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Abstract
The main aim of this research is to understand if energy access interventions within
humanitarian relief are an effective way of improving the health, safety and livelihoods of
beneficiaries, while also having wider environmental benefits including, the reduction of CO2
emissions.
An increased understanding of the topic area is critical because energy access is still largely
unaccounted for within humanitarian relief. One the major reasons for the lack of intervention
is the limited understanding of the impact different interventions can achieve. Therefore the
research reviews the small number of examples where energy access interventions have been
made within humanitarian relief and draws parallels, where possible, from examples in the
development literature.
A comparative method is then used to compare three energy access scenarios (zero energy
access, kerosene lanterns and modern energy devices). In each case as assessment of the
health, safety, livelihood and environmental impacts are made. In addition, an assessment of
the financial implications and compliance with humanitarian minimum standards are made.
The key findings of this study are that modern energy access technologies such as solar lanterns
provide significant benefits to beneficiaries. In particular there are positive impacts associated
with improvements in indoor air quality and the removal of risks associated with fire. The
research suggests interventions also have positive impacts on the perceptions of sexual- and
gender-based violence (SGBV), education and livelihoods. However, the research also highlights
a discrepancy between the reported levels of CO2 emissions following solar lantern distributions
compared to actual, life cycle emissions.
The implications of these impacts are discussed and a number of recommendations for future
research and proposals to the humanitarian community are made. If followed, these
recommendations will increase the likelihood of displaced people receiving safe, sustainable
and affordable energy.
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Glossary
Black Carbon: Produced by the incomplete combustion of fossil fuels and is of particular
importance because of its high global warming potential.
Disaster: A serious disruption of the functioning of a community or a society involving
widespread human, material, economic or environmental losses and impacts.
Humanitarian Relief Camp: Planned or self-settled camps where, in most cases, humanitarian
organisations and host governments provide assistance and services in a centralised manner.
Internally Displaced Person: Has, for whatever reason fled their home but remained in their
home country.
Life Cycle Assessment (LCA): A technique to assess environmental impacts associated with all
the stages of a product's life.
Lumens: A measure of the total quantity of visible light emitted by a source.
Refugee: A person who has fled their own country because of a well-founded fear of being
persecuted for reasons of race, religion, nationality, membership of a particular social group or
political opinion.
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1.0 Introduction
The intention of this research is to compare three scenarios for providing different levels of
energy access within humanitarian relief camps. A literature review and analysis of secondary
data is conducted to collate evidence of the impact these energy access interventions have on
beneficiaries. An assessment and comparison of the appropriateness of each scenario is then
conducted.
This is increasingly relevant because the seventh Sustainable Development Goal explicitly
commits to ensuring “access to affordable, reliable, sustainable and modern energy for all” by
2030 (Osborn et al., 2015, p. 6). However, Lahn and Grafham (2015a, p.2) have already
established that energy delivery is “currently largely uncoordinated and unaccounted for in
humanitarian response”. In addition, traditionally adopted energy sources within humanitarian
relief such as kerosene lanterns, candles and diesel generators are often ineffective, polluting,
expensive and dangerous.
While this status quo remains, the energy needs of 30 – 60 million displaced people (UNHCR,
2014a; Internal Displacement Monitoring Centre, 2015) are being met inadequately or not at
all. A major reason for this is that limited evidence exists regarding the impacts providing
energy has within a humanitarian relief camp context. In addition, there is a limited
understanding, within the humanitarian community, of the technology options available and
the advantages or disadvantages of each approach.
The objectives of the research are to:
1. Review energy approaches currently available for providing energy access within
humanitarian relief camps including:
a. Indicative costs
b. Level of energy access provided
2. Assess the environmental impact different technology options have on:
a. Greenhouse gas emissions
b. Environmental degradation
3. Analyse the health and safety impacts alternative energy source can have on:
a. Beneficiaries personal health
b. Fire risk for those living and working at camps
c. Sexual and gender-based violence (SGBV)
4. Assess current knowledge regarding energy access interventions effects on livelihoods
including:
a. Education
b. Income generating activities
5. Conduct a comparative study of three energy access scenarios.
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This research mainly investigates solar-based energy solutions because they are considered to
be most easily deployed, affordable, low maintenance and easy to use. However, other
technologies including GravityLight and Renovagen are also discussed. Despite this decision, a
variety of technologies including wind power, efficient diesel generators and local gridconnection could prove an equally or more effective method of providing energy access within
humanitarian relief.
A brief outline of each subsequent section is provided below.
Section 2 provides an overview of the key terms and background information to humanitarian
relief. It also provides an overview of traditional and modern energy access solutions and an
assessment of the guidance currently available to humanitarian professionals when considering
energy access interventions. This section also reviews the existing evidence regarding the
environmental, health and safety, and livelihood impacts of energy access interventions.
Section 3 reviews the theoretical approaches adopted in previous research and outlines the
theoretical framework adopted for this research. It also reviews the implications this approach
has on the way the research was designed and conducted.
Section 4 discusses and justifies the research methods and overall strategy taken during the
research. This section reviews the methods adopted including data collection from documents
and the comparative approach. It also reviews some of the complications encountered during
the research.
Section 5 presents the findings of the research and a critical discussion of the likely impacts of
three different energy scenarios will have on beneficiaries based on the evidence identified in
section 2. Each scenario is reviewed against the objectives (page 10) and conclusions are
drawn.
Section 6 concludes the research with an overview of the key findings and identifies
implications and limitations of the research for the humanitarian and academic community.
This section also outlines opportunities for future research and makes a number of proposals.
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2.0 Literature Review
2.1 Introduction
This section is structured in response to the main research aim of understanding whether the
provision of energy access solutions within humanitarian relief camps are an effective way of
improving the health, safety and livelihoods of beneficiaries, while also having wider
environmental benefits including, the reduction of CO2 emissions.
Sections 2.2 - 2.4 provide an overview of displacement including the definitions of refugee and
internally displaced people, drivers and future trends in displacement and a short overview of
humanitarian relief camps.
Section 2.5 provides an overview of the traditional and modern energy access technologies
available and examples of where and when these have been used within humanitarian relief
camps. This section also includes an assessment of the guidance currently available for
humanitarian professionals to follow when considering energy access interventions.
Sections 2.6 - 2.8 review the existing evidence regarding the environmental, health and safety
and livelihood impacts of energy access interventions.

2.2 Definition of ‘Refugee’ and ‘Internally Displaced People’
Estimates of the exact number of displaced people vary depending on exactly who and when
someone is considered to be a displaced. Broadly speaking displaced people fall into one of two
categories and are either:
Refugees, defined by the 1951 Refugee Convention as people who have fled their own country
because of a “well-founded fear of being persecuted for reasons of race, religion, nationality,
membership of a particular social group or political opinion" (Storey, 2011, p. 3).
Internally displaced people who, unlike refugees, have not left their home country but have, for
whatever reason, fled their homes (ICRC, 2010) but remained in their home country.
The United Nations High Commission for Refugees (UNHCR) puts the number of people
currently displaced worldwide at 59.5 million, of which, 19.5 million are refugees and 38.2
million are internally displaced (UNHCR, 2014a). These figures correlate with the Internal
Displacement Monitoring Centre (2015) estimate that 33.3 million are currently internally
displaced. Figure 1 shows the global geographic distribution of displaced people during 2015.
The map shows a clustering of displaced people in East Africa and the Middle East.
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Figure 1: Geographic Distribution of Displaced People (UNHCR, 2015a).
The resources needed to serve displaced people are estimated by UNHCR (2015b) to exceed
US$6 billion annually. For the purposed of this research, no distinction is made between
refugees and internally displaced people and from herein both are referred to as displaced
people or beneficiaries unless part of a direct quote.

2.3 Drivers of Displacement
Although the reason people become displaced varies, their displacement often begins because
of the occurrence of a disaster. According to Quarantelli (1998) exactly what constitutes a
disaster has been subject to interpretation since the early 1930s. However, the definition
commonly used today and adopted for this research comes from the United Nations (2007)
that defines a disaster as:
“A serious disruption of the functioning of a community or a society involving widespread
human, material, economic or environmental losses and impacts, which exceeds the ability of
the affected community or society to cope using its own resources.”
According to Van Wassenhove (2005) every year around 500 disasters occur, killing around
75,000 people and impacting more than 200 million others. Figures from the Centre for
Research on the Epidemiology of Disasters, which exclude conflict related data, suggest an
average annual frequency of 384 disasters between 2004 and 2013 (Guha-Sapir et al., 2015).
This is illustrated in Figure 2 that shows the trend in the number of reported disasters and
victims between 1990 and 2014 (Guha-Sapir et al., 2014). To put the figure into perspective, if
all the people affected annually formed a country it would be the seventh largest country in the
world based on population (CIA, 2015).

Peter Thomas (1338687)
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Figure 2: Trends in Disaster Occurrence and Number of Victims (Guha-Sapir et al., 2014).
Disasters can be categorised as either man-made or the result of nature (Johns Hopkins
Bloomberg School of Public Health and IFRC, 2008). Table 1 below provides an overview of the
type of disasters that often result in the displacement.
Disaster Group

Disaster Subgroup

Natural

Geophysical

Man-Made

Disaster Types

Earthquakes
Tsunamis
Volcanic activity
Meteorological
Extreme Temperature
Storms
Hydrological
Floods
Landslides
Climatological
Annual Disaster Statistical Review 2014 – Droughts
The numbers and trends 3
Wildfires
Industrial Accident
Radiation leaks
Chemical spills
Conflict
Wars
Terrorist attacks
Revolutions
Table 1: Types of Disaster (Guha-Sapir et al., 2015; IFRC, N.D).
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Figure
and Figure
4 also illustrate
the occurrence of natural disasters (i.e. floods, storms and
Geographical
overview
droughts)
and number
of people displaced by conflict and violence respectively.
Floods
United Kingdom,
Dec 2013–Feb 2014

Winter damage
USA, Canada, 5–8 Jan

Floods
Bosnia and Herzegovina,
Serbia, Croatia, Romania,
13–30 May

Typhoon Rammasun
China, Philippines, Vietnam,
11–22 Jul

Severe storms
USA, 18–23 May

Severe storms
France, Belgium,
Germany,
7–10 Jun

Drought
USA, 2014

Winter damage
Japan, 7–16 Feb
Typhoon Kalmaegi
China, Philippines, Vietnam,
12–20 Sep

Flash floods
USA,11–13 Aug
Hurricane Odile
Mexico, 11–17 Sep
Severe storms
USA, 2–4 Apr

980
Loss events

Severe storms
USA, 27 Apr–1 May

Cyclone Hudhud
India,
11–13 Oct

Drought
Brazil, 2014

Floods
India, Pakistan,
3–15 Sep

Severe storms
USA, 3–5 Jun

Earthquake
China, 3 Aug

Source: Munich Re, NatCatSERVICE, 2015

Loss events

Geophysical events

Hydrological events

(Earthquake, tsunami, volcanic activity)

(Flood, mass movement)

Selection of catastrophes

Meteorological events

Climatological events

Overall losses ≥ US$ 1,500m

(Tropical storm, extratropical storm,
convective storm, local storm)

(Extreme temperature, drought, wildfire)

Figure 3: Occurrence of Natural Disasters Worldwide 2014 (Munich RE, 2014).

© 2015 Münchener Rückversicherungs-Gesellschaft, Geo Risks Research, NatCatSERVICE – As at January 2015

Figure 4: Number of People Displaced by Conflict and Violence 2014 (IDMC, 2014).
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2.3.1 Climate Change and Displacement
Climate change and environmental damage have increasingly being identified as important
factors in the frequency and impact of disasters (Friedman, 2007; Leiserowitz et al., 2012;
Pendleton et al., 2013; WMO, 2010). While a complex issue, this evidence suggests that climate
change and environmental damage are leading to a vicious circle where an increasing number
of people become displaced.
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (Adger et al.,
2014) projects that the number of forcibly displaced people is likely to grow because of climate
change. According to UNHCR (2015c) the issues are multifaceted and motivations are complex
however while climate change impacts may play a role (figure 5), direct causation is difficult to
establish. Estimates of the number of people displaced by environmental changes range from
tens of millions to a billion people (Gemenne, 2011). However, Black (2001) contests the
relationship between climate change and increases in migration because there is no firm
definition of what a personal displaced for environmental or climate change reasons is.
According to UNHCR (2015c, p.4) member states (appendix 1) have already “begun exploring
the legal gap regarding people who might cross borders as a result, but who would not be
covered by the 1951 Refugee Convention”.

Figure 5: Impacts of Climate Change on Displacement (UNHCR, 2015c)
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2.4 Humanitarian Relief Camps
Once people become displaced they will potentially seek refuge in a humanitarian relief camp
(figure 7). There is however a growing trend of urban displacement and the Norwegian Refugee
Council (2014) estimate that 23 million of the 59.5 million people currently displaced live in
urban areas. The focus of this research is on humanitarian relief camps because this group of
displaced people are considered to be the most easily reached in the first instance.
Once in a humanitarian relief camp it is common for displaced people to remain there for
weeks, months and sometimes years (Steindl et al., 2008). The camps are diverse places and
include planned or self-settled camps where, in most cases, humanitarian organisations and
host governments provide assistance and services in a centralised manner (UNHCR, 2014b).
According to Jahre et al., (2015) the services typically provided following a disaster include
shelter, health facilities, sanitation, water, food and cooking facilities. Energy issues have and
continue to play only a small role in emergency situations. However, as shown in Figure 6
appropriate interventions are considered to have significant positive impacts.

Figure 6: Impact of Energy Interventions (UNHCR, 2014c).
Harrell-Bond (2000, p.1) describes camps as places where “everything is highly organized,
where the inhabitants are depersonalised and where people become numbers without names”.
According to Betts et al., (2014) while displaced people should pass swiftly from emergency
assistance to a ‘durable solution’ in practice, these solutions are often unavailable.

Figure 7: Zaatari Humanitarian Relief Camp (Amar, 2015).
Peter Thomas (1338687)
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2.5 Energy Access Solutions and Guidelines
This section reviews energy access solutions and the guidelines currently available for
humanitarian
professionals to follow. According to Moss et al., (2014) the provision of reliable,
Sustainable Energy Provision Among Displaced Populations: Policy and Practice
secure, and affordable energy services are central to addressing many of today’s global
development challenges, including poverty, inequality, climate change, food security, health,
and education. This is one of the reasons why the need for innovative humanitarian
technologies to support emergency relief and humanitarian camps is already evident. There
remains however, little guidance for humanitarian professionals to follow when considering
energy-based interventions. This is despite energy access playing a role in humanitarian relief
since at least 1995 (figure 8) (Bellanca, 2014).
Figure 1: Chronological summary of events relevant to energy in emergency situations, 1995–2014

1997 –2011

Red Cross and Red Crescent, The Sphere Project and
Handbook (2004)

1998

UNHCR, Environmental Guidelines: Domestic Energy in
Refugee Situations

2001 –2009

UNHCR, FRAME Toolkit

2002

UNHCR, Cooking Options in Refugee Situations

2002 –2008

NRC, Camp Management Project: Toolkit

2005

UNHCR, Forest Management in Refugee and Returnee
Situations

2005

IASC, Clusters creation

2006

WRC, Fuel and Firewood Initiative: Beyond Firewood

2007

IASC (UNHCR, WFP, WRC) SAFE

2007

UNHCR, Handbook for Emergencies
SAFE Matrix, SAFE Decision Tree Diagrams

2009 –ongoing

IUCN, IES, FUEL project

2010

Boiling Point, Issue 59. ‘Energy in Conflict and Emergency Relief’

2010

PA, IRC, EMMA Emergency Market Mapping and Analysis
Toolkit

2010

USAID, Fuel-Efficient Stove Programs in Humanitarian
Settings: An Implementer’s Toolkit
UNHCR, Light Years Ahead
UNIFIL, State of Environment
WFP, Handbook on SAFE
UNEP (Post Conflict and Disaster Management Branch),
Greening the blue helmets
Humanitarian Innovation Project

2012
2014

FAO in Emergencies. Guidance Note
GACC, Strategy for SAFE

2014
2014

UNHCR, Global Strategy for SAFE
UNHCR Energy Lab

2013

Innovation

2012
2012

Operators

2011
2011

Market approaches

2009

High-level consensus SAFE

UNHCR, Environment Unit
UNHCR, Environmental Guidelines

Protection

1995 –ongoing
1996 –2005

UN attention

Boiling Point, Issue 37. ‘Household Energy in Emergency
Situations’, Stove Checklist for Refugee Situations

Environment

1995

Figure
8: Summary
Energy in Emergency
Situations (Bellanca, 2014).
Energy as
a corollary
of of
environmental
issues
In 1995, the UNHCR established the Environment Unit. In 1996, it published the UNHCR

It Environmental
is beyond theGuidelines
scope of this
studylatest
to consider
energyreflecting
access for
displaced
people
because
(UNHCR,
edition 2005),
theall
advance
of the
environmental
their
individual
circumstances
vary.
As
result
a
selection
of
proven
and
innovative
solutions
agenda in the UN system. In it, domestic energy is referred to as a corollary of the environment. A are
reviewed
withmore
a specific
focus ontechnical
implementation
humanitarian
relief camps.
subsequent,
energy-focused
guideline,inEnvironmental
Guidelines:
Domestic Energy in
Refugee Situations (UNHCR, 1998), gives a comprehensive view of energy issues in camps, looking at
needs, sources and available technologies. It is not restricted to cooking, and includes a small section
on agencies’ needs as well as those of beneficiaries. Various best practices for domestic energy were 18
documented in a further UNHCR booklet, Refugee Operations and Environmental Management: Selected
Lessons Learned (UNHCR, 1998; latest edition 2002).
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2.5.1 Guidelines
This section investigates what guidance currently exists for humanitarian professionals to
follow regarding the implementation of energy access solutions. The research found while
there has been significant research conducted regarding energy access in a development
context as part of the lighting Africa Initiative (IFC, 2010) there is little formal guidance within
humanitarian relief.
2.5.1A Sphere Standards
The Sphere Standards (The Sphere Project, 2011, p.274) - a widely adopted set of minimum
standards for humanitarian response – recommend that each household have “access to a safe
and sustainable means of providing artificial lighting”. In addition, the guidelines state that
“where possible communal toilets should be provided with lighting, or households provided
with torches” (p. 110). However, the guidelines do not clearly stipulate what is meant by ‘safe’
or ‘sustainable’. The fire risk associated with the provision of kerosene lanterns and candles and
the benefits of solar panels and efficient light-emitting diode (LED) lighting is only briefly
mentioned (p. 275).
2.5.1B UNHCR Handbook for Emergencies
The UNHCR Handbook for Emergencies (UNHCR, 2007) does recommend that humanitarian
organisations utilise solar energy for lighting in communal areas (especially latrines and
showers) and for individual use (e.g. torches for families). However, there is no guidance on
how organisations can implement those measures.
2.5.1C UNHCR Global Strategy for Safe Access to Fuel and Energy
In 2014 UNHCR published its first Global Strategy for Safe Access to Fuel and Energy (UNHCR,
2014c). The aims of the strategy were to expand the use of renewable energy to prove the
protection and wellbeing of refugees. The strategy does include some guidance including that
refugees should be provided with a solar lantern upon arrival in a camp. However, there is little
practical guidance about exactly what technology solution to offer. UNHCR does note that it
continues to explore renewable energy options in consultation with refugees.
2.5.1D Procurement of Off-grid Lighting Products – Guidance for Aid Organisations and
Governments
This technical note produced by the Lighting Global initiative is the only source of technical
guidance targeted at humanitarian professionals. It provides an overview of important product
features and key performance metrics relevant to procuring off-grid lighting products. It also
provides an example procurement framework that organisations can use when sourcing offgrid lighting products for humanitarian relief (appendix 2) (Lighting Global, 2015).
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2.5.2 Energy Access Technologies
According to Franceschi et al., (2014) off-grid solar PV power solutions are particularly suitable
for humanitarian relief camps because of their quick deployment potential, affordability, ease
of use and low maintenance characteristics. Therefore, this section provides an overview of the
technologies that have been, or could be, used to provide energy access to displaced people in
humanitarian relief camps. These energy access technologies have been categorised as either
traditional approaches (i.e. kerosene lanterns, candles and illegal electrical connection) or
modern approaches (i.e. solar lanterns, portable solar systems and micro-grids).
Although the guidelines outlined in the previous section (2.5.1) are a useful starting point only
the Lighting Global guidelines (2.5.1D) provide any technical guidance about what products
might be applicable. There are however a number of tools available that can provide technical
guidance on products including the D-Lab’s product database that provides aggregated
information about solar lighting products in easy-to-read tables (Verploegen, N.D).
Sections 2.5.2A and 2.5.2B provide an overview of traditional and modern energy access
technologies. A particular focus has been given to solar-based solutions and kerosene lanterns
as these are already used in humanitarian relief camps. However additional modern
technologies including GravityLight and Renovagen are also discussed.
2.5.2A Traditional Approaches
Kerosene lanterns are commonplace in un-electrified and under-electrified homes. While the
exact number of kerosene lanterns is not known estimates vary between 1.3 and 3 billion
(CCAC, 2014). They range from basic wick lanterns (figure 9) to hurricane lanterns (figure 10)
(Barefoot Power, 2009).

Figure 9: Wick Kerosene Lamp
(Yang, 2012)

Figure 10: Hurricane Kerosene Lantern
(Bodycombe, 2008)
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Wick lanterns (figure 9) are a typical kerosene lantern. In a technical analysis of kerosene
lanterns, Mills (2003) measured a light output of 8 lumens per lantern. This is significantly
below the 25 lumens recommended as the minimum standard by Lighting Global (2013).
According to Barefoot Power (2009) a wick lantern typically costs US$0.50 to purchase with
additional monthly fuel cots of around US$1.50.
Hurricane lanterns (figure 10) are a more expensive but more powerful kerosene based lighting
solution. In a technical analysis of hurricane lanterns, Mills (2003) measured a light output of 30
lumens per lantern, slightly above the Lighting Global (2013) minimum standard of 25 lumens.
According to Barefoot Power (2009) a hurricane lantern typically costs US$10 to purchase with
additional monthly fuel cots of around US$4.00.
No studies were found with detailed information on the cost of kerosene in humanitarian relief
camps however Lahn and Grafham (2015a, p.7) found that in Ethiopia, UNHCR was spending
US$14.99 per litre of Kerosene compared to a normal market rate of US$0.33 per litre.
While it is outside the scope of this study to consider every energy access technology, as well as
kerosene lanterns, open fires, candles and illegal electricity connections are traditional
approaches to securing energy access within humanitarian relief camps (Lahn and Grafham,
2015a). At the Zaatari camp in Jordan (figure 11) it is estimated that 70% of households have
been illegally connected to the public lighting system (Gunning, 2014).

Figure 11: Illegal Connection to Grid Power (Hannon, 2014)
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2.5.2B Modern Approaches
The majority of modern energy technologies implemented within humanitarian relief are solarbased solutions. Solutions include:
Handheld devices (figure 12 and 13) usually featuring an LED light, a small battery capable of
powering the light for several hours and a solar panel for recharging. These devices are typically
contained in one housing and offer the most basic level of light and occasionally mobile phone
charging.

Figure 12: LuminAid Light (LuminAid, 2015a) Figure 13: WakaWaka Light (WakaWaka, 2015)

Portable devices (figure 14 and 15) that are usually brighter and have a larger battery capacity
and solar panel compared to handheld devices. They range from a basic lantern to ‘suitcase’
type solutions that can power several lights, charge mobile phones and also power additional
devices such as radios or handheld torches.

Figure 14: SunKing Light (SunKing, 2015)

Figure 15: Solar Suitcase (We CARE Solar, 2015)

22

MSc Sustainability and Adaptation
Handheld devices typically provide only a basic level of energy access depending on the device
selected. The lowest output lantern according to the D-Lab database of products produces 20
lumens (Verploegen, N.D) which is slightly below the Lighting Global (2013) minimum
specification of 25 lumens. However, Mills (2003) notes that the addition of an inexpensive lens
yields approximately 40-times more useful light output compared to wick kerosene lanterns.
The most basic d.light A1 costs around US$5. The LuminAid (figure 12) and WakaWaka (figure
13) solar lights have been selected as examples of typical handheld solar devices because of the
track record each company has in humanitarian relief. According to the WakaWaka website,
they have distributed 210,143 lamps across 309 projects in 42 countries including Haiti, Syria,
Indonesia and Mali (figure 16) (WakaWaka, 2016). According to their website, LuminAid have
distributed over 12,000 lights in 50 countries (figure 17) (LuminAid, 2015b).

Figure 16: Geographic Distribution of WakaWaka Solar Lights (WakaWaka, 2016)

Figure 17: Geographic Distribution of LuminAid Solar Lights (LuminAid, 2015b)
Portable devices in comparison can provide a significantly higher level of energy access
depending on the device and introduce additional services such as mobile phone charging and
battery charging. According the Verploegen (N.D) this type of device offers lighting levels in
excess of 100 lumens. Pricing ranges from US45 for a simple solution with mobile charging to
around $1,500 for a Solar Suitcase solution.
Peter Thomas (1338687)
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The SunKing solar light (Figure 14) is a typical portable device and includes a light capable of
producing 160 lumens and priced at approximately US$45 (Verploegen, N.D). In 2014, 3,700
households at the Kiziba refugee camp in Rwanda received lanterns (Safe Access to Fuel and
Energy, 2015). The We CARE Solar, Solar Suitcase (figure 15) is a higher specification portable
device. The standard pricing for a complete unit is in approximately US$1,500 and each system
includes two 20 watt solar panels, a 14 amp-hour sealed lead acid battery, a 15A charge
controller, two headlamps, a phone charger and an AA/AAA battery charger (We CARE Solar,
2012).

Figure 18: SunKing Solar Lantern Distribution (Caluag, 2015)
While it is outside the scope of this study to consider every energy access technology, there are
a selection of innovative products including GravityLight (figure 19), solar street lights (figure
20) and decentralised grid systems (figure 21) that could be an effective solution to providing
energy access to displaced people.

Figure 19 GravityLight (GravityLight, N.D) Figure 20: Solar Street Light (UNHCR, N.D)
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One of the advantages GravityLight offers over solar-based solutions according to Angus (N.D)
is that it was designed with single material components that are easy to disassemble and
recycle. Additionally, GravityLight doesn’t have batteries or PV panels and is assembled in East
Africa that in theory reduces the embodied carbon associated with creating the product and
transporting it to areas where most people are currently displaced (figure 1). However, no life
cycle assessments of GravityLight have been completed so an accurate comparison cannot be
made. Solar street lighting (figure 20) has been mentioned because the literature review
(section 2.7.3) identified these to be a potentially effective way of reducing SGBV.

Figure 21: RollArray Multigen (Renovagen, 2015)
The Renovagen RollArray solar PV generator has also been identified as a potentially effective
solution to providing energy access within humanitarian relief because it is quickly to deploy,
transportable and could offer a more cost effective solution because of economies of scale.
Table 2 provides an overview of typical costs associated with different modern energy access
technologies. Adapted from Gunning (2014) the pricing is based on the International
Renewable Energy Agency’s data from approximately 8,000 projects. It suggests the indicative
cost of solar lanterns for thirty households with solar lanterns is US$450 - US$1,800. In
comparison providing each household with two LED lights and mobile charging via a PV microgrid is estimated to cost US$1,000 per system. However, it is important to note this pricing is
not based exclusively on humanitarian relief where costs may be different.
Product
Solar
Lanterns
Pico Solar
Solar Home
Systems
(SHS)
PV microgrids
Street
Lighting

Range of Costs (US$)
$15 - $60/ lamp

Notes
0.5–3 Watt PV with internal lithium-ion battery Single
LED lantern, mobile charging on some models
$100 - $250/ system
4–25 Watt PV with internal lithium-ion battery Plugand-play system, 2–6 LED lights, radio, mobile
charging
$150 - $1,000/ system
30–200 Watt PV with external lead-acid
battery Technician installed multiroom energy
system: 4–10 LED lights, mobile charging, radio, fans,
TV, refrigerator
$1,000/ system
Supplies 30 proximate households with 2 LEDs and
mobile charging and DC network
$1,200 - $3,000/ light
Designed to be resistant to damage, energy efficiency
and lifespan of 90,000 to 120,000 hours
Table 2: Modern Energy Services Typical Costs (Gunning, 2014)
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2.6 Environmental
The environmental impacts of energy access are complex however, humanitarian operations
need to consider energy access and environmental management to enhance the well-being and
protection of affected populations, and the sustainability of operations (UNHCR, 2015c). This
section reviews the current evidence regarding energy access interventions impacts on
greenhouse gas emissions (2.6.1) including life cycle assessments (2.6.1A) and environmental
degradation (2.6.2).

2.6.1 Greenhouse Gas Emissions
According to Gunning (2014, p.28) “where solar lighting replaces kerosene lights there is a clear
reduction in emissions. However, no studies were found to quantify this in a camp setting”.
There is however evidence in the development literature to suggest a reduction in CO2
emissions is possible. This varies and depends on how much kerosene you assume is replaced
annually. According to Gunning (2014) this is 35 litres equating to a saving of 0.092 tonnes of
CO2 per year for each solar lamp. However, Thatcher (2012) suggests 65 litres of kerosene is
replaced each year equating to a saving of 0.156 tonnes of CO2 per year for each solar lamp.
However, these estimates only cover in-use emissions rather than full life cycle emissions
(2.6.1A). Estimates for the level of CO2 emissions associated with burning one litre of kerosene
range from 2.6 – 2.7 kg CO2 per litre (Riley, 2014; Scholand, 2013).
As well as the impacts of CO2 emissions, black carbon could be a significant cause of warming in
the lower atmosphere (IFC, 2010). Black carbon is produced by the incomplete combustion of
fossil fuels and is of particular importance because of its high global warming potential (United
States Environmental Protection Agency, 2012). Research suggests that kerosene lamps are a
significant source of black carbon emitting 20 times more than previous estimates assumed
(Lam et al., 2012). Although kerosene lamps constitute a smaller overall source of black carbon
than other major sources, such as diesel engines or industrial coal burning, they are
comparatively cheaper and easier to replace according to Tedsen (2013).
2.6.1A Life Cycle Assessments (LCA)
Kerosene lanterns and solar lanterns have two different patterns of emissions that must be
considered in order to make a fair and thorough assessment of their environmental impact. In
particular the emissions associated with kerosene lanterns are concentrated in-use i.e.
emissions as a result of burning kerosene fuel whereas solar lanterns have zero emissions inuse but significant emissions associated with the manufacture of the lantern. Shreya (2009)
found that the total energy input for a hurricane kerosene lamp is about two times that of the
solar lantern, while the energy input for the solar lantern are twice that of the wick kerosene
lantern (figure 22). While this assessment is a useful starting point it must be considered
cautiously because Shreya (2009) did not consider end-of-life emissions. However, the basic
assessment is supported by Alstone et al., (2014) who found that the embodied energy for
manufacturing hurricane and wick lanterns is very low, however, the in-use energy
requirements are substantial.
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at 5 hours per day - four units of solar lantern were considered for the same period of time that
two (of either) kerosene lamps may be used. The total life cycle sums are shown in the
following figures. It is important to recognize that the order of magnitude of each comparison,
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Figure 22: Life Cycle Energy Input for 10 years of Lighting (Shreya, 2009)

Figure 19: Life cycle energy input for 10 years of lighting options.

2.6.2 Environmental Degradation
According to Hagenlocher et al., (2012, p.28) “the sudden influx of large numbers of refugees
into a spatially limited area can place severe pressure on the local environment and on existing
natural resources”. Gunning (2014) however does suggest that environmental benefits are
likely to result from any sustainable energy initiative that has been well thought through.
Commonly reported issues surrounding refugee camps include deforestation, land-use changes,
desertification and groundwater degradation (Allan, 1987; Ghimire, 1994; Hugo, 1996). This is
confirmed by Merieau and Egziabher (2012, p.5) who discovered that at camps in Sub-Saharan
Africa “wood consumption in and around refugee camps greatly exceeds natural replenishment
and deforestation is rampant”. Providing sustainable energy access solutions may help this
however to what extent is not clear from the literature at this stage.
While replacing kerosene lanterns with a solar-based solution is likely to reduce the occurrence
of pollution incidents related to kerosene, assuming a reduction in kerosene consumption is
seen, a new issue of electrical waste is likely to appear. According to Perkins et al., (2014, p.1)
“waste from end-of-life electrical and electronic equipment, known as e-waste, is a rapidly
growing global problem”. Murray's (2015) doctoral research also identified, a severe lack of
planning and capacity to deal with broken solar products. However, it is unclear from the
literature at this stage to what extent this could be a problem.
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2.7 Health and Safety
The health and safety of displaced people is extremely important to humanitarian
organisations. This section investigates further the health and safety impacts of providing
energy access. A particular focus is made on respiratory health, the risk of fires and SGBV.

2.7.1 Poisoning and Respiratory Health
According to Lam et al., (2012) kerosene appliances emit many health-damaging pollutants. In
addition, they cause poisonings from fuel ingestion. Nonetheless they remain prevalent
because they are the cheapest lighting options in the short run (Furukawa, 2012). As an
example, figure 23 illustrates the changes in user-reported health and safety problems believed
to be associated with kerosene lanterns before and after receipt of solar replacements among
500 homes in the Philippines (Thatcher, 2012).

Figure 23: Changes in User-Reported Health and Safety Problems (Thatcher, 2012)

28

MSc Sustainability and Adaptation
The combustion of kerosene fuel is a well-reported contributor to poor indoor air quality that in
turn increases the risk of poor respiratory health, cancer and mortality. There are a number of
reasons for this including higher than acceptable levels of particulate matter, carbon monoxide,
formaldehyde, polycyclic aromatic hydrocarbons, sulphur dioxide and nitrogen oxide (Lam et
al., 2012; Lim et al., 2013; Mills, 2016).
An extensive body of research also exists showing an association between children's asthma
and poor air quality (Wu and Takaro, 2007). According to Lam et al., (2012) there are no studies
investigating the exposure of kerosene based lighting from the field because of the difficulties
distinguishing between the contribution of light from that of other emitting sources such as
cooking. However, Van Vliet et al., (2013) who examined the personal exposure of 36
households to fine particulate matter and black carbon in rural Ghana found a significant
contribution from kerosene lanterns above that traced to biofuels used for cooking.
The Global Burden of Disease study in 2010 estimated that worldwide, indoor air pollution was
responsible for 3.5 million premature deaths each year (Lim et al., 2013 and Smith et al., 2014).
However, more recent estimates from the World Health Organisation (2014) put the figure at
4.3 million deaths per year. The research found no studies quantifying the number of deaths in
humanitarian relief camps attributable to poor indoor air quality.
The ingestion of kerosene fuel and resulting poisoning is also a leading cause of childhood
morbidity and mortality in developing countries (Tshiamo, 2009). The concept of kerosene
poisoning has been well understood since at least the 1950’s (Foley et al., 1954). However, the
exact number of cases is unknown, although cases of unintentional poisoning have been
reported in Antigua and Barbuda, Barbados, China, Ghana, India, Iraq, Israel, Jamaica, Jordan,
Kenya, Libya, Malawi, Malaysia, Nepal, Niger, Nigeria, Pakistan, Sierra Leone, South Africa, Sri
Lanka, and Zimbabwe (Mills, 2016). The ingestion of kerosene is exacerbated by the common
practice of insecure storage of small amounts of kerosene in soft-drink bottles without safety
closures (Lam et al., 2012). However, according to Schwebel et al., (2009) the introduction of
expert training to improve kerosene safety such as keeping kerosene fuel away from children
and in a child-safe container can make a small but statistically significant change in kerosenerelated safety practices. This assessment is support by Tshiamo (2009) who found that
educating parents and communities in conjunction with the provision of child-safe containers
were an effective preventative measure to poisoning. Again, no studies were found quantifying
the number of kerosene poisoning cases in humanitarian relief camps.
There is also evidence of links between household air pollution and low birth weight,
tuberculosis, cataracts, nasopharyngeal and laryngeal cancers (Gunning, 2014; Pokhrel et al.,
2010). In a development context, it is also estimated that 60% of refrigerators used to store
vaccines and medications have unreliable electricity supplies compromising the effectiveness
(Gavi Alliance, 2012). However, it is not clear if the same is true for humanitarian relief camps.
The health impacts associated with fuel-based lighting have mainly focused on kerosene.
According to Mills (2016, p.42) “little assessment has been made of health issues associated
with lighting-related uses of certain other fuels, including candles, diesel, animal and vegetable
oils, dung, or fuel wood’.
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2.7.2 Fire Risk
There are also considerable fire risks associated with candles and kerosene lanterns. According
to Peck et al., (2008, p. 307) “burns caused by homemade bottle lamps or commercial wick
lamps are a cause of major morbidity and mortality in developing nations”. Mills (2016) found
that while there is no global estimate of burns attributable to fuel-based lighting, more than
95% of deaths from burns worldwide occur in low- and middle-income countries. However,
Kimemia et al., (2014) reports that these figures ‘grossly’ underestimate reality.
Less widely recorded are the impacts of explosions as a result of mixing kerosene with other
fuels. According to Olawaiye (2011) this is particularly common when kerosene is in short
supply and has caused the death of several people in Nigeria. Mills (2016) also found that users
unintentionally mixed kerosene fuel with other liquid fuels when using the same container for
different fuels. Research by Dongo et al., (2007), Asuquo et al., (2008) and Olaitan et al., (2007)
in Nigeria found that 30% of all burns cases were the result of kerosene explosions.
Informal settlements including humanitarian camps are particularly vulnerable to fire related
incidents because of the informal nature, over crowding and flammability of housing materials
such as tents. In 2013 a fire at a refugee camp in Thailand killed 37 people and left 2,300 people
homeless (UNHCR, 2013). A similar fire in 2008, caused by a fuel-based lantern at a refugee
camp in Nepal (figure 24) injured 100 people (UNHCR, 2008).

Figure 24: Fire at Refugee Camp in Nepal (UNHCR, 2008)
An International Organization for Migration (IOM, 2014) survey of 857 households comprising
1,538 individuals in Pakistan found that solar lamps decreased the need to use firewood, which
had previously resulted in fire-related incidents. However, a study by the BRE Trust that looked
at the risk of fire in humanitarian relief camps concluded that better camp design with
adequate spacing would reduce the risks of fire spread although they noted that the existing
guidelines and minimum standards are often not or cannot be adhered to (Shipp and Annable,
2008).
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2.7.3 Sexual and Gender Based Violence
According to the Womens Refugee Commission (2014, p.2)“women and girls bear the greatest
burden when it comes to energy poverty”. The issue is at least two-fold with women and girls
being particularly exposed to SGBV when collecting fire wood, fuel or when using shared water,
sanitation and hygiene (WASH) facilities such as toilets, showers and kitchens. This assessment
is supported by a Save the Children study at the Dadaab refugee camp in Kenya that found
young girls were frequently subjected to SGBV when collecting firewood, using latrines and
collecting water (Save the Children, 2013). In addition, research conducted by Merieau and
Egziabher (2012, p.4) for UNHCR found that “without the security and protection afforded by
light, women and girls may not feel comfortable going out at night, even to latrines or washing
areas”.
Merieau and Egziabher (2012) also found that 60% of beneficiaries surveyed following the
installation of solar street lamps and distribution of handheld solar lanterns at camps in East
Africa reported feeling safer when using latrines at night. In a small study in Syria during
January 2013 for the International Rescue Committee, Munz and Rasoul (2013) found that after
the distribution of 32 solar lights, 20 beneficiaries reported a feeling of improved safety. The
feelings of safety are not just related to incidences of SGBV. A study for UNHCR at Dadaab
refugee camp in Kenya during 2013 found positive but slightly different impacts with 100% of
solar lamp beneficiaries reporting that the light helped them spot snakes and scorpions at night
that wouldn’t have been possible before (FaIDI, 2013). This impact is similar to those reported
at the Nayapara and Kutupalong camps in Bangladesh where the installation of 143 solar lights
helped ward off wild elephants that have killed refugees in the past (McKinsey, 2010). In one of
the largest studies, the International Organization for Migration (IOM, 2014) surveyed 857
households comprising 1,538 individuals, including 681 males and 857 females who has
received solar lamps following the 2011 floods in Pakistan found that both male and female
respondents reported various protection benefits of solar lamps, ranging from decreased threat
of animal attacks to utility during emergencies.
However, Gunning (2014, p.32) found that in some circumstances such as in the Democratic
Republic of Congo, beneficiaries reported not using their solar lamps at night for “fear of
revealing their location to rebel groups”. A study for the International Rescue Committee
(Dynes et al., 2014) also found that despite being provided with solar lamps, women and girls
still perceived their camps as unsafe places with more than half of participants avoiding certain
areas of the camp due to safety concerns. While not fully understood, this was attributed to the
lack of communal lighting in public spaces pointing to the concept that a single intervention
may not be an appropriate solution.
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2.8 Livelihoods
According to Betts et al., (2014, p.5) “there is a lack of research that examines the economic
lives of refugees and displaced populations”. There is however evidence in non-refugee settings
that access to any modern source of energy helps beneficiaries develop economic enterprises,
secure livelihoods and increase resilience (Gunning, 2014). Lack of reliable electricity also
affects education by constraining the hours that students can read and limits their ability to
access the Internet and other information technologies (Moss et al., 2014).

2.8.1 Education
According to Merieau and Egziabher (2012, p.4) “in camps without electricity or light, girls and
boys cannot study at night. This is of primary importance because article 28 of the UN
Convention on the Rights of the Child (UNICEF, N.D, p.3) stipulates, “all children have the right
to education”. However, according to the United Nations Children's Fun (UNICEF, 2015) over
one third of the world’s refugee children are missing out on primary education.

Figure 25: Children use Solar Lanterns to Study (UNHCR, N.D)
Although education is a complicated issue, effective energy access strategies that provide
adequate and safe light could have a positive impact. In a study conducted for UNHCR, 144
solar lights were distributed to beneficiaries in Dadaab refugee camp, Kenya. The research
found that lamps increased working and reading hours to six hours and 68% found the light
useful for children reading and doing assignment at night (FaIDI, 2013). However, the research
does not state what the initial level was. Therefore it is not clear exactly how much impact the
distribution of solar lamps actually had.
There is also significant evidence of the impact improved energy access, in particular solar
lights, have on education in the development literature. Qualitative research in East Africa by
SunnyMoney in 2011, for example, showed that 66% of customers said that their child’s school
performance had improved a little and 33% reported that their child’s school performance had
improved significantly since purchasing a solar lamp (Esper et al., 2013). Similar qualitative
feedback from research in Tanzania, the Philippines and Indonesia found that the improved
light quality of solar lighting solutions meant children now studied together, reportedly
contributing to improved study and overall educational performance (Thatcher, 2012).
However, this qualitative feedback is potentially unreliable. In one of the only quantitative
studies on the subject, Furukawa (2014) found no evidence that children’s learning outcomes
increased when they used a solar lantern in Uganda. According to Furukawa this is possibly
because of reporting bias in study time, decreases in prodcutivity possibly caused by incorrect
charging resulting in the flickering of the solar light or because of household dynamics where
older siblings or parents claimed priority use of the light.
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2.8.2 Income Generation
According to the Safe Access to Fuel and Energy initiative website, in an emergency people
often flee their homes with no financial or material resources meaning when they arrive at a
humanitarian camp they have very few, if any, options for generating income (Safe Access to
Fuel and Energy, N.D). In principle, having access to a safe and affordable light means income
generating activities does not have to stop at dusk (UNHCR, 2014c).
While there is evidence in the development literature that improved energy helps to develop
economic enterprises and improve livelihoods (Gunning, 2014) there is very little evidence in
the humanitarian literature to clarify whether improved level of energy access leads to income
generating opportunities. However, a survey for the International Rescue Committee did find
that beneficiaries reported going outside the house at night to buy products and for personal
reasons after they received a solar lamp (Dynes et al., 2014).
An additional line of thought is that providing improved access to energy means women and
children collect less firewood and as a result have more time for other activities. A study by
Merieau and Egziabher (2012) for UNHCR did find that 96% of solar lamp beneficiaries went to
collect firewood less each week after receiving a lamp. However, in the context on income
generation a study by the Women’s Refugee Council found that women still collected firewood
to sell despite being given an improved cookstove or solar lantern (WRC, 2006a). In addition,
the Women’s Refugee Council found that beneficiaries were reluctant to change the fuel they
used when prices increased because they were reliant on the sale of kerosene as a key source
of income (WRC, 2006b)

Figure 26: Solar Lantern Mobile Phone Charging (UNHCR, N.D)
According to Gunning (2014) there is no data from camps on how much money people save on
kerosene purchases or mobile phone charging following the distribution of solar lanterns.
Although it is difficult to estimate costs for humanitarian relief, in a development context,
mobile phone charging costs US$0.25 and kerosene fuel to run a lamp for six hours costs
US$0.18 (GOGLA, 2014).
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2.9 Conclusion
The literature review has identified a large group (30 – 60 million) of displaced people, the
majority of whom have little or no access to safe, affordable and sustainable energy. In
addition, the literature review has identified the drivers for their displacement and how climate
change will potentially increase levels of displacement even further in the future. It is therefore
critical that humanitarian relief camps are as efficient and sustainable as possible to deliver cost
effective solutions and prevent a vicious circle whereby emissions and environmental
degradation from humanitarian relief contribute to climate change that in turns leads to
increased levels of displacement.
The existing guidelines humanitarian professionals have to follow and the energy technologies
available for them to implement have also been reviewed. It is clear from the literature review
that there is only very limited guidance and what is available lacks the depth and clarity needed
to be effective. This means while humanitarian professionals know they should provide a solar
lantern per household it is not clear exactly what type or specification of lantern is suitable.
However, the literature has also identified an increasing number of technology options that
could be implemented and examples of where some of these have been implement in
humanitarian relief camps. This highlights that this issue is not technological but probably
financial, social and/ or political.
The environmental impacts of energy access have also been reviewed. There is clearly a
reduction of in-use emissions where a solar lantern replaces a kerosene lantern although the
literature review has identified that on a life cycle approach a solar lantern can have more
emissions than a simple, wick-based kerosene lantern. However, the literature reviewed
identified that the issue is more complicated because the combustion of kerosene produces a
significant amount of black carbon that has a higher global warming potential compared with
CO2. In addition, while modern energy devices might reduce environmental degradation around
camps there may be other issues associated with the production and disposal. Therefore a
more detailed consideration is needed. The literature review has also demonstrated that the
combustion of kerosene causes ill health and inadequate storage can lead to poisoning,
although safe storage education and secure containers can limit this. Kerosene lanterns also
pose a fire risk with humanitarian camps being particularly vulnerable because flammable
structures are built, often without the correct fire spacing. In addition, the literature review has
identified the impact energy access can have on the perception and occurrence of SGBV.
Although it is not categorically clear from the literature, the implementation of communal
lighting such as solar street lights and the distribution of handheld solar lanterns appears to
reduce at least women’s perception of SGBV. Further analysis of whether this is a result of
communal lighting, handheld lanterns or a combination of both is needed. The evidence of the
impact energy access has on the livelihoods of beneficiaries within the humanitarian literature
is less clear. Where solar lanterns have been distributed the reported impacts appear to be
positive and in the development literature there is evidence to suggest improved energy access
helps children study and parents undertake activities after dark.
Further research is needed to understand how the provision of modern energy access devices
compares with traditional approaches and the implications or each. The research will now
review the theory behind the existing literature and outline the research strategy for this
research before conducting a comparative assessment of three energy scenarios. In each case
as assessment of the health, safety, livelihood and environmental impacts are made.
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3.0 Theoretical Framework
The literature review (section 2.0) has identified a developing body of evidence highlighting the
impacts improved levels of energy access can have on beneficiaries in humanitarian relief
camps (Esper et al., 2013; FaIDI, 2013; Gunning, 2014; Lam et al., 2012; Merieau and Egziabher,
2012; Mills, 2016; Peck et al., 2008; Thatcher, 2012). The critical issue identified in the literature
review is that despite energy access playing a role in humanitarian relief since 1995 (Bellanca,
2014) little guidance is available to assist humanitarian professionals when considering
interventions (Lighting Global, 2015; The Sphere Project, 2011; UNHCR, 2014c, 2007). In
addition, the evidence that does exist is ad hoc in nature and difficult to interpret.
According to Grant and Osanloo (2015) a theoretical framework acts as a “blueprint” providing
the structure of the research study and defining how it will be approached. Therefore, this
section reviews the theoretical approach implemented to understand if modern energy access
interventions within humanitarian relief are an effective way of improving the health, safety
and livelihoods of beneficiaries, while also having wider environmental benefits including, the
reduction of CO2 emissions.
In order to develop the framework an assessment has been made of the approaches adopted
by researchers identified in the literature review. A significant percentage of the research
identified has approached the topic from a positivist viewpoint, assuming methodologies of the
natural sciences can be used to explain the social world (Smith et al., 1996). There are also
elements of a feminist approach in the existing research with several major projects aiming to
quantify the impact distributing solar lanterns have on protecting women from SGBV (Munz
and Rasoul, 2013; Save the Children, 2013; Womens Refugee Commission, 2014; Womens
Refugee Commission, 2014). Additionally, there is a small amount of research that could be
considered to have adopted a Marxist approach particularly when investigating how solar
lamps can affect income generating activities and the children’s ability to study and become
more ‘valuable’ members of society (Dynes et al., 2014; Esper et al., 2013; FaIDI, 2013).
The analysis of social and technical suitability of modern energy access solutions including a
synthesis of the existing evidence has been identified as an approach that could fill a gap in the
existing research and support humanitarian professionals when considering energy
interventions. Therefore, this research adopts a realist approach developed by philosophers
including (Cartwright, 1999; Harman, 1997; Rorty, 1997; Haack, 1987) which assumes that while
there is a knowable reality independent of humans, human perception of that reality and
human subjectivity is separate. This type of theoretical approach allows elements associated
with positivism and relativism to be combined (Sumner and Tribe, 2008). An example of where
this approach is useful is regarding education. While Furukawa (2014) found no quantitative
evidence to suggest solar lanterns actually improved childhood education by adopting a
positivist approach, qualitative evidence from researchers adopting a relativist approach (Esper
et al., 2013; Thatcher, 2012) suggest that parents and children felt their education had
improved. Since this is arguably as important or relevant as an actual improvement in test
scores, a realist approach allows the research to place a value on both quantitative and
qualitative sources of data. This means that while a pattern may not be seen in any data,
perceptions of that what that data shows or perceptions of it can be considered as relevant to
the research.
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4.0 Research Strategy
The main aim of this research is to understand if modern energy access interventions within
humanitarian relief are an effective way of improving the health, safety and livelihoods of
beneficiaries, while also having wider environmental benefits including, the reduction of CO2
emissions. The research has reviewed the relatively small number of examples where energy
interventions have been used within humanitarian relief and draws parallels, where possible,
from examples in the development literature.
A comprehensive research strategy (Research Strategy A) that involved the collection of
primary data via surveys working with partner organisations was developed. Unfortunately the
partner organisations have not been able to provide the data in time to be included in this
research project. Therefore the research strategy was adapted and Research Strategy B was
developed that uses data collected from documents and a comparative method. Both research
strategies will be outlined in this section that reflects on some of the challenges associated with
completing the research with the aim of providing lessons to future researchers seeking to
work in the same field of study.

4.1 Arguments for and against a quantitative or qualitative approach
Research methods fall into one of two categories. They are either considered to be qualitative
or quantitative. Each approach has benefits and drawbacks outlined in table 3 (Hussey and
Hussey, 1997).
Quantitative

Qualitative

Tends to produce quantitative data

Tends to produce qualitative data

Uses large samples

Uses small samples

Concerned with hypothesis testing

Concerned with generating theories

Data is highly specific and precise

Data is rich and subjective

Reliability is high

Reliability is low

Validity is low

Validity is high

Generalises from sample to population

Generalises from one setting to another

Table 3: Features of quantitative and qualitative research (Hussey and Hussey, 1997)
To answer the main research question it is necessary to answer two more distinct, subquestions about energy access in humanitarian relief camps.
1. What are the impacts of energy access for people who have become displaced?
2. How do different energy access strategies affect this?
After considering the features of both quantitative and qualitative approaches it is evident that
empirical evidence, or a quantitative approach, is suited to answering both sub-questions.
Quantitative research techniques are concerned with the collection of data and there are two
main research methods that can be used, surveys and experiments. According to Balnaves and
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Caputi (2001) surveys are particularly useful for large populations where you cannot observe
directly what you want to study, experiments in comparison involve the manipulation of
variables and direct observation. In terms of this research an example experiment could be to
monitor the exposure of women to particulate matter before and after they are given a solar
light. In survey form, similar data could be collected by asking women if they thought their
respiratory health had improved because of the light, or by asking questions such as do you
cough less as a result of your light. However, this type of surveying is prone to errors and
careful question design is an important consideration that needs to be made. According to
Iarossi (2006) the potential range of errors involved with vague opinion questions may be 2030%.
In comparison, qualitative research techniques are concerned with the collection of words or
speech as data that is then interpreted to have meaning (Braun and Clarke, 2013). According to
Flick (2014) most phenomena cannot be explained in isolation because of the complexity in
reality and that is where qualitative research is useful. There are a range of ways to collect
qualitative data including conversations, notes, e-mails, voice mails, interviews, and focus
groups (Given, 2008). In terms of this research, asking parents the open question “has the solar
device helped your children study” could reveal that while children haven’t been able to study
longer the improved quality of light has helped them study more efficiently. This type of
approach was used by Thatcher (2012) to identify that a better quality of light meant children
could study together leading to improvements in their education. This would not be evident
had a quantitative approach been taken unless that specific, or a similar question had been
asked.
As outlined above there are advantages and disadvantages to qualitative and quantitative
research strategies. Quantitative approaches are useful when trying to collect large amounts of
data to prove a hypothesis but are also prone to error and ignore external factors that might be
influencing the outcome. Qualitative data in comparison is much richer in terms of the
information that can be gathered but as a result it is more complicated to collect and analyse.
In the example of this research, both approaches could be useful when answering the original
research question.

4.2 Research Strategy A
One of the major issues identified by the researcher was the lack of quantifiable data regarding
the impacts of energy access interventions post-distribution. According to Greetham (2009) the
most effective way to get a general picture of a situation is to use questionnaires.
Therefore the initial proposal was for the researcher to carry out primary data collection in at
least one country once an intervention had been completed but security and funding issues
meant this was not possible. In response, the researcher liaised with partner organisations to
distribute a shorty survey (appendix 3) following the distribution of solar devices in Vanuatu,
Nepal and Greece (for Syrian refugees).
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Unfortunately due to the chaotic nature on the ground post-disaster and the limited resources
available to the organisations in question only a small number of survey responses were
returned (appendix 4). However, because a third party collected the data on behalf of the
researcher it was in an inconsistent format and ultimately deemed inadequate for the purpose
of this study. The data is included as an appendix for reference only.
These challenges were foreseen because it is widely understood that the disadvantages of this
type of surveying include low response rates and problems with the completeness and accuracy
of data collected (Gillham, 2000). This is particularly true in humanitarian relief where
challenges to data collection include “response to environmental hazards, security of personnel
and resources, political and economic issues, cultural barriers and difficulties in
communication” (Morton and Levy, 2011, p.1). To mitigate these challenges the researcher
made arrangements with the partner organisations between March and April 2015. In addition,
regular contact was maintained between April 2015 and December 2015. However, the extent
of the challenge was not fully appreciated.
No feedback was received from the distribution partners to suggest that the survey was overly
complicated or too long. At only five basic questions it would have been difficult to shorten the
survey further while still being able to collect valuable data. However, a better knowledge of
survey design and tools or methods for distributing the surveys may have yielded a better
result. It may have also been beneficial to engage further with distribution partners to explain
the benefits to them of distributing the survey to increase the success rate.

4.3 Research Strategy B
As outlined in section 4.2 it was not possible to collect the data needed to thoroughly assess
the various impacts being investigated using primary data. Therefore an alternative research
strategy was developed utilising secondary data from the limited number of energy access
interventions already made within humanitarian relief and by drawing parallels between
humanitarian relief and development work generally. The first part of the research strategy was
a literature review and a desk-based assessment of secondary data. The second half of the
study was the development of a comparative framework capable of comparing different energy
access scenarios.

4.3.1 Data Collection from Documents
According to Denscombe (2007, p.227) “documents can be treated as a source of data in their
own right – in effect an alternative to questionnaires, interviews or observation”. A range and
combination of keyword searches were conducted to ensure all relevant literature was
identified. The keywords were reviewed regularly to collect relevant literature as the research
project developed. A full list of search terms can be found in tables 4-9 below.
Displaced Person(s)
Displaced People
IDP(s)
Refugee(s)

Emergency Camp
Humanitarian Relief
Humanitarian Camp
Humanitarian Setting
Table 4: Primary Keywords
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Renewable Energy
Sustainable Energy
Energy Access
Solar

Lantern
Solar Lantern
Solar Light
Solar Lamp
Table 5: Energy Keywords

Standards
Guidelines

Handbook
Strategy
Table 6: Guidelines Keywords

CO2
Emissions
Black Carbon

Environment
Deforestation
Kerosene
Table 7: Environmental Keywords

Health
Burn(s)
Poison(ing)
SGBV
Attack

Air Quality
Air Pollution
Respiratory Health
Violence
Security
Table 8: Health and Safety Keywords

Education
Learning

Livelihood(s)
Income Generation
Table 9: Livelihood Keywords

Google Scholar and Science Direct were used to identify academic journal articles because
these provide access to a range of journals including Energy Policy, Energy for Sustainable
Development, and Procedia Engineering. Google search was also used to identify publications
produced by humanitarian organisations including UNHCR, Chatham House, Lighting Global,
SolarAid, the International Displacement Monitoring Centre and the Sphere Project. In addition,
the researcher worked with a number of organisations including CARE International,
WakaWaka, the International Rescue Committee and the International Organisation for
Migration to review unpublished documents and research.
In excess of 500 documents were identified as potentially relevant to the study although
following a through review that number fell to just below 100.
Background research was completed to better understand humanitarian relief camps, displaced
people and drivers for displacement. In particular the research drew on research conducted by
Adger et al., (2014), ICRC (2010), IDMC (2014), Quarantelli (1998) and Storey (2011). The
research also reviewed current guidelines on the implementation of energy access technologies
aimed specifically at humanitarian professional including Lighting Global (2015), The Sphere
Project (2011) and UNHCR (2014c, 2007). In addition, an overview traditional and modern
energy access technologies were provided to demonstrate the type of solution that could be
implemented and tools to support humanitarian professionals (LuminAid, 2015b; Safe Access to
Fuel and Energy, 2015; Verploegen, N.D; WakaWaka, 2016; We CARE Solar, 2012). The research
used existing data and research from academic authors including Gunning (2014), Hagenlocher
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et al., (2012), Lam et al., (2012), Murray (2015) and Thatcher (2012) to assess the
environmental impact of providing energy access and reviewed the environmental impact over
a solar lamps whole life cycle including manufacture and operation to compare this with similar
life cycle assessments for kerosene lanterns. The research analysed the health and safety
impacts of solar lamps in terms of respiratory health, burns, fire risk, poisoning and SGBV.
Academic literature including Lam et al., (2012), Lim et al., (2013), Merieau and Egziabher
(2012), Mills (2016), Peck et al., (2008), Thatcher (2012) and Tshiamo (2009) were reviewed. In
addition, evidence form the development literature and humanitarian organisations including
Save the Children (2013), UNHCR (2013, 2008) and the Womens Refugee Commission (2014)
was investigated. The research reviewed the literature available regarding the impact of solar
lamps on beneficiaries’ livelihoods with a particular focus on education and income generating
activities. The research drew on academic research including Dynes et al., (2014), Esper et al.,
(2013), FaIDI (2013), Furukawa (2014), Gunning (2014), Merieau and Egziabher (2012), UNICEF
(2015) and WRC (2006).

4.3.2 Comparative Method
In order to assess the impact different energy access scenarios have on beneficiaries in
humanitarian relief camps, it has been necessary to design a process of comparing different
scenarios (4.3.2A). Comparison of the energy scenarios is based on four primary indicators
outlined in figure 27 and described further below (4.3.2B).

Scenario

Indicators

Output

Indicative Costs
Level of Energy Access Provided
Zero Energy
CO2 Emissions
Environmental
Traditional Energy
Devices

Modern Energy
Devices

Guidelines

Air Quality
Fire Risk
Sexual and Gender Based Violence

Education
Enterprise
Figure 27: Comparative Approach Framework
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4.3.2A Scenarios
To fully consider the impact three scenarios were developed:
Zero Energy where no provision for energy is made by humanitarian organisations.
Traditional Energy Devices where humanitarian organisations supply every five displaced
people with one kerosene lantern and any required fuel.
Modern Energy Devices where humanitarian organisations supply every five displaced people
with one modern energy device.
This assumption for household size is based on the assessment made by Lahn and Grafham
(2015b) for the Moving Energy Initiative project.
4.3.2B Indicators
The first criteria for comparing the energy access scenarios are the financial costs associated
with them. This is because in a resource constrained environment such as humanitarian relief
an excessively expensive solution is unlikely to be adopted unless significant impacts in other
key criteria can be proven. In order for a fair comparison across scenarios an indicative cost
based on the research completed during the literature in US$ will be provided. The second
criteria assessed are the levels of energy access provided. This is based on the level of lighting
provided and the capacity for additional energy services such as mobile charging.
The first environmental criteria investigated are the CO2 emissions associated with each
scenario. In order for a fair assessment across different technologies, life cycle emissions are
also considered as far as possible based on the existing literature. The second environmental
criteria assessed are the environmental issues associated with each technology. The research
will assess the impact each energy access scenario is likely to have, based on existing evidence,
on the environment including land use changes, groundwater degradation and waste.
The first criteria assessed as part of the health and safety assessment are the impacts of each
energy access scenario on air quality. The second criteria assessed are the risk associated with
fire and burns and the third criteria assessed will be impact on SGBV. In each case, existing
evidence will be reviewed and each approach evaluated.
The first livelihoods indicator assessed will be the impact on education and the second will be
livelihoods. Evidence will be reviewed from the literature review from both the humanitarian
and development literature and an assessment of each energy access scenario will be made.

4.4 Future Research Strategy
It is clear that additional research is needed particularly on quantifying the impacts providing
energy access has. Much of the research that has been completed is ad-hoc in nature and not
necessarily academically reliable. A number of recommendations are made in section 6.4.2
regarding improvements to any future research strategy.
Peter Thomas (1338687)
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5.0 Findings and Critical Discussion
Section 5.0 presents the findings of the research and a critical discussion of the likely impacts of
three different energy scenarios (zero energy access, traditional energy devices and modern
energy devices). Each sub-section provides an overview of the three energy scenarios, outlining
why each have been selected. Each scenario is then reviewed against the initial research
objectives outlined in section 1 (page 10). In each scenario the limitations of the current
evidence, based on the existing literature, are discussed and analysis of how this can be
improved are discussed in more detail.

5.1 Scenario 1 – Zero Energy Access
In order to assess the likely impacts of energy access on beneficiaries a ‘zero energy access’
scenario has been developed. In this scenario it is assumed that humanitarian organisations
provide no energy services to displaced people and that there is no formal supply of fuels such
as kerosene in place.

5.1.1 Indicative Financial Costs and Level of Energy Provided
The financial costs associated with the zero energy access scenario for humanitarian
organisations are in theory zero. The organisations are not required to supply any form of
lighting or electrical services and fuel supply chains for beneficiary’s personal use are not
implemented. However, this scenario would potentially place an additional financial burden on
beneficiaries as they might look to alternative, possibly illegal, sources of fuel or make illegal
connections to local electricity supplies (Gunning, 2014; Hannon, 2014). It is not clear to what
extent the lack of energy access would increase either illegal wood collection or encourage the
illegal supply of kerosene, if at all. The failure to provide any energy access is also in breach of
the limited guidance that does currently exist for humanitarian professionals to follow. In
particular the Sphere Standards (The Sphere Project, 2011) require access to a safe and
sustainable means of providing artificial lighting and the UNHCR Handbook for Emergencies
(UNHCR, 2007) requires solar energy for lighting in communal areas and for individual use.

5.1.2 Environmental Impacts
In a hypothetical, zero energy access scenario the associated greenhouse gas emissions are
zero. This would have a significant impact on the emissions currently produced as a result of
providing energy access either via kerosene lanterns of solar-based solutions which both
produce some form of emissions (sections 5.2.2 and 5.3.2). In theory this scenario also results
in a reduction of black carbon that is a particularly potent greenhouse gas produced in
relatively large quantities by kerosene lanterns. The assumption in this scenario is that there
would also be a decrease in environmental degradation particularly of ground water because
no kerosene would be spilt but also a reduction in e-waste because there would be no broken
solar lanterns or depleted batteries from flashlights. It is not clear whether these assumptions
are reasonable as displaced people are unlikely to accept being provided with no energy access.
The evidence suggests they would instead choose kerosene lanterns because these are the
cheapest form of energy access in the short run (Furukawa, 2012).
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5.1.3 Health and Safety Impacts
Many of the health risks associated with the use of kerosene lanterns are theoretically avoided
in the zero energy access scenario. In particular there would be no risk of burns, poisoning or
poor respiratory health associated with the use of kerosene lanterns. However, these health
impacts are complex and affected by other sources of pollution for example cooking. The
research was unable to identify the exact impact lighting has compared to cooking although
research by Van Vliet et al., (2013) found kerosene lanterns made a significant contribution to
poor indoor air quality. A reduction in poisoning as a result of kerosene consumption would
also be expected in this scenario. Again there is no data to quantify this although poisoning
from kerosene consumption is widely considered to be a leading cause of childhood morbidity
and mortality in developing countries (Tshiamo, 2009). There would also be an expected drop
in fire risk. While other fire risks remain the removal of kerosene lanterns removes at least one
element of this risk. While there is also no data that allows this research to quantify exactly
how many lives might be saved as a result of better indoor air quality and the removal of
poisoning or fires risks associated with kerosene, there is strong evidence to suggest there
would be positive rather than negative impacts (Lam et al., 2012). There also appears to be very
clear evidence that access to light is an effective measure humanitarian professionals can
implement when trying to reduce the dangers of SGBV. In a scenario whereby no access to
energy is provided it is very likely that women and children will be increasingly exposed to
violence collecting firewood or when used WASH facilities.

5.1.4 Livelihoods
There is very little clear evidence within humanitarian relief that suggests improved energy
access has an impact on the livelihoods of beneficiaries. However, there does appear to be
some evidence from the development literature to suggest it does. In a zero energy access
scenario, assuming beneficiaries don’t meet their own energy needs, it would be difficult or
impossible for children to study in the evening. There is some evidence however to suggest this
would have no actual impact on the grades attained (Furukawa, 2014). Since qualitative
evidence however suggests parents believe a solar lamp helps their children study (Esper et al.,
2013; Thatcher, 2012) a zero energy access scenario might cause tensions between
beneficiaries and humanitarian organisations. In terms of income generation there is less
evidence showing a direct correlation between better energy access and improved income
generation in humanitarian relief although the evidence is quite clear in the development
literature (Gunning, 2014). In addition, the lack of either affordable or free energy access places
the burden of cost upon beneficiaries trapping any income they do have on energy costs.

5.1.5 Conclusion
It is unlikely that humanitarian organisations would adopt a zero energy access scenario
because despite all other factors the guidelines by which they operate suggest at the very
minimum some thought regarding the provision of energy must be made. While providing no
energy access is the cheapest option for humanitarian organisations it is likely that beneficiaries
will seek to meet their own energy needs using the cheapest available options such as kerosene
and firewood. It is this factor that turns a theoretically good scenario in terms of
environmental impacts into an unpredictable scenario where humanitarian organisations have
little or no control over the energy sources used by beneficiaries. The impacts on health, safety
and livelihoods are more complex and while in theory incidences of fire, poisoning and poor
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indoor air quality should also fall they are actually likely to increase as a result of beneficiaries
meeting their own energy needs. The clearest impacts are around SGBV where the provision of
light has been shown to reduce incidences of violence and make women and children feel safer.
While there is limited evidence in the humanitarian literature it does appear that improved
lighting also has positive impacts on at least families perception of education improvements
and allows activities to continue after dark.

5.2 Scenario 2 – Traditional Energy Devices
The traditional energy devices scenario has been included to reflect the assumption that if no
interventions were made by humanitarian organisations, beneficiaries would choose the most
affordable short-term solution to their energy needs. The scenario also allows humanitarian
professional to make a fair comparison against the modern energy devices scenario. In this
scenario it is assumed that humanitarian organisations provide one kerosene lantern between
every five displaced people. It is also assumed that humanitarian organisations provide access
to affordable kerosene fuel.

5.2.1 Indicative Financial Costs and Level of Energy Provided
Assuming one kerosene lantern was provided to every five displaced people and that there are
between 30 and 60 million people currently displaced (Internal Displacement Monitoring
Centre, 2015; UNHCR, 2014a) the costs of providing wick kerosene lanterns at US$0.50 per
lantern (Barefoot Power, 2009) would be US$3 – US$6 million. The costs of providing hurricane
lanterns on the same basis at US$10 per lantern (Barefoot Power, 2009) would be US$60 –
US$120 million.
On going fuel costs are also a significant factor humanitarian organisations must consider when
deploying kerosene lanterns. According to Barefoot Power (2009) a typical wick lantern costs
US$1.50 and a hurricane lantern costs US$4.00 per month to run in kerosene fuel costs. As a
basic assessment the on going monthly fuel costs associated with wick lanterns would be in the
region of US$9 – US$18 million for wick based lanterns and US$24 – US$48 million for hurricane
lanterns.
These calculations provide a simple analysis of the potential costs associated with a
comprehensive, kerosene based energy access scenario. No assessment of any economies of
scale or additional costs associated with transporting and distributing lanterns or kerosene fuel
to displaced people has been made.
The majority of guidelines available for humanitarian professionals to follow regarding the
provision of energy do not stipulate explicitly that kerosene-based solutions to providing light
are not suitable. In particular, the Sphere Standards (The Sphere Project, 2011) require access
to a safe and sustainable means of providing artificial lighting but do not clarify what is meant
by safe nor sustainable. However, the UNHCR Global Strategy for Safer Access to Fuel and
Energy does stipulate that refugees should be provided with a solar lantern upon arrival in a
camp (UNHCR, 2014c).
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5.2.2 Environmental Impacts
The environmental impact of kerosene lanterns is significant. Assuming kerosene lanterns
produce 2.65Kg of CO2 per litre of fuel burnt (Riley, 2014; Scholand, 2013) and the lanterns use
35 to 65 litres of kerosene per year the potential CO2 emissions associated with a kerosene
based energy access scenario are between 2.7825 and 10.335 Mt of CO2 per year. Kerosene
lanterns are also known to emit significant quantities of black carbon that has a particularly
high global warming potential (Lam et al., 2012). However, analysis of kerosene lanterns, in a
cradle-to-user life cycle assessment has demonstrated that the majority of CO2 emissions
associated with kerosene lanterns are in-use emissions caused by the combustion of kerosene
fuel. The lowest emissions options over ten years of lighting according to Shreya (2009) is a
simple wick based kerosene lamp however this also provides the poorest levels of light at
around 8 lumens, less than half the Lighting Global (2013) minimum standard of 25 lumens. A
hurricane lantern was found to have the highest level of life cycle emissions (figure 22). The
extent to which kerosene lanterns have adversely effected other elements of the environment
are not fully understood and only limited evidence was found during the literature review.
While it is not completely clear, initial evidence does suggest that a comprehensive energy
scenario does lead to a reduction in fire wood collection in and around camps (Merieau and
Egziabher, 2012). However, it is clear that kerosene is a polluting fuel that has negative impacts
as a result of its production, distribution and use.

5.2.3 Health and Safety Impacts
The negative health and safety impacts of kerosene lanterns are clear in the existing literature.
There appears to be very little disagreement between academics, private sector and
governmental organisations that kerosene lanterns are a significant contributor to poor indoor
air quality (Lam et al., 2012; Lim et al., 2013; Mills, 2016). Although it has not been possible to
determine exactly how much kerosene lighting contributes to poor indoor air quality or how
many deaths or cases of poor health are attributed to kerosene lighting as part of this research,
Van Vliet et al., (2013) has shown that they are a significant contributor to poor indoor air
quality. However, it is important to note that kerosene lighting is not the only contributor and
cooking remains a significant contributor also.
Poisoning is also an evident issue associated with higher levels of kerosene consumption and
while there is no data to quantify this exactly, poisoning from kerosene consumption is widely
considered to be a leading cause of childhood morbidity and mortality in developing countries
(Tshiamo, 2009). However, Schwebel et al., (2009) found that the introduction of expert
training to improve kerosene safety such as keeping kerosene fuel away from children and in a
child-safe container can have a positive impact on the occurrence of kerosene poisoning
incidences. It is therefore feasible that humanitarian organisations could distribute safe storage
vessels and educate households as part of the distribution process.
The risk of fire is also potentially increased in a scenario where kerosene lanterns are fully
distributed and the exact risk will be highly dependent on the camp set up and compliance with
minimum guidelines for fire safety. Shipp and Annable's (2008) research found that compliance
with these guidelines significantly reduced the risk of fire although they noted that compliance
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is not always possible. In a situation whereby humanitarian organisation supply kerosene fuel
to beneficiaries in a safe container only, the risk of explosion is also likely to drastically fall.
However, it is not clear whether beneficiaries would comply with these rules once they return
to their homes.
There appears to be very clear evidence that access to light is an effective measure that
humanitarian professionals can implement when trying to reduce the dangers of SGBV. The
exact impact of kerosene-based lanterns would be dependent on whether a wick or hurricane
style lantern was provided as wick based lanterns cannot be easily protected from adverse
weather conditions whereas hurricane lanterns are relatively robust. This is particularly
important when considering whether kerosene lanterns make women and children feel safer
when using shared WASH facilities. There is no evidence in the literature to suggest whether
this is or is not the case.

5.2.4 Livelihoods
It is not entirely clear from the humanitarian literature whether kerosene lanterns would
provide positive impacts on beneficiary’s livelihoods. However, much of the research does
suggest that students study more and parents can take part in more activities after dark if they
have a solar lantern instead of a kerosene lantern (Dynes et al., 2014; Esper et al., 2013; FaIDI,
2013; Gunning, 2014; Thatcher, 2012). While not categorically proven, the research also
suggests that improved energy access means women and children need to collect less firewood
giving them extra time for other activities (Merieau and Egziabher, 2012).

5.2.5 Conclusion
A kerosene only approach is only marginally better than providing no energy access and this is
only because the evidence suggests displaced people will meet their own energy needs using
the cheapest available sources if humanitarian organisations do not engage in the process. A
kerosene approach provides a very basic level of light that enables children and adults to
engage in some education or income generating activities at night. Depending on whether wick
or hurricane lanterns are chosen the life cycle CO2 emissions can be lower than solar lighting
and upfront costs, for wick lanterns are relatively low. However, kerosene lanterns, particularly
wick lanterns, have significant health and safety implications that humanitarian organisations
must consider very carefully.

5.3 Scenario 3 – Modern Energy Devices
Modern energy devices are considered an effective solution to providing energy access to
displaced people within humanitarian relief camps and there are some examples of where
devices have been distributed to displaced people in the existing literature. In this scenario it is
assumed one modern energy device is distributed per every five displaced people. This allows a
fair comparison to be made against zero energy access (section 5.1) and traditional energy
devices (section 5.2).
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5.3.1 Indicative Financial Costs and Level of Energy Provided
Assuming one modern energy device was provided for every five displaced people and that
there are between 30 and 60 million people currently displaced (Internal Displacement
Monitoring Centre, 2015; UNHCR, 2014a) the costs of providing a d.light A1 handheld solar
lantern at US$5 per lantern (Verploegen, N.D) would be US$30 – US$60 million. The costs of
providing higher specification Barefoot Go lanterns on the same basis at US$40 per lantern
(Verploegen, N.D) would be US$240 – US$480 million. The costs of providing more powerful
energy devices such as the SunKing solar light at US$45 per lantern (Verploegen, N.D) would be
US$270 – US$540 million and the costs of providing higher specification We CARE Solar Suitcase
on the same basis at US$1,500 per system (Verploegen, N.D) would be US$4 – US$8 billion.
However, compared with kerosene lanterns there are no on-going fuel costs associated the
lanterns that saves between US$9 – US$48 million per month. These calculations provide a
simple analysis of the potential costs associated with a comprehensive, modern energy access
device scenario. No assessment of any economies of scale or additional costs associated with
transporting and distributing the lanterns to displaced people has been made. While the initial
costs are high with modern energy devices there is also the potential that micro-grid systems
such as the Renovagen RollArray and solar streetlights will offer a more cost effective solution
in the future although further research is needed in this area.
The minimum standards humanitarian professionals have to follow do advocate, in a limited
manner, for the distribution of solar-based solutions. The UNHCR Global Strategy for Safer
Access to Fuel and Energy, for example, stipulates that refugees should be provided with a solar
lantern. The provision of more powerful devices such as the SunKing and We CARE Solar
Suitcase significantly exceed the minimum standards provided for humanitarian professionals
to follow providing a better level of light with longer battery life, quicker charge time and
additional capabilities such as mobile phone charging.

5.3.2 Environmental Impacts
Research suggests that where solar lighting replaces kerosene lighting there is a clear reduction
in emissions (Gunning, 2014). However, this assessment needs to be treated with caution.
Shreya (2009) and Alstone et al., (2014) both found the embodied energy of kerosene lanterns
to be very low compared to modern energy devices. Although it has not been possible to
compare exactly the embodied energy of all modern energy devices, larger devices tend to
have larger batteries, solar panels and additional parts which in turn increases the embodied
carbon. However, it is true that solar lanterns have zero in-use emissions whereas kerosene
lanterns have high in-use emissions. There was very little evidence in the literature regarding
the embodied carbon or life cycle assessments for solar lantern products on the market and
this lack of information is a major barrier to the assessment of whether the distribution of solar
lanterns would lead to a reduction in CO2 emissions. In one of the only life cycle assessments
comparing wick kerosene lanterns, hurricane lanterns and solar lanterns, solar lanterns had
higher levels of CO2 emissions than wick kerosene lanterns over ten years. However, solar
lanterns do eliminate significant quantities of black carbon that has particularly high global
warming potential (Lam et al., 2012). There are also products such as GravityLight that could
reduce embodied carbon by removing the solar panel and battery elements with an innovative
LED light powered by gravity however no life cycle assessments for GravityLight have been
completed yet.
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Although it is not entirely clear from the literature there is some evidence to suggest modern
energy devices will have less of an environmental impact that traditional energy devices. The
evidence suggests that a comprehensive energy scenario does lead to a reduction in firewood
collection in and around camps (Merieau and Egziabher, 2012) and the reduction of polluting
kerosene is likely to be a positive for the environment. However, this is to be treated with
caution because Murray (2015) has found a severe lack of planning and capacity to deal with
broken solar products and it remains unclear to what extent this might be a problem in the
future. This is especially the case with all-in-one devices that are difficult to repair. However,
solutions such as the We CARE Solar Suitcase are to some extent modular allowing a damaged
panel or battery to be replaced if necessary.

5.3.3 Health and Safety Impacts
There is strong evidence to suggest that replacing kerosene lanterns with solar-based
alternatives will have significant positive impacts on the health and safety of beneficiaries.
While it has not been possible to quantify the impact exactly, kerosene lighting has been shown
to be a major contributor to poor indoor air quality (Lam et al., 2012; Lim et al., 2013; Mills,
2016; Van Vliet et al., 2013). However, it is important to note that kerosene lighting is not the
only contributor and cooking remains a significant contributor also.
The research also suggests that a solar-based energy scenario will lead to a reduction in
incidences of poisoning assuming each solar light leads to a direct replacement of kerosene. It
is unclear from the literature whether solar lantern distributions have resulted in beneficiaries
replacing a kerosene lantern with a solar one or whether the solar lantern is in addition to the
kerosene lantern. Where kerosene use cannot be eliminate totally the implementation of
expert training to improve kerosene safety such as keeping kerosene fuel away from children
and in a child-safe container can have a positive impact on the occurrence of kerosene
poisoning incidences (Schwebel et al., 2009). Similarly, the risk of fire and burns should be
reduced under a modern energy device scenario, assuming beneficiaries replace a traditional
energy device with a modern one. While it is not clear from the evidence if this is the case it is
assumed that the higher the level of energy access provided by the a modern energy device,
the more likely it will be for beneficiaries to make a complete switch.
An increasing body of evidence identified as part of this research also suggests that improved
access to lighting is an effective tool for reducing incidences of SGBV and perception of safety.
Where solar lanterns have been distributed they have been almost universally well received.
Studies by Munz and Rasoul (2013), Merieau and Egziabher (2012), FaIDI (2013) and IOM (2014)
all reported positive impacts regarding safety. However, it is not entirely clear and similar
research by Merieau and Egziabher (2012) and McKinsey (2010) could not determine whether
the positive impacts were a result of handheld solar devices or solar street lights that were also
installed. In addition, Gunning (2014) and Dynes et al., (2014) found beneficiaries not using
their solar lamps at night for fear of revealing their location to rebel groups and despite being
provided with solar lamps, women and girls still perceived their camps as unsafe places. This
might be especially the case if beneficiaries are provided with particularly expensive solutions
such as the We CARE Solar Suitcase at US$1500 compared with a US$5 d.light A1.
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5.3.4 Livelihoods
There is a lack of research regarding the impact modern energy devices have on the livelihoods
of displaced people. However, there is qualitative evidence that solar lighting helps students
study with evidence from one distribution at the Dadaab camp in Kenya reporting that lamps
increased working and reading hours to six hours (FaIDI, 2013). However, since the research did
not clarify what the initial level of reading was it is not possible to quantify exactly how
effective the intervention was. There is also evidence in the development literature of positive
impacts on education (Esper et al., 2013; Thatcher, 2012). Although this evidence has been
questioned by Furukawa (2014) who found no evidence that children’s learning outcomes
increased when they used a solar lantern. However, Furukawa (2014) noted that this was
possibly caused by complex household dynamics with older siblings or parents claiming priority
use of the light. In a situation where a more powerful light or multiple lights are provided such
as with portable solar systems this issue might be eliminated. Research also suggest that
improved energy access means women and children need to collect less firewood giving them
extra time for other activities (Merieau and Egziabher, 2012). Dynes et al., (2014) also found
that beneficiaries reported going outside the house at night to buy products and for personal
reasons after they received a solar lamp.

5.3.5 Conclusion
There is increasing evidence that the distribution of modern energy devices can have positive
impacts on the health, safety and to some extent the livelihoods of beneficiaries. In particular
handheld solar lights improve at least women’s perception of safety although other measures
such as solar streetlights may be a more effective solution to this issue. Modern energy devices
also in principle reduce the likelihood of fires, burns, poisoning and poor respiratory health
although it is not clear whether beneficiaries will continue using kerosene lanterns after being
given a modern device. Improved access to light also appears to lead to improvements in
children’s ability to study and enables activities after dark for adults although further research
is needed in this area. It is also widely reported that the distribution of solar devices have
positive impacts for the environment although the evidence highlighted in this research
suggests that assumption is questionable. It is without doubt that in-use emissions are much
lower than those associated with kerosene lanterns however because the embodied energy of
modern energy devices is usually much higher than wick kerosene lanterns the overall, life cycle
emissions appear to be higher.
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6.0 Conclusion
The main aim of this research was to understand if modern energy access interventions within
humanitarian relief are an effective way of improving the health, safety and livelihoods of
beneficiaries, while also having wider environmental benefits including, the reduction of CO2
emissions. This section collates the findings of the research and discusses the implications these
findings have for humanitarian relief and the environment. In addition, this section discusses
the limitations of the research and creates proposals for further research and humanitarian
relief practice to enhance understanding and acceleration of the deployment of energy services
to displaced people.

6.1 Findings
The key contribution of this research is a synthesis of the existing evidence from the relatively
small number of examples where energy access interventions have been made within
humanitarian relief and from similar examples in the development literature. This is particularly
relevant as Governments, NGOs, Charities and private sector organisations attempt to ensure
the seventh Sustainable Development Goal of access to affordable, reliable, sustainable and
modern energy for all is achieved by 2030.
The research has identified that up to 60 million people are currently displaced and that energy
access for them is largely uncoordinated or unaccounted for. In addition, the research has
highlighted the increasing trend and links between climate change and the occurrence and
impact of disasters. This evidence demonstrates the need for more environmentally friendly
humanitarian relief to prevent a vicious cycle whereby humanitarian relief contributes to
climate change, causing more disasters, resulting in more displacement and thus the need for
further humanitarian relief.
A review of the guidelines currently available for humanitarian professionals to follow was also
conducted. This found that while some good information is available, it lacks depth and is
missing clear and implementable actions. In particular, the Sphere Standards (The Sphere
Project, 2011) do not clearly state what is meant by ‘safe’ nor ‘sustainable’ and the benefits of
solar panels and efficient LED lighting is only briefly mentioned. However, the Procurement of
Off-grid Lighting Products Guidance published by Lighting Global (2015) is an excellent tool for
ensuring high quality products are procured.
The research has conducted a preliminary analysis of traditional and modern energy devices
with a particular focus on kerosene and solar lanterns. The research found while kerosene
lanterns have the lowest upfront costs the cost of fuel makes them more expensive in the longterm. The research also identified a lack of knowledge regarding kerosene pricing in
humanitarian relief camps. An array of modern energy devices were also reviewed and
examples of where these have been used in humanitarian relief discussed. Importantly the
research has identified a variety of quality products that could be suitable for humanitarian
relief. In addition, the research identified modern energy devices that may provide a most
effective solution to providing energy access within humanitarian relief that need further
investigation.
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Analysis of the environmental impacts of energy access solutions highlighted interesting and
important evidence. In particular the emissions savings figures widely reported as a result of
solar lantern interventions only consider the replacement of in-use emissions and as a result
the embodied energy is not regularly assessed or considered. The research suggests that
modern energy devices have significant life cycle emissions that might be increasing rather than
decreasing atmospheric levels of CO2. However, the research did find modern energy services
help reduce black carbon emissions associated with kerosene fuel combustion which has
significant global warming potential.
There was less evidence regarding wider environmental degradation although it is clear that
humanitarian camps and the area around them commonly suffer from deforestation, land-use
changes, desertification and groundwater degradation. There is some evidence to suggest that
improved energy access utilising modern energy devices reduces illegal firewood collection
although this is not categorical. In addition, there remain unanswered questions around the
disposal of e-waste produced by modern energy devices.
The impact on beneficiary’s health and safety are clear. It is well evidenced that the combustion
of kerosene fuel leads to poor air quality that causes a range of adverse health conditions
including respiratory problems, low birth weight, tuberculosis, cataracts, nasopharyngeal and
laryngeal cancers. In addition, the storage of kerosene can cause poisoning and creates a fire
and burn risk. To some extent this can be mitigated by better camp design and compliance with
fire spacing regulation and the provision of training and child proof kerosene storage vessels
although modern energy devices remove this risk entirely, assuming each modern energy
device does in fact replace a kerosene lantern.
The impact of energy devices on beneficiaries perceptions of SGBV are also clear with evidence
from at least five studies reporting positive effects. It is not entirely clear from the evidence
whether this is a result of personal energy access devices such as solar lanterns or a result of
communal street lighting services. The research also highlighted the complexities of SGBV with
two studies finding that despite interventions beneficiaries either reported not using their
lantern for fear of being spotted by rebel groups or still reported camps as dangerous places.
There is a clear lack of research around the impact energy access interventions have on the
livelihoods of displaced people. In terms of impact on education there is significant evidence in
the development literature to suggest improved lighting services increase child study time. In
two studies within humanitarian relief camps a similar conclusion was drawn. However, it is not
entirely clear whether this results in improved grades.
In terms of income generation there is significant evidence in the development literature to
suggest modern energy devices free up income and allow activities after dark. There is very
limited evidence of this within the humanitarian relief literature with only a single study
reporting that beneficiaries went outside the house at night to buy products and for personal
reasons after they received a solar lamp. In addition, there is some evidence to suggest women
continued collecting firewood despite having a solar lantern to generate extra income.
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6.2 Implications
Humanitarian organisations and professionals are responsible for the wellbeing of displaced
people. This research has highlighted that while there is considerable work to be done
developing energy strategies for displaced people the impacts on beneficiaries are generally
positive. However, the distribution of energy devices could lead to increased levels or CO2
emissions if the most efficient solutions are not implemented. Unless humanitarian
organisations act now to improve the understanding of energy access impacts and develop
more comprehensive industry wide guidelines then it seems unlikely that all displaced people
will have energy access by 2030.

6.3 Limitations
The major limitation of this study is the failure to gather primary data to quantify the impact of
energy access interventions on the health, safety and livelihoods of beneficiaries. This means
there are a number of unanswered questions that need further investigation. While it is
reasonably clear from the evidence that modern energy devices improve health it was not
possible to quantify exactly to what extent improvements would be possible. In addition it was
not possible to clarify whether improvements in perceptions of SGBV actually had an impact on
the occurrence of SGBV and similarly whether solar lanterns only influenced perceptions of
improvements in education of actually increased assessment marks.
There are also limitations in the financial assessments of different energy access interventions.
In particular it was not possible to assess in detail the financial costs for individual products nor
was any assessment made of economies of scale, distribution costs or levels of taxation that
vary depending on the country. Due to a lack of data it was also impossible to assess in detail
the likely cost of kerosene fuel in humanitarian camps. This means that the financial projections
are prone to significant discrepancies but nonetheless act as a useful guide.
The lack of comprehensive life cycle assessments for each energy technology makes it difficult
to fully assess the environmental impact of different approaches. In particular the research
uses only one, limited life cycle assessment to compare the environmental impact of solarbased solutions with kerosene lanterns. This is a useful assessment to demonstrate that
modern energy devices are not the perfect solution but unfairly penalises some technologies
that might have lower life cycle emissions.
It was also not possible to quantify how likely displaced people are to source their own energy
solutions if humanitarian organisations have no energy access strategy for them. This is a
fundamental limitation of the zero energy access scenario. To what extent a zero energy
scenario would be different to the kerosene lantern scenario is not clear as a result.
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6.4 Proposals and Future Research
There a number of answered questions highlighted by this research that could help accelerate
energy access in humanitarian relief if answered. There are also proposals for humanitarian
organisations and professionals to follow when implementing energy technologies. There is
also a lack of data regarding the impacts energy access interventions have within humanitarian
relief and in order to fully understand how important energy access is for beneficiaries each of
these must be understood in more detail.

6.4.1 Future Research
1. Comprehensive life cycle assessments of energy access solutions including kerosene
lanterns, local grid connection, micro-grids and modern energy devices need to be
completed so that a fair assessment of different technologies can be made. In order for this
assessment to be useful it must include the emissions associated with the manufacture and
distribution of each product as well as the in-use emissions. In the case of kerosene lanterns
the extraction, distribution and consumption of kerosene fuel should also be considered.
The assessment should be a cradle-to-cradle assessment so that it includes an assessment
of how easily the product can be recycled or disposed of in the future.
2. A more detailed understanding of energy interventions impacts on SGBV is needed. In
particular a better understanding of whether handheld devices or communal lighting are
most effective. This research would benefit from having a quantitative element to assess
whether energy interventions actually reduces incidences of SGBV or only improve
beneficiary’s perceptions of safety.
3. A better assessment of energy access interventions impacts on livelihoods is also needed. In
particular as quantitative assessment of whether children’s grades improve following the
provision of modern energy services and a qualitative study asking adults how modern
energy services have affected their livelihoods.
4. Research should be conducted to confirm whether the distribution of modern energy
devices results in the replacement of traditional energy sources (i.e. kerosene lanterns and
candles) or whether the modern energy device is used in addition to the traditional energy
source.

6.4.2 Future Research Strategy
A major limitation of this research was the problems associated with the collection of primary
data. A number or recommendations are therefore made to improve any future research
strategy in a similar area.
1. Securing formal agreements between the researcher and any partner organisations carrying
out the surveying to ensure both parties are clear about what is expected and in what time
frame. In addition, engagement with the organisation during the design of the survey.
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2. Where possible, the researcher should undertake any surveying directly although there are
security, financial and resources implications of this approach. Where it is not possible for
the researcher to conduct the interviews then a formal training session could be conducted
to ensure the interviews are delivered in an acceptable format and that the interviewer
understands the scope of the research.
3. Conducting semi-structured interviews with humanitarian professionals and/or displaced
people who have received access to energy. This may help understand some of the wider
complexities, for example, representatives in humanitarian relief camps might be able to
clarify the average cost of kerosene fuel.

6.4.3 Proposals
The four proposals outlined below are design to support an acceleration of access to energy
within humanitarian relief as quickly and efficiently as possible.
1. Guidelines related to the design and provision of energy access interventions should be
improved. In particular guidelines should provide technical guidance on what technologies
are appropriate based on the latest evidence regarding their impact. In time this will lead to
the development of a minimum standard for energy access within humanitarian relief.
2. Humanitarian organisations should engage further with private sector organisations
promoting and accelerating energy access in developing countries to share knowledge and
create partnerships.
3. Where a modern energy access intervention is made, humanitarian organisations should
collect data on the costs and impacts of that intervention and engage with academics to
ensure the evidence is accurate and rigorous.
4. Humanitarian organisations should collect and share data on the use of kerosene for
lighting including average number of lights per household, type of light, amount of kerosene
burnt and information on costs. This would eventually allow a detailed understanding of the
financial and environmental implications.

54

MSc Sustainability and Adaptation

7.0 References
Adger, W.N., Pulhin, J.M., Barnett, J., Dabelko, G.D., Hovelsrud, G.K., Levy, M., Ú. Oswald, S., Vogel, C.H.,
Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L.,
Estrada, Y.O., Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., White,
L.L., 2014. Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral
Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental
Panel of Climate Change. Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA, pp. 755–791.
Allan, N.J.R., 1987. Impact of Afghan Refugees on the Vegetation Resources of Pakistan’s HindukushHimalaya. Mt. Res. Dev. 7, 200–204.
Alstone, P., Lai, P., Mills, E., Jacobson, A., 2014. High Life Cycle Efficacy Explains Fast Energy Payback for
Improved Off-Grid Lighting Systems. J. Ind. Ecol. 18, 722–733.
Amar, A., 2015. Our life in the Zaatari refugee camp: no electricity, no space to sleep, no escape.
Angus, C., N.D. GravityLight Comments. GravityLight.
Asuquo, M.E., Ekpo, R., Ngim, O., Agbor, C., 2008. A Prospective Study of Burn Trauma in Adults at the
University of Calabar Teaching Hospital, Calabar (South Eastern Nigeria). Eplasty 8, e36.
Balnaves, M., Caputi, P., 2001. Introduction to Quantitative Research Methods: An Investigative
Approach. SAGE Publications.
Barefoot Power, 2009. 50 ways to end kerosene lighting.
Bellanca, R., 2014. Sustainable Energy Provision Among Displaced Populations: Policy and Practice.
Chatham House.
Betts, A., Bloom, L., Kaplan, J., Omata, N., 2014. Refugee Economies. Rethinking Popular Assumptions,
Humanitarian Innovation Project,. University of Oxford, Oxford.
Black, R., 2001. Environmental refugees: myth or reality? (Working Paper No. 34). University of Sussex
Falmer, Sussex.
Bodycombe, A., 2008. Hurricane Kerosene Lantern.
Braun, V., Clarke, V., 2013. Successful Qualitative Research: A Practical Guide for Beginners. SAGE
Publications.
Caluag, M., 2015. SunKing Solar Lantern.
Cartwright, N., 1999. The Dappled World: A Study of the Boundaries of Science. Cambridge University
Press.
CCAC, 2014. Scientific Advisory Panel Briefing: Kerosene Lamps & SLCPS. Climate and Clean Air Coalition
to Reduce Short-Lived Climate Pollutants.

Peter Thomas (1338687)

55

MSc Sustainability and Adaptation
CIA, 2015. The World Factbook [WWW Document]. World Factb. URL
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2119rank.html
Denscombe, M., 2007. The good research guide: for small-scale social research projects. Open
University Press.
Dongo, A.E., Irekpita, E.E., Oseghale, L.O., Ogbebor, C.E., Iyamu, C.E., Snr Onuminya, J.E., 2007. A fiveyear review of burn injuries in Irrua. BMC Health Serv. Res. 7, 1–5.
Dynes, M., Tomczyk, B., Rosenthal, M., Hardy, C., Williams, H., Torre, L., Hulland, E., Blanton, C., Rivelli,
F., Miquel, J., Shivshanker, A., Ward, L., Metzner, T., Sami, S., 2014. Evaluation of Handheld Solar Lights
among Displace Populations in Haiti. International Rescue Committee.
Esper, H., London, T., Kanchwala, Y., 2013. Access to Clean Lighting and its Impact on Children: An
Exploration of SolarAid’s SunnyMoney. William Davidson Institute.
FaIDI, 2013. Testing the Acceptability and Suitability of WakaWaka Solar Lamps.
Flick, U., 2014. An Introduction to Qualitative Research. SAGE Publications.
Foley, J.C., Dreyer, N.B., Soule Jr, A.B., Woll, E., 1954. Kerosene Poisoning in Young Children 1. Radiology
62, 817–829.
Franceschi, J., Rothkop, J., Miller, G., 2014. Off-grid Solar {PV} Power for Humanitarian Action: From
Emergency Communications to Refugee Camp Micro-grids. Procedia Eng. 78, 229 – 235.
Friedman, T.L., 2007. The People We Have Been Waiting For. N. Y. Times.
Furukawa, C., 2014. Do Solar Lamps Help Children Study? Contrary Evidence from a Pilot Study in
Uganda. J. Dev. Stud. 50, 319–341.
Furukawa, C., 2012. Health and Safety Benefits of Replacing Kerosene Candles by Solar Lamps: Evidence
from Uganda. Working Paper.
Gavi Alliance, 2012. National Ownership of Innovative Supply Chain Technologies.
Gemenne, F., 2011. Why the numbers don’t add up: A review of estimates and predictions of people
displaced by environmental changes. Migr. Glob. Environ. Change – Rev. Driv. Migr. 21, Supplement 1.
Ghimire, K., 1994. Refugees and Deforestation1. Int. Migr.
Gillham, B., 2000. Developing a Questionnaire, Real world research. Bloomsbury Academic.
Given, L.M., 2008. The SAGE Encyclopedia of Qualitative Research Methods. SAGE Publications.
GOGLA, 2014. Investment and Finance Study for Off-Grid Lighting. Global Off-Grid Lighting Association.
Grant, C., Osanloo, A., 2015. Understanding, selecting, and integrating a theoretical framework in
dissertation research: Developing a “blueprint” for your “house.” Adm. Issues J. Connect. Educ. Pract.
Res. 4, 12–26.
GravityLight, N.D. Gravity Light.
Greetham, B., 2009. How to Write your Undergraduate Dissertation, Palgrave Study Skills. Palgrave
Macmillan.

56

MSc Sustainability and Adaptation
Guha-Sapir, D., Below, R., Hoyois, P., 2015. EM-DAT: International Disaster Database [WWW Document].
EM-DAT Int. Disaster Database. URL EM-DAT: International Disaster Database (accessed 6.1.16).
Guha-Sapir, D., Hoyois, P., Below, R., 2014. Annual Disaster Statistical Review 2014: The numbers and
trends. Centre for Research on the Epidemiology of Disasters (CRED).
Gunning, R., 2014. The Current State of Sustainable Energy Provision for Displaced Populations: An
Analysis. Chatham House.
Haack, S., 1987. Realism. Synthese 73, 275 – 299.
Hagenlocher, M., Lang, S., Tiede, D., 2012. Integrated assessment of the environmental impact of an IDP
camp in Sudan based on very high resolution multi-temporal satellite imagery. Remote Sens. Environ.
126, 27 – 38.
Hannon, M., 2014. Illegal Connection at Zaatari Refugge Camp.
Harman, G., 1997. Pragmatism and reasons for belief, in: Kulp, C.B. (Ed.), Realism/Antirealism and
Epistemology. Rowman and Littlefield.
Hugo, G., 1996. Environmental Concerns and International Migration. Int. Migr. Rev. 30, 105–131.
Hussey, J., Hussey, R., 1997. Business Research: A Practical Guide for Undergraduate and Postgraduate
Students, Macmillan Business. Macmillan Business.
Iarossi, G., 2006. The Power of Survey Design: A User’s Guide for Managing Surveys, Interpreting
Results, and Influencing Respondents, E-Libro. World Bank.
ICRC, 2010. Refugees & Displaced Persons [WWW Document]. Refug. Displac. Pers. URL
https://www.icrc.org/eng/war-and-law/protected-persons/refugees-displaced-persons/overviewdisplaced-protected.htm (accessed 6.1.16).
IDMC, 2014. The Global Overview 2014: People internally displaced by conflict and violence.
IFC, 2010. Solar Lighting for the Base of the Pyramid: Overview of an Emerging Market. International
Finance Corporation.
IFRC, N.D. Types of disasters: Definition of hazard [WWW Document]. Types Disasters Defin. Hazard.
URL http://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/definition-of-hazard/
(accessed 6.1.16).
Internal Displacement Monitoring Centre, 2015. Annual Report 2015. Internal Displacement Monitoring
Centre, Geneva.
IOM, 2014. Pakistan Floods 2012: Emergency Distributions Programme. Solar Lamps Assessment Report
- Phase II. International Organization for Migration.
Jahre, M., Ergun, O., Goentzel, J., 2015. One Size Fits All? Using Standard Global Tools in Humanitarian
Logistics. Procedia Eng. 107, 18 – 26.
Johns Hopkins Bloomberg School of Public Health, IFRC, 2008. Public health guide in emergencies.
International Federation of Red Cross and Red Crescent Societies, Geneva.

Peter Thomas (1338687)

57

MSc Sustainability and Adaptation
Kimemia, D., Vermaak, C., Pachauri, S., Rhodes, B., 2014. Burns, scalds and poisonings from household
energy use in South Africa: Are the energy poor at greater risk? Energy Sustain. Dev. 18, 1 – 8.
Lahn, G., Grafham, O., 2015a. Energy for the Forcibly Displaced. A Submission of the Moving Energy
Initiative to the World Humanitarian Summit. Chatham House.
Lahn, G., Grafham, O., 2015b. Heat, Light and Power for Refugees. Saving Lives, Reducing Costs.
Chatham House.
Lam, N.L., Chen, Y., Weyant, C., Venkataraman, C., Sadavarte, P., Johnson, M.A., Smith, K.R., Brem, B.T.,
Arineitwe, J., Ellis, J.E., Bond, T.C., 2012. Household Light Makes Global Heat: High Black Carbon
Emissions From Kerosene Wick Lamps. Environ. Sci. Technol. 46, 13531–13538.
Lam, N.L., Smith, K.R., Gauthier, A., Bates, M.N., 2012. KEROSENE: A REVIEW OF HOUSEHOLD USES AND
THEIR HAZARDS IN LOW- AND MIDDLE-INCOME COUNTRIES. J. Toxicol. Environ. Health B Crit. Rev. 15,
396–432.
Leiserowitz, A., Maibach, E., Roser-Renouf, C., Hmielowski, J., 2012. Extreme weather, climate &
preparedness in the American mind. Yale Univ. George Mason Univ. N. Hav. CT Yale Proj. Clim. Change
Commun.
Lighting Global, 2015. Procurement of Off-grid Lighting Products – Guidance for Aid Organizations and
Governments.
Lighting Global, 2013. Revision of the Minimum Standards and Performance Targets for Lighting Global,
Lighting Africa, and Lighting Asia. Lighting Global.
Lim, S.S., Vos, T., Flaxman, A.D., Danaei, G., Shibuya, K., Adair-Rohani, H., AlMazroa, M.A., Amann, M.,
Anderson, H.R., Andrews, K.G., Aryee, M., Atkinson, C., Bacchus, L.J., Bahalim, A.N., Balakrishnan, K.,
Balmes, J., Barker-Collo, S., Baxter, A., Bell, M.L., Blore, J.D., Blyth, F., Bonner, C., Borges, G., Bourne, R.,
Boussinesq, M., Brauer, M., Brooks, P., Bruce, N.G., Brunekreef, B., Bryan-Hancock, C., Bucello, C.,
Buchbinder, R., Bull, F., Burnett, R.T., Byers, T.E., Calabria, B., Carapetis, J., Carnahan, E., Chafe, Z.,
Charlson, F., Chen, H., Chen, J.S., Cheng, A.T.-A., Child, J.C., Cohen, A., Colson, K.E., Cowie, B.C., Darby,
S., Darling, S., Davis, A., Degenhardt, L., Dentener, F., Jarlais, D.C.D., Devries, K., Dherani, M., Ding, E.L.,
Dorsey, E.R., Driscoll, T., Edmond, K., Ali, S.E., Engell, R.E., Erwin, P.J., Fahimi, S., Falder, G., Farzadfar, F.,
Ferrari, A., Finucane, M.M., Flaxman, S., Fowkes, F.G.R., Freedman, G., Freeman, M.K., Gakidou, E.,
Ghosh, S., Giovannucci, E., Gmel, G., Graham, K., Grainger, R., Grant, B., Gunnell, D., Gutierrez, H.R., Hall,
W., Hoek, H.W., Hogan, A., III, H.D.H., Hoy, D., Hu, H., Hubbell, B.J., Hutchings, S.J., Ibeanusi, S.E.,
Jacklyn, G.L., Jasrasaria, R., Jonas, J.B., Kan, H., Kanis, J.A., Kassebaum, N., Kawakami, N., Khang, Y.-H.,
Khatibzadeh, S., Khoo, J.-P., Kok, C., Laden, F., Lalloo, R., Lan, Q., Lathlean, T., Leasher, J.L., Leigh, J., Li,
Y., Lin, J.K., Lipshultz, S.E., London, S., Lozano, R., Lu, Y., Mak, J., Malekzadeh, R., Mallinger, L., Marcenes,
W., March, L., Marks, R., Martin, R., McGale, P., McGrath, J., Mehta, S., Memish, Z.A., Mensah, G.A.,
Merriman, T.R., Micha, R., Michaud, C., Mishra, V., Hanafiah, K.M., Mokdad, A.A., Morawska, L.,
Mozaffarian, D., Murphy, T., Naghavi, M., Neal, B., Nelson, P.K., Nolla, J.M., Norman, R., Olives, C., Omer,
S.B., Orchard, J., Osborne, R., Ostro, B., Page, A., Pandey, K.D., Parry, C.D., Passmore, E., Patra, J., Pearce,
N., Pelizzari, P.M., Petzold, M., Phillips, M.R., Pope, D., III, C.A.P., Powles, J., Rao, M., Razavi, H.,
Rehfuess, E.A., Rehm, J.T., Ritz, B., Rivara, F.P., Roberts, T., Robinson, C., Rodriguez-Portales, J.A.,
Romieu, I., Room, R., Rosenfeld, L.C., Roy, A., Rushton, L., Salomon, J.A., Sampson, U., Sanchez-Riera, L.,
Sanman, E., Sapkota, A., Seedat, S., Shi, P., Shield, K., Shivakoti, R., Singh, G.M., Sleet, D.A., Smith, E.,
Smith, K.R., Stapelberg, N.J., Steenland, K., Stöckl, H., Stovner, L.J., Straif, K., Straney, L., Thurston, G.D.,
Tran, J.H., Dingenen, R.V., Donkelaar, A. van, Veerman, J.L., Vijayakumar, L., Weintraub, R., Weissman,
M.M., White, R.A., Whiteford, H., Wiersma, S.T., Wilkinson, J.D., Williams, H.C., Williams, W., Wilson, N.,
Woolf, A.D., Yip, P., Zielinski, J.M., Lopez, A.D., Murray, C.J., Ezzati, M., 2013. A comparative risk
assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21

58

MSc Sustainability and Adaptation
regions, 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. The Lancet 380,
2224 – 2260.
LuminAid, 2015a. LuminAid Give Light.
LuminAid, 2015b. Give Light, Get Light [WWW Document]. URL http://luminaid.com/pages/give-lightget-light (accessed 1.13.16).
McKinsey, K., 2010. World Environment Day: Putting refugee protection first pays dividends for the
environment in Bangladesh [WWW Document]. URL http://www.unhcr.org/4c08eacb6.html (accessed
1.11.16).
Merieau, L., Egziabher, G., 2012. Light Years Ahead: Innovative Technology for Better Refugee
Protection. United Nations High Commission for Refugees, Geneva.
Mills, E., 2016. Identifying and reducing the health and safety impacts of fuel-based lighting. Energy
Sustain. Dev. 30, 39 – 50.
Mills, E., 2003. Technical and Economic Performance Analysis of Kerosene Lamps and Alternative
Approaches to Illumination in Developing Countries. University of California, Berkeley, California.
Morton, M., Levy, J.L., 2011. Challenges in Disaster Data Collection during Recent Disasters. Prehospital
Disaster Med. 26, 196–201.
Moss, T., Pielke, R., Bazilian, M., 2014. Balancing Energy Access and Environmental Goals in
Development Finance: The Case of the OPIC Carbon Cap (Policy Paper No. 038). Center for Global
Development, Washington DC.
Munich RE, 2014. Loss events worldwide 2014 Geographical overview.
Munz, M., Rasoul, S., 2013. Waka Waka Solar Light Field Test Report. Syria – Humanitarian Response
Project 2012-13. International Rescue Committee.
Murray, D., 2015. Wasteways: Thoughts from a pilot survey in Kenya.
Norwegian Refugee Council, 2014. Displacement into urban areas [WWW Document]. Urban Displac.
URL http://www.nrc.no/?aid=9188162 (accessed 1.14.16).
Olaitan, P., Fadiora, S., Agodirin, O., 2007. Burn Injuries in a Young Nigerian Teaching Hospital. Ann.
Burns Fire Disasters 20, 59–61
.
Olawaiye, Y., 2011. Kerosene Adulteration in Nigeria: Causes and Effects. Am. J. Soc. Manag. Sci. 2, 371 –
376.
Osborn, D., Cutter, A., Ullah, F., 2015. Universal Sustainable Development Goals. Understanding the
Transformational Challenge for Developed Countries. Stakeholder Forum.
Peck, M.D., Kruger, G.E., van der Merwe, A.E., Godakumbura, W., Ahuja, R.B., 2008. Burns and fires from
non-electric domestic appliances in low and middle income countries: Part I. The scope of the problem.
Burns 34, 303–311.
Pendleton, L., Karl, T.R., Mills, E., 2013. Economic Growth in the Face of Weather and Climate Extremes:
A Call for Better Data. Eos Trans. Am. Geophys. Union 94, 225–226.

Peter Thomas (1338687)

59

MSc Sustainability and Adaptation
Perkins, D.N., Drisse, M.-N.B., Nxele, T., Sly, P.D., 2014. E-Waste: A Global Hazard. Ann. Glob. Health 80,
286 – 295.
Pokhrel, A.K., Bates, M.N., Verma, S.C., Joshi, H.S., Sreeramareddy, C.T., Smith, K.R., 2010. Tuberculosis
and Indoor Biomass and Kerosene Use in Nepal: A Case–Control Study. Environ. Health Perspect. 118,
558–564.
Quarantelli, E., 1998. What is a disaster?, 1st ed. Routledge, London.
Renovagen, 2015. Roll-Array Multi-Gen.
Riley, P.H., 2014. Affordability for sustainable energy development products. Appl. Energy 132, 308 –
316.
Rorty, R., 1997. Realism, antirealism, and pragmatism: Comments on Alston, Chisholm, Davidson,
Harman, and Searle, in: Kulp, C.B. (Ed.), Realism/Antirealism and Epistemology. Rowman and Littlefield.
Safe Access to Fuel and Energy, 2015. Solar lantern training and distribution in Kiziba refugee camp,
Rwanda [WWW Document]. URL http://www.safefuelandenergy.org/where-wework/project.cfm?p=102 (accessed 1.13.16).
Safe Access to Fuel and Energy, N.D. Livelihoods [WWW Document]. URL
http://www.safefuelandenergy.org/issues/livelihoods.cfm (accessed 1.13.16).
Save the Children, 2013. Unspeakable Crimes against Children: Sexual Violence in Conflict. London.
Scholand, M., 2013. Modelling Methodology for Energy and Financial Savings Potential from Switching
to Solar LED lanterns. United Nations Environment Programme, Paris.
Schwebel, D.C., Swart, D., Simpson, J., Hui, S.A., Hobe, P., 2009. An intervention to reduce kerosenerelated burns and poisonings in low-income South African communities. Health Psychol. 28, 493.
Shipp, M., Annable, K., 2008. Fire safety concerns in refugee camps housing survivors of the 2004
tsunami prompted a recent research project., FRM Journal. BRE Trust.
Shreya, D., 2009. Life Cycle Assessment of Off-Grid Lighting Applications: Kerosene vs. Solar Lanterns.
Massachusetts Institue of Technology, USA.
Smith, K.R., Bruce, N., Balakrishnan, K., Adair-Rohani, H., Balmes, J., Chafe, Z., Dherani, M., Hosgood,
H.D., Mehta, S., Pope, D., Rehfuess, E., 2014. Millions Dead: How Do We Know and What Does It Mean?
Methods Used in the Comparative Risk Assessment of Household Air Pollution. Annu. Rev. Public Health
35, 185–206.
Smith, S., Booth, K., Zalewski, M., 1996. International Theory: Positivism and Beyond. Cambridge
University Press.
Steindl, C., Winding, K., Runge, U., 2008. Occupation and participation in everyday life: Women’s
experiences of an Austrian refugee camp. J. Occup. Sci. 15, 36–42.
Storey, H., 2011. The 1951 Convention relating to the Status of Refugees and its 1967 Protocol: A
Commentary. Int. J. Refug. Law 23, 884–888.
Sumner, A., Tribe, M.A., 2008. International Development Studies: Theories and Methods in Research
and Practice. SAGE Publications.
SunKing, 2015. SunKing Pro 2.

60

MSc Sustainability and Adaptation
Tedsen, E., 2013. Black Carbon Emissions from Kerosene Lamps. Potential for a new CCAC Initiative.
Ecologic Institute, Berlin.
Thatcher, S., 2012. An empirical study into the benefits of relieving energy poverty in the developing
world.
The Sphere Project, 2011. Humanitarian Charter and Minimum Standards in Humanitarian Response.
Tshiamo, W., 2009. Paraffin (kerosene) poisoning in under-five children: A problem of developing
countries. Int. J. Nurs. Pract. 15, 140–144.
UNHCR, 2015a. Mid-Year Trends 2015. United Nations High Commission for Refugees, Geneva.
UNHCR, 2015b. Global Appeal 2015.
UNHCR, 2015c. The Environment and Climate Change. United Nations High Commission for Refugees,
Geneva.
UNHCR, 2014a. World at War: Global Trends Forced Displacemnet in 2014. United Nations High
Commission for Refugees.
UNHCR, 2014b. Policy on Alternatives to Camps.
UNHCR, 2014c. Global Strategy for Safe Access to Fuel and Energy. United Nations High Commission for
Refugees, Geneva.
UNHCR, 2013. Death toll in Thailand refugee camp fire reaches 37; UNHCR aids victims [WWW
Document]. Death Toll Thail. Refug. Camp Fire Reach. 37 UNHCR Aids Vict. URL
http://www.unhcr.org/cgibin/texis/vtx/search?page=search&docid=51517c9e9&query=refugee%20camp%20fire
UNHCR, 2008. Fire razes refugee camp in Nepal; aid rushed to the homeless [WWW Document]. Fire
Razes Refug. Camp Nepal Aid Rushed Homeless. URL http://www.unhcr.org/cgibin/texis/vtx/search?page=search&docid=47cc007c4&query=refugee%20camp%20fire
UNHCR, 2007. Handbook for Emergencies (No. Third Edition). United Nations High Commission for
Refugees, Geneva.
UNHCR, N.D. Solar Power Jordan.
UNHCR, N.D. Solar Power Dadaab.
UNHCR, N.D. Solar Power Gambella.
UNHCR, N.D. ExCom Members and How to Apply [WWW Document]. URL
http://www.unhcr.org/pages/49c3646c89.html (accessed 1.25.16d).
UNICEF, 2015. Education in Emergencies and Post-Crisis Transition [WWW Document]. Basic Educ.
Gend. Equal. URL http://www.unicef.org/education/bege_61685.html (accessed 12.1.16).
UNICEF, N.D. The United Nations Convention on the Rights of the Child (Fact Sheet).
United Nations, 2007. Terminology [WWW Document]. Terminology. URL
http://www.unisdr.org/we/inform/terminology
United States Environmental Protection Agency, 2012. Report to Congress on Black Carbon.

Peter Thomas (1338687)

61

MSc Sustainability and Adaptation
Van Vliet, E.D.S., Asante, K., Jack, D.W., Kinney, P.L., Whyatt, R.M., Chillrud, S.N., Abokyi, L., Zandoh, C.,
Owusu-Agyei, S., 2013. Personal exposures to fine particulate matter and black carbon in households
cooking with biomass fuels in rural Ghana. Environ. Res. 127, 40–48.
Van Wassenhove, L.N., 2005. Humanitarian aid logistics: supply chain management in high gear[dagger].
J Oper Res Soc 57, 475–489.
Verploegen, E., N.D. Solar Lighting Product Comparison [WWW Document]. URL http://dlab.mit.edu/solar-lighting/#database (accessed 1.13.16).
WakaWaka, 2016. Impact Map [WWW Document]. URL http://us.waka-waka.com/impact/ (accessed
1.13.16).
WakaWaka, 2015. WakaWaka Solar Light.
We CARE Solar, 2015. SS with 65watt PowerUp Panel.
We CARE Solar, 2012. 2012 Non-Profit Pricing Sheet.
WMO, 2010. Weather extremes in a changing climate: hindsight on foresight. World Meteorological
Organization.
Womens Refugee Commission, 2014. Safe Access to Fuel and Energy. Womens Refugee Commission.
World Health Organisation, 2014. Household air pollution and health [WWW Document]. URL
http://www.who.int/mediacentre/factsheets/fs292/en/ (accessed 1.25.16).
WRC, 2006a. Finding Trees in the Desert: Firewood Collection and Alternatives in Darfur. Womens
Refugee Commission, New York.
WRC, 2006b. The Perils of Direct Provision: UNHCR’s Response to the Fuel Needs of Bhutaness Refugees
in Nepal. Womens Refugee Commission, New York.
Wu, F., Takaro, T.K., 2007. Childhood Asthma and Environmental Interventions. Environ. Health
Perspect. 115, 971–975.
Yang, S., 2012. Kerosene Lamp.

62

MSc Sustainability and Adaptation

8.0 Appendix
8.1 Appendix 1 - UNHCR Member States
Afghanistan, Algeria, Argentina, Armenia, Australia, Austria, Azerbaijan, Bangladesh, Belarus,
Belgium, Benin, Brazil, Bulgaria, Cameroon, Canada, Chad, Chile, China, Colombia, Congo, Costa
Rica, Côte d'Ivoire, Croatia, Cyprus, Czech Republic, Democratic Republic of the Congo,
Denmark, Djibouti, Ecuador, Egypt, Estonia, Ethiopia, Finland, France, Georgia, Germany,
Ghana, Greece, Guinea, Holy See, Hungary, India, Iran (Islamic Republic of), Ireland, Israel, Italy,
Japan, Jordan, Kenya, Latvia, Lebanon, Lesotho, Luxembourg, Madagascar, Mexico,
Montenegro, Morocco, Mozambique, Namibia, Netherlands, New Zealand, Nicaragua, Nigeria,
Norway, Pakistan, Peru, Philippines, Poland, Portugal, Republic of Korea, Republic of Moldova,
Romania, Russian Federation, Rwanda, Senegal, Serbia, Slovakia, Slovenia, Somalia, South
Africa, Spain, Sudan, Sweden, Switzerland, Thailand, The former Yugoslav Republic of
Macedonia, Togo, Tunisia, Turkey, Turkmenistan, Uganda, United Kingdom, United Republic of
Tanzania, United States of America, Uruguay, Venezuela (Bolivarian Republic of), Yemen,
Zambia
Source: (UNHCR, N.D)
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8.2 Appendix 2 - Procurement of Off-grid Lighting Products
Specification
Category

Details (Specify…)

Lighting
characteristics

•
•
•
•
•

•
•
Mobile phone
charging
Ease of use

•
•
•
•
•
•
•

Size and
packaging

•
•

Distributor
and warranty

•
•

•

•

Number of light points
Type of lighting provided – ambient lighting, task lighting, or a combination
of both
Number of light settings and lumen output (lm) of each light point at each
setting
Correlated color temperature (K) – or more generally, warm white or cool
white lighting
Solar run time (h) – the number of hours that all light points can be run
and provide usable light after being charged over a typical sunny day (a
solar day)
Total lighting service (lm-h) per solar day
The total surface area (m2) that a product can light with an illumination >
50 lux – either while sitting on a surface or hanging 0.75 m above a surface
If mobile charging capability is required and request information on the
types of connections/phones that can be charged
The language of the product manual and what it should contain (easy to
follow photos, pictures, etc.)
A picture of the product and a copy of the product manual to be sent by
email
A sample of the product to be couriered to your procurement office within
a certain number of days
Installation and maintenance should require minimal effort and knowledge
or the product should be maintenance-free
Product indicator lights required – e.g. for battery charging and end of
charge
AC charging where required. Note: very few products available provide
this option
The maximum product size and weight – e.g. if it needs to fit a bucket, or
will be predominantly used by children, etc.
The packaging and delivery requirements – e.g. the type of cartons it
should be packed in and the type of pallets it should be transported in
The delivery time required for a specific quantity from the placement of
the order
A statement from the distributor on their capabilities to handle warranty
issues and after-sales service in the context of the humanitarian crisis, that
includes how a user can access the warranty and the process involved
Additional warranty requirements if the warranty required is greater than
the minimum one year warranty all Lighting Global quality-verified
products must have
The date/s of manufacture of the products

Source: (Lighting Global, 2015)
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8.3 Appendix 3 – Survey
1. How often do you use your solar lamp?
i. Daily
ii. Three times a week
iii. Less than once a week
2. How did the light change your living situation?
i. It didn’t change
ii. Increased safety
iii. Allowed night time movement outside dwelling
iv. Allowed for night time activities within dwelling
3. Which activities have you used the light for?
i. To read or study
ii. Light to walk outside
iii. For cooking
iv. Lighting a room/ tent
v. Light to use the latrines
vi. Charge phone
vii. Other
4. Does the lamp help your children study more?
i. How many hours?
5. Does the lamp allow you complete income-generating activities?
i. How many hours?
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8.4 Appendix 4 – Survey Response
In a Sample of 99 Students surveyed in Kailali, Nepal:
72 were girls, 27 were boys.
27 began studying for the first time, and on average students are studying over 200% more.
All purchasers, and their families, used their portable solar light everyday of the week in various
activities. Many families emphasized its use for studying, for up to 4 hours at a time.
We interviewed the children/teens that used these lamps. Since a lot of your questions are
focused towards adults I will do my best to answer them.
1) How often do you use your solar lamp?
a. Daily – 99 students
b. Three Times a Week - 0
c. Less than once a week – 0
2) How did the light change your living situation?
a. It didn’t change – 0
b. Increased safety – Don’t have an exact number on this, but many girls and
parents expressed their ability to go out at night and use latrines or do
farm/household related activities at night safely.
c. Allowed night time movement outside dwelling – Similar to 2b.
d. Allowed for night time activities within dwelling – Similar to 2b.
3) Which activities have you used the light for?
a. To read or study – 99
b. Light to walk outside – Didn’t survey for this since our post-distribution was
focused on education impact, but I think it’s safe to assume a large majority.
c. For Cooking – From personal experience within the company and being in the
field, this is very common. Once again, wasn’t the focus of the study so I don’t
have an exact number.
d. Lighting a room/ten – Similar to 3c.
e. Light to use the Latrines – See 2b.
f. Charge Phone – I will be able to get back to you on this later, as we’re still
working on inputting the distribution information within our own records.
g. Other – Livestock, Farming, etc.
4) Does the lamp help your children study more?
a. See the summary above.
5) Does the lamp allow you to complete income-generating activities?
a. As noted, we surveyed the students using the lights not the parents. Some
students expressed that their parents used their lights for livestock and farming,
but the lights have been primarily used for studying.
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