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The first phase of this research involved an extensive literature review to map the impacts of using 
ine�icient cookstoves. They were then classified as either �monetisable� or �non-monetisable� 
impacts. Monetisable impacts include land degradation, greenhouse gas emissions and household 
air pollution leading to respiratory diseases, while non-monetisable impacts include human 
security, access to education and a reduction in the number of cases of sexual and gender based 
violence. The second step comprised one month of fieldwork in the Nyarugusu camp to gather 
primary data. In order to give an in-depth understanding of the cooking issue in the camp, a mixed 
method approach was employed. This involved the collection of 504 questionnaires, including a 
contingent valuation study, 30 semi-structured interviews and 6 focus groups. Finally, a statistical 
and qualitative analysis was performed in order to establish the economic indicators of the CBA.

In the business as usual scenario, the refugees report spending almost 6 hours per day cooking with 
traditional stoves, on average 19 hours per week collecting firewood, and over half of them have 
faced violence or intimidation while performing this activity. Moreover, those refugees who pay for 
fuel firewood or charcoal are spending an annual average of $1412 per household. The statistical 
analysis indicates that, as in many other contexts, income has a significant influence on fuel 
consumption and expenditure. As incomes increase the residents will move up the energy ladder, 
from collecting firewood themselves in the forest to buying firewood and charcoal (inside the camp 
for 85% of them). 

The dissemination of LPG stoves in Nyarugusu camp appears to be a viable economic option with 
a range of co-benefits. A�er ten year, the program would yield a Net Present Value of $45,358,352, 
a Benefit-Cost Ratio of 1.76 (using a 3% discount rate), and an Internal Rate of Return of 189%. This 
means that for every dollar invested, the benefits will yield $1.76 as �payback�. This intervention will 
save 21,673 ha of forests over 10 years, almost 8 times the area of Nyarugusu camp. In term of GHG 
emissions, the use of a LPG cookstove is 10 times more e�icient than the use of traditional stoves 
burning biomass. It means that the program would save 3.70 tCO2 equivalent per stove, compared 
to the baseline. 

For future financial mechanisms, the development of market-based solutions has been envisioned. 
To assess the level of financial commitment from the refugee population to help cover the costs of 
the cleaner technology option, a Contingent Valuation study was designed. The respondents were 
asked how much would they be willing to contribute to the costs of refilling the gas cylinder.  95% 
declared a Willingness to Pay of (on average) $25.5 annually per family, which equated to 12% of 
the total cost of fuel. Using Ordinary Least Squares (OLS) regression, the variables education, age 
and employment, and current fuel expenditure were found to be significant (p < 0.01) and positively 
influence the WTP. The results are positive as they demonstrate a strong commitment from the 
refugee population to get access to cleaner energy, and can been seen as an indicator of a likely 
high adoption rate. Therefore, this research advocates the development of an LPG market within the 
camp, which would increase households� well-being. The di�erence between the stated WTP and 
the revealed fuel expenditure can be explained by di�erent factors: the inherent �gaming aspect� of 
the WTP question, a general tendency in developing countries to underestimate the responses to 
Contingent Valuation Studies or the choice made by the head of household to spend more on other 
necessities, such as food. 

2 or $12 per month. The capped monthly salary in the camp is $27 monthly.
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During the interviews and focus groups, the issue of energy for cooking was highlighted as the main 
cause of conflict with the local community. The results of the survey also revealed a sharp increase 
in traditional fuel prices (multiplied by three) over the last two years, which further indicated the 
increasing scarcity of biomass resources in the area around the camp.

A fundamental change is needed in the way energy is provided in the camp, to better respond to 
the protection remit, while mitigating the negative externalities arising from the use of traditional 
cookstoves. However, UNHCR is currently faced with a number of barriers: the absence of an 
energy cluster, limited in-house expertise, a short-term funding cycle, and the e�ects of �donor 
fatigue�.  Investing in cleaner energy infrastructure, with an inherently longer payback period and the 
increasing involvement of private sector actors, can be seen as the first step in a paradigm shi� to 
bridge the humanitarian/development divide. To enable the development of a sustainable solution, 
it is crucial to obtain the government�s support, which implies an acknowledgement of the protracted 
situation. There appears to be some movement in this direction, since the Tanzanian government 
recently stated its ambition to enhance refugees� access to �education and employment�, when 
signing the Comprehensive Refugee Response Framework (CRRF) in 2017. Indeed, facilitating access 
to sustainable energy among refugees has far-reaching consequences beyond their improved well-
being and security. Due to the high upfront cost of LPG, it is unlikely that UNHCR alone will be able 
to cover the costs of the program, hence it may require a financial contribution from the refugees. 
This in turn would change the way refugees are currently viewed and treated, i.e. moving from a 
dependency culture to a market-based set of solutions to the supply of goods and services. That 
would both require, and drive, a better integration of refugees into the local economy. Indeed, if 
camp residents are to sustain themselves and buy their own fuel, there is a need to ensure they have 
a stable disposal income, which depends upon employment opportunities, and in turn their legal 
status. 

The contribution of this research to existing knowledge is manifold. Empirically it provides a 
comprehensive snapshot of Nyarugusu camp, using rigorous quantitative and qualitative data from 
a large sample to draw inferences about the energy situation. This study is also the first to apply a 
Cost-Benefit analytical framework for a cooking intervention in a humanitarian setting, to date. It is a 
first step toward enhancing the understanding of a complex situation, and is aimed to equip UNHCR 
with a methodology applicable in other settings. The provision of economic data and arguments 
will hopefully help to secure new ways of funding cooking interventions. Finally, this study sheds 
light on the magnitude of energy poverty experienced by most refugees living in camps, highlighting 
the need to �leave no one behind� as per the Sustainable Development Goal 7. 

A major limitation of this current research is the absence of an epidemiological study to assess the 
health impacts, to measure concentrations and exposures to pollutants, and better value the change 
in household air pollution. Future research is needed to value more accurately all the externalities 
associated with the use of traditional stoves in the camp, for instance to obtain a complete valuation 
of ecosystem services.

We finalise the report by o�ering a range of recommendations, targeted at di�erent stakeholders. 
These centre around the need to commission economic valuation studies to inform decision makers 
and investors. This could be complimented by a dedicated cluster of energy experts within the 
humanitarian sector, in the pursuit of a range of SDGs. Furthermore, a prerequisite to the successful 
implementation of sustainable energy programs is the alignment of the humanitarian agenda 
with national energy plans to develop an enabling environment for the roll-out of cleaner energy 
technologies.
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INTRODUCTION
In 2016, the number of Forcibly Displaced People (FDP) reached 65.6 million worldwide, its highest 
level since the Second World War (UNHCR Global Trends, 2015). Sub-Saharan Africa hosts the largest 
refugee population in the world, with around 30% of the 17.2 million refugees under the United 
Nations High Commissioner for Refugees� (UNHCR)�s mandate. Most of them are in �protracted 
situations� defined as ones in which 25,000 or more refugees from the same nationality have been in 
exile for at least five consecutive years. 

Reducing energy poverty has been identified as a priority on the international agenda since 
September 2015, when the UN adopted seventeen Sustainable Development Goals including Goal 
7 which seeks to �ensure access to a�ordable, reliable, sustainable and modern energy for all by 
2030�. Shortly a�erwards the Moving Energy Initiative (MEI) consortium was established to analyse 
and advocate for the uptake of sustainable energy solutions in the humanitarian context, funded by 
the UK Government.  In the setting of a refugee camp, energy refers to the provision of services for 
cooking, lighting and heating (Bellanca, 2014). However, this basic need has o�en been neglected 
because of a lack of expertise and funding, or a reluctance from host governments to authorize long-
term infrastructure in �temporary� camps (Gunning, 2014). 

An additional distinction has to be made between the camp energy needs, such as the diesel 
generators used by the administration or for health services, and the household energy needs 
namely the refugees� needs. Within this new field, three main trends have been identified (RSC, 
2017). First, a paradigm change in the responsibility of delivering energy: that UNHCR is no longer 
the only provider and market-based solutions are emerging. Secondly, there is a transition from 
fossil fuel technologies to renewable energy options, due to the increase in cheap and available 
technologies such as solar photovoltaic mini-grid (Lahn, 2015). Finally, the growing need to embed 
interventions in national plans leads to a broader consideration for the host communities. For 
instance, a�orestation programs take place around Nyarugusu, and 20 villages have received 
over 30,000 seeds in 2016 (Philidorius, 2017). These three trends demonstrate a transition from a 
humanitarian to a development perspective. 

It is estimated that 89% of the refugees in camps have access to electricity less than four hours a 
day, and 77% of them rely on traditional biomass for cooking (wood, charcoal3 or animal waste). 
The ine�icient use of energy by displaced people in the world emitted 14.3 million tonnes of 
Carbon Dioxide (tCO2) in 2014, globally (Lehne, 2016). This number includes the ine�icient burning 
of biomass (principally firewood or charcoal) but also the use of kerosene for lighting.  The use of 
firewood for cooking by refugees would amount to 26,000 ha of forests burnt every year. Furthermore, 
it is estimated that the use of solid fuels causes the premature death of 20,000 displaced people 
annually (Lahn, 2015). 

Since 2010, the Global Alliance for Clean Cookstoves (GACC) has brought together experts to tackle 
the �Killer in the Kitchen� (Warwick, 2004). In doing so, they have made explicit the negative impacts 
associated with the use of solid fuels. In most refugee camps, as elsewhere, these include: respiratory 
diseases (Smith, 2014), greenhouses gas emissions and land degradation (SAFE, 2016), increased 
conflicts for scarce resources, sexual and gender based violence (SGBV) (Lyytinen, 2009), time lost 
for education or leisure (Vianello, 2016), etc.

3 Charcoal is defined as �wood carbonized by partial combustion or application of heat from an external source� 
by the FAO (FAO, 2010).
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1. BACKGROUND
1.1 A  BRIEF  HISTORY OF  REFUGEES IN  TANZANIA
Following the decolonisation process started in the 1960s, ongoing civil wars, genocides and ethnic 
conflicts in the Great Lakes region, have forced millions of people to flee their countries. As such, 
Tanzania, due to its relative political stability, has received more than 2.5 million people since its 
independence in 1961. Refugees have come from the Democratic Republic of Congo (DRC), Rwanda, 
Burundi and Mozambique, mostly arriving in the north-western Kigoma, Kagera and Mwanza 
regions. In the name of Pan-Africanism and solidarity, the first elected president of Tanzania - Julius 
Nyerere - pursued an open-door refugee policy, until the mid-1980s. Since then, several factors have 
contributed to a shi� from an open-door policy to a restrictive encampment policy. The government�s 
change in attitude was formalised with the 1998 Refugees Act and culminated in the 2003 Tanzanian 
National Refugee Policy. This policy stated that �refugees will be hosted in designated areas whereby 
the international community will be obliged to provide material assistance� (Chiasson, 2015). 
However, it seems that, once again, the refugee paradigm is set to change in the country. In 2014, 
the government decided to naturalize more than 162,000 Burundians who fled in 1972, making it the 
largest single act of naturalisation in refugee history. Moreover, Tanzania volunteered to be one of 
the pilot countries in the Comprehensive Refugee Response Framework (CRRF). This new approach 
was launched a�er the New-York Declaration on Refugees and Migrants in 2016. By joining the CRRF, 
the country commits to �enhance refugee access to education and employment� and review its 
National Refugee Policy �to ensure that it is in line with international laws�. In turn, it will receive 
incremental financial support from the international community. 

By mid-2017, Tanzania was host to 358,900 refugees under UNHCR protection, living mostly in three 
camps: Nyarugusu, Ndtua and Mtendeli, situated along the border of Lake Tanganyika. Nyarugusu, 
the largest of the three, was opened in 1996 to accommodate those fleeing genocide in DRC. 
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F I G U R E  1 :  L O C AT I O N  O F  T H E  T H R E E  R E F U G E E  C A M P S  I N  T H E  K I G O M A  R E G I O N  ( U N H C R ,  2 0 1 7 ) .

1 .2  NYARUGUSU CAMP
Nyarugusu camp, one of the largest and oldest refugee camps in Africa, is located in the Kigoma 
region, north-west Tanzania, just 50 km from the Burundian border, and 156 km from Kigoma city 
� the regional administrative capital. It covers an area of 28 km2. The camp was established in 
November 1996 to accommodate Congolese refugees fleeing the civil war in the former Zaire, which 
started in the a�ermath of the Rwandan genocide.  Since April 2015, the political unrest in Burundi 
has forced 215,000 refugees to flee to Tanzania. As a result, Nyarugusu camp received approximately 
85,000 people in a six-month period (UNHCR, 2017). At present, Nyarugusu camp is home to 144,194 
persons (as of 31 August 2017), approximately 30,000 families, which makes it the second largest 
urban settlement in the Kigoma region. 48% of the residents come from Burundi, 52% from DRC 
and over half of them are under 18 years old.  The camp is organized into 12 zones and 142 villages 
(UNHCR, 2017) and a clear hierarchy governs its structure. UNHCR �s role entails the coordination 
of the operational partners, who are mostly NGOs, while the Ministry of Home A�airs (MHA) acts 
on behalf of the government, hence represents the highest authority on-site. As such, government 
buy-in is crucial in the pursuit of new interventions and/or ways of providing goods and services to 
the camp residents.
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1.3  THE LPG PILOT PROGRAM
The rapid expansion of Nyarugusu since 2015 has overwhelmed the natural carrying capacity of the 
camp, leading to an increase in competition for scarce resources such as firewood. Soon a�er the 
influx, increasing rates of Sexual and Gender Based Violence (SGBV) were brought to the attention 
of UNHCR. The crimes were mostly perpetrated during firewood collection, against women and 
children. In 2016, an analysis of potential fuel solutions was undertaken by UNHCR headquarters 
in Geneva, which identified LPG as the �cheapest and cleanest source of energy� for Nyarugusu 
(UNHCR, 2016). In addition, the distribution of LPG cookstoves was identified as an e�ective means 
to mitigate the conflict with locals, by eliminating the need to collect woodfuel. Because of the gravity 
of the situation, funding from the Safe Access to Fuel and Energy initiative (SAFE) was secured. The 
LPG pilot program was initiated in December 2016, supplying 3,264 households for three months 
(UNHCR, 2017). Supplying the entire camp with LPG stoves and fuel would cost roughly $7 million a 
year.  Figure 2 depicts a woman using the LPG stove during the pilot program in early 2017.

F I G U R E  2 :  C O O K I N G  W I T H  L P G  S TO V E  I N  N YA R U G U S U  C A M P  ( C E M D O ,  2 0 1 7 )

4 LPG is a mixture of propane and butane and a by-product of the natural gas extraction or crude oil refining 
process (IAE, 2016)

Due to the complete combustion of the fuel, using LPG4 for cooking is considered a clean 
technology (Larsen, 2015), producing no smoke and substantially reducing pollutants 
such as particulate matter. It also produces a very small amount of black carbon, and has 
a much higher energy content of 45 MJ/Kg compared to 15 MJ/Kg for firewood (Smith et 
al., 2000). As such, LPG stoves are estimated to be about four times more e�icient than 
even the most e�icient biomass stoves (Pachauri et al., 2013).
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3. METHODOLOGY 
Cookstoves have been heavily studied from different angles, i.e. environmental �The other energy 
crisis� (Eckhlom, 1975), health �Killer in the kitchen� (Warwick, 2004) and gender the �Rape-Stove 
Panacea� (Abdelnour & Saeed, 2014). This demonstrates both the significance of cookstoves in 
the sustainable development agenda, and the need for a holistic and quantitative assessment 
of these impacts.

3.1  SOCIAL  COST-BENEFIT  ANALYSIS  (SCBA) 

A SCBA is an evidence-based tool used by 
planners and decision-makers to assess the 
potential impacts of a policy or investment 
opportunity, to inform future resource 
allocations (Hanley & Barbier, 2009). While 
a financial analysis only considers the 
monetary costs and benefits assumed 
by a single agent, a SCBA is interested in 
the outcomes for �society as a whole�, by 
allowing for the quantification of non-market 
costs such as environmental degradation 
(Hanley & Barbier, 2009). The strength of a 
SCBA is that it ensures transparency and 
facilitates comparison between projects 
by using a single monetary metric. The aim 
is to appraise the e�iciency of a specific 
project or proposal, based on its overall net 
welfare or net benefits, therefore the SCBA 
must be explicit and transparent about the 
assumptions used. To date, no quantitative 
assessment has been performed to estimate 
the impacts of the cookstove program 
in a refugee camp. The LPG program is a 
financially costly energy intervention, it is 
therefore necessary to question and estimate 
its economic e�iciency, over the lifespan 
of the project. In this research the �society� 
entails UNHCR, and the Persons of Concern 
(PoC) living in Nyarugusu camp.

6 The social discount rate is used to reflect the present value of future costs and benefits. The choice of the discount 
rate has critical implications in the final results of the SCBA. Therefore, a sensitivity analysis was performed 
varying the discount rate from 3 to 12%.

The outputs of the SCBA give three types 
of ratios:

The Net Present Value (NPV): All costs 
and benefits over the lifespan of the 
project are converted to their present 
value, using a social discount rate6. The 
discounted stream of costs is subtracted 
to the discounted stream of benefits 
to obtain the discounted Net Benefits 
(or NPV). If NPV >0 the project makes 
a positive contribution to the society 
welfare. 

The Benefit-Cost Ratio (BCR): Discounted 
benefits/ Discounted costs. For one dollar 
invested, what is the net benefit? If the 
BCR > 1 it means that the discounted 
benefits exceed the costs. The project is 
cost-e�ective and therefore viable.

The Internal Rate of Return (IRR): 
represents the theoretical discount rate 
where the NPV equates to 0. At which 
discount rate do the future costs equate 
the future benefits? It indicates the 
strength of the project, irrespective of the 
discount rate used.
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The approach followed in this research draws on three comprehensive studies: Hutton�s (2006) 
guidelines focus on health interventions, Jeuland�s (2016) CBA of improved cooking solutions and 
the World Bank (2012) guidelines to assess the costs and impacts of forced displacement. Six steps 
were identified to carry out the CBA, as presented in Figure 3.

F I G U R E  3 :  S T E P - B Y- S T E P  A P P R O A C H  TO  C B A .  A D A P T E D  F R O M  H U T TO N  ( 2 0 0 7 )
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The table below provides a summary of the costs and benefits used to calculate the CBA 

TA B L E  1 :  C O S T S  A N D  B E N E F I T S  I N C L U D E D  I N  T H E  C B A

Total Costs of implementing the LPG program

  - Costs of capital

-  Building a LPG storage facility on camp

-  Refilling Costs

  - Sta�ing Costs

Total Benefits of the LPG program

  - Adverted Fuel Expenditure 

  - Time savings Benefits

  - Time saved cooking

  - Time saved collecting wood

  - Positive Health Impacts

  - Environmental benefits

  - GHG Emission reductions

  - Economic value of the local forests
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3.2  DATA COLLECTION

DESK REVIEW

A review of relevant academic literature was performed at UDP, in order to identify the main impacts 
caused by the use of ine�icient cookstoves. This also comprised an extensive search for the grey 
literature on energy use in the refugee camps. The Moving Energy Initiative (MEI) has produced 
the most comprehensive reports, to date. This research builds on their work. It also appears that 
there is a crucial lack of quantitative data measuring the impacts of household energy interventions 
in a humanitarian setting. In order to investigate the complex phenomena at play in Nyarugusu, 
a mixed-method approach was applied. Specifically, four methods were combined: household 
questionnaires, semi-structured interviews, focus groups and direct observations.

HOUSEHOLD QUESTIONNAIRES

Two household questionnaires were developed in consultation with local UNHCR and CEMDO 
experts, piloted and revised with the team of refugees working as survey enumerators. They were 
identical, the only di�erence being an extra set of questions for the LPG pilot households, regarding 
their recent use and opinion of LPG as a cooking fuel. The questionnaires focused on cooking habits, 
energy expenditure, fuel collection and changes in fuel use in recent years. Data was also sought to 
measure household income levels, through the use of proxies. Finally, the survey aimed to elicit a 
WTP, i.e. the total value placed on LPG through the use of a contingent valuation survey.

SEMI-STRUCTURED INTERVIEWS

Thirty semi-structured interviews were conducted with key informants, in Tanzania. Due to the multi-
dimensional impacts of the cookstoves, interviews were sought with a range of actors, including 
government o�icials, UNHCR o�icers, NGOs operating in the camp or in the region, and academics. 






















































