, development of a master plan
for electricity distribution for each province by 2019. Second, the launch of a national-level campaign in
close coordination between federal, provincial and local levels of government, to increase electricity
access for all by 2022. Third, establishment of renewable battery storage systems (using solar, micro
hydro and wind sources) in locations where grid connections are infeasible. Fourth, strengthening of
distribution lines and improvement of substations to cater to growing electricity demand in Kathmandu
Valley and Pokhara, with potential laying of underground electric distribution lines where feasible and
based on safety or environmental considerations. Finally, development of policies to encourage use of
electric vehicles, including installation of charging stations (Stakeholder Interviews 2019). 1

Furthermore, the Nepal government hasbeen keen to reduce LPG import and increase energy

independence since the trade blockade (with India) of 2015. Policy makers recognize the unsustainability

of LPG import in the long-run and the foreign exchange problems it entails, and have ambitions to

If wfsbhf!uif!ldpvousz!t!tjhojgjdbou!izespgpxfs!qgpufoujbm
gsphsbn!up!ejttfnjobuf!bo! dZFmfdusjd! Tupwf!jo!Fwfsz! | pvi
imports.

Ui f! hpwfsonfoul! t! fbs imgsfwere fdcoskdoon biainpsg or piegas!sglutignss Bidyas

programs in particular have been promoted in rural Nepal since the late 1970s, and as of 2016 the

government provided subsidies ranging between 16,000 and 35,000 NPR for new installations, depending

on the size of plant (2 cubic meters, 4 cubic meters or 6 cubic meters and above) and region, i.e. Terali,

Hill or Mountain (Government of Nepal 2016).18 Of gbm! t ! Cj pnbtt! Fof2@hamstousbuf hz!)
achieve a HAPfree Nepal by 2022. The goal is to promote clean cooking technologies in all households

17 Ms. Karuna Bajracharya, Country Manager Nepal at Clean Cooking Alliance translated this section of the White Paper from Nepali
to English.
181 USD=108.43 NPR [Accessed: July 6, 2019]. Sourcéhttps://wwwl.oanda.com/currency/converter/
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and ensure the availability of at least Tier-1ll level ICS in all households currently using biomass fuels, by
2030.

Recently, in an important policy shift, attention has turned towards electric cooking p owered by
renewables. The 15th FiveZf bs! Qmbo! gps! fybngmf!leftdsjcft!luif! hhpwfsort
generation as well as consumption, particularly in urban areas and gradually in peri-urban and rural areas

(Government of Nepal 2019; Stakeholder Interviews 2019).

The Alternative Energy Promotion Center (AEPC), currently under the Ministry of Energy, Water Resources
and Irrigation, is the focal agency for off -grid electricity and clean cooking solutions in Nepal. Using

robust community guidelin es, it promotes two main types of clean household energy technologies to
encourage the transition away from polluting fuels: metallic and rocket ICS. Given that local governments,
under the federal system, are incharge of clean cooking, AEPC plays a faciltating role on use of the

federal government-allocated renewable energy budget and on how best to coordinate renewable energy
promotion efforts.

Meanwhile, the National Oil Corporation (NOC), under the Ministry of Commerce and Supply, is

responsible for petroleum and LPG supply. It has a total of 54 bottling plants across Nepal, and

approximately 30 LPG bottling companies operate in Kathmandu Valley alone. The NOC collaborates with

private companies to promote LPG use, and manage risk and safety, but doesnot engage in direct

promotion of clean cooking among end users. The Nepal Electricity Authority (NEA) is the state-owned

enterprise responsible for grid electricity provision, and aims to achieve a supply that is adequate, reliable

and affordable, through planning, construction, operation and maintenance of generation, transmission
boelejtusjcvujpo!gbdjmjujft!bdsptt! Ofgbm!t!gpxfs!tztuf]
Dpnnjttjpo!)FSD*!jt! nboebufelup! dipwfseciviujgppxboehfucbeld i
(Kathmandu Post 2019).

A common theme that emerged during stakeholder interviews was that inter -ministerial coordination is

lacking despite the presence of a central policy framework. There is also a large gap between policy

directives andonthe-hspvoe! j ngmfnfoubuj po-!xijdilgbsumz!tufnt! gsp
governance structure whereby the local government is increasingly responsible for creating and

implementing energy plans. For example, in 2012, the Nepal governmert revised air pollution standards

and vehicle emissions standards, but effective local implementation of those standards remains a

challenge. Another common strand in most interviews was the need for strong clean air lobbying, to

support existing efforts, obnf mz! gspn! ui f! Joepps! Bjs! Qpmmvuj po! boe! | f
Alliance for Clean Cookstoves.

Policies related to specific cooking fuels and stoves

Firewood and other polluting fuels

According to the Nepal National Census 2011, closeto4of Of gbm! t ! 6/ 5! nj mmj po! i pvtfi pm
currently use traditional biomass, including firewood, for cooking (Government of Nepal 2012). The

Nepalese government thus considers biomass an important fuel, especially for rural populations. In
particular, the Biomass Energy Strategy 2017, targeted primarily at rural Nepal, lays out a number of
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tusbufhjd!nfbtvsft-!bjnjoh!up;!d)b*! Jodsfbtf!gspevdujp:
agriculture, forest residues and organic wastes; (b) Contribute to increased access to clean cooking

technologies to all Nepalese households through the means of modern biomass energy; (c) Increase

effectiveness and efficiency in the utilization and production of biomass energy; and (d) Partially

substitute the utilization of di esel and petrol by bio-diesel and biof ui bop mL)} ) Hpwf sonfou! pg! O

In urban Nepal, however, primary reliance on solid fuel is only 31.5% (Demographic and Health Survey
2016; Government of Nepal 2012). In Kathmandu district, it is even lower, at 7.6 (Government of Nepal
2012), though some data sources suggest higher shares (Demographic and Health Survey 2016). If the
districts of Lalitpur and Bhaktapur are included, primary solid fuel use in the urban Kathmandu Valley
reaches only 11.4% (Governmentof Nepal 2012). At 2.9%, kerosene is a minor stove and fuel type in the
valley (Government of Nepal 2012). Kerosene subsidies were eliminated in 2009, which partly explains
this low use, but increased availability and promotion of LPG especially has also played a role. Nearly all
stakeholders interviewed agreed that kerosene use in urban Kathmandu Valley, as of 2019, is very low.
With the widespread availability of LPG today, and the increase in supply and quality of electricity over
time, the share of solid fuels, particularly firewood, has also been decreasing in Kathmandu Valley.

Biomass-fuel Improved Cookstoves (ICS)

ICS were first introduced in Nepal in the 1950s and two main types are now available for household use:
metallic ICS and rocket ICS (AEPC2019). At the Renewable Energy Test Station (RETS), a public sector
autonomous body, the efficiency of numerous ICS is tested and promoted. Most ICS in use in Nepal are
Tier-1l stoves that were provided to households in earthquake-affected districts, free of charge
(Stakeholder Interviews 2019). Unlike other countries that have a market-based supply system for ICS,
Nepal has a donor/development organization -based ICS push. The current subsidy regime greatly
influences the biomass ICS market, with the government offering subsidies as high as 50% (Government
of Nepal 2016). The government also recently launched its strategy for the higher efficiency Tier-IIl (and
above) ICS, despite a lack of evidence that users would accept these stoves. Overall use of ICS reains
limited, especially in Kathmandu Valley where biomass cooking is limited to a small share of the
gpgvmbuj po/!Jo!lvscbo!bsfbt-!jolgbdu-!uif!hpwfsonfoul!t!

LPG

LPG is the most commonly used cooking fuel (67.7%) among urban Nepalese households (Government
of Nepal 2012). In Kathmandu Valley, including districts of Kathmandu, Lalitpur and Bhaktapur, primary
use of this LPG fuel reaches 84.3% (Government of Nepal 2012). Data for the fiscal year 20172018 from
the NOC shows that 88% households in Kathmandu City have LPG cylinders. LPG imported from Indian
Oil Corporation saw a 14.8% increase, on average, between the fiscal years 2002009 and 2017-2018
(Stakeholder Interviews, 2019). While the price of LPGfluctuates according to import prices, the
government subsidy (on all LPG purchases) has remained relatively stable at 250-300 NPR/cylinder
(Stakeholder Interviews 2019). Improved road connectivity is increasingly facilitating LPG penetration to
peri-urban and rural areas.

Bhandari and Pandit (2018) estimate that demand for LPG fuel in Nepal in 2035 will reach 26.5 million GJ
under a business-as-usual (BAU) scenario, i.e., with continued subsidization. Some energy experts
interviewed for this study argued for phasing LPG out of the Nepalese market, just as the government
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phased kerosene outin2002-3 114/ ! Bguf s!ui f! hpwfsonfoul!t!npwfltup!frvb
diesel, in response to the massive adulteration of diesel for many years, kerosene use declined steadily

over time. Experts argue that if LPG subsidies were to be removed and alternate clean cooking options be

made widely available, LPG would similarly become a less preferred cooking fuel (Stakeholder Interviews

2019).

Electricity

Electricity use for cooking, which the government would like to see taken up, has historically been low; as
of the 2011 Census, less than 1% of urban Nepalis used it as their primary fuel (Government of Nepal
2012). In 2015, during the trade blockade when LPG supplyand other essential supplies (e.g. petrol,
diesel, basic medicines) from India were rationed, many households in the Kathmandu Valley made a
temporary switch to induction cookers and other electric cooking appliances, while others switched to
using traditional and improved firewood stoves (Stakeholder Interviews, 2019). After the blockade was
lifted, many of these households continued using electric stoves alongside LPG (Stakeholder Interviews,
2019). Anecdotally, vis-a-vis LPG, the initial stove cost for electric cooking may be high, but recurring fuel
costs can be cheaper (Stakeholder Interviews, 2019). While there is a growing demand for electric stoves
(there are currently 14-15 stove options on the market), the supply chain for electric stoves and
appropriate kitchenware is nascent. In the absence of a strong supply chain, community rural
electrification entities (CREES) that manage electricity distribution within a community, may themselves
act as local suppliers, and possibly develop partnerships with microfinance institutions (MFIs). 19

With financial and technical support from CCA, the Nepal Bureau of Standards and Metrology (NBSM) has
ef wf mpgqfeltuboebset! gps!fmfdusjd!dpplupqgt! bggspqgsj buf!
AEPC is involvedin implementing electric cooking standards.

There has been much less switching or experimentation with electric options in rural Nepal, owing to lack

of consistent power supply from off -grid systems as well as the availability of biomass -based cooking

alternatives. In previous electrification policies, providing grid electricity access for basic uses (e.g.,

mjhiujoh*! xbt!uif!hpwfsonfou!t!qgsjnfl!lgpdvt/ !l pxfwfs-1u:
invested resources by allowing micro hydro plants to be grid-connected (World Bank 2015). AEPC now

has an MoU with the NEA to develop sustainable micro-hydro projects, based on a principle of circling

back revenue generation to communities and ensuring the viability of eventual grid connection.

Electricity generation, transmission capacity and distribution also remain major challenges facing electric

cooking in Nepal. Bhandari and Pandit (2018) estimated that replacing LPG with electricity in 2035 would

require an additional 1207 MW of installed electricity generation, if demand increases as expected. In
3125-129&!'pg! Ofgbm!t! fmfdusjdjuz! xbt!tuj mm!jngpsufel gs|
thus been reluctant to heavily promote electric cooking technologies given the additional load t hey would

place on existing infrastructure (i.e. transmission lines, transformers and cables). Transmission lines

were built without cooking related energy consumption in mind, and the NEA and some international

19 Across Nepal, there are a total of 282 CREEs in 52 districts serving more than 500,000 households. These CREEs have formed a
national federation called National Association of Community Electricity Users (NACEUN). Details may be found here:
https://naceun.org.np/ . CREEs have been identified as the main institutional conduit for raising public awareness on electric cooking.
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NGOs are not confident about promoting electric cooking.20 Since cooking is energy-intensive, if
households were to exclusively cook using electricity, back-of-the-envelope calculations suggest that a
regular meal would require 1,000-1,200 W of electricity (Stakeholder Interviews 2019). To provide more
context, 61% of Kathmandu Valley households have 5 Amp connections that are too low to support
electric cooking using induction stoves, whose power capacity is approximately 2kW. Other impediments
to electric cooking are unreliable electricity supply and voltage fluctuation, despite there being no
declared power cuts and surplus power supply in Nepal (Stakeholder Interviews 2019).

Stakeholders interviewed were hopeful that after commissioning of hydropower projects (likely within the
next 5-10 years), there may be surplus electricity that could support electric cooking. Nepal is currently
mostly dependent on run-of-the-river technology for domestic electricity generation, and there is little
excess capacity to deploy during peak hours. Electricity price reduction is an important policy instrument
under consideration to encourage use of electric cooking but lowering prices would only increase
demand and increase strain on current resources, and would also create cost recovery challenges for the
utility. 2%

Some suggestions from stakeholders to promote electric cooking include: (a) Reducing tariffs for higher
levels of electricity use (for cooking and domestic chores); (b) Lowering tariffs during peak cooking hours
(i.e. 7am-9am and 6:30pm-9pm); (c) Installing Smart Meters; and (d) Transferring the existing subsidy for
LPG to electricity.

The response of some national stove distributors and NGOs to clean

cooking policies %2
Firewood and other biomass

While there are few local NGOs working on cleaner biomass ICS in urban Nepal, due to lower use of

biomass fuels there, three that are prominent in rural Nepal include: Center for Rural TechnologyNepal

(CRTN), Husk Power Nepal Pvt. Ltd. and Himalayan Natuals. These organizations assert that there is a

market for higher tier ICS (biomass) stoves in Nepal, because agricultural residue and firewood remain

important cooking fuels, even in the Kathmandu Valley. In partnership with Hivos and Energia, CRTN

works with community -based organizations to educate women in rural Nepal about the negative impacts

pg! I BQ! boe! gspnpuf! xpnfolt!gjobodjbm!jodmvtjpo/!Ju! pshl
workshops for both grassroots -level and higher-level organizations. Its partnership with CCAstarted in

2012, and recently completed a 1-year project with them on black carbon measurements (Weyant et al.

2019).

' vtl ! Qpxf s! Of qb m! Qvoucéd diditl€ES uses PVY dlextricity j(etisily supported by micro-
hydro sources) and can also be used with a 5W solar panel and externally charged battery. The stove can
accomodate any type of biomass (firewood, husks, crop residue and animal dung), and RETS rates its
high power thermal efficiency at 41.2%. AEPC is planning b roll out these Tier-lll stoves throughout the

2Ui jt!ofxtgbgfs! bsujdmf!ij hi mpsh/katnmandupost.tkhnpror!c@FoBrtetitodriewsA®ié o-A6f t ; !

03/more -power-to-the-people.html

2% Current electricity tariffs in Nepal can be found here: https://nea.org.np/admin/assets/uploads/Consumer_Tarrif_data.pdf
2Bgqgqfoejy!C3!tvnnbsj {ft!luif!nbjo!tublfipmefst!jo!Ofgbm!t!dmfbo!dppl]j
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Uf sbj-!Ixifsf!bojnbm!evoh!jt!vtfelbt!blgsjnbsz!dppljoh!
across rural Nepal, and it has no urban presence owing to lack of subsidies in urban centers and low

demand for the technology. Husk Power also works with NGOs focused on maternal and child health,

such as Punarjagaran Samaj Nepal (also known as Renaissance Society Nepal), and with the Chief
Njojtufs!t!Pggjdf!pg! Qspwj odf ! @pDhdn@sha! Mapowdri,sPareah ! ui f I fj hi |
Rautahat, Saptari, Sarlahi and Sirahi in southeastern Nepal.

Husk Power uses three main channels to sell ICS: (i) Individual dealers who approach subsidy
beneficiaries; (ii) partnerships with AEPC through a tendering process (wherein 50% subsidy is given to
local manufacturers in rural areas only); and (iii) sale to international NGOs like Practical Action (14,600
Tier-l natural draft ICS were sold to them alone in 2018) and local governments (for the ultra-poor). In its
sales pitch, Husk Power shows potential buyers the RETS certificate of extended stove run tests
(Stakeholder Interviews 2019).

Responding to the electricity crisis in Nepal a decade ago, local NGOs like Himalayan Naturals promoted
community -produced beehive briquettes in rural areas, using shrubs, twigs and other freely available
forest biomass as feedstock. These briquettes were meant to support winter heating; but demand among
households has declined as electricity supply has improved (the company continues to supply to
restaurants and big retailers in urban areas). Until very recently, AEPC provided only training and no
upgradation or enterprise support to briquette manufacturers.
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research activities, training and awareness around clean energy. In urban areas, their work is mainly on

energy efficiency; involving women in the energy sector, especially in municipal governments; standards

for safety of househol d electricity uses; and raising awareness of electrical hazards. Extending their prior

experience with biogas, they also plan on piloting an intensified pellet production project that would

provide local employment in a to-be-determined location. NEF is particularly considering integration of

forest user groups into this pilot program, which would mainly cater to rural Nepalese households

currently using biomass for cooking.
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distribution companies to thrive. While companies importing stoves pay only a 1% tax, local stove

manufacturing companies pay varying taxes depending on the nature of the imported inputs they use. For

example, there is a 48% custan duty on fans used in ICS, 36% custom duty for stove handles and 16%

custom duty for steel. These tariffs make it difficult for companies to remain competitive. Even more than

regular financial support from the government, the company desires enforcement of clear technology

standards that would aid domestic ICS manufacturers, for example.

Electricity

In Nepal, AEPC carries the mandate for clean cooking and energy efficiency, especially with renewables
including electric cooking. CCAfacilitated the proce ss for developing standards for electric cooktops and
implementation strategy by the Nepal Bureau of Standards and Meteorology (NBSM) with technical
support from NEF. Stakeholders interviewed also emphasized the need for establishing testing stations
or laboratories to verify the quality of imported electric cookstoves.
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To reduce HAP, the Ajummery Bikas Foundation (ABF) explained in stakeholder interviews (2019) that it
has initiated an electric cooking demonstration project and begun to develop an impleme ntation strategy
for electric cooking. In January 2019, ABF, National Association of Community Electricity Users Nepal
(NACEUN) and Radio Sagarmatha, jointly launched a 5ear national campaign with electric stove

suppliers to promote energy-efficient electric cooking in CREE areas?3 This effort targets 3,000
households in 10 CREEs in the first year (2019), followed by scaling to fifty CREEs and more than 15,000
households in the second year (2020). By 2023 (fifth year), all electrified CREEs will be involed in electric
cooking, covering over 150,000 households (ABF 2019). As of January 2020, the Campaign has been able
to promote over 750 electric cooktop packages across three CREEs i.e. two in Kavrepalanchok district

and one in Banke district of Nepal. The campaign promotes a bundle of products along with induction
tupwflupgt-!jodmvejoh!qgsfttvsf!dpplfs!boe!tbvdfqgbo/! BC
is hoping to leverage financial support from international NGOs, local governments and private sectors to
realize the above targets to increase the cost, scope, and speed of scaling of its program.

Other relevant activities

Organizations such as Clean Air Network-Nepal (CANN) have conducted campaigns to create awareness

about the air pollution problem in the Kathmandu Valley. In 2018, along with the International Center for
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plan to reduce air pollution in the Kathmandu Valley. Civil society organizations such as Drishti

Kathmandu have developed their own network of low-cost sensors and made real-time air quality data

gvecmjdmz! bddfttjcecmf/ ! Of gbm!t! Njojtusz! pg! Gpsftut! boe! Fiq
country, and the U.S. Embassy has insalled two air quality monitors in Kathmandu (Government of Nepal

2020; U.S. Embassy in Nepal 2020).

The response of international NGOs and donors to clean cooking

policies

In Nepal, the Asian Development Bank (ADB) is the foremost power sector partner, specially in providing
hvjebodf!boe! gjobodjoh!gps! OFB!t! hf of sbuj po-!Tusbotnjtt]
distribution side, ADB assists with increasing access, reorienting small hydropower plants, and

supporting solar street and energy-efficie nt lighting. It has also supported rural electrification (ADB 2017).

The WHO has proposed including Kathmandu under its Urban Health Initiative owing to high ambient air
pollution from the transport sector, industrial sources, solid waste burning and HAP. WHO has primarily
been involved in advocacy, dissemination, and promoting use of clean cooking technologies. Using
communication products, they are attempting to bridge the divide between researchers (given that close
to 130 studies have been conducted to date in and around the Kathmandu Valley) and the central
government (as the latter is unaware of research results), to aid government setting of realistic targets
(Stakeholder Interviews 2019).

23 ABF envisions its campaign to work with various direct and indirect clean cooking stakeholders, namely, (i) training and academic
institutions for capacity building; (ii) banks and financial institutions for consumer financing; (iii) development organizat ions for
developing and implementing electric cooking programs; (iv) all government levels needed for policy support, coordination and budget
allocation for electric cooking; and (v) private sector suppliers for marketing of high -guality electric cooking products (ABF 2019).
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The Atmosphere program at ICIMOD helped the Ministry of Foregs and Environment with the design of
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a week-long training for journalists and another for brick kiln owners. The program is generally interested

in residential HAP research but does not currently have any ongoing projects in this domain.

Donor agencies like GIZ that currently work in several provinces (Provinces 3 and 4: Chitwan, Parvat,

Makwanpur Districts) have sold close to 35,000 portable ICS (Tier-Il) stoves. GIZ works in close

collaboration with AEPC, RETS and local government units for their stove promotion programs in rural
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sector-led clean cookstove marketing approach and relevant supply chain development support; and (ii)

reduce respiratory health problems in Nepal caused by HAP. The project also seeks to provide loans

through cooperatives (GIZ 2017).

Practical Action has a Nepal-specific ICS program, supported by the GIZ EnDev program. While it began
with promotion of Tier Il firewood ICS, it now offers Tier Il and Il stoves (natural and forced draft stoves).
It follows two types of marketing campaigns: issue - and supplier-based. In the former, using radio,
pamphlets, and videos with local NGOs, Practical Action focuses on health improvements, time savings
and protection of forests from ICS use. In the latter, suppliers themselves are responsible for product
marketing.

Summary

Both Kenya and Nepal display a long history of policy development and program implementation aimed at
spurring the uptake of improved and clean cooking technologies. Within these countries, Nairobi and
Kathmandu represent large cities where clean fuels are very widely, but not universally, used. In fact, the
persistence of solid and polluting fuels in these settings p charcoal and kerosene in Nairobi, and firewood
in Kathmandu p is a vexing reminder that specific initiatives remain necessary to complete the energy
transition even in large cities in less-developed countries. In the remainder of this report, we describe an
analytical framework aimed at a) quantifying the burdens imposed by the current situation, in terms of
time lost due to use of inefficient technolog y, as well as health and environmental damages, then b)
analyzing the case for different interventions, and finally c) distilling these results into a set of policy
recommendations.
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Analytical Framework

We now present the overarching analytical framework that we leverage to provide understanding of the
key features and assumptions implicit in our approach. Similar to the Jeuland and Pattanayak (2012) and
Jeuland, Tan Soo and Shindell (2018) (hereafter JPand JTS), we develop equations that allow calculation
of the costs and benefits associated with various clean cooking choices (Tables 1 and 2). The equations
have been modified to account for the city -scale of the analysis, and to accommodate inclusion of
specific policy interventions that are explored in the policy analysis in each location. A key modification in
this set-up, relative to JP and JTS, is to incorporate accounting for the contribution of domestic fuel
burning to ambient PM2 s concentrations and exposures. This is particularly relevant in urban areas where
exposures to pollution are not as strongly influenced by household cooking as those in the rural
environments where traditional cooking technologies dominate. A second key modification is to allow
aggregation of costs and benefits at the city level, which involves multiplying the number of new clean
energy users (i.e., those transitioning away from polluting options) in each cooking scenario. A third key
modification is to characterize the cos ts and benefits of specific policies (e.g., subsidies or polluting fuel
ban), based on the likely behavioral responses they would engender.

Finally, a fourth relevant consideration is that we include several transitions that were not considered in
previous analyses, crafted in response to feedback obtained in the in-country stakeholder interviews
about the most relevant options to consider in each city. 24 We compare changes that would result from
the following specific transitions, were they to reach all th ose currently using a particular less clean
option. Table 3 summarizes the cooking transitions under consideration in each location, which are also
further described below in the sectionf ouj umf e! dZEft dsj quj po! pg!dpplhj oh! usbot
Nairobi, transition 1 represents a partial move towards a cleaner option, whereas transitions 2 through 5
consist of a move from dirty fuels to clean fuels, though for different populations (charcoal users in
transitions 2 and 4, and kerosene users in transitions 3 and 5). Likewise, in Kathmandu Valley, transition 1
is a limited move towards cleaner cooking, transitions 2 and 3 consist of movement from a solid fuel to
clean fuels, and transitions 4 and 5 are between two clean fuels?°.

24 The new transitions include switching from charcoal to ethanol, switching from kerosene to ethanol (only in Kenya); as well as
switching from LPG to electricity, and the corresponding switch from electricity to LPG (the latter two only in Nepal).

25 Our analysis is focused on electric cooking technologies that can replace other technologies like traditional firewood stoves, ICS
and LPG. While electric rice cooker is an option, all cooking cannot be done on it. Electric coil stoves are another option,but there
have been advancements in technology, and induction stoves are more efficient, safe and convenient to use than electric coil

stoves. Moreover, they are the most common and popular electric cooking option in Kathmandu Valley. Therefore, in our analysis, by
electric stoves, we refer to induction stoves, acknowledging that they are only a subset of electric stove options.
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Table 1. Typology of costs and benefits of clean cooking transitions (adapted from JTS)

Costs Examples Benefits Examples
Privately borne (included in analysis)
: Benefits from reduced
Cost of new technologies: P o .
Capital Improved charcoal stoves, LPG ai MOFbIC!Ity |nC|der_10e of and mortality
~ . : mortality from disease (acute lower
( A har d ethanol stoves; cooking space _ : ; g _
improvements; etc reductions respiratory infections; COPD;
e IHD, stroke lung cancer)
Cost of implementation: Marketing Benefits of reduced cookin
Program and promotion materials; Time savings  time (resulting from efficien%
( Asof t government/private company stafl 9 heati 9
time; etc. eating)
Operation . .
and Cost of replacing/cleaning of

maintenance

equipment, including time

Fuel used in

Cost of fuel, in collection and

Fuel no longer

Cost of fuel, in collection and

new stove preparation time and/ononey :t'.soevdem old preparation time and/or mone
Learning and Costs of familiarization with thg
use of a new stove technology; lo:

tastes of value from modified taste

Socialy borne(included in analysis)
Spillover Benefits from reduced _
morbidity and incidence of and mortality

. from diseases (stated above)

mortal!ty due to reduced ambient air
reductions pollution
Climate and  Benefits from reduced
ecosystem emission of black carbon and
related lesser tree cutting

The unit of analysis for our calculations is the whole of Nairobi city (in Case 1) and whole of Kathmandu
Valley, including the cities of Kathmandu, Lalitpur and Bhaktapur (in Case 2). We first carryour
calculations that abstract from policy effectiveness and illustrate the potential gains from each specific
transition. In those illustrative calculations, the aim is to quantify the various burdens stemming from use
of lower quality stoves and fuels. We thus compare the monthly costs of a complete switch to exclusive
use of the newer technology with the monthly economic benefits that a household would receive . In the
investment analysis, we then account for partial uptake and use of cleaner cookstoves as these are
affected by prices and other factors, similar to a real -world effectiveness, to examine how policy
interventions would likely shift behavior, and to give a sense of how much of this potential can be
achieved by the different intervention strate gies.
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Table 2.Equations for costs and benefits included in analysis

Equations Appendix equation #
Costs o
0wn " Yod Jwawi A q
Cap (B1)
Prog 01 £ QYO idp ¢ (B3)
O&M 0Q0  “YE 0 A DEMEDQED QP ¢ (B4)
0 QX1 &Y wij Mg
Learn (B5)
See Appendix for detailed derivation and discussion.
Fuel For baseline’06 Q& &yé 0 wa B 09 L Da.
For improved/clean06 ‘Q & &Y€ 6 @& D'OG@ DO ) 2°Q0
Benefits
Timesav "Y'Qa Qi &¥& o6 & Oo&rih EQaMIp 6 Q (B7)

DET O'Ywdp “ BB B 60020Q0QQODEO 0 6 "QWOYTp
Morb 1
(B18)
DET OYROp “ BB B 60000QQOMSO 06 CA'Y Tp
Mort ‘]
(B19)
6 & QAYE O WA DA QOO I 3 "Q Q0 Q0w I 5 O
Clim -0
(B23)
60 YEODaDOPEr 2°Q0 Qa &6 Qa6
Bio (B24
)

Notes: Parameters are as defined in Table B1, and their values are summarized in Tables C130.

Table 3. Summary of cooking transitions

Transition No. Nairobi Kathmandu Valley
1 Traditional charcoal to charcoal IC: Traditional firewood to natural draft IC.
2 All charcoal to LPG Traditional firewood to LPG
3 Kerosene to LPG Traditional firewood to electricity
4 All charcoal to ethanol LPG to electricity
5 Kerosene to ethanol Electricity to LPG

We incorporate the following commonly -used policy instruments for spurring clean cooking into our

analysis: stove subsidy, fuel subsidy, stove finance, BCCand fuel bans. Table 4 summarizes transitions

where each of these policy interventions is applicable, in both locations. While subsidies, market

development, and awareness creation have been discussed extensively inthe clean cooking sector
(Rosenthal etal. 2018),f nqj sjdbm! tuvej ft!poltvdi!joufswfoujpot!!jngq

Public Investment Cases for Clean Cooking 37



Recent experimental studies have shown ICS demand to be strongly responsive to subsidies, financing,
and supply chain development (Pattanayak et al. 2019). Financing alone increases demand, while BCC is
found to have limited effects on willingness to pay ( Beltramo et al. 2015). Levine et al. (2015) show that
combining a free trial, time payments and allowing risk -free returns of stoves increased adoption of
charcoal ICS by rural Ugandan households.Usmani et al. (2017) demonstrated that economic incentives
(i.e., stove use subsidies and rebates) facilitate initial ICS adoption in rural Cambodia but do not
necessarily induce stove use in the long-run. National-level subsidies have also been shown to encourage
the transition to clean cooking , for example in Indonesia (Budya and Arofat 2011; Imelda 2019) and
Ecuador (Troncoso and da Silva 2017), where theyhave facilitated uptake of LPG. Subsidies alone have
not been found to eliminate stacking, however (Gould et al. 2018). In measuring the costs of policies to
provide LPG to South Asians,Cameron etal. (2016) argue that the most cost -effective policies typically
require large stove subsidies.

Table 4. Summary of plicy interventions

Transitions applicable

Policy Intervention Nairobi Kathmandu Valley

Stove subsidy only All All

Fuel subsidy (w/ stove subsidy) All exceptTraditional charcoal All exceptTraditional firewood
y y to charcoal ICST1) to naturaldraft ICS (1)

Stovg financing (w/ stove Al All

subsidy)

Behavior change communicatic Al All

(BCC) (w/ stove subsidy)

Polluting fuel ban Al All exceptLPG to electricity

(T4) and Electricity to LPGT(5)

A prior model on which we draw heavily, presented in JTS,used descriptive cost-benefit simulations to
show that stove subsidies shift the private net benefits of transitions to cleaner transitions strongly, but
that private benefits may nonetheless remain negative for many technologies and households. This
implies that even free distribution of stoves may not be sufficient for socially optimal take -up and use.
Urban charcoal users can be highly price sensitive (Kebede et al. 2002). Studies have argued that LPG
price subsidies reduce firewood use (Ouedraogo 2006),but LPG is much more likely to be used by the
rich, unless specifically targeted to low -income populations (Bacon et al. 2010). Gupta and Kohlin (2006)
found that owing to cross -price elasticities, fuel subsidies in India would be less likely to reduce demand
for polluting fuels like coal and firewood, and that improved LPG availability and HAP awareness would be
of fefelup!jodsfbtf!efnboe/! Sfmfwbou! fwjefodf!gspn! Joej |
indicates a large increase in the number of LPG users, but refill rates have fallen short of the levels
needed to achieve substantial HAP reductions (Kar et al. 2019).

Heavier regulatory action (e.g., fuel use bans) has also been attempted for some fuels in some contexts.
Voef s! Di jtodettticitygrnodram that bans coal and provides subsidies for electricity and electric
heat pumps, households in high- and middle-income districts have largely eliminated coal, but low -income
districts continue to lag behind ( Barrington-Leigh et al. 2019). Pachauri (2019) argues that policies
encouraging clean fuel use are often not sufficiently targeted to low -income households.
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Finally, the effects of BCCcampaigns on cleaner cooking outcomes have been mixed. In a review,
Goodwin et al. (2015) found only mixed evidence of impacts of BCC techniques (e.g., shaping knowledge,
reward and threat, social support, comparisons) on clean stove uptake, health and environmental
outcomes. As noted above, Beltramo et al. (2015) only observea small (roughly 10%) increase in demand
for cleaner technology with randomized exposure to health -related and other marketing messages.

In keeping with JTS, we apply a net benefits criterion to compare the overall economic net benefits of
different policy interventions developed to foster these transitions (Boardman et al. 2005). Our
assessment is conducted from both private and social welfare standpoints. For the private standpoint, we
only include the costs and benefits that households making the transition incur. The social perspective
includes the former plus any changes in the effect of various transitions on carbon emissions and forest
loss owing to unsustainable charcoal harvesting.

The costs included in the final analysis pertain to equipment (capital costs), program expenses related to
distribution and marketing, time and money spent on operation and maintenance of stoves, learning
costs, and the difference in net fuel costs from use of the original and new technology . The equations for
the calculation of these costs are detailed in Appendix C. On the benefits side, we include improved
health and cooking time savings, and climate-linked environmental social benefits from reduced black
carbon or greenhouse gas emissions and deforestation. The total costs and benefits are the sum of
respective components.

Our framework relies on various assumptions, as is common to cost -benefit simulation efforts. The first ,
largely validated by data from various sources, is that households primarily use five cooking technologies
in Nairobi, namely traditional charcoal stoves, improved charcoal stoves, kerosene, LPG and ethanol.In
Kathmandu Valley, we consider three primary cooking technologies namely traditional firewood stoves,
LPG and dectricity . While this is based on data in the literature and from interviews conducted in both
cities, we exclude clean technologies that may be used in very low proportions (e.qg., electric stoves and
biogas in Nairobi, and improved firewood cook stoves and biogas in Kathmandu Valley). Our second
assumption relates to input parame ters in our model. As the Nairobi- and Kathmandu-specific literature
on the required parameters for this analysis is sparse, we also transfer estimates from urban East Africa
and urban South Asia, respectively,or global estimates, wherever data are limited. Details of parameters
used in our analysis are in Appendices D and E Here we highlight that there is relatively little information
available regarding the costs of our specific policy interventions p financing, behavior change campaigns,
technology bans, and subsidy leakagep so we make a number of simplifying assumptions about these
that are worth highlighting here. For financing, we assume an additional 10% cost incurred to acquire
technology, and BCC is assumed to cost $10 per household targeted. Stove subsidies are assumed to
have 25% leakage, while fuel subsidies, which are more challenging to manage, have 50% leakage. Finally,
a technology ban is estimated to cost $17 per household per year, which is equivalent to the upper bound
of program costs d ocumented in Jeuland et al. (2018).

Third, similar to JP and JTS, we value time costs and benefits as a fraction of the unskilled wage rate in
Kenyaand Nepal. We do not include the inconvenience costs of clean cooking options or the aesthetic
benefits they may provide, due to the relative dearth of careful valuation work on these aspects. Fourth,
we include only five HAP-related diseases for which there is substantial evidence in the literature: chronic
obstructive pulmonary disease (COPD), acute lower regiratory infection (ALRI), ischemic heart disease
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(IHD), stroke and lung cancer (LC). We exclude the harmful effects of pollutants other than PM, s (Smith
et al. 2013; Zhang and Smith 1999). Following JTS, we assume that mortality reductions are from
reduced PM; s exposure (Burnett et al. 2014), and that relative morbidity risks for exposed populations are
reduced similarly to those for mortality . The estimated contribution of health improvements to the
disease burden form the basis for estimates for health spillovers from ambient air quality improvements
(Chaffe et al. 2014). To value health improvements, we apply the cost-of-illness (COI) per case/per year
for morbidity and value of a statistical life (VSL) for reduced mortality (Viscusi and Aldy 2003).
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renewable sources for electricity generation (e.g., coal, gas, nuclear and oil), we assume that the
electricity emissions for all pollutants considered in our analysis (i.e. CO;, CH;, NbO, CO, BC and OC) are
nil. Sixth, our valuation of environmental benefits relies on the social cost of carbon (Interagency Working
Group on Social Cost of Carbon 2015). Though we use the replacement cost of trees to account for
deforestation and degradation, we ignore valuation of ecosystem services owing to data paucity (Ferraro
et al. 2011). Seventh, dueto the limited data on ethanol stoves particularly on pollutant exposures, we use
LPG input parameters as the two stoves have comparable exposure levels. Still related to ethanol, we do
not include environmental impacts or other e xternalities that would arise from conversion of land to
ethanol production, wherever these may occur (whether from local or imported ethanol). Finally, we
assume that the time efficiency of LPG and electric stoves with respect to each other are the same.

In our literature search, the parameters for which there was limited to no evidence are: time spent cooking
on various stoves, time efficiency of LPG and ethanol stoves with respect to charcoal stoves, accurate
prices of various ICS, LPG and ethanol stowes and fuels, rate of usage of stoves (versus rate of usage of
fuels, which is what we use in our analysis), learning and maintenance costs of all stoves. In May 2019,
we conducted a targeted data collection effort in 354 households from four informal sett lements in
Nairobi. In late July-mid August 2019, we conducted a targeted data collection effort in 360 households
from peri-urban areas in Kathmandu Valley (covering districts of Kathmandu, Lalitpur and Bhaktapur). In
both sites, in addition to asking questions aimed at specifying parameters that are not available in the
literature, we included a stated preference experiment to assess i p v t f i poica eenditivity for
proposed transitional (i.e. kerosene) or clean cooking technologies (i.e. LPG, electricity and ethanol),
which is crucial for our eventual prediction of the effects of pricing policies, in the investment cases
analyses. These data are described in additional detail in the sectionf ouj umf e! dZEf t dsj quj po! pg
usbotjujpot!boel!ebub!tpvsdft L]
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Description of cooking transitions and data
sources

Focus City in Sub-Saharan Africa: Nairobi, Kenya

This section describes in additional detail the five possible cooking technology transitions included in the
clean cooking investment analyses for Nairo bi.

Transition 1: Traditional charcoal stove users shifting to charcoal ICS . As described previously, charcoal
jtluiflgsjnbsz!dppljoh!lgvfmlgps!ofbsmz!28&! pg!vscbo! Lf
population uses charcoal as a primary cooking fuel, 20% of households in Nairobi use charcoal as a
secondary cooking fuel (ibid). Despite recent increases in charcoal prices in Nairobi, use of inefficient
traditional charcoal stoves is prevalent especially among low -income households, while charcoal ICS are
most widely used among middle - and higher-income groups. For low-income users of charcoal who still
rely on traditional stoves, a cooking transition worth considering is towards universal use of charcoal ICS,
which cost more than traditional cha rcoal stoves but perform better in terms of fuel efficiency, therefore
requiring less charcoal per day and lower recurring costs. Charcoal ICS also emit less pollution (PMz s,
CO02, CH4, N20, CO, BC, 0C) than traditional charcoal stoves, with implications for health and the climate.
Stove manufacturers and distributors note that demand for charcoal ICS is high in urban Kenya, given the
fuel and money savings these allow over the longer term. To facilitate this transition, we consider the
following policy instruments: stove subsidy only, stove subsidy with stove financing, stove subsidy with
BCC campaign, and a ban on traditional charcoal stoves. We consider that a stove plus fud subsidy
intervention is not viable for spurring this transition, because a fuel subsidy would also reduce the

recurring cost of using traditional charcoal stoves, thereby undermining the principal goal of the
intervention.

Transition 2: Charcoal users shifting to LPG. A different cooking transition, which could include both
users of traditional and ICS charcoal technologies, would be to move towards use of the main clean fuel
alternative, LPG. This transition is especially relevant because the governmentis scaling up efforts to
improve access to, and reduce prices of, LPG. An increase in the number of LPG cylinder manufacturers
and distributors, regulation of gas cylinder exchanges, launching of the pay-as-you-go model, and greater
availability of LPG cylinders in small sizes (1kg and 3 kg) all make LPG a more accessible clean cooking
option. LPG stoves and fuel are more expensive than charcoal ICS but provide much more effective
energy conversion and heating. LPG stoves emit far fewer pollutants than charcoal ICS, but have higher
fuel transport and supply chain costs. A key advantage of LPG relative to ethanol (see transition 4) is the
fact that it is a relatively well -known fuel. To facilitate this transition, we consider all five policy
instruments: sto ve subsidy only, stove subsidy and fuel subsidy, stove subsidy with stove financing, stove
subsidy with BCC campaign, and a ban on kerosene stoves.

Transition 3: Kerosene users shifting to LPG. After LPG, kerosene is still the most widely used primary
cooking fuel in Nairobi (CCAK and MoE 2019). Yet rising kerosene prices following equalization of the
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kerosene and diesel excise duty (16%) make a transition away from this fuel more probable. A key
guestion is whether users will revert to charcoal or make th e cleaner transition to LPG. Compared to
charcoal ICS, LPG stoves are more expensive (to purchase and maintain), but are more time, fuel and
energy efficient than charcoal ICS. Pollutant exposures and relative disease risks are also considerably
lower in LPG stoves than kerosene or charcoal stoves. The five policy instruments previously described to
induce LPG cooking are incorporated here as well.

Transition 4: Charcoal users shifting to ethanol. Another option for a transition to clean cooking
technology by charcoal users would be ethanol. Though the market for ethanol stoves is small and
current government regulations (25% effective duty) make it an expensive fuel, some have argued that
ethanol could be the cheapest clean cooking fuel option for Kenyans (Dalberg 2018). The fuel is currently
mostly imported, and therefore not substantially different from an energy security perspective, but it could
potentially be produced in Kenya (Stakeholder Interviews, 2018). Ethanol stoves cost more than charcoal
ICS, hut like LPG stoves are high on time, fuel and energy efficiency. Their emissions are considerably
lower than for any charcoal stoves and are similar to LPG. Similar to transition 2, we include all five policy
instruments.

Transition 5: Kerosene users shifting to ethanol. By virtue of already using a liquid fuel, kerosene users
are a main target for ethanol companies. Therefore, our last clean cooking transition under consideration
is from kerosene to ethanol. Mirroring transition 3, all five policy options are included.

Focus City in South Asia: Kathmandu, Nepal

We now describe the five possible cooking technology transitions included in the investment analyses for
the Kathmandu Valley.

Transition 1: Traditional firewood stove users shifting to improved fir ewood cookstoves (natural draft) .
Though firewood forms a small share (we assume 11.4% accounting for stacking and variation across
data sources, as described further below) of the cooking fuel mix in the Kathmandu Valley (including
Kathmandu, Bhaktapur and Lalitpur), it is nonetheless important to consider a potential transition to
natural draft ICS. This shift may be especially relevant for peri-urban households in the region that have
access to freely available firewood from nearby forests. To facilitate this transition, similar to transition 1
for Nairobi, we consider the following policy instruments: stove subsidy only, stove subsidy with stove
financing, stove subsidy with BCC campaign, and a ban on traditional charcoal stoves. We do not
consider fuelwood subsidies to be a viable option, given that many households collect fuel, and that
subsidies would anyhow encourage traditional as well as improved biomass stove use.

Transition 2: Traditional firewood stove users shiftingto LPG/ ! Hj wf o! ui fslpisipfaricleano nf o u !
energy, the next transition we model is for all existing firewood users moving to LPG p currently the most
widely used clean cooking fuel in the Kathmandu Valley. While the initial cost of an LPG stove and

subsequent LPG refills is higher than that of a biomass -burning stoves, LPG emits significantly fewer

health- and environment-damaging pollutants (CO2, CH4, N20, CO, BC and OC). Identical to LPG

promotion in Nairobi, five policy instruments are considered for spurring this transition: sto ve subsidy
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only, stove subsidy and fuel subsidy, stove subsidy with stove financing, stove subsidy with BCC
campaign, and a ban on traditional firewood stoves.

Transition 3: Traditional firewood stove users shifting to electricity . The move from traditional firewood -
cvsojoh!tupwft!up!fmfdusjdjuz!jt!bmjhofelxjuiltuif! Of ghbi
independence through hydropower-generation. Electricity infrastructure as it currently stands cannot

support universal electric cooking, though the government is looking to develop such infrastructure

moving forward. Thus, the proportion of electricity users for cooking, low (0.1%) in the last Census of

2011, has been increasing, especially since the 2015 Nepal blockade. Like LPG, HAP emissions from

electricity generation are lower than from firewood, as are relative health risks. This transition could be

facilitated through all 5 policy interventions described above.

Transition 4: LPG users shifting to electricity . During the 2015 blockade, some urban households in Nepal,

especially in Kathmandu, coped with shortages of LPG by turning to electric cooking, though the induction

stoves that would fully replace LPG stoves remain in limited use. Even after the blockade ended, some

households continued using a mix of LPG and electrical devices, especially rice cookers. Various

stakeholders noted that they see more complete electric cooking as the futurel hj wf o! ui f! hpwf sonf o
clean energy policy direction and desiretolox f s! ef qf oef odf ! po! MQH! j ngpsut -! vsctk
preferences for the same, a growing market for electric stovetops and non-h p wf sonf oubm! pshboj {b

development of BCC campaigns encouraging electric cooking. For this transition, we consider four policy

options aimed at spurring use of induction stoves: stove subsidy only, stove subsidy and fuel subsidy,

stove subsidy with stove financing, and stove subsidy with BCC campaign. A ban on LPG stoves is hot

practical and might be counterproductive in moving hou seholds back to firewood, and has therefore been

excluded.

Transition 5: Electric cooking users shiftingto LPG/ ! Hj wf o! i pvtfi pmet! ! ejggfsjoh!gs
stoves and fuels, it is also worth considering a transition back to LPG from use of electri ¢ stoves. Some

reasons for reverting to LPG could be high cost of electricity, misalignment with cooking preferences, and

ui f! hpwfsonfoult!offelup!sbujpo!mjnjufelfmfdusjdjuz!tvi
same four policy options inc luded in transition 4.

Data Sources and Model Parameters

In Table 5, we present a summary of the parameters included in our models. To get representative data

for relevant populations in both cities, we drew from both primary and available secondary data sources.

Nairobi-specific data for primary stove options and stove costs were obtained from the most recent

Kenya National Cooking Sector Study (2019). Cooking time (charcoal and kerosene stoves), the

proportion of traditional charcoal and ICS charcoal sto ve users, fuel collection times and market prices of

gvfmt! xfsfldpmmfdufe! ui s pocartiedbuEte suppbrithusjwark and guppartedtby t v s wf z !
CCApj o! Obj spcjt!t!gpvs!nbjo!jogpsnbm!tfuumfnfoud!)312: */
size and household composition were taken from the urban sample of the Kenya National Cooking Sector

Study (2019).
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Table 5.Parameter definitions and units

Parameter Description Unit Source
Clean CookindgCatalog, Stakeholder
interviews (2018, 2019), Daraz website,

- . Envirofit Retail Price List (2018), Burn

w Cost of stove type U.S.gstove Manufacturing Website (2018), Cookswell
Jiko Website (2018), Dalberg Report (2018
Total Price List (2013)

&) Program ost of promotion U.S.$hhyr  JTS(2018)

&) Cost of stove maintenance U.S.$hhyr JTS(2018)

Ti Lifespan of stove yrs JTS(2018)

coolky
te
%

Hi
Q0 Qa0

collto

o

w
inf
Ucarb
prep

Pi

IRk

MR«
COlk

()
Y
treecost

hhsize

Rate of use of cooking stove option %

Average daily cooking time with
baseline stove

Time efficiency of stové relative to
baseline stove

hrs/day

Unitless ratio

Fuel efficiency of stove MJ usefulMJ
heat

Calorific value for stove MJ/kg fueP

Amount of fuel used for cooking; kg/hr

baseline stove

Percentage of people buying baselir %
fuel

Average daily baseline fuel collectiol
time
Shadow value of timepent cooking .
. Fraction
(fraction of wage)
Unskilled market wage U.S.ghr
Inflation rate %
Discount factor for 2015 carbon prici %
Average daily fuepreparation time

hrs/day

for ICS stove hrs/day
Cost of fuel type $/kg?
Learning hours hrs
Liquid fuel transport cost $/kg

Incidence/prevalence of disedse cases/100

Nepal Census (2011), Demographic and
Health SurveysNepal(2016), Kenya Nationg
Bureau of Statistics (2018), Dalberg Report
(2013)

JTS(2018)
JTS(2018) Dalberg Repor(2018)

JTS(2018) Daraz website
JTS(2018)
JTS(2018)

Nepal Census (2011), Demographic and
Health SurveysNepal(2016), Kenya Nationg
Bureau of Statistics (2018)

JTS(2018)

JTS(2018)

JTS(2018) Wikipedia
JTS(2018) Wikipedia
JTS (2018)

JTS (2018)

JTS(2018) Nepal Oil Corporation (2014
2019); Stakeholder interviews (2019ptal
Price List (2013)

JTS(2018)

JTS(2018)

GBD (2017), Smith & Mehta (2000), GHE
(2014)

Mortality rate due to diseask deaths/10000 GBD (2017), WHO (2014)
Costof-illness of diseasd U.S.$case JTS(2018)
Healthspillover parameter None JTS(2018)
Exposure adjustment parameter for None JTS(2018)
stovei
Cost of carbon emissions U.S.$ton JTS(2018)
o ) . .
% of biomass harvesting that is Ron % JTS(2018)
renewable
Tree replacement cost $/kg JTS(2018)

Number of persons per household persons/hh
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Nepal Census 2011; Kenya National Burea

sfu % of households using solid fuels % of Statistics Report 2018016, Dalberg
Report (2013)
Us Discount rate (social) % JTS(2018)
Up Discount rate (private) % JTS(2018)
) Particulate emissions for stovand 24-h r & g Pope et al. (Ongoingetaanalysis) JTS
8fi fuelm PM;s (2018)

EmISSIO:\S factorfor pollutantj from g/MJ fuel JTS(2018)
stovei and fuelm

VSL Value of statistical life JTS(2018)
Source apportionment: HAP as a

sapp proportion of AAP Fraction Karagulian et al. 2015
Government of Nepal, Ministry of Populatio
and Environment, Department of
Daily average PMs concentration in Environment Air Quality Monitoring;

amkconc each city egfm Nairobi Air Quality MonitorUS EPA, Air
Now-US EPA & World Air Quality Index
Project 2019

amtexp Average ambler_n Pbk exposure (24 egPm Calculated

hr) from cooking
tothh Numberof households in the city None Nepal Census 2011; Kenya National Burea

of Statistics Report 2018016

Notes:! For electricity, KW-hr/hr, 2 For electricity, MJ/kWhr, 3 For electricity, $/kWhr

EvI f!Voj wfstjuz! t lupansateas offKathmandsValfey (2019 ihforrhesl pur parameters
on time spent cooking on various stoves in that site, cost and lifespan of stoves, and market prices of
fuels. The most recent Nepal Census (2011) data for urban areas provides estimates of the distribution of
primary cooking stoves, household size and number of children under five.

For both cities, we were able to find publicly available data on daily average ambient PM s
concentrations. Using a published estimate of source apportionment in SA and SSA, we then calculated
the approximate average PM; s exposure (24-hours) due to cooking with different technologies in each
location. Finally, several health parameters p disease prevalence/incidence, mortality rates p were not
available at the city-level, so we used nationaHevel estimates from the Global Burden of Disease. As
noted in Table 5, severaladditional parameters were sourced from regional or global sources used by the
prior JP and JTS studies. Examples of these include: program costs of stove promotion, calorific value of
fuels, shadow value of time spent cooking, learning hours, liquid fuel transport, and cost of carbon
emissions. For additional details on data sources, please see Appendices D and E).
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Results

This section presents the results of our city case analyses: Nairobi first, and then the Kathmandu Valley.
In both cases, we begin by discussing baseline (or current) conditions, and the burdens associated with
existing use of solid or polluting fuels. This includes presentation of the corresponding potential p which
assumes a complete transition from the baseline technology to cleaner solutions p of each transition
considered using our framework. We then turn to the policy-specific results under each of those
transitions. The latter analysis allows the characterization of the extent to which the potential of various
transitions might be achieved using different policy instruments .

Focus City in Sub-Saharan Africa: Nairobi, Kenya

This sub-section discusses the results of our analysis for Nairobi. Since our analytical parameters and
assumptions have beensourced from the empirical literature , our primary data collection in Nairobi in
May 2019, and a recent nationally representative study in Kenya(CCAK and MoE 2019)we expect that
our results will be of special interest to policy -makers in this setting, with some transferability to other
large cities in East Africa where a similar mix of fuels and cooking technology alternatives can be found.
With sufficient work to obtain relevant data, the ge neral framework can be applied in other locations as
well.

The baseline distribution of stove and fuel use in Nairobi

Figure 1 shows the distribution of cooking fuels used in urban Kenya and Nairobi(CCAK and Kenya MoE
2019). As of late 2019, LPGform ed the largest share of primary cooking fuels in Nairobi (56%), followed
by kerosene (30%) and charcoal 6%).

URBAN KENYA NAIROBI

M LPG mKerosene M Firewood Charcoal BLPG mKerosene M Mixed LPG-Electricity Charcoal

\

30%

Source: CCAK and Kenya MoE 2019

Figure 1. Primary cooking fuel distribution in urban Kenya and Nairobi

Based on these shares using different fuels (see Appendix D5 for more data), for Nairobi city, we estimate
that almost 81 million hours every year are spent collecting fuel by the nearly 1 million households living

Public Investment Cases for Clean Cooking 46



in Nairobi (Table 6).26 On a per household basis, this amounts to 82 hours spent yearly on fuel collection.
This estimate is based on the fuel collection times recorded in our survey in Nairobi. Nairobi households
are also estimated to spend 435 million hours cooking on a yearly basis. This equals approximately 442
hours per household per year. The amount of polluting fuel use is high: 26,502 tons of charcoal every
year, and 82,543 tons of kerosene.

Turning to the health consequences of exposures to cooking -related pollution, the HAP-number of

attributable cases of ALRIis estimated to be highest, at 496,468 cases per year. This high ALRI burden is
dpotjtufou! xjuiluif!Hmpcbm! Cvsefo! pg!Ejtfbtf! Sfgpsu!t!
the leading environmental risk factors for disease burden in Kenya (Naghavi et al. 2017). In our analysis,

the second highest prevalence attributable to HAP is that of COPD prevalence of 102,737), followed by

stroke (prevalence of 19,667). The latter is the 10" leading cause of premature death in Kenya (IHME

2017). Lung cancer prevalence associated with cooking -related PM exposures is estimated at 73, since

this health condition is less common . The relative differences in annual deaths attributable to HAP from

the five diseases we include show a similar ranking: highest for ALRI (2,127), and lowest for lung cancer

(31). On the environmental side,close to 1.06 million tons of CO» equivalents of cooking emissions are

emitted per year inNairobi. Up ! qvu! ui jt!lovncfs!jol! gf sdnlyémissignasforn! j o! 3125
solid fuel consumption were estimated to be 1.25 million tons (note that this number is highly sensitive to

what is assumed about the renewability of firewood harvesting) and CO2-only emissions from liquid fuel

consumption were 10.25 million tons (World Bank 2018). %’

% Fuel collection in urban areas refesclusivelyto the commute time taken to purchése, since households in Nairobi do not collect fuel
from the local avironment

27 Qur calculations of C@equivalent warming from stovieiel combinations includadditional climateforcing agents beyondarbon dioxide
Specifically, we includenethanenitrous oxide, and other pollutants like black carbon, organic carbon and carbon monoxide.
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Table 6. Baseline numbers for Nairobi households, and potential impacts of each transition assuming a complete shift

Traditional to All Charcoal Kerosene All Charcoal Kerosene to

Baseline

Charcoal ICS to LPG to LPG to Ethanol Ethanol
Number ofhouseholds 985,016
# Households affected by transition 44776 54,274 292,550 54,274 292,550
Costs
Time spent cooking (‘000 hrs/yr) 435,241
Time spent collecting fuel ('000 hrs/yr) 80,999
Time spent learning netechnology (total hrs) 1,208,962 1,465,408 7,898,843 1,465,408 7,898,843
Amount of charcoal fuel usdtbns/yr) 26,502
Amount of kerosene fuel us@eér month (tons/yr) 82,543
People having COPD per yr 102,737
Deaths from COPD per yr 107
Cases of ALRI per yr 496,468
Deaths from ALRI per yr 2,127
Cases of IHD per yr 17,724
Deaths from IHD per yr 623
Cases of LC per yr 73
Deaths from LC per yr 31
Cases of stroke per yr 19,667
Deaths from stroke per yr 1,383
CO, equivalents of cooking emissions (millibons/yr) 1.06

Charcoal fuel saved (tons/yr)

Kerosene fuel saved (tons/yr)
Additional LPG or ethanol used (tons/yr)
Cooking time saved ('000 hrs/yr)
Number of fewer COPD cases per yr
Number of fewer ALRI cases per yr
Number of fewer IHD cases per yr
Number of fewer LC cases per yr
Number of fewer Stroke cases per yr
Number of fewer COPD deaths per yr
Number of fewer ALRI deaths per yr
Number of fewer IHD deaths per yr
Number of fewer LC deaths per yr
Number of fewer Stroke deaths per yr
Carbon equivalent savingsll forcing (tons/yr)
Net biomass saved (tons/yr)

Impacts of transition

8,073 26,502 0 26,502 0
n.a. n.a. 82,543 n.a. 82,543
n.a. 5,886 52,804 8,857 79,455

4,900 4,752 0 4,752 0

8 433 372 433 372
4 4,999 5,828 4,999 5,828
0.0 34 36 34 36
0.0 0.30 0.27 0.30 0.27
0.19 29 51 29 51
0.01 0.45 0.39 0.45 0.39
0.0 21 25 21 25
0.0 1.19 1.28 119 1.28
0.0 0.13 0.11 0.13 0.1
0.01 2 4 2 4
90,317 169,420 15,336 169,420 15,336
4,932 12,970 0 12,970 0
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The potential of various fuel transition scenarios

Transition 1: Traditional charcoal stoves to charcoal ICS. This transition would affect nearly 45,000
households in Nairobi, who would move from traditional charcoal stove s to ICS. In a complete transition,
over 1.2 million hours would be spent learning how to use charcoal ICS, compared with approximately 4.9
million cooking hours that would be saved on an annual basis due to improved cooking efficiency.
Charcoal saved would exceed 8,000 tons. Because this transtion would affect relatively few households
and involve a less clean transition, once we account for exposure adjustment 28 we would actually expect
very slight decreases in disease: 8 fewer cases of COPD and4 fewer cases of ALRI, but no substantive
changes in cases for the remaining three health conditions. No premature deaths would be avoided from
this transition. Annual carbon-equivalent savings would be considerable, however,at nearly 90,317 tons
and biomass use would decrease by over 4,900 tons per year of wood used in charcoal production.

Transition 2: All charcoal stoves to LPG. As previously discussed, this transition could theoretically affect
all charcoal-using households in Nairobi (nearly 55,000). The number of hours that would be spent
learning how to use LPG stoves areabout 1.2 times those in transition 1 (1.5 million). O n the impacts
side, since this transition assumes a complete shift to LPG, the amount of charcoal that could be saved
per year is the total amount of charcoal used for cooking in baseline technologies (over 26,500 tons).
Transitioning households would now use 5,886 tons of new LPG every year. The yearly cooking time
saving potential in this transition is fairly high (4.7 million hours). Annual carbon-equivalent savings
(169,420 tons) and biomass savings (12,970 tons) are also among the highest of all the transitions.
Compared to transition 1, fewer cases of diseases would be seen in this transition, with the highest cases
avoided being for ALRI @,999 cases per year). Approximately 25 deaths from all five health conditions per
year could be avoided.

Transition 3: Kerosene to LPG This transition would affect the largest number of households, since
kerosene is the most widely used polluting fuel in Nairobi (estimated to be used by 292,550 households).
Over 7.9 million hours would be spent learning use of LPGstoves. Every year,82,543 tons of kerosene
could be saved. Nearly52,804 tons of additional LPG would be used every year. Owing to the transition
from one non-biomass source to another, there would be no biomass savings, and yearly carbor+
equivalent savings would be the limited, at 15,336 tons (mostly due to efficiency gains and lower
emissions of non-CQ;, pollutants from kerosene combustion) . Cases or prevalence of diseases avoided
would be higher than other transitions for all health conditions, particul arly for ALRI(5,828) and COPD
(372). Likewise, mortality avoided would be highest from ALRI (25 deaths), while deaths avoided from
other diseases would be under 6.

28 The pollution exposure adjustment parameter accounts for the behavioral response that may reduce exposure reductéaredaeedkiog
therebyincreasingm di vi dual s6 cooking ti me wi twe cdicalatentfe edposwwenadjkstnent far bioresdsp b or at e f
technology (traditional stoves using firewood and charcoal) as follows: we first calculate the fraction of persgagp&ddre reltive to kitchen
PM,sconcentration n each study O6befored6 the transitional/clean technology wa
kitchen concentrations before and after transitional/clean technologies were used). Weethge this fraction across the 15 studies, to get

biomassusing technology exposure adjustment &10.This number is used to calculate effect®id, sfor traditional biomass (firewood and

charcoal). The exposure adjustment for transitional/clean teadieslwas calculated as follows: we first calculate the fraction of personal PM

exposure relative to kitchenBME oncent rati on in each study O0af t ehedavdragesthistfrachon aciossi onal / c |
the 15 studies, to gehe transitional/clean technology exposure adjustment of 0.71. This number is used for all transitional and clean cooking
technologies. In transitions from kerosene and LPG, this number is used for effddtiyealculations for kerosene and LPGveall as ethanol

and electricity.
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Transition 4: All charcoal stoves to ethanol. Since the number of charcoal users transitioning in this
scenario would be equivalent to that in transition 2, and the emissions implications of ethanol use are
comparable to those of LPG, the potential impacts are essentially the same. The only substantive
difference would be that the additional clean fuel used would now be ethanol (8,857 tons per year) rather
than LPG. The latter difference is driven by differing fuel efficiency and energy conversion of LPG and
ethanol. While fewer cases of avoided diseases are seen in this transition, compared to transition 5,
cases and deaths avoided would be higher than those seen in transitions 1 and 2 with the highest cases
avoided being for ALRI @,999 cases per year). Nearly 5 deaths per year could be avoidedfrom the five
health conditions included in our analysis.

Transition 5: Kerosene to ethanol. As the number of kerosene users transitioning in this scenario would
be the same as that in transition 3, the impacts are again like those, barring the additional use of ethanol
(79,455 tons per year). The cases or prevalence of diseases avoided would be identical to transition 3
(5,828 for ALRI and 372 for COPD). Likewise, mortality avoidedwould be highest from ALRI (25 deaths),
while deaths from other diseases would be fall by 5 per year.

Net benefits of real-world policy interventions

Transition 1: Traditional charcoal stoves to charcoal ICS. We orient our analysis of policies to promote the
transition from traditional charcoal to ICS around a 50% subsidy for the latter. (Recall that this subsidy
also applies also in the other interventions, except for the ban on traditional technology). Among the non-
ban interventions, subsidy costs and impacts are highest in the stove subsidy plus stove financing
intervention, owing to the higher adoption rates achieved by that combination of instruments
($5,855/month) (Table 7). The stove ban has the highest program cost, however, due to the enforcement
costs required to monitor the stove use of the nearly 45,000 households, who currently primarily use
traditional charcoal technology ($63,433/month). In each of the four policy interventions, monthly
operations and maintenance (O&M) and learning costs make up a smaller proportion of private costs,
relative to the capital costs of acquiring new ICS. Importantly, the technology ban option imposes a net
monthly cost of nearly $185,596 on households who would otherw ise not transition to charcoal ICS due
to their preferences for traditional technology. 2°

On the benefits side, the highest net present value of monthly time savings occurs under the technology
ban option ($43,899), however, due to the much higher propation of households transitioning, and the
fact that stacking alongside traditional stoves is no longer allowed. This is followed by the stove subsidy
plus stove financing policy intervention ($7,694/month), where adoption of ICS is second highest, but
where technology stacking occurs. On monthly net fuel savings too, the polluting technology ban
generates nearly six times higher benefits ($121,092/month) than the stove financing option
($21,224/month). As noted in the previous discussion of the potential o f this transition, health benefits
are actually modest for this transition, due to exposure adjustments p a behavioral response to cleaner
technology. The highest private and social net health benefits are under the polluting technology ban
intervention ($17,962 and $26,937, respectively). Similar to the time savings, fuel savings and health
benefits, monthly net present value of carbon savings and ecosystem benefits from the technology ban

2 Based on preferences measured in our Nairobi spageseflected in the demand curve for current technology
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are highest ($128,463 and $4,110, respectively). Climate mitigation and fuel savings generally represent
the largest categories of benefits in this transition.

Table 7. Costs and benefits of Transition 1 under different policy interventions: Nairobi
Fuel subsidy Stove BCC

Stove , ; . Technology
subsidy (w/ stove financing (W/ campaign .(W/ ban
subsidy) stove subsidy) stove subsidy)

Government subsidy costs
Stove subsidy cost $678 - $5,8% $1,972 $0
Fuel subsidy $0 - $0 $0 $0
Program cost $617 - $5,356 $2,860 $63,433
Private costs
Capital(stove) cost $1,287 - $12,223 $3,743 $71,292
Learning cost $33%6 - $2,89% $976 $7,938
O&M cost $267 - $2,33 $776 $6,306
Other nettoss (baninduced or for

nontransitioning households) $0 i $0 $0 $185,596
Social costs
Capital (stove) cost $1,082 - $9,62 $3,147 $22,62
Program cost $617 - $5,358 $2,80 $63,433
Learning cost $105 - $909 $306 $2,490
O&M cost $267 - $2,338 $776 $6,306
Other netcoss (baninduced or for

norttransitioning households) $0 i $0 $0 $185,596
Private benefits
Time savings $891 - $7,694 $2,592 $43,89
Net fuel savings $2,4D - $21,22 $7,150 $121,02
Private health benefits $361 - $3,115 $1,049 $17,962
Socialbenefits
Time savings $891 - $7,694 $2,592 $43,89
Net fuel savings $2,49 - $21,22 $7,150 $121,02
Social health benefits $541 - $4,672 $1574 $26,937
Carbon savings (Full) $2,608 $22,515 $7,585 $128,48
Bio savings $83 $720 $243 $4,110
Net Benefits (private) $1821 - $14,610 $5,296 ($88,174)
Net Benefits (social) Kyoto $2,512 - $21,339 $6,251 ($54,43)
Net Benefits (social) Kyotoplus $4,512 - $38,596 $12,065 $44,034
Net Benefits (private w/ohealth) $1,460 - $11,495 $4,24 ($106,136

Adding these various costs and benefits together, we find that the stove financing policy intervention
generates the greatest net private and social benefits among the four policy interventions: Accounting for
all pollutants 3¢, the social net benefits (henceforth termed as social net benefits Kyoto plus) are $38,596
per month, and the private net benefits reach $11,495 per month. Also relevant, if households do not
deem health benefits to be salient in their clean cooking energy decision-making, this policy combination
still outperforms the others. Finally, it is worth noting that the less preferred policy options are inferior for
different reasons: Both the stove subsidy only and subsidy plus BCC nterventions do not achieve
sufficient adoption and thus leave benefits on the table. The traditional charcoal stove ban, which

30we first calculate climate benefits including only three ofgiteenhouse gasatentioned in the Kyoto Protocbkarbon dioxide (Cg), methane
(CH,) and nitrous oxide (MD). We then calculate full climate benefits including three additional pollutblaisk carbon (BC), organic carbon
(OC),andcarbon monoxide (CO).
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performs nearly as well as the subsidy plus finance intervention in social terms (with $44,034/month of
net benefits), is however by far the worst from a private household perspective, costing households
$88,174/month on net. As such, there would likely lead to substantial resistance against this policy, as
already witnessed in the past in Nairobi for a general charcoal use ban.

Of course, other subsidies may outperform the 50% starting point described above, so we also varied the
ICS stove subsidy from 25% to 100% to show how this would affect the net present value (NPV) of (a)
private benefits, (b) social benefits and (c) social benefits including all climate -forcing pollutants
(Appendix Al). Stove subsidy levels below 50% generate no benefits and only minor costs, because
adoption rates remain insignificant without more substantial subsidies. Note: This result is dependent on
our model specification of the stove demand curve for which additio nal adoption requires prices to fall
below about $15 per stove. As subsidies rise above 50%, then, adoption rises along with increased costs
to the government, due to the larger subsidy delivered on each stove and the larger number of stoves
being subsidized. Regardless, stove financing remains the most cost-beneficial policy intervention across
subsidy levels, and the most beneficial subsidy level for social net benefits is about 75% (Figure 2,
Transition 1).
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Figure 2. Net benefits at varying stove subsidy levels for most cost -beneficial policy choice in Nairobi: Stove financing plus stove subsidy policy

intervention for transitions 1 -3 and 5, and fuel subsidy plus stove subsidy for transition 4. Transition 1 (Traditional charcoal to Charcoal ICS),
Transition 2 (All charcoal stoves to LPG), Transition 3 (Kerosene stoves to LPG), Transition 4 (All charcoal stoves to Ethand) and Transition 5
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Transition 2: All charcoal users to LPG. For LPG we initially set the stove subsidy at 85% (due to the
higher cost of this stove and the need to more strongly reduce its price to observe increased adoption),
and analyze a similar set of interventions, this time also including fuel subsidy as an additio nal policy
instrument (Table 8). As in the analysis of the first transition, coupling a stove subsidy with other policy
interventions leads to higher subsidy costs, as one would expect, with the highest in the stove financing
case ($51,804/month). Subsidizing LPG fuel at 50% of the unit cost along with a stove subsidy, results in
very large additional fuel subsidy costs of about $5.4 million per month for the government (these costs
are high partly because this subsidy is assumed to flow to all users of LPG, and not just those newly
adopting this technology). Similar to transition 1, a ban on any charcoal stoves (traditional or ICS) results
in the highest program costs ($76,889/month), due to the enforcement costs that now apply to all
charcoal users.

Since all potential households would transition under the ban, LPG-switching households would bear the
largest stove and O&M costs ($169,616 and $10,286 per month, respectively). Combining stove financing
with stove subsidy is the next costliest policy interve ntion in terms of these two costs, due to the higher
number of new adopters under this policy combination. Across all five policy interventions, monthly
learning costs are modest and range between $4,986 (stove subsidy only) and $9,384 (technology ban).
The additional private costs under the technology ban, for households who would not ordinarily switch to
LPG would be substantial at $1.1 million per month. The present value of monthly time savings ranges
from $10,857 per month under the stove subsidy only option to $42,568 under the charcoal ban. Despite
MQH! gvifm! vt bhf!lcfjoh! mpxfs!uibo!dibsdpbm-!evflup! MQH! t
negative for all interventions. Given the greater amount of transitioning under the ban, monthly private
and social health benefits are highest under that policy ($1.7 million and $2.5 million, respectively),
followed by the stove financing plus stove subsidy option ($409,907 and $611,713, respectively). Similar,
monthly full climate benefits ($160,075) and ecos ystem savings ($7,812) are greatest under the
technology ban.

Despite having the highest time savings and health benefits of the five policy interventions, owing to high
private costs, the private net benefits under the technology ban are negative (-$5,001/month), though
social net benefits Kyoto plus are strongly positive ($1.1 million). There are three important points to note
about this result. First, the fact that private net benefits would be negative, and by a very large amount if
health benefits are not salient (this leads to a private net cost of U.S.$1.7 million per month) indicates
that there could be substantial resistance to this type of intervention. Moreover, the distributional impacts
on the affected population, poor households living primaril y in slum areas, may be of particular concern.
Second, our assumed yearly enforcement cost per household ($17) may understate actual enforcement
costs. And finally, a polluting technology ban, especially for charcoal, may be politically challenging or
infeasible to implement in Nairobi as the informal charcoal industry is a large employer in Kenya. In the
absence of creating alternative opportunities for those employed in the charcoal sector, this policy
intervention may have economic and social consequences not considered in our analysis.
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Table 8. Costs and benefits of Transition 2 under different policy interventions: Nairobi

Fuel subsidy Stove BCC

Stove ) ; . Technology
subsidy (w/ stove financing (.vv/‘ campaign (w/ ban
subsidy)  stove subsidy stove subsidy
Government subsidy costs
Stove subsidy cost $32,225 $48,3F $51,801 $37,119 $0
Fuel subsidy $0 $5,394,55 $0 $0 $0
Program cost $8,434 $12,651.5 $13,559 $15,43 $76,88
Private costs
Capital (stove) cost $863 $1,294 $1,526 $994 $169,616
Learning cost $4,986 $7,479 $8,016 $5,74 $9,384
0O&M $5,465 $8,198 $8,786 $6,2% $10,286
Other netcoss (barrinduced or for
nontransitioning households) $0 ($3,344,91) $0 $0 $1060,361
Social costs
Capital (stove) cost $32,474 $48,71 $52,2%6 $37,406 $48,987
Program cost $8,434 $5,407,206 $13,559 $15,43 $76,88
Learning cost $1,440 $2,160 $2,315 $1,6® $2,710
O&M cost $5,465 $8,198 $8,786 $6,2% $10,286
Other netcoss (barrinduced or for
norttransitioning households) $0 ($3,344,91) $0 $0 $1060,361
Private benefits
Time savings $10,8Y $32,571 $17,45! $12,506 $42,568
Net fuel savings ($123,958)  ($120,415) ($199,274.5) ($142,787)  ($486,023)
Private health benefits $254,981 $1,232,030 $409,907 $293,713 $1688101
Social benefits
Time savings $10,8Y $32,57 $17,45! $12,506 $42,568
Net fuel savings ($123,958) ($371,8%) ($199,275)  ($142,787)  ($486,023)
Social health benefits $380,514  $1,82,200 $611,713 $438,314 $2543,987
Carbon savings (Full) $40,87 $122,80 $65,63 $47,028 $160,075
Bio savings $1,992 $5,977 $3,238 $2,295 $7,80
Net Benefits (private) $130,566  $4472124 $209,758 $150,398 (%$5,001)
Net Benefits (social) Kyoto $243,132 ($537,872 $390,817 $274,348 $993,566
Net Benefits (social) Kyotaplus $262,418  ($480,012 $421,822 $2%,564 $1,069,186
Net Benefits (private w/o health) ($124,45)  $3,240,094  ($200,149) ($143,314) ($1693102

The stove plus fuel subsidy intervention also has divergent net benefits: while private net benefits are the
highest of all policy interventions ($4.5 million), social net benefits Kyoto plus are negative ( -$480,012),
driven by the high cost of providing subsidies to existing LPG users who do not need them, and negative
net fuel savings for new users. This raises an important point about subsidies for clean fuels: They can be
regressive in especially benefitting the rich, who have generally already transitioned, especially in urban
areas. Unlike all other policy interventions, where private net benefits without health are negative, under
this intervention private net benefits even excluding health gains are positive due to this subsidy transfer
($3.2 million). Of the remaining three interventions, the combined stove financing and stove subsidy
policy option has the highest monthly private ($209,758) and social net benefits ($421,822), followed by
the stove subsidy plus BCC policy (monthly private and social net benefits of $150,398 and $296,564).

Turning to alternative subsidy amounts, at the aforementioned rate of 85%, LPG stove adoption in the
stove subsidy only intervention is 53.1%. On increasing the LPG stove subsidy to 95%, universal stove
adoption can be achieved, but the relative proportions of costs and benefits remain similar as for the
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default stove subsidy level (Appendix A2). For the stove plus fuel subsidy intervention, the private net
benefits continue to be positive for varying LPG fuel subsidy levels (between 25%90%), but social net
benefits increasingly become negative owing to increasing fuel subsidy costs imposed on the
government (Figure 3). At all levels of LPG stove subsidies between 80%-90%, the private and social net
benefits for the combined stove subsidy and stove financing option are positive (Appendix A2), rendering
it the most consistently cost -beneficial policy intervention. In Figure 2 (Transition 2), we graphically show
the private net benefits and the social net benefits for t his intervention at varying stove subsidy levels.

Transition 3: Kerosene users to LPG. As with transition 2, we begin with a stove subsidy level of 85%,and
note that stove subsidy costs to the government are again highest for the stove subsidy plus financing
policy ($279,234/month) (Table 9). Fifty percent

LPG fuel subsidization alongside this stove subsidy, results in $8.4 million fuel subsidy costs to the
government each month. Like transitions 1 and 2, a ban (in this transition, on kerosene stoves) results in
the highest program costs ($414,445/month).

Public Investment Cases for Clean Cooking 56



T2 -ALL CHARTO LPG T3 -KEROSENE TO LPG

$10,000
$6,500
- $8000
B 8
s $5,000 2 $6,000
g S
E 3,500 % $4,000
t c
g $2,000 2 ¢2,000
a ]
E =
il._‘ $500 ?_.- %0
. W
2 15% 259 o% %
4 -1,000 25% 50% 75% g0% 000 5%0 5% (] 75%
-$2,500 ) -$4,000 )
Fuel Subsidy Level Fuel Subsidy Level
e et Benefits (Private) == Net Benefits (Social Kyoto+) e et Benefits (Private) ==Net Benefits (Social Kyoto+)
$700 T4 —ALL CHARTO ETHANOL $2,300 T5 —KEROSENE TO ETHANOL
S $600
o a /
£ o $1,300
5]
;g $500 :ﬂ.:
o =]
2 400 = $300
5 )
n s 15% % 5ot 75%
a
:“j $300 E -$700
"&" o
Z $200 o
Z -$1,700
$100
15% 25% 5o% 75%
. -$2,700
Fuel Subsidy Level Fuel Subsidy Level
e et Benefits (Private) e Nt Benefits (Social Kyoto+) =Nt Benefits (Private) e N et Benefits (Social Kyoto+)

Figure 3. Net benefits at varying fuel subsidy levels for fuel subsidy plus stove subsidy policy intervention for Transitions 2 -5 in Nairobi. Transition
2 (All charcoal stoves to LPG), Transition 3 (Kerosene stoves to LPG), Transition 4 (All charcoal stoves to Ethanol) and Transition 5 (Kerosene
stoves to Ethanol).
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Turning to private costs, LPG-switching households bear the highest monthly stove and learning costs
under the technology ban ($0.98 million and $50,581, respectively). The combination of stove financing
and stove subsidy is the second-most expensive policy intervention for households switching to LPG:
monthly stove costs of $72,282 and learning costs of $43,206. Under the technology ban, the net cost to
households in Nairobi that would otherw ise not switch to LPG is over $4.9 million per month.

Table 9. Costs and benefits of Transition 3 under different policy interventions: Nairobi

Fuel subsidy Stove BCC campaigr
Stove (w/ stove  financing (w/ (w/ stove Technology
subsidy subsidy)  stove subsidy.  subsidy) ban
Government subsidy costs
Stove subsidy cost $173,696 $260,5%6 $279,23 $200,08 $0
Fuel subsidy $0 $8,401,041 $0 $0 $0
Program cost $45,48 $68,194 $73,08 $83,17%4 $414,445
Private costs
Capital (stoverost $40,875 $61,38B $72,22 $47,08! $982,435
Learning cost $26,876 $40,314 $43,206 $30,9® $50,581
0O&M $23,446 $35,169 $37,692 $27,08 $44,126
Other netcoss (barrinduced or for
nontransitioning households) $0 ($3,344,91) $0 $0 $4,919,655
Social costs
Capital (stove) cost $185,5@ $278,252 $300,109 $213,679 $287,318
Program cost $45,48 $8,469,236 $73,08 $83,1%4 $414,445
Learning cost $7,762 $11,643 $12,478 $8,941 $14,608
O&M cost $23,446 $35,169 $37,692 $27,0 $44,126
Other netcoss (barrinduced or for
norttransitioning households) $0 ($3,344,91) $0 $0 $4,919,655
Private benefits
Time savings $0 $0 $0 $0 $0
Net fuel savings $475,20 $3,681,3% $763,935 $547,387 $1,863,21
Private health benefits $486,323  $1,542,504 $781,811 $560,195 $2031,800
Social benefits
Time savings $0 $0 $0 $0 $0
Net fuel savings $475,2® $1,425,611 $763,935 $547,387 $1,863,21
Social health benefits $744,060 $2,369,239 $1,196,148 $857,082 $3,125,940
Carbonsavings (Full) $5,563 $16,00 $8,94 $6,408 $21,88
Bio savings $0 $0 $0 $0 $0
Net Benefits (private) $870,329  $8,432,013 $1392,566  $1002,531 ($2,101,787)
Net Benefits (social) Kyoto $951,679 ($1,670,77¢ $1528,017  $1,065,433 ($712,223
Net Benefits (social) Kyotoplus $962,655 ($1,637,850 $1,545,661  $1,078,076 ($669,190
Net Benefits (private w/o health)  $384,006  $6,889,509  $610,756 $442,336  ($4,133,587

This kerosene to LPG cooking transition does not yield time savings as the time efficiency of LPG stoves
is similar to that for kerosene stoves, nor does it result in ecosystem benefits (since neither of these fuels
contributes to forest loss in Kenya) . The present value of private monthly fuel savings ranges from
$475,204 under the stove subsidy only option to approximately $3.7 million under the stove subsidy plus
fuel subsidy intervention. Monthly private and social health benefits are highest under the ban ($2 million
and $.31 million, respectively), similar to transition 2. The fuel subsidy plus stove subsidy option, and the
stove financing plus stove subsidy intervention, have high monthly private health ($1.5 million and $0.78
million, respectively) and social health ($2.4 million and $1.2 million, respectively) benefits. As with
transition 2, full climate benefits in this transition are highest under the ban ($21,813).

Public Investment Cases for Clean Cooking 58



In spite of having the highest fuel savings and health benefits of the five policy interventions, owing to its
high costs, the net private and social benefits under the ban are negative (-$2.1 million and -$669,190,
respectively). While the stove plus fuel subsidy intervention yields the highest private net benefits of all
the policy instruments, its social net benefits are negative (-$1.6 million). The stove financing and BCC
campaign options (in combination with stove subsidy) show positive private net benefits ($1.4 million and
$1 million, respectively) and deliver the highest social net benefits ($1.5 million and $1.1 million,
respectively).

At varying LPG stove subsidy levels (between 80%095%), while no policy intervention yields both the
highest net private and social benefits (i.e. stove plus fuel subsidy shows highest private net benefits, but
stove financing plus stove subsidy shows highest social net benefits), the stove financing plus stove
subsidy shows the highest positive benefits among the three policy interventions that have both positive
net private and social returns. Thus, this intervention appears to be the most consistently cost -beneficial
policy intervention for accelerating a transition from kerosene to LPG (see also Appendix A3). Varying
levels of LPG fuel subsidy (between 15%75%) yields increasingly positive private net benefits (Figure 3,
Transition 3), but at the cost of declining social net benefits. Figure 2 (Transition 3) shows the positive net
benefits (private and social Kyoto plus) under varying stove subsidy levels for the stove financing
intervention p the most cost -beneficial policy option for supporting this transition.

Transition 4: All charcoal users to ethanol. The relative costs in this transition are largely similar to those
in transition 2 (Table 10), so we do not comment on them in detail here. We note just a few differences:
First, inthe short term, the fuel subsidy costs to the government ($328,565/month) from 50%
subsidization of ethanol would be much lower than the fuel subsidy costs to the government in transition
2, because there are currenty no primary ethanol users in Nairobi to whom these subsidies would also be
granted, whereas 56% of the city uses LPG as primary cooking fuel. Of course, longerm ethanol
subsidies would likely induce households to switch from LPG to ethanol, thereby sig nificantly increasing
these subsidy costs over time.

Table 10. Costs and benefits of Transition 4 under different policy interventions: Nairobi

Fuel subsidy Stove BCC
Stove (w/ stove  financing (w/ campaign (w/ Technology

subsidy subsidy)  stove subsidy' stove subigly) ban
Government subsidy costs
Stove subsidy cost $14,164 $21,24 $27,034 $17,32 $0
Fuel subsidy $0 $328,56 $0 $0 $0
Program cost $5,708 $8,5& $10,8% $11,124 $76,88
Private costs
Capital (stovefost $2,99 $4,498 $6,2% $3,680 $117,83
Learning cost $3,38 $5,04 $6,380 $4,1@ $9,407
O&M cost $3,655 $5,482 $6,96 $4,485 $10,286
Other netcoss (barrinduced or
for nontransitioning household: $0 $0 $0 $0 $838,971
Social costs
Capital (stovekost $15,09 $22,558 $28,870 $18,4% $34,38
Program cost $5,738 $337,126 $10,89% $11,124 $76,8®
Learning cost $975 $1,4@ $1,80 $1,1% $2,78
O&M cost $3,655 $5,482 $6,9% $4,485 $10,286
Other netcoss (barrinduced or
for nonttransitioning households $0 $0 $0 $0 $838,971
Private benefits
Time savings $7,260 $21,781 $13,857 $8,910 $42,568
Net fuel savings ($129,485) ($169,412) ($247,12) ($158,897)  ($759,183)
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Private health benefits $170,515 $823,372 $325,441 $209,247 $1,688,101
Social benefits

Time savings $7,260 $21,781 $13,857 $8,910 $42,568
Net fuel savings ($129,485) ($388,455) ($247,12)  ($158,897) ($759,183)
Social health benefits $254,464  $1237,466 $485,662 $312,263 $2543,987
Carbon savings (Full) $27,302 $81,90 $52,108 $33,501 $160,075
Bio savings $1,074 $3,223 $2,050 $1,318 $6,299
Net Benefits (private) $38,294 $660,746 $72,515 $49,993 (%$5,001)
Net Benefits (social) Kyoto $122,342 $550,600 $233,331 $146,011 $954,887

Net Benefits (social) Kyotaplus  $135,240 $589,293 $257,948 $161,838 $1,080,507

T}‘zaiﬁ;‘ef'ts (private w/o ($132,221) ($162,625) ($252,95)  ($162,254) ($1693,102

Turning to differences in benefits relative to transition 2, like LPG, though ethanol usage is lower than
charcoal, all policy interventions have negative monthly net fuel savingse vf ! up! ui f! gvf
thus, as in transition 2, on calculating net benefits, as with the charcoal to LPG transition, the ban does
not yield positive private net benefits (-$5,001/month) but has strongly positive social net benefits ($1
million/month). The stove plus fuel subsidy intervention again delivers the greatest private net benefits
($660,746/month), driven mainly by private fuel cost reductions and private health benefits; private net
benefits without health are negative for all polici es. In terms of social net benefits, stove financing
($257,948/month) is third best after the ban and stove plus fuel subsidy policies.

Assuming a 75% default stove subsidy, ethanol stove adoption in the stove subsidy only intervention

mit!ijhidf

would reach about 36%. At ethanol stove subsidy levels of 92%, all households would adopt this solution,

and the total costs and benefits would increase, but the relative proportions remain similar to that under
the 75% stove subsidy (Appendix A4). On varying ethanol stove aubsidy levels between 75%95%, the
private net benefits and social net benefits Kyoto plus would both remain positive for stove financing,

rendering it the most cost -beneficial policy choice (Figure 2, Transition 4). For the stove plus fuel subsidy

intervention, at fuel subsidy levels above 50%, the private net benefits remain fairly constant, but social
net benefits drop steadily owing to increasing costs imposed on the government (Figure 3, Transition 4)
Social net benefits see a sharp drop between the 50%75% ethanol fuel subsidy levels.

Transition 5: Kerosene users to ethanol. Just as the metrics for transitions 2 and 4 exhibit many
similarities, so do the relative costs and benefits of this transition mirror those of transition 3 (Table 11)
We againfocus primarily on key differences. Subsidizing ethanol by half the unit price along with a 75%
default stove subsidy, results in $2.9 million fuel subsidy costs to the government. Meanwhile, the net
present value of private monthly fuel savings is positive only for the combined fuel and stove subsidy

option ($0.8 million). Relative to transition 3, full climate benefits are lower in transitioning from kerosene

to ethanol owing to low calorific value of ethanol compared to LPG.

Thus, the private net benefits are highest under the stove plus fuel subsidy option ($1.8 million/month)
while social net benefits Kyoto plus are highest under the stove financing option ($496,497/month). A
BCC campaign plus stove subsidy again somewhat outperforms a stove subsidy only option.

On varying ethanol stove subsidy levels between 8095%, similar to LPG stove subsidy variations in
transition 3, we find that the highest private net benefits and social net benefits occur with stove
financing (Appendix A5). Ethanol fuel subsidy variations yield positive private net benefits at all levels,

similar to what we observed in transition 4 (Figure 3). However, social net benefits decline with increasing

ethanol fuel subsidies and turn negative at fuel subsidy levels higher than 15%. Finally, we observe that
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net benefits (private and social) are positive for the stove financing option making it the most cost -
beneficial policy intervention in this transition ( Figure 2, Transition 5).

Table 11.Costs and benefitsf Transition 5 under different policy interventions: Nairobi

Fuel subsidy Stove BCC campaigr
Stove (w/ stove  financing (w/ (w/ stove Technology
subsidy subsidy)  stove subsidy  subsidy) ban
Government subsidy costs
Stove subsidy cost $76,%0 $114,524 $145,7B $93,62 $0
Fuel subsidy $0 $2,947,48 $0 $0 $0
Program cost $30,766 $46,149 $58,719 $59,968 $414,445
Private costs
Capital (stove) Cost: Ethanol
switchers $40,388 $60,58 $84,738 $49,562 $703,28
Learning cost $18,017 $27,08 $34,387 $22,10 $50,705
O&M cost $15,679 $23,519 $29,925 $19,24 $44,126
Other nettoss (banrinduced or for
nontransitioning households) $0 $0 $0 $0 $2,748,246
Social costs
Capital (stove) Cost $88,15 $132,187 $170,410 $108,12 $208,842
Program cost $30,766 $2,993,80 $58,719 $59,968 $414,445
Learning cost $5,28 $7,879 $10,025 $6,446 $14,783
O&M cost $15,679 $23,519 $29,925 $19,24 $44,126
Other netcoss (barrinduced or for
norttransitioning households) $0 $0 $0 $0 $2,748,246
Private benefits
Time savings $0 $0 $0 $0 $0
Net fuel savings ($100,0)  $832,2% ($191,162)  ($122,910)  ($587,24)
Private health benefits $325,222 $1,031,529 $620,709 $399,094 $2,031,800
Social benefits
Time savings $0 $0 $0 $0 $0
Net fuel savings ($100,B0)  ($150,20) ($191,162)  ($122,910) ($587,24)
Social health benefits $497,580  $1,584,397 $949,667 $610,602 $3,125,940
Carbon savings (Full) $3,720 $11,161 $7,14 $4,565 $21,88B
Bio savings $0 $0 $0 $0 $0
Net Benefits (private) $150,977  $1,752,655 $280,442 $185,271  ($2,101,787)
Net Benefits (social) Kyoto $253,978 ($1,733,916 $482,489 $289,459 ($912,970
Net Benefits (social) Kyotaplus $261,318 ($1,711,897% $496,497 $298,466 ($869,937%
Net Benefits (private w/o health) ($174,24) $721,126 ($340,267)  ($213,823) ($4,133,587

Focus City in South Asia: Kathmandu, Nepal

This sub-section shifts the focus to the second urban case, the Kathmandu Valley of Nepal. Again, since
our analytical parameters and assumptions have beensourced from the empirical literature , our primary
data collection in peri-urban areas of the valley in July-August 2019, and a nationally representative
dataset from Nepal, we expect that our results will be of special interest to policy -makers in this setting.
We utilize the same general framework as was applied for the Nairobi case study, to analyze the relevant

set of transitions for this context.
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The baseline distribution of stove and fuel use in Kathmandu Valley

We first present the fuel use shares for urban Nepal, drawing on data from the urban Kathmandu Valley
(districts of Kathmandu, Lalitpur and Bhaktapur) in the Nepal Census(2011* - ! boe! vscbo! Of gbm! t !
primary cooking fuels as indicated in the Demographic and Health Survey (2016)3! LPG forms the largest
share of cooking fuels (65%),then firewood (30%), followed by kerosene (3%) andfinally electricity (less
than 1%) (Figure 4). With recent LPG supply-related challenges and policy changes around electricity,
stakeholders interviewed in our consultative meetings noted that these cooking fuel shares are changing,
S0 our assumptions may not be fully accurate . Along with the expected increase in electricity use for
cooking, LPG and firewood use are anticipated to decline, though many expect incomplete fuel switching
from solid to clean fuels and increased stacking of multiple clean options. Our analysis relies on our
survey data to specify the primary cooking fuel distribution, as the percentages fall within the range of
values from the Nepal Census (2011) and DHS Survey (2016). Specifically, our survey found that 84.3% of
peri-urban Kathmandu Valley households primarily use LPG, followed by 11.4% that use firewood as their
primary cooking fuel®2. Since there were no primary electric stove users in our study sample, we apply the
value p probably an underestimate p from the 2011 Census: 0.1%.

Based on the relevantdata parameters (see Table D5 for more data), we estimate that more than 89.3
million hours every year are spent collecting wood fuel in the urban Kathmandu Valley, where 614,777
households reside (Table 12). This amounts to 145.3 hours spent on fuel collection every year, per
household. This calculation assumes that firewood collection time is 1.1 hours, that LPG collection time
is 0.3 hours, and that electricity does not require collection. Households in the Kathmandu Valley are
further estimated to spend over 417.5 million hours per year cooking. In per household terms, this
amounts to 679 hours spent cooking yearly. Use of firewood, the main polluting fuel in the urban
Kathmandu Valley market, is estimated at 28,210 tons every year.

B LPG EFirewood MKerosene M Animaldung and otherfuels M Electricity

Source: Nepal National Population and Housing Census 2011, DHS 2016

Figure 4. Primary cooking fuel distribution in urban Nepal

31 Details of this input parameter dareAppendix D, Table D5Since there are no ruratban disaggregated data by district in DHS (2016), we use

the averagaumberdor urban Nepal. Thaveagefuel shares thus calculated are more than the latest Nepal Census (2011) but less than the latest
DHS (2016) data.

32 Of the main firewood users in our sample, 90% collected firewood while the remaining 10% purchEsedwiority of primary LPGusing
householdin our sample (75%) picked up LRglindersfrom retailers; for the remaining 25p6useholdsLPG cylindersvere delivered

%3 The fuel shares used in this figure are average values from the Nepal Census 2011 (data for the urban districts of Katitpusrzohd

Bhaktapur that together form Kathmandu Valley) and DHS 2016 (data for urban Nepal only). ésidisswith various clean cooking
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In considering the health consequences of cooking -related pollution exposures, the number of COPD

cases is estimated to exceed 106,000 cases per year. IHD cases have the second highest prevalence at

32,766 cases per year, followed by stroke (17,423) and ALRI 2,414). As the prevalence of lung cancer is

least common of these five health conditions, our estimates reflect the same -213 cases per year. The

yearly deaths from these health conditions is slightly different from their relative prevalence: highest for

IHD (2,666), followed by COPD (1,594) and stroke (1,225). This highest number of deaths from IHD is

bmjhofe! xjui!tuif!Hmpcbm! Cvsefo! pg! Ejtfbtfldihggpsu! t! gj o
cause of death, followed by ALRI (39), COPD (4') and stroke (6!") (Naghavi et al. 2017).

stakeholders in Kathmandu, we understand that these numbers are likely to change, particularly increase in electilcitying¢h@ trade
blockade in 2015, and reliable and regular electricity supply in subsequaesy, \sfight reduction in LPG use (also following the trade blockade
in 2015 and uncertainties around LPG supply) and reduction in firewood use (since clean fuels like LPG and electriditly areailable).
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Table 12. Baseline numbers for Kathmandu households, and potential impacts of each transition assuming a complete shift

Traditional Traditional Traditional LPG to .
. . : . . Electric to
Baseline Firewood to Firewood to Firewood to Electric LPG Stove
Natural Draft ICS LPG Stove Electric Stove Stove
Number of households 614,777
# Households affected by transition 70,208 70,208 70,208 518,073 615
Costs
Time spent cooking (‘000 hours/year) 417,477
Time spent collecting fuel ('000 hours/year) 89,349
Time spent learning new technology (total hours) 1,930,707 1,930,707 1,930,707
Amount of firewood fuel used (tons/year) 28,210
Amount of LPG fuel used (tons/year) 97,197
Amount of electricity used (kWh/year) 686
Cases of COPD per year 106,621
Deaths from COPD per year 1,594
Cases of ALRI per year 2,414
Deaths from ALRI per year 430
Cases of IHD per year 32,766
Deaths from IHD per year 2,666
Cases of LC per year 213
Deaths from LC per year 205
Cases of Stroke per year 17,423
Deaths from Stroke per year 1,225
CQO;-eq. of cooking emissions (million -tons/year) 0.59

Firewood fuel saved (tons/year)

LPG fuel saved (tons/year)

Electricity saved (kWh/year)

Additional LPG used (tons/year)
Additional Electricity used (kWh/year)
Cooking time saved ('000 hours/year)
Number of fewer COPD cases per year
Number of fewer ALRI cases per year
Number of fewer IHD cases per year
Number of fewer LC cases per year
Number of fewer Stroke cases per year
Number of fewer COPD deaths per year
Number of fewer ALRI deaths per year
Number of fewer IHD deaths per year
Number of fewer LC deaths per year
Number of fewer Stroke deaths per year
Carbon equivalent savings - all forcing (tons/year)
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Impacts of transition

4,582 28,210 28,210 n.a.
n.a. 0 n.a. 97,197
n.a. n.a. 0 0
n.a. 8,782 n.a. n.a.
n.a. n.a. 106,448 577,927

11,477 12,081 6,645 0
992 1,572 1,587 116
13 35 36 6
79 143 145 15
2 2.8 2.8 0.2
11 25.3 25.9 4.8
15 235 23.7 1.7
2 6.2 6.3 1.1
6 11.7 11.8 1.2
2 2.7 2.7 0.2
1 1.8 1.8 0.3
15,853 24,057 70,818 517,514

n.a.

686
115
n.a.

0.1)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(614)
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Net biomass saved (tons/year)

202

1,241

1,241
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Turning to the environmental indicators, approximately 0.59 million-tons of CO. equivalents of cooking
emissions are emitted per year in Kathmandu Valley. Putting this number in context and again subject to
assumptions about the renewability of biomass harvesting- ! j o! 3 1 2 5 »-dni@éntssiand fitorh D P
solid fuel consumption were 1 .83 million -tons and CO-only emissions from all fossil fuels p for provision
of various energy services including household use p were 4.65 million-tons (World Bank 2018).

The potential of various fuel transition scenarios

Transition 1: Traditional firewood stove users to natural draft ICS. This transition would affect the just
over 70,000 Kathmandu Valley households using traditional firewood stoves, moving them to natural draft
ICS. Over 1.9 million hours are estimated to be required for learning to use the ICS, compared with
approximately 11.5 million cooking hours saved on an annual basis from improved cooking efficiency. As
expected, firewood saved would be relatively limited (compared to full transitions to LPG and electricity,
for example) at 4,582 tons. The maximum number of cases avoided of disease p for a universal shift
from traditional stoves to biomass ICS p would similarly be lower than in transitions 2 and 3: 992 fewer
cases of COPD,79 fewer cases of IHD, 11 fewer cases of stroke and 15 fewer cases of ALRI and lung
cancer combined. The annual number of deaths avoided from this complete transition would thus come
to about 26. COx-equivalent savings would reach 15,853 tons per year and biomass use reduction would
be 202 tons per year, these values would be roughly one-fifth those of the maximum potential savings in
transitions 2 and 3.

Transition 2: Traditional firewood stove users to LPG. This transition would affect the same number of
households considered in transition 1, who would instead move to LPG. Similar to transition 1, we
estimate over 1.9 million hours to be spent learning how to use LPG stoves, compared with a potential of
approximately 12.1 million cooking hours saved on an annual basis. The yearly cooking time saving
potential in this transition is highest among the five scenarios. Meanwhile, the firewood saved could
reach about 28,210 tons with a full transition to LPG, while close to 8,782 tons of LPG would be used. The
second-highest number of reduced health conditions would be seen from this transition: 1,572 fewer
cases of COPD, 143 fewer cases of IHD, 35 fewer cases of ALRI, and less than 30 fewer cases of stroke
and lung cancer together. The annual number of deaths avoided from this transition would be just under
50, with the greatest mortality reduction for COPD. Potential carbonequivalent savings would be about
24,057 tons per year and biomass use reduction could reach 1,241 tons per year.

Transition 3: Traditional firewood stove users shifting to electricity . The number of Kathmandu Valley
households affected by this transition would again be the same (70,208) as in transitions 1 and 2. Similar
to transition 2, the potential amount of firewood saved would be 28,210 tons per year, andlearning hours
would again be the same,at 1.9 million hours. Approximately 6.6 million cooking hours would be saved
under a complete transition to electric cooking, and 106,448 kwWh/yr of electricity would be consumed.3*
The yearly potential for cases avoided of disease in the current transition 3 is the highest of all five
transitions: 1,587 fewer cases of COPD, 14 fewer cases of IHD and 36 fewer cases of ALRI. Stroke and
lung cancer cases avoided combined would be under 30. The yearly number of deaths avoided from all
five health conditions combined would be similar to those in transition 2, with the highest number of
deaths averted from COPD (24 deaths).CO,-equivalent savings potential is the second-highest in this

34 Note that the conversion factors for elaity assume the use of electric induction stoves, which have very high thermal efficiency.
Specifically, we assume that 1 hour of use of such technology requires 1.98 kW of electricity, which is consistent witthenogtions

available in the Nepal arket, and use the relative time efficiency of induction stoves (relative to the transitioning technology) to determine the
cooking time required.
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transition at 70,818 tons per year,and biomass use reduction could reach 1,241 tons per year, as in
transition 2.

Transition 4: LPG users to electricity. This transition would affect the largest number of households, since
LPG is the most widely used fuel in Kathmandu Valley (518,073). We assume that no time would be spent
learning how to use electric stoves since LPG and electric stoves are advanced and similar cooking
technologies. While about 97,197 tons of LPG would be saved, about577,927 kWh per year d electricity
would instead be used under this complete transition. Health impacts would be limited: At most 116
fewer cases of COPD, plus26 fewer cases from the remaining four health conditions each year. The total
number of deaths averted from this tran sition, for all five health conditions considered, would at most
reach 5 per year. Potential CO>-equivalent savings would be the highest of all transitions at 517,514 tons
each year, and since the transition is from a non-biomass fuel to another, there would be no biomass use
reductions.

Transition 5: Electric cooking users shifting to LPG. Of the five transition scenarios, this transition has the
fewest potential number of affected households , due to the low number of electricity users for cooking in
Kathmandu (615). While 686 kWh of electricity could be saved, about 115 tons of LPG would replace
those savings. The health consequences of this shift p even if it were complete p would be close to nil. In
this scenario, approximately 614 tons of emissions pote ntial could result per year. As in transition 4, there
would be no biomass use reductions.

Net benefits of fuel transition scenarios under different policy
interventions

Transition 1: Traditional firewood stove users to ICS (natural draft) . To begin our policy analysis, we again
begin with a 50% subsidy for a natural draft firewood ICS, also applied alongside all other policy
interventions except for the traditional firewood stove ban. Due to the higher adoption rate of the stove
subsidy plus stove financing intervention (68.8%), it has the highest monthly subsidy costs ($17,055) of
all other interventions (Table 13). Enforcement costs necessary to eliminate use of traditional biomass
stoves among the 70,208 households would cost nearly $100,000 per month. In policy interventions
involving the stove subsidy, monthly capital costs of acquiring the ICSwould be the largest private cost
item, especially in the stove subsidy plus stove financing intervention ($59,405/month ). The ban on
traditional firewood stoves, however,would also impose a large monthly net cost of $486,295 on
households that would ordinarily not transition to the ICS owing to their preference for traditional cooking
methods (as measured in our survey in Kathmandu Valley).

Turning to the benefits of this transition, the net present value of monthly time savings would be highest
under the ban ($193,296), as all households would transition completely to the ICS under this
intervention. The next highest time savings would occur with stove su bsidy plus financing
($63,825/month), due to the higher adoption rate under that policy relative to the others. Monthly net fuel
savings follow a similar pattern: highest for the ban ($87,828/month), followed by the stove subsidy plus
stove financing inter vention ($29,000/month). For monthly health benefits, the technology ban
intervention would yield the highest positive benefits ($110,085 private and $241,021 social benefits each
month). Similar to time savings, fuel savings and health benefits, the monthly net present value of carbon
savings and ecosystem benefits under the ban would be highest ($23,168 and $2,016, respectively).
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However, on calculating total monthly net benefits (private and social), though banning traditional
firewood stove use yields maximum time, fuel and health benefits, owing to the high cost to households
currently using traditional firewood stoves, net benefits become negative. Though private net benefits are
highest under the stove subsidy plus BCC intervention ($25,780), the sodal net benefits are highest for
stove subsidy plus financing ($74,761).

Table 13. Costs and benefits of Transition 1 under different policy interventions: Kathmandu Valley

Fuel Stove BCC
subsidy financing (w/  campaign
Stove (w/ stove stove (w/ stove Technology

subsidy  subsidy) subsidy) subsidy) ban
Government subsidy costs
Stove subsidy cost $9,08L - $17,0% $11,02 $0
Fuel subsidy $0 - $0 $0 $0
Program cost $11,054 - $20,830 $21,438 $99,44.
Private costs
Capital (stovefost $21,3a - $59,4% $26,010 $116,697
Learning cost $10,62 - $20,05 $12,982 $29,123
O&M cost $10,60 - $18,956 $12,281 $27,556
Other netcoss (baninduced or for
norttransitioning households) $0 i $0 $0 $486,295
Social costs
Capital (stovefost $16,291 - $37,247 $19,88 $39,6@
Program cost $11,054 - $20,830 $21,438 $99,44.
Learning cost $3,614 - $6,810 $4,414 $9900
O&M cost $10,060 - $18,956 $12,281 $27,556
Other nettoss (baninduced or for
norttransitioning households) $0 i $0 $0 $486,295
Private benefits
Time savings $33,871 - $63,85 $41,359 $193,296
Net fuel savings $15,380 - $29,000 $18,792 $87,838
Private health benefits $13,843 - $26,08 $16,904 $110,085
Social benefits
Time savings $33,871 - $63,85 $41,359 $193,296
Net fuel savings $15,30 - $29,000 $18,792 $87,88
Social health benefits $30,495 - $57,46! $37,237 $241,021
Carbon savings (Full) $4,060 - $7,650 $4,957 $23,168
Bio savings $353 - $666 $431 $2,016
Net Benefits (private) $21,112 - $20,516 $25,80 ($268,46))
Net Benefits (social) Kyoto $38,58 - $66,107 $39,142 ($141,79)
Net Benefits (social) Kyotoplus $43,150 - $74,761 $44,750 ($115,550)
Net Benefits (private w/o health) $7,28 - ($5,570 $8,8® ($378,549)

In Appendix A6, we show the present value of the (a) private, (b) social, and (c) social plus net benefits,
where the latter includes all climate -forcing pollutants, as a function of the ICS subsidy. At stove subsidy
levels below 25%, net benefits are nil due to lack of adoption of the ICS (private or social). With increasing
levels of stove subsidy, net benefits increase accordingly for all interventions. The stove financing and
stove subsidy intervention has the highest social net benefits at all stove subsidy levels, making it the
most cost -beneficial policy intervention for supporting this transition (Figur e 5, Transition 1).
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Figure 5. Net benefits at varying stove subsidy levels for most cost -beneficial policy choice in Kathmandu Valley: Stove financing plus stove subsidy policy
intervention for transitions 1 and 4, and fuel subsidy plus stove subsidy for transition 3. Transition 1 (Tr aditional firewood stoves to natural draft ICS),
Transition 3 (Traditional firewood stoves to electric stoves) and Transition 4 (LPG stoves to Electric stoves). Transitions 2 (Traditional firewood stoves to
LPG) and 5 (Electric stoves to LPG) are excludedfrom this graph as social net benefits are negative under all policy options.
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