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A B S T R A C T   

The issues of forced displacement and energy for sustainable development are convergent: an estimated 90% of 
displaced people globally have no access to electricity, while 85% of refugees are hosted in developing countries. 
However, few tools to plan and design sustainable energy access interventions have been transposed to 
displacement settings. This paper presents a novel framework for the holistic planning of energy projects which 
considers both sustainability aspects and the specificities of displacement settings. The framework is the result of 
a review of literature which aimed to define a “sustainable energy intervention” in displacement contexts and an 
assessment of relevant planning tools against this definition. The framework includes the use of an energy de-
livery model toolkit, an inclusive design approach, an assessment of the desired impacts, energy system 
modelling, business model design, and an assessment of economic viability. We apply the framework in the 
design of a solar mini grid of Holl Holl refugee camp in Djibouti, in which a sustainable intervention and business 
model are proposed that could be compatible with the local conditions. We highlight issues that arise from the 
humanitarian sector status quo and propose that this framework could help to enhance sustainable energy 
practices in the humanitarian and development sectors.   

1. Introduction 

Sustainable energy access interventions are usually associated with 
both economic growth and social development. Affordable, sustainable, 
reliable and modern energy – the focus of Sustainable Development Goal 
7 (SDG 7) – can act as an “engine” to directly influence productivity, 
income, and health, and can advance gender equality, education, and 
access to other infrastructure services [1]. Moreover, a recent study 
shows that SDG 7 cannot be achieved in isolation from other sectors due 
to its links with well-being, infrastructure and the environment [2]. 
Indeed, Fuso Nerini et al. [2] found that all SDGs and around two-thirds 
of the targets require action to change energy systems, including efforts 
to address climate change, reduce deaths from pollution, and end certain 
human rights abuses. Parameterising access to energy in terms of its two 
main components – energy for cooking, and electricity for lighting, 
powering appliances, and other services – highlights the scale of the 
challenge in achieving SDG 7 by 2030. Over 2.6 billion people rely on 

solid biomass, kerosene or other polluting and unsustainable fuels for 
cooking; the associated air pollution, mostly from cooking smoke, is 
linked to an estimated 2.5 million excess deaths annually [3]. Mean-
while around 770 million people globally still lack access to electricity 
[3], despite the socio-economic benefits it could bring. 

Improving the rates of energy access will be a critical component of 
achieving SDG 7, and planning and designing interventions to support 
this will require a comprehensive understanding of the local energy 
needs and informed choices of technology [4]. Hiremath et al. [5] state 
that, as part of this planning and designing process, one must identify 
the sources and methods for providing energy so as to meet all of the 
energy requirements or demands of each task in an optimal manner. As 
illustrated by the term “optimal”, electrification analysis and planning 
have most commonly relied on techno-economic methods that consider 
only engineering and economic criteria [6]. These approaches have been 
referred to as “utilitarian” by Tarekegne [4], as they exclude factors 
which are not easily quantifiable. Moreover, they neglect human- 
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centred concerns [7], which can create poorly designed infrastructure 
which will have a scale or form (or both) that do not suit the social or 
cultural requirements of the end users [4]. It is therefore important to go 
beyond technical and economic measures when designing energy sys-
tems which meet the needs and priorities of its users. 

The lack of consideration for local knowledge by institutions and 
experts has often been observed in the field of development [8–10] and 
this trend might be even more pronounced when it comes to displaced 
populations, such as refugees and internally displaced people, as sug-
gested by Malkki [11]. The issues of displacement and energy for sus-
tainable development are convergent: an estimated 90% of people living 
in displacement settings globally have no access to electricity [12], 
while four out of five displaced people are hosted in developing coun-
tries [13]. Displaced people living in camp situations often have levels of 
energy access comparable, or lower, than the nearby host communities 
with little or no access to electricity services for domestic or productive 
uses [14] and high reliance on traditional biomass for cooking, which 
can lead to conflicts among local populations over scarce resources [12]. 
Historically displacement situations have received little policy support 
from host governments which has limited the potential for large-scale 
change, while humanitarian agencies have often lacked the resources 
or institutional frameworks to deliver dedicated and long-term energy 
access projects [12,15]. Recently, however, this has begun to change. 

Taking into account the overarching principle of the 2030 Agenda for 
Sustainable Development from the United Nations - “Leave no one 
behind” - and SDG 7, it is viewed as unacceptable by many energy access 
initiatives that most humanitarian organisations, with a protection 
mandate for refugees and internally displaced populations, do not 
currently provide basic energy services to displaced households [16]. 
With the vision to deliver SDG 7 for all displaced people by 2030, the 
Global Platform for Action on Sustainable Energy in Displacement Set-
tings (GPA), hosted at the United Nations Institute for Training and 
Research (UNITAR) [17], was established in 2018 (formerly Global Plan 
of Action for Sustainable Energy in Situations of Displacement, renamed in 
2021). This illustrates the emergence of energy as an increasingly 
prominent issue in the humanitarian sector; even though energy still 
lacks a formal administrating organisation and structure within the 
existing humanitarian cluster system [18] relevant actors are increas-
ingly focused on how SDG 7 can be met in such displacement contexts. 

Energy access in displacement settings is a cross-sectoral and critical 
issue, and the implementation of energy solutions is therefore required 
to deliver efficient and effective humanitarian assistance. Evidence 
shows that a shift from the current use of polluting diesel generators to 
cleaner, safer and more efficient technologies would not only reduce the 
costs to humanitarian organisations, but also reduce the health risks for 
displaced populations and reduce the environmental impacts [12]. 
Meanwhile, the Intergovernmental Panel on Climate Change (IPCC) 
recognises that climate change is likely to increase the numbers of dis-
placed people and amplify the economic and social impacts which drive 
conflict and poverty over the coming century [19]. Furthermore, people 
living in displacement contexts are particularly vulnerable to the effects 
of climate change [19] and these can exacerbate tensions with the local 
communities who host them. The “do no harm” principle underlying 
humanitarian action [18], to avoid further damage or suffering as a 
result of its intervention, should therefore extend to the minimisation of 
its environmental harm and the climate-related impacts of energy 
provision. 

Planning energy interventions in displacement settings is a complex 
exercise that requires careful consideration of the challenges specific to 
displacement settings, such as the political and legal frameworks in 
place locally, as policies and regulatory regimes can result in favouritism 
towards certain energy technologies [20]. For example, the enabling 
environment (including rights for refugees to work and the relationship 
with host communities), the supporting services (including access to 
finance and capacity building) and the socio-cultural context (including 
customary practices and local awareness) will greatly influence the way 

an energy system will be designed to deliver services [21]. Not only will 
the techno-economic aspects be affected, but also the business and 
ownership models of the system will be determined to some extent by 
these contributory external factors. The inclusion of the private sector to 
offer market-based solutions is advocated by development and human-
itarian organisations, policy makers and academics [15], yet there is no 
clear guidance on how it should be integrated in the planning and design 
phase of an energy intervention. While tools have been developed to 
overcome some of the particular issues presented above in the scope of 
rural electrification in developing countries, few of them have been 
transposed to displacement settings which have their own specificities 
that must be considered. In this regard, it becomes imperative to plan 
and design energy interventions through a framework that addresses the 
complexities of displacement settings more systemically. 

In light of these issues and arguments, this paper aims to reconcile, in 
the form of a framework, the two main elements that are key for plan-
ning and designing sustainable energy interventions in displacement 
settings. The first element consists of the holistic approach required to 
consider all of the key sustainability aspects of energy interventions 
(namely the social-cultural, environmental, political-legal, business 
model, economic and technological aspects described later) in the 
planning and design phase. The second element consists of the inte-
gration of the specificities of displacement settings that have an influ-
ence on the planning and design of energy interventions, and the 
supporting activities necessary for their successful implementation. This 
paper sheds light on how existing planning and design tools can be 
combined to form synergies, in order to address the sustainability 
challenges linked to energy systems planning and design in humani-
tarian context. We demonstrate how a systematic, coherent and 
comprehensive approach – such as the new one presented in our 
framework – can potentially contribute to reducing the risk of over-
looking important factors, which might compromise the sustainability, 
implementation and adoption of the energy interventions. In Section 2 
we present a literature summary of sustainability and energy in-
terventions in displacement settings to contextualise this research and 
previous work in this field, and in Section 3 we describe the methods 
used to develop the framework and its application to a case study. In 
Section 4 we present a summary of the literature specific to planning and 
design tools for sustainable energy interventions, and outline the 
framework and present its development. In Section 5, we present the 
results of the application of the framework in theory to the case study of 
a solar mini grid in Holl Holl refugee camp, in Djibouti. In Section 6, we 
discuss the opportunities to apply this approach in other contexts and 
the main recommendations, while Section 7 summarises the conclusions 
of this paper. 

2. Literature summary of sustainable energy interventions in 
displacement settings 

2.1. Defining the sustainability of an energy intervention 

The sustainability of an energy intervention can be understood in 
two ways. The first is by its impact on the system it exists within: the 
sustainability of the energy source is “a dynamic harmony between the 
equitable availability of energy-intensive goods and services to all 
people and preservation of the earth for future generations” as per the 
definition of Tester et al. [22,p. 5]. The second is by its longevity, with 
the sustainability assessing the long-term viability beyond the involve-
ment of the project leaders, investors or donors, and its continuation 
despite technological changes [23]. These definitions can both be 
considered in terms of dimensions of sustainability. For example Bhat-
tacharyya [24] suggests five dimensions for an energy access pro-
gramme or project: technical, economic, social/ethical, environmental, and 
institutional (the latter referring to the local provision and management, 
ownership, staffing and monitoring). Sovacool [25] meanwhile, states 
that effective energy programmes consider political, institutional, social, 
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and cultural needs in addition to economic and financial ones. 
Many authors argue that several aspects of sustainability should be 

addressed but, in their findings, there is a greater focus on technical and 
quantitative factors at the expense of more qualitative socio-cultural or 
institutional factors. Miller et al. [26] argues that, in mid-scale projects, 
energy supply is almost exclusively the focus, leaving aside the socio- 
technical considerations which must be in place to turn this supply 
into energy services that deliver social benefits. Cloke [27] lays out that 
a top-down paradigm based on finance and technology cannot produce 
an understanding of which good practices will work in each circum-
stance and what other innovations might be required to support them. 
Similarly, Alfaro and Miller [28] state that ultimately economic and 
technical metrics should be accompanied by a more complex analytical 
process that accounts for cultural, social, and economic preferences. Cloke 
[27,p. 264–265] summarises the need for a holistic consideration of the 
range of factors: “understanding of the different technological, social, 
cultural, economic, political, regulatory, research and organisational ar-
rangements… forms the basis of an energy systems literacy valuable to 
project implementers”. These authors stress the importance of consid-
ering the multifaceted nature of sustainability, and endeavour to high-
light the need to earnestly consider aspects beyond those which are 
straightforward to quantify. 

The barriers to increased use of modern energy services among the 
world's poorest people, as well as the interventions that might overcome 
them, have also been categorised in the literature in terms of these as-
pects of sustainability. Watson et al. [29] reviewed 41 papers to syn-
thesise their findings according to economic (both demand and supply 
sides), technical, political and institutional factors, and cultural/social 
barriers. Another piece from Akinyele et al. [30] presents a model which 
critically evaluates the failure factors based on the social, technical, 
economic, environmental and policy (STEEP) perspectives. Attempts to 
model the relationships between the social, technical, environmental and 
economic aspects of an energy system, such as Toba and Seck [31], 
suggest that the understanding of these aspects are influential and 
important for its planning, design, and ultimately the success of its 
implementation. Despite this the sustainability of the business model, 
which could capture these considerations, is rarely specifically cited as a 
standalone element critical for its success (or a reason for its failure) in 
the literature. Instead, this aspect is usually blended into the economic, 
political, legal, policy and/or institutional considerations, or divided 
among them. Wüstenhagen and Boehnke [32] support that innovative 
business models present a potential opportunity to overcome the main 
barriers for the diffusion of sustainable energy technologies. Yet, the 
lack of partnerships and viable business models prevents the scale up of 
technological innovations, especially for the bottom of the pyramid 
population [33]. For instance, it is often the case that even though the 
technology of an energy intervention is working, the absence of the 
necessary structure for maintenance, financing and continued operation 
– which could be synthesised in a sustainable business model – is an issue 
[34]. Successfully determining the continued value of an energy inter-
vention, such as by using a sustainable business model, can increase 
positive feedback that enables them to provide greater value to their end 
users over time, rather than declining and leaving the community in 
poverty [26]. The business model itself is therefore a valuable and 
necessary consideration in evaluating the sustainability of an energy 
intervention. 

The literature stresses the importance of understanding, considering 
and accommodating different aspects of sustainability in energy inter-
vention planning and design. Based on this, we therefore consider a 
“sustainable energy intervention” as one which is: 

- socially and culturally conscious of local practices, values and pref-
erences, and including all key stakeholders in the co-design of the 
intervention (i.e. participatory and inclusive); 

- robust, durable and environmentally sound (i.e. uses sustainable en-
ergy sources);  

- compatible with the political and legal environment, including the 
formal policies and legal frameworks and existing institutional 
infrastructure;  

- viable in terms of both the business model and overall economics, with 
self-sustaining revenues over time and an attractive return on in-
vestment, while solving a community need (e.g. following a social 
enterprise's mission); 

- technologically adapted to the energy needs and the local environ-
ment and knowledge, while also technically feasible and optimised 
according to energy demand. 

These six aspects (italicised) are the criteria against which we eval-
uate sustainability throughout this paper. 

2.2. Centralised versus decentralised energy systems 

Energy interventions which aim to increase electricity access, 
particularly in rural and remote areas of developing countries, can be 
broadly characterised into those which extend the existing centralised 
electricity network to new areas and communities and those which 
involve independently-operating decentralised systems [35]. The 
former, implemented via centralised electricity network planning, has 
typically been followed by countries trying to rapidly enhance elec-
tricity access but could be a contributor to the present deficit in elec-
tricity access, as it necessitates significant upfront infrastructure 
investments in order to take advantage of economies of scale at utility- 
scale coal, natural gas, nuclear, or hydroelectric power plants [36]. 
However, planners of centralised electricity systems and the extension of 
national grid networks often overlook or do not accommodate the needs 
of rural and remote areas and poor communities, for example owing to 
comparatively low demand by the users or relatively high costs to the 
installers, and has led to negative environmental impacts from fossil fuel 
consumption and forest degradation [5]. The centralisation and the 
reliance on fossil fuels can result in high costs of electricity and green-
house gas (GHGs) emissions, which raises concerns about climate 
change and health hazards. It has therefore become critical to find 
alternative systems of power generation and distribution [37]. 

Decentralised electricity systems, and the growing number in recent 
years that are mostly based on available renewable energy sources, offer 
a solution for remote locations by generating power closer to the de-
mand site. While they usually operate at smaller scales than central 
utility plants, these systems can supply electricity in a more reliable and 
environmentally friendly way to remote communities [37]. A decen-
tralised approach often makes the systems which rely on local renewable 
sources a more suitable intervention for rural electrification, compared 
to fossil fuel and grid extension alternatives, especially in rural and 
remote areas of developing countries where extending the national grid 
network would be prohibitively expensive. Furthermore, a connection to 
the national grid may be technically possible but not legally permitted 
owing to government policy or regulatory restrictions. In some countries 
this, explicitly or implicitly, precludes residents of refugee camps and 
other displacement settings from connecting to the national grid as the 
supposedly temporary nature of their situation would not allow them to 
access to a solution that is perceived as permanent [38] Depending on 
the specific nature of each displacement setting, decentralised systems 
may therefore be the most cost-effective, and in some cases only, option 
for electrification. 

2.3. The state of energy access in displacement settings 

The issue of energy access in emergency situations has been gradu-
ally included in the global humanitarian response since the beginning of 
the 21st century [21]. The recognition of the importance of the envi-
ronmental protection agenda by humanitarian agencies has allowed the 
energy topic to be considered. This has been supported by energy issues 
also being addressed through the focus on beneficiaries' well-being and 
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protection concerns [21]. The first publication raising awareness on 
energy issues related to camp set-up and the harmful overuse of fire-
wood for cooking dates from 1995 [39] and the recommendations 
highlighted in the article — including early planning for energy needs, 
fuel availability assessments, energy conservation (lids, wood drying 
and heat-storage cookers), stoves and reforestation — remain relevant to 
this day. 

At the end of 2020, there was an estimated 82.4 million forcibly 
displaced people worldwide as a result of persecution, conflict, violence, 
human rights violations and events seriously disturbing public order 
[40]. Refugees represented 26.4 million people [40] and 55 million were 
internally displaced people across the world, 48 million as a result of 
conflict and violence, and 7 million as a result of disasters [41]. Today, 
more than 60% of all refugees and 80% of all internally displaced 
populations (IDPs) are living in urban areas, while 30% of all refugees 
live in rural camps [42]. Developing countries host the majority of the 
forcibly displaced populations (four out of five people [13]) who usually 
have similar, or worse, access to energy as their host communities. 
Moreover, displaced populations caught in protracted crises are often 
excluded from national energy development strategies and activities, 
despite the fact that the potential benefits of including them are high-
lighted in the nascent literature on humanitarian energy [15]. 

The amount of data on the level of energy access in displacement 
settings is extremely limited [18]. However, global estimates indicate 
that 80% of the refugees and displaced people in camps have absolutely 
minimal access to energy, with high dependence on traditional biomass 
for cooking and no access to electricity [12]. Moreover, it is estimated 
that 89% of displaced populations hosted in refugee camps have access 
to only the most basic forms of lighting (such as candles, kerosene lamps, 
or nothing at all [12]) and as many as 7 million displaced people in 
camps have access to electricity for less than 4 h [43]. The utilisation of 
natural resources, such as firewood, agricultural land, water sources, 
and animals, by displaced populations can impact both the relationships 
they have with the host communities as well as the environment. Ex-
amples of tensions arising from deforestation and competition over 
scarce resources can affect the relations of refugees and their hosts: some 
recent concerns about the increasingly violent nature of refugee-host 
coexistence were highlighted in Uganda [44], and more specifically 
explored by Miller and Ulfstjerne in the case study of the Rhino Camp 
[16]. Finally, the increase in demand ensuing the creation of settlements 
for displaced population can not only create negative social and envi-
ronmental impacts, but also additional waste that can also be a threat to 
human health [45]. 

Several international initiatives aim to address energy needs in 
displacement settings, both by providing local energy solutions as well 
as setting a common operational framework for the sector to transition 
to cleaner energy solutions [38]. Some examples of global sectoral ini-
tiatives are the Moving Energy Initiative [46], the UNITAR-led Global 
Platform for Action on Sustainable Energy in Displacement Settings 
(GPA) [17], or the UNHCR Global Strategy for Sustainable Energy [47] 
and its Clean Energy Challenge [48]. The Renewable Energy for Refu-
gees (RE4R) Project from Practical Action, funded by the IKEA Foun-
dation, and implemented in Rwanda and Jordan between 2017 and 
2022 is one example of local initiatives to improve the health, wellbeing 
and security in camps and host communities through access to sustain-
able energy. Another large-scale project called Enter Energy was 
announced by Shell in 2019 to support energy access for refugees and 
displaced people and their host communities in Mozambique and 
Ethiopia, among other countries [49]. These recent examples highlight 
the emerging prominence of the need to address energy issues in 
displacement settings, but thus far the levels of support afforded to it lag 
behind the large and growing needs. 

2.4. The specificities of planning and designing energy interventions in 
displacement settings 

Even though providing energy in displacement settings is complex 
and challenging, it is a key facilitator for delivering primary humani-
tarian responses in an efficient manner [18]. For instance, energy is 
required to pump and purify water for drinking and cooking, which is 
linked to the water, sanitation and hygiene (WASH) response area [50]; 
energy is also vital for food security through preparation and preser-
vation, and as a means to generate income as a livelihood strategy [50]. 
Moreover, sustainable energy sources can mitigate the need for fuel-
wood collection in remote and unsafe locations, especially by women 
and girls [51]. Lighting is also beneficial for livelihood activities during 
dark hours as well as for protection from sexual and gender-based 
violence (SGBV) and animal attacks [52]. Finally, electricity and fuel 
are required for logistical support, from the transport and delivery of 
basic goods to the provision of healthcare and communications [18]. 

Despite energy being a fundamental enabler for these core humani-
tarian functions, many institutional and organisational challenges stifle 
its integration into operational planning. The short-term annual 
budgetary cycle of humanitarian response prevents long-term invest-
ment in energy infrastructure, whose payback periods are usually 
several years, rather than just the one offered by typical humanitarian 
planning horizons [15]. Displacement settings are also perceived as 
risky for investment and operation by the private sector, which could 
offer more flexibility for long-term financing to help overcome short- 
term budget cycles [53], and this is exacerbated by a lack of enabling 
policies or regulatory clarity which inhibit its engagement in delivering 
energy services [53]. 

Another barrier for the inclusion of energy in humanitarian pro-
gramming lies in the fact that energy is not represented as a specific 
cluster within the humanitarian response [54]. This results in shared but 
often uncoordinated responsibility for energy supply infrastructure and 
fuel among humanitarian partners and ultimately a lack of account-
ability [18]. Projects which focus on just one area of energy access may 
leave other needs being unmet, unless specific additional attention is 
given to them: providing electricity access in households would likely 
not address issues relating to cooking unless, for example, electric 
cookers were also successfully supported. Additional consideration of 
potential future uses of energy, for example electricity for electric 
vehicle charging for the use of humanitarian organisations, are also 
unlikely to be met under projects which focus on specific or short-term 
goals. 

The humanitarian sector is currently relying on electricity practices 
to power their infrastructure that are costly, environmentally harmful 
and ineffective in meeting the needs of displaced people [17]. A recent 
survey conducted by the GPA Coordination Unit highlights that, based 
on feedback from six United Nations organisations and the International 
Committee of the Red Cross (ICRC), there are currently more than 
11,000 generators in use in humanitarian settings around the world 
[55]. The initial conservative estimates are that humanitarian agencies 
spend more than USD 100 million on petroleum fuel per year, emitting 
approximately 200,000 t of CO2 [55]. In addition, it was evaluated that a 
total investment of around USD 250 million would be necessary to 
solarise viable systems, which could save around USD 70 million in fuel 
costs and around 125,000 t of CO2 per year [55]. The use of diesel 
generators is mainly mainstreamed for humanitarian agencies in off-grid 
areas and places where the grid is unreliable, whereas electricity prod-
ucts and services for displaced communities themselves are often pro-
vided for free through distribution. The latter reinforces the dependency 
of displaced populations on continuous aid [52] and can disrupt existing 
livelihoods and markets [56]. Recently, a nascent shift from an aid- 
based to a market-based approach has been observed in regard to en-
ergy access through private sector delivery, benefiting both refugees in 
camps and their host community [52]. A similar trend has been noted 
regarding inclusive programming in which displaced people and host 
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communities are actively involved in the development, design, imple-
mentation and evaluation of the energy intervention [54], as opposed to 
a top-down approach. 

These emerging trends suggest that there is an indisputable need to 
address the issue and find better solutions that reconcile the socio-cul-
tural, environmental, political, legal, business model, economic, and tech-
nological aspects of sustainable energy interventions in these contexts. 
Energy needs can be assessed and subsequently addressed through 
specific technological energy solutions, and their expected technical 
performance, yet it is challenging to navigate the complexities and di-
mensions of the planning and design stages of projects and programmes 
in displacement settings. Recent case studies on energy in displacement 
settings (mostly refugee camps) [38,57–60] have partially addressed 
some of these issues, but more work is necessary to explore these issues 
fully. To date, no comprehensive framework has been suggested to 
provide such guidance. We therefore present a methodological approach 
to consider the six sustainability aspects, which aims to integrate the 
specific considerations that are particular to humanitarian aid and 
decrease the risk of failures of the interventions. We suggest a holistic 
framework that recommends an inclusive approach, a definition of the 
cross-sectoral benefits, a techno-economic and environmental assessment 
of the energy system, a sustainable business model design, and an eval-
uation of the long-term viability of the intervention from the private 
sector's perspective. 

3. Methods 

3.1. Methods to develop the framework 

This paper presents a framework developed by reviewing the liter-
ature related to the planning and design of energy interventions (Section 
4.1), identifying the limitations of different tools and methods presented 
in it, and highlighting their respective complementarities and synergies. 
This literature review encompassed the tools to implement inclusive and 
participatory design approaches, to assess the potential impacts and 
transformative changes within communities, to design sustainable 
business models, to evaluate the economic viability and to design 
optimal renewable or hybrid off-grid or on-grid electricity systems. We 
considered tools presented in academic and practitioner literature that 
were not limited to only those used in displacement settings or devel-
oping countries, or for planning and designing energy interventions, but 
more general project design, management, and modelling tools. No 
relevant materials were explicitly excluded. Particular attention, how-
ever, was given to those that have been used and recommended for the 
Global South and/or refugee camps. 

From this review of the literature, the key questions that the planner 
or designer should address were identified in the light of the six sus-
tainability aspects. In addition, we evaluated the aims and outcomes of 
each tool to identify its contributions to the planning and design of 
sustainable energy access intervention, and then the step in the overall 
process in which each it is used. Then, we assessed the limitations in 
scope of each tool as applied to the six aspects. Finally, we identified the 
complementarities and synergies from the combination of tools in order 
to propose a holistic framework. 

3.2. Methods for applying the framework to the case study 

In this subsection we outline the methods used to apply the frame-
work, presented in Section 4.2, to the case study of the solar mini grid in 
Holl Holl refugee camp in Djibouti, the results of which are presented in 
Section 5. 

In a first instance, a literature review specific to sustainable energy 
and energy interventions in Djibouti was conducted in order to con-
textualise the research and acquire an understanding of the relevant 
topics, as well as to be aware of previous studies in the field. Then, the 
application of the framework consisted of a mixed-methods approach 

using a combination of qualitative and quantitative analyses. Due to the 
COVID-19 global pandemic, it was not possible to conduct a field trip to 
Holl Holl refugee camp in Djibouti to collect primary data in the form of 
household surveys and key informant interviews, as initially planned. 
While it was not feasible, it is key to stress that ideally this kind of direct 
engagement under more regular favourable circumstances is of the 
highest importance to favour an inclusive approach, which is unfortu-
nately frequently overlooked or done only superficially. However, the 
results of an assessment conducted by one of the main project partners, 
SELCO Foundation, were shared. It provided an overview of the needs in 
the three refugee camps of Djibouti, including Holl Holl, based on short 
field visits allowing for observations and some interviews of key in-
formants. As a complement, semi-structured interviews of different local 
stakeholders - mostly humanitarian organisations - were performed, 
recorded and analysed using a rapid thematic/domain qualitative 
analysis to inform the research and collect secondary qualitative data 
(see Section A in Supplementary materials for more details). The liter-
ature review and desk research combined with the interviews of the key 
stakeholders enabled us to define the mandates, missions and priorities 
of the different organisations and community groups in the scope of the 
intervention. 

To complete the data collection, an extensive review of the existing 
reports, both public and internal, from humanitarian organisations, 
development actors and international organisations active in displace-
ment settings and rural areas in Djibouti was undertaken. Then, sec-
ondary quantitative data were obtained from a number of different 
open-source databases and previous mini grid studies. These data 
allowed us to estimate the energy demand of the institutional and 
business uses in the refugee camp. Some were also used as inputs for the 
technical, financial and environmental modelling of the solar mini grid. 
The lack of primary data on the electricity demand in the case of Holl 
Holl refugee camp resulted in the need to estimate the load profile 
necessary as an input to the energy modelling software. It was chosen to 
follow the method suggested by Sacino et al. [61], Sacino [62] and Ziade 
[63] (see Section B in Supplementary information for further details). In 
addition, the pros and cons of each type of mini grid ownership models 
were weighed by using guidance from the literature [64–68]. Finally, 
recommendations and best practices from the literature specific to 
displacement settings [69–71] were used to inform the choice of 
ownership model. 

4. Development and presentation of the framework 

4.1. Review of the tools for the planning and design of a sustainable 
energy intervention 

Project planning, in its essence, is a way to reduce risk exposure [72]. 
Moreover, the sustainability of an energy intervention is in the first 
instance influenced by the degree to which the social-cultural, environ-
mental, political-legal, business model, economic and technical aspects are 
considered during its planning and design phases. Incorporating these 
sustainability considerations during these phases should therefore allow 
for better risk management and reduce the likelihood of failure. 

Planning and designing a sustainable energy intervention consist of 
several key steps. One of the preliminary and central activities is to 
conduct an energy needs assessment in order to collect data about cur-
rent energy access, expenditures, and aspirational energy needs [73]. 
Existing toolkits have been developed, such as those from D-Lab at the 
Massachusetts Institute of Technology [74] or SELCO Foundation [75]. 
These assessments provide fundamental inputs for the energy system 
and business model design, as well as for the identification of the sup-
porting activities required to create an enabling environment for the 
success of the intervention. They also are a way to capture the opinions 
and suggestions of the local authorities and the community targeted by 
the intervention to promote a bottom-up approach and lay the founda-
tions for a participatory and inclusive project design [73]. Participatory 
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and inclusive approaches are based on the assumption that common 
decision making and engaging with stakeholders allows for a sense of 
ownership and empowerment, which enables more sustainable social 
impact [7]. Several methods, tools and frameworks can be found in the 
literature regarding rural energy planning practices for development 
and for humanitarian planning. A common approach consists in map-
ping the influence and relationships of the stakeholders as well as their 
interests and importance [76,77]. 

As a complement to the energy needs assessment, the framework for 
Sustainable Energy Access Planning (SEAP) developed by the Asian 
Development Bank suggests a benefit assessment to evaluate the positive 
impacts associated with energy access at the micro and macro levels 
[78]. A common model used in the non-profit sector to map out such 
benefits is the programme theory (also called Theory of Change or ToC) 
which describes the inputs, activities, outcomes and impacts of an 
intervention in contribution to meeting its overall goals [79]. The 
development of visual depictions was led by United Way and the W.K. 
Kellogg Foundation in the late 1990s and resulted in the Logic Model 
Canvas, also referred as the Impact Canvas [80]. Today, the Impact 
Canvas is used as part of the methodology of some research centres 
focused on sustainable solutions for humanitarian contexts, such as the 
EPFL EssentialTech Centre [81]. 

Another key step of the planning and design phase is the modelling of 
the energy system. Based on the choice of technology, the energy (or 
specifically electricity, as is more common when using numerical 
modelling for community-scale systems) demand and the desired im-
pacts, the system can be designed using software to computationally 
model its expected performance. Several tools are available to simulate 
and optimise both on and off-grid power systems. HOMER is one such 
software and is among the most popular commercial tools for mini grid 
system design. An alternative open-source software, called CLOVER, was 
developed by the Grantham Institute at Imperial College London to 
simulate and optimise mini grid systems [82–85] and provides flexibility 
to the user via its editable code to meet specific design requirements. It 
can account for potential future growth in the electricity demand or 
expansion of the system capacity, as well as the GHG emissions linked to 
the embodied energy of the technologies. These two features are of key 
interest when modelling sustainable energy interventions – for example 
solar mini grids – as they capture the need for long-term viability and the 
environmental aspect. 

Once the technical, environmental and economic characteristics of the 
optimal energy systems are defined, the next step is to design a business 
model that is aligned with the sustainability objectives of the interven-
tion. Generic business models are usually built with the help of the 
Business Model Canvas which is a visual chart with the four pillars that 
describe a company's product or service, customers, infrastructure and 
finances [86]. As an alternative, the Social Business Model Canvas (SBMC) 
is an adaptation of the Business Model Canvas from Osterwalder et al. 
[86] and has been revised to reflect the sustainability factors of a venture 
or project that aims to solve a social issue in low or middle-income 
countries [87]. In summary, the SBMC is divided into three parts. The 
top segment enables the social enterprise to define their social business 
strategy, mission and values, as well as their intended impact and 
identification of the beneficiaries. The middle segment is concerned 
with the business operations and revenue generation aspects. While the 
bottom part provides an overview of the performance of the organisa-
tion with respect to economic, environmental and social aspects, some-
times referred to as the Triple Bottom Line [88]. 

Finally, ensuring the economic viability of the energy intervention in 
the light of the energy system design and business model is an essential 
step. A simple and common approach is to carry out a Profit and Loss 
(P&L) analysis, where capital expenditures (CAPEX) and operational 
expenditures (OPEX) are forecasted and compared to the expected 
savings from the project or programme, or most likely the revenues from 
the business. 

4.2. Designing the holistic framework 

4.2.1. Identification of the steps, key questions, and tools for the framework 
The first outcome of this literature review was the identification of 

five distinct steps necessary for planning a sustainable energy inter-
vention: “Inclusive design approach”; “Assessment of the desired im-
pacts”; “Energy system modelling”; “Business model design”; and 
“Economic viability assessment”. As part of this mapping, we also 
identified and summarised the key questions from the literature which 
are addressed in each step of the planning and design process in the light 
of the six sustainability aspects, as presented in Fig. 1. The steps are 
followed sequentially from top to bottom as part of the planning process, 
but returning to previous steps and revisiting questions as part of an 
iterative process may be required as more information becomes avail-
able throughout the planning stages. 

The next step in our aim to develop a holistic and systematic 
framework was to determine the limitations in scope of each tool as 
applied to the six aspects (social-cultural, environmental, political-legal, 
business model, economic, and technological). As shown in Table 1, this 
identified the inability of any single tool to sufficiently capture all the 
aspects and enables us to see how several might be used together in a 
complementary way. 

As shown in Table 1, several tools have been identified to support the 
planning and design of sustainable energy access interventions. Some 
tools, such as the Stakeholder (Influence) Mapping Tool [76,77], the Logic 
Model/Impact Canvas [80,81], the Theory of Change [96], the Business 
Model Canvas [86,99], and the Profit and Loss Forecast [102,103], are 
well-established and generic tools used in project management and 
business development. Some other sources have been specifically 
revised to incorporate a sustainability aspect, such as the Triple Layered 
Business Model Canvas [88] and the Social Business Model Canvas 
[87,100]. Additional tools focused on inclusive humanitarian planning 
(but not energy access) are for example Bottom-Up People-Centred 
Approach to Humanitarian Planning [89,90] and the NRC Community 
Coordination Toolbox [95]. Finally, specialised tools have been recently 
designed to reconcile sustainable and inclusive energy access, such as 
the Embedded and Inclusive Programming [91] and the Inclusive Energy 
Access Handbook [93]. Even though this list is non-exhaustive, it pro-
vides the necessary foundation for the framework to be developed. 

4.2.2. Identifying complementarities and synergies from the combination of 
tools 

By considering the step of the planning and design process that the 
different tools shown in Table 1 contribute to, and their potential 
complementarities, it is therefore possible to determine how using 
several of them can create synergies and inform sustainable energy 
intervention design in greater depth. We found the most complete tool, 
in terms of the number of aspects covered, was the Energy Delivery Model 
(EDM) Toolkit approach by Garside and Wykes [92] and so used it as the 
foundation of our wider framework. As the EDM focuses on poor groups 
living in developing countries it is relevant to include additional 
consideration regarding inclusive design specific to displacement set-
tings: we therefore included the Embedded and Inclusive Programming 
framework for humanitarian energy services, from Rosenberg-Jansen 
et al. [91], as an enhancement to the EDM approach. 

A limitation of the EDM Toolkit is that the Problem Tree and Problem 
Solution tools suggested to identify the fundamental causes of the 
problem and their most important effects do not specifically address the 
social, economic and environmental aspects. As an alternative, we 
included the Impact Canvas (and the underlying Theory of Change map-
ping associated with it) as an appropriate tool to deepen the under-
standing of these aspects. Similarly we selected the Social Business Model 
Canvas as a visual tool to capture these aspects, an improvement on the 
generic business model canvas from Osterwalder et al. [99] suggested in 
the EDM approach. 

A further limitation of the EDM Toolkit is the lack of guidance on the 
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technical design of the proposed technological energy solution: there is 
no approach recommended for the modelling of the energy system, 
which can have a great influence downstream for the business model 
design and the economic viability assessment. In our case for mini grid 
simulation and optimisation we use the CLOVER software as a suitable 
tool owing to its flexibility and ability to compute the costs and GHG 
emissions of electricity systems, and to explore options for mitigation. 
Moreover, its functionality to account for future growth in community 
electricity demand is much aligned with the goals of sustainable 
development, such as in the ESMAP Multi-Tier Framework [14]. With 
improvements in the energy efficiency of appliances, however, increases 

in access to electricity services may be decoupled from increases in 
power consumption. This is also aligned with the CLOVER model, which 
parameterises usage first in terms of demand for electricity services, and 
subsequently the resultant electricity demand, and allows for compari-
son between appliances with different power ratings in providing the 
same or similar services. 

Finally, the assessment of the economic viability of the energy 
intervention is not thoroughly addressed in the EDM Toolkit since no 
specific tool is recommended to support the evaluation, apart from a 
simplified accounting exercise at the “top line” level [92]. As this is a key 
part for a sustainable business model, we identify a Profit and Loss Forecast 

Fig. 1. Key questions for the planning and design phases of a sustainable energy access intervention.  

Table 1 
List of tools reviewed, and their associated aspects considered (✓ = aspect considered; x = aspect not considered; (x) = limited consideration of the aspect).  

Step of the planning and 
design 

Name of the tools Aspect(s) considered References 

Social- 
Cultural 

Environmental Political- 
legal 

Business 
model 

Economic Technological 

Inclusive design 
approach 

Bottom-Up People-Centred Approach to 
Humanitarian Planning 

✓ x x x x x [89,90] 

Embedded and Inclusive Programming ✓ x (x) (x) (x) (x) [91] 
Stakeholder (Influence) Mapping Tool ✓ x ✓ (x) (x) (x) [76,77] 
Energy Delivery Model Toolkit ✓ ✓ ✓ ✓ ✓ (x) [92] 
Inclusive Energy Access Handbook ✓ (x) (x) x (x) (x) [93] 
Problem Assessment Toolkit ✓ x x ✓ ✓ ✓ [94] 
NRC Community Coordination Toolbox ✓ x (x) x (x) x [95] 

Assessment of the desired 
impacts 

Logic Model/Impact Canvas ✓ (x) (x) x (x) x [80,81] 
Theory of Change ✓ (x) (x) x (x) x [96] 

Energy system modelling HOMER Software x ✓ x x ✓ ✓ [97] 
HOMER Powering Health Tool x ✓ x x ✓ ✓ [98] 
CLOVER Software x ✓ x x ✓ ✓ [83,85] 

Business model design Business Model Canvas x x (x) ✓ ✓ x [86,99] 
Triple Layered Business Model Canvas ✓ ✓ (x) ✓ ✓ x [88] 
Social Business Model Canvas ✓ ✓ (x) ✓ ✓ x [87,100] 
Lean Canvas x x (x) ✓ ✓ x [101] 

Economic viability 
assessment 

Profit and Loss Forecast x x x ✓ ✓ x [102,103]  
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as an essential complement in the planning and design phases. 

4.2.3. The resulting framework 
The identification of the steps and key questions of the process, and 

the complementarities and synergies of the tools allowed us to develop a 
systematic approach. Fig. 2 illustrates the holistic framework which 
maps our combination of tools that cover all six aspects that influence 
the successful planning and design of a sustainable energy intervention. 
The figure highlights how each tool (rectangles) is used to inform other 
components of the framework (arrows pointing in the direction of in-
formation flow), with the aspects (squares) they inform at the bottom. 

The EDM Toolkit shown at the top of Fig. 2 is the most comprehensive 
tool used in the framework since it covers most of the sustainability 
aspects. It is used as a foundation and therefore is used in parallel of the 
other tools. Thus, it does not belong to a single step but the outcome of 
using the tool rather informs and influences the rest of the steps. The use 
of the Embedded and Inclusive Programming approach allows the planner 
to identify the necessary information necessary to collect from the 
stakeholders, including their needs, and about the environment and 
markets. This then informs the “Assessment of the desired impacts”, as 
well as the “Business model design”. Once the long-term objectives are 
formulated thanks to the Impact Canvas, the “Energy system modelling” 
can be undertaken as the energy needs, and how they should be met, are 
clear. Then, the results of the optimal sizing are leveraged (in combi-
nation with the outcomes of the tools previously described) to inform 
the environmental impacts of the “Business model design” including the 
choice of ownership and procurement models. Finally, the financial 
impacts of the technical model also flow to evaluate the “Economic 
viability assessment” of the energy system. Overall, the use of the tools 
within this framework allows the planner to design of the energy 
intervention by incorporating all of the six sustainability aspects and 
keeping a holistic view during the whole process. 

As much information gathered is relevant to different tools, then it is 
likely that several tools should be used concurrently, rather than 

consecutively, and be developed iteratively as the available evidence 
supporting the intervention grows. Therefore, even though iterations are 
not shown explicitly in Fig. 2, the user of the framework should antici-
pate the need for revisiting the previous steps based on the new infor-
mation available over time. Fig. 1, however, highlights the potential 
need for an iterative process in addressing the key questions. For 
instance, involving multiple stakeholders in a complex and continually 
evolving context throughout the project's inclusive planning and design 
may require the user to set aside time to adjust the intervention based on 
the feedback received. 

5. The illustrative case study of Holl Holl refugee camp 

5.1. Background information on the case of Holl Holl refugee camp 

5.1.1. Energy and humanitarian affairs in Djibouti 
The Republic of Djibouti is a small country located in the Horn of 

Africa. It shares its borders with Somalia in the south, Ethiopia in the 
southwest, Eritrea in the north, and the Red Sea and the Gulf of Aden in 
the east, with Yemen across it. Its population is approximately 1 million 
inhabitants of which 78% live in urban settings [104]. Djibouti currently 
hosts over 31,300 refugees and asylum-seekers – about 3% of the 
country's population – mostly from Ethiopia and Somalia [105] and has 
a tradition of hosting refugees spanning over four decades. The Gov-
ernment of Djibouti has a relatively open policy towards displaced 
people and adopted the Comprehensive Refugee Response Framework 
(CRRF) in 2016, which has the goal to strengthen the nexus between 
humanitarian and development actors by encouraging joint responses 
[106]. The CRRF aims to build self-reliance and resilience, and to lay the 
basis for sustainable solutions, which creates a conducive environment 
for energy transition projects [107]. 

The electricity infrastructure in Djibouti is unreliable: voltage fluc-
tuations, electrical spikes, blackouts, brownouts and other disruptions 
have significant impacts on the operational effectiveness of 

Fig. 2. A holistic framework for planning and designing sustainable energy interventions in displacement settings.  
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humanitarian activities as well as the household level electricity access 
[108]. Moreover, high electricity prices and diesel costs induce high 
electricity bills. For organisations like UNHCR, the UN Refugee Agency, 
this translated into spending approximately USD 3 million on electricity 
and diesel at its offices and camps in 2017 [108]. In 2014, the Djiboutian 
government launched a long-term development plan, Vision 2035, with 
one aim to transition from “100% thermal” energy based on combustion 
of fossil fuels to “100% renewable” sources by 2020 [109]. However, the 
latest data available by 2020 from the International Renewable Energy 
Agency (IRENA) show that despite a 21% increase in installed renewable 
electricity capacity between 2015 and 2020, the electricity generated in 
2019 was >99% from non-renewable sources [110]. This target was 
expected to be possible to meet via abundant and underexploited solar, 
wind, and geothermal resources [109], which together could generate 
more than 300 MW of electric power [111]. Meanwhile off-grid 
renewable systems have the potential to meet the electricity demand 
in unserved rural areas in Djibouti, which are far from the existing grid 
network and can replace existing diesel systems [107]. Implementing 
efficient, off-grid renewable energy solutions could therefore potentially 
offset costs to humanitarian agencies as well as the rural and displaced 
populations while aligning with the national policies of the country. 

Despite this technological potential, the legal framework for the 
implementation of an independent power producer (IPP) law is slow, 
even though it is supported by the Power Africa partnership led by 
USAID [111]. The national electricity company, Electricité de Djibouti 
(EdD), has the monopoly on supply and, at present, a concession from 
the Government is required to sell electricity. Furthermore, tariffs must 
be aligned with the grid levels unless subsidies are arranged between 
EdD, the national development agency Agence Djiboutienne de 
Développement Social (ADDS), and/or the Ministry of Energy and 
Natural Resources. Finally, as in many other displacement contexts, 
humanitarian organisations responsible for refugee camp coordination 
and management (e.g. UNHCR) cannot sell electricity directly to the 
refugees. This means they have to outsource this service to a third party, 
such as the private sector, and are usually unwilling to own long-term 
electricity systems if they do not serve their own facilities and 
operations. 

5.1.2. Holl Holl refugee camp 
Holl Holl refugee camp is located in the South-East region of 

Djibouti, 53 km from the capital Djibouti Ville, and is not connected to 
the national grid. Holl Holl is accessed by an unpaved road which makes 
the supply of fuel and delivery of goods, services and humanitarian 
assistance challenging. The camp was closed in 2006 but reopened in 
2012 to decongest the refugee camp of Ali Addeh, and is home to 6359 
refugees from Somalia (51%), Ethiopia (41%) and Eritrea (7%) [112]. It 
is 2 km away from Holl Holl Village, which has a population of 
approximately 3000 Djiboutians, and has had access to the grid since 
2019. Holl Holl became an administrative and commercial centre in the 
1900s after the construction of the railways between Addis Ababa 
(Ethiopia) and Djibouti Ville but the activities in the area have since 
declined, inducing high levels of unemployment. 

Since July 2019, The Global Platform for Action Coordination Unit 
(GPA CU), hosted by UNITAR, has embarked in a project that aims to 
support United Nations (UN) humanitarian agencies active in Djibouti 
(such as UNHCR, WFP, FAO, and IOM) transition to sustainable energy 
solutions [108]. In addition, it aims to leverage the provision of energy 
access to displaced populations to support income generating activities, 
among other objectives. The project identified the energy needs in Holl 
Holl camp and scoped an initial assessment of the goals and specifica-
tions of a potential sustainable electricity intervention, suggesting the 
use of a solar mini grid to supply power to the primary school, the clinic, 
seven offices, 40 streetlights, and potentially the local marketplace. The 
cost was estimated at approximately USD 80,000 (excluding any 
household connections) and compared to the cost of grid extension from 
the neighbouring village, suggested by ADDS, at an estimated cost of 

over USD 180,000 (not including internal wiring, streetlights and elec-
tricity bills) [107]. Even though the electricity access at the household 
level was identified as a gap, the poor quality of the roofs of the shelters 
is a barrier for the installation of any heavy electricity systems (e.g. solar 
panels) or low voltage connection lines with sufficient safety measures. 
For that reason, connecting households to the solar mini grid was 
abandoned and not consider further in the planning and design phase. 

Concurrently SELCO Foundation, another lead partner of the project, 
undertook an Ecosystem Assessment [113,114] of the displacement 
settings in November 2019 to identify gaps and develop solutions to 
support refugee livelihoods and energy access. This high-level assess-
ment gave an overview of the needs in the three refugee camps of 
Djibouti, including Holl Holl, based on short field visits allowing for 
observations and a few interviews of key informants. Their findings 
included suggestions for entrepreneur training, financial access pro-
grammes and business improvements which could be made possible via 
access to electricity [113,114]. 

The work of the GPA CU and SELCO Foundation made important 
steps towards scoping an energy intervention that would meet pressing 
needs in Holl Holl camps but was limited by time, resources and external 
factors to develop the intervention any further. Aside from the over-
arching objective of providing electricity to the community and hu-
manitarian facilities to reduce the dependency and expenditure on 
diesel, as well as the businesses to improve income-generating activities, 
no predefined outcomes and impacts were clearly articulated for this 
proposed intervention. Some activities were drafted however, such as 
the deployment of some technology, building financial systems, and 
training and incubation of energy enterprises. Moreover, no energy 
needs assessment at the community, institutional and business levels 
were conducted prior to the start of the study, and earlier assessments by 
UN agencies were mostly outdated. In addition, the ownership and 
procurement models for the solar mini grid were only briefly factored 
out in the light of the political and legal context regarding Djiboutian 
electricity systems. Finally, the recommended choice of business and 
financial models for operating the system and providing power to the 
business users was not crafted. 

The case of Holl Holl camp therefore offers an opportunity to 
demonstrate the viability of the framework we present in this paper. The 
local context, energy needs, and potential objectives have been scoped 
for Holl Holl by the GPA CU and SELCO Foundation, albeit at a relatively 
high level, but many factors remain unknown and there would be 
insufficient information to proceed with the deployment of an energy 
intervention. Furthermore, the sustainability of the potential mini grid 
would be highly uncertain given the status of the proposal after the 
initial project. We therefore build on their analysis and apply our 
framework to a theoretical application for Holl Holl refugee camp, using 
it as a case study to test its ability to address six core aspects which 
influence the success of an energy intervention. 

5.2. Application of the framework to the case study 

5.2.1. Inclusive design approach 
As highlighted in the EDM Toolkit and the Embedded and Inclusive 

Programming approach, the engagement of the stakeholders in the design 
of the energy services is crucial in the pursuit of a participatory approach 
[91], as well as for understanding the socio-cultural context and local 
dynamics of the situation in which the intervention will be imple-
mented. The first step of the framework enabled us to understand who 
the stakeholders of the solar mini grid project in Holl Holl refugee camp 
are, their interests and level of influence, and how to engage with them. 

An overview of the stakeholders relevant to the Holl Holl project is 
presented in Fig. 3, following the models presented in the stakeholders 
mapping and analysis tools [76,77]. Desk research combined with the 
consultation of the key stakeholders enabled us to better understand the 
mandates, missions and priorities of the different organisations and 
community groups in the scope of the intervention. Furthermore, an 
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important emphasis was made by the two main project leaders – the GPA 
CU/UNITAR and SELCO Foundation – on designing a context-specific 
intervention with an appropriate technology while also investigating 
possibilities to develop market-based solutions, that could ultimately 
create jobs and enable skills transfer [91]. However, since no conceptual 
planning framework related to energy access was in place within the 
organisations involved in this study, no guidance was retrieved from it 
regarding optimal community integration. 

While the COVID-19 pandemic prevented the authors from accessing 
Holl Holl refugee camp to engage with the displaced population and the 
host community directly, proxies were used to evaluate the socio-cultural 
context. For example, a close collaboration with the two main project 
leaders, combined with remote interviews of key informants from or-
ganisations active locally, allowed us to understand the local power 
dynamics, preferences for technologies and current behaviours towards 
energy within the community. This way, it enabled us to capture the 
current situation and the desired future changes in regard to energy 
access to the best of the authors' ability. 

For the case of Holl Holl refugee camp, UNHCR's core goal is to co-
ordinate services provided by the other UN partner organisations (IOM, 
UNICEF, WFP, FAO), while ONARS is the governmental body respon-
sible for the day-to-day of the camp. For electricity supply in Djibouti, 
ADDS is in charge of the rural electrification plans such as the one that 
was funded by the World Bank to Holl Holl Village. Finally, the GPA 
Coordination Unit is in charge of coordinating the energy project in 
Djibouti refugee camps while SELCO Foundation is providing recom-
mendations on how to build an ecosystem of stakeholders able to deliver 
sustainable energy and livelihood solutions. Table 2 below summarises 
the key stakeholders of the solar mini grid project in Holl Holl refugee 
camp. 

This stakeholder mapping highlights how choosing to integrate an 
inclusive approach component in the planning and design phases allows 
us to engage on the questions related to the social and cultural aspects. 
The understanding of the socio-cultural context is key to take into ac-
count how local communities view their situations and desires for the 

future, and the ways in which energy can contribute to them [27]. While 
the depth of our needs assessment in this respect was limited by the 
restrictions on travel due to the COVID-19 pandemic, considering the 
roles of different stakeholders helped us to identify common pitfalls such 
as a lack of a sense of ownership which can often lead to reduced public 
acceptance and, subsequently, in the failure of the energy project [115]. 

5.2.2. Assessment of the desired impacts 
The Theory of Change maps how and why the intervention is expected 

to achieve its stated long-term goals for the key stakeholders and shows 
a logical process of how the project activities lead to impacts (see Fig. C1 
in Supplementary materials). In the case of Holl Holl, it was assessed 
that households could not be connected directly to the mini due to 
technical barriers, including the poor quality of the roof of the shelters 
and potential safety issues. Therefore, the solar mini grid is designed to 
power the humanitarian organisations' facilities, community facilities, 
streetlights and local refugee businesses. In doing so it will provide new 
and/or improved opportunities for livelihoods and resilience, benefits 
for the host population, better security and protection, as well economic 
and energy security, and quality education and health care services, as 
well as reduced impacts on the environment. Using the Theory of Change 
as a blueprint, the Impact Canvas (Fig. 4) maps the logical sequence of 
the intervention from the current situation to its impacts, enabling us to 
identify the steps that need to be taken to successfully implement the 
project. 

For the intervention in Holl Holl refugee camp, the main inputs are 
initial funding for the intervention to sustainably run over the long-term, 
human capital to install and operate and maintain (O&M) the electricity 
system, spare parts of the mini grid, and efficient appliances and 
equipment. Activities required to deliver the intended impacts are the 
procurement and installation of the mini grid, and the training of local 
staff on the use and maintenance of the equipment for the humanitarian 
organisation and community facilities and the business appliances. 
Additional activities will be required to ensure the effective usage of the 
energy services. The connection of business owners to local 

Fig. 3. A stakeholder map for the solar mini grid project in Holl Holl refugee camp.  
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microfinance institutions, for example through a partnership with Caisse 
Populaire d'Epargne et de Crédit (CPEC) [113] could support the 
acquisition of machines for productive uses such as for refrigeration, 
food processing, and tailoring. Vocational and entrepreneurship training 
for displaced people (and their host community), meanwhile, would 
strengthen local capacities. 

Examples of measurable outputs for this intervention are the number 
of facilities and businesses connected to the mini grid, the number of 
facility staff and beneficiaries having received training, the number of 
local entrepreneurs connected to formal (micro-)finance, the reliability 
of the electricity system (defined as the number of hours when electricity 
is available (i.e. without blackout) divided by the total number of hours 
of operation of the system over its lifetime) and the number of hours of 
street lighting at night (see non-exhaustive list of indicators suggested in 
Fig. 4). Ultimately, there are a diverse range of outcomes related to 
socio-economic development, reduced environmental burdens, 
improving the enabling environment as well as the quality of life of the 
refugee and host communities. These outcomes translate into concrete 
impacts such as increased number of refugees completing primary 
school, accessing primary health care, while having higher disposable 
income and lower unemployment rate. Additional results are better 
social inclusion of refugees within the host community as well as climate 
change mitigation resulting from reduced GHG emissions. 

Specifying the desired long-term impacts using this canvas is a way 
to capture the social-cultural, economic and environmental changes that 

the technological intervention is meant to bring about. Moreover, it is an 
opportunity to reflect on the potential unintended impacts at all the 
levels that could become negative externalities – and how to mitigate 
them. An example would be an unfair access to the new improved ser-
vices for marginalised groups in the camp. On the other hand, the inputs 
and activities are setting the prerequisites for success and the sustain-
ability of the intervention delivery model, which will ultimately influ-
ence the design of the business model. As a complement to the Impact 
Canvas, the EDM Toolkit highlights the importance of the supporting 
services (which focus on weaknesses or gaps in the political-legal 
enabling environment or socio-cultural factors) that are of key consid-
eration for the energy service to be delivered in a sustainable manner 
[92]. Identifying these complementary activities is critical to reduce the 
risk of planning and designing a project that will not be sustained over 
time after the intervention of the humanitarian and/or development 
actors. Finally, the Impact Canvas creates a foundation for evaluation, 
programme development, organisational change, and strategic plan-
ning. Moreover, it is a useful tool to communicate more effectively with 
internal and external stakeholders. 

5.2.3. Energy system modelling 
The next step of the framework is to refine the technological solution 

and its technical performance: we do this by using energy system 
modelling to identify an optimal electricity system that meets the needs 
of the end-users. Based on the assessment of the socio-cultural context 
and the stakeholders mapping, the energy intervention is then narrowed 
down to a context-specific solution. 

The optimisation of the mini grid was performed under the condition 
of providing electricity at least 95% of the time, with the optimum 
system being that with the lowest cumulative costs over its lifetime. The 
cumulative cost of a system, or total cost of a system over its lifetime is 
equivalent to its Net Present Cost (NPC) over its lifetime with the cor-
responding discount rate (i.e. 5% discount rate in that case [118]). In 
other words, it is the sum of all system costs, including installation, 
equipment, fuel, and operation and maintenance costs over the lifetime 
of the system. In the case of Holl Holl refugee camp the electricity de-
mand had to be estimated to provide a load profile as an input to the 
energy modelling software. It was chosen to follow the method sug-
gested by Sacino et al. [61], Sacino [62] and Ziade [63] (see Section B in 
Supplementary information for further details). Thus, we computed the 
electricity demand based on the usage of electrical appliances and 
equipment that would enable the desired changes, identified in the 
previous Sub-section, to take place. For instance, we considered the 
usage and power requirements of basic health care equipment and 
digital education materials, and machines and appliances for productive 
uses. Therefore, the appliances and equipment referred to as inputs in 
the Impact Canvas are directly reflected in the modelling of the elec-
tricity loads. 

Using the CLOVER software, we found that to meet an electricity 
demand of 65.8 kWh/day, the optimal system is composed of 22 kWp of 
solar PV and 75 kWh of battery storage capacity. Overall, the total costs 
(including installation and transport) were estimated to be USD 88,717 
over the course of 12 years of operation and result in an average lev-
elised cost of used electricity (LCUE) of USD 0.313/kWh. These outputs 
from the modelling are key as they directly influence the design of a 
sustainable business model and are subsequently used to compute the 
Profit and Loss Forecast. Regarding the environmental impacts, it was 
estimated that 88.75 t of CO2eq would be associated with the imple-
mentation and use of the system over 12 years (such as from the 
manufacture of the components, the operation of the system and the fuel 
used, among other aspects), with an emissions intensity of 274 gCO2eq/ 
kWh (see Section D in Supplementary materials for more details). 

While this is the optimal size of solar PV-battery system to satisfy this 
demand, it is still important at this point to compare the solar mini grid 
solution with alternative electricity systems (in this case a grid extension 
and a diesel generator) in terms of economic and environmental 

Table 2 
Summary of key stakeholders in the solar mini grid project in Holl Holl refugee 
camp.  

Key stakeholders Mandate and role in Djibouti and the 
project 

Refugee and host communities in Holl 
Holl 

Beneficiaries of the project, with needs 
and aspirations regarding the daily 
energy usage including productive uses of 
electricity (e.g. local businesses within 
the camp and in the Village). Active 
stakeholders involved in decision-making 
and design of the energy intervention 
since they are ultimately one of the main 
users of the solar mini grid. 

United Nations High Commissioner for 
Refugees (UNHCR) 

Responsible for the protection of 
refugees, coordination of services for 
refugees provided by its UN partner 
organisations, and the contracting of 
NGOs providing humanitarian and 
development aid. 

Office National d'Assistance aux 
Réfugiés et Sinistrés (ONARS) 

State body set up to assist refugees to gain 
access to humanitarian and development 
aid and to issue refugee and residence 
permits during their stay in the country. 
Responsible for the day-to-day 
management of the camps and the 
distribution of food and non-food aid. 

Djibouti Social Development Agency 
(ADDS) 

Its mission is to contribute to the 
eradication of poverty among vulnerable 
groups and to reduce the disparity 
between regions. It is also in charge of the 
operations in the rural and peri-urban 
areas in order to electrify areas not 
covered by the Electricité de Djibouti 
(EdD) network. 

Global Platform for Action on 
Sustainable Energy in Displacement 
Settings (GPA) Coordination Unit 
(CU), hosted at UNITAR 

Responsible for the project planning and 
coordination, delivering the energy 
assessments and reports, and monitoring 
the progress. 

SELCO Foundation Identify an ecosystem of stakeholders 
who can collaborate towards delivering 
sustainable energy and livelihood 
solutions to the displaced populations and 
vulnerable communities of Djibouti and 
recommend programmes that can enable 
the delivery of the said solutions.  
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considerations (see Section D in Supplementary materials). In the case of 
Holl Holl, we found that the cumulative costs of a grid extension of 3 km 
are 2.6 times higher than a solar mini grid. In addition, the solar-battery 
system option is a more environmentally friendly option: over 12 years 
of operation, the emissions intensity is 2.4 times lower than a grid- 
connected alternative. Compared to a diesel generator, a solar mini 
grid would require an initial investment approximately 4 times larger 
terms of equipment. Yet, the running costs (operation and maintenance) 
are more than 7.2 times lower and the cumulative costs over 12 years 
would be 1.5 lower while the emissions intensity is 4.6 times lower than 
a fossil-fuel based system. Overall, this comparison confirms that the 
solar mini grid is a sustainable and cost-effective alternative to the grid 
extension and a diesel generator. 

However, we found that for some refugee entrepreneurs in the camp 
with low electricity consumption (20 Wh/day) buying a (pico-)solar 
home system (SHS) for USD 28.1 would be more advantageous. These 
systems would be more economical after 8 months, rather than paying a 
monthly bill for the mini grid connection at the national grid tariff. 
Entrepreneurs with greater energy needs would not be able to rely on a 
SHS, however, owing to the technological limitations of these smaller 
systems. 

5.2.4. Business model design 
Designing a sustainable business model requires an understanding of 

the enabling environment (such as the laws, policies, standards, infra-
structure, global trends, institutions), as highlighted in the EDM Toolkit 
[92]. Since it is usually beyond the direct control of the project managers 
and beneficiaries, the enabling environment necessitates a careful 
analysis to determine what is feasible or not according to the frame-
works already in place. In the case of the off-grid solar mini grid in 
Djibouti, several barriers and limitations were of great influence on the 
choice of ownership, procurement, and business models. For instance, 
the current laws in Djibouti only allow the public utility, Electricité de 
Djibouti, to charge consumers for electricity in this situation of mo-
nopoly [120]: a concession from the government is therefore required to 

sell electricity to customers and the tariffs need to align to the grid tariffs 
levels, if no subsidies are arranged. Therefore, the pros and cons of each 
type of mini grid ownership and procurement models were weighed by 
using guidance from the literature. In addition, recommendations and 
best practices from the literature specific to displacement settings were 
used to inform the choice. 

The Moving Energy Initiative and Kube Energy identified three main 
pathways for the institutional transition to solar power for organisations 
operating in displacement settings: the purchase of solar assets (full 
ownership); a lease-to-own model; and through a power purchase 
agreement (PPA) [70]. From the humanitarian organisations' perspec-
tive, “energy-as-a-service” through a PPA would enable them to fully 
delegate the electricity production needed to power their local opera-
tions in Holl Holl. This would translate into the externalisation of the 
operation and maintenance (O&M, for which the humanitarian orga-
nisations have generally limited technical and human resource capacity 
[69]) and the billing process (which would help overcome the issue that 
humanitarian organisations are not entitled to send invoices to business 
owners as they are not permitted to receive money from refugees for 
such services). Furthermore, this model does not require any upfront 
capital cost (as would be the case under full ownership) and the monthly 
energy bills are usually lower than with a lease-to-own contract since it 
does not account for interest charges to finance the mini grid's purchase 
over the years [70]. Moreover, the time commitment of a PPA is typi-
cally more flexible and lower (3–5 years) compared to a purchase or 
lease-to own (5–25 years) models [70]. In addition, under a PPA the 
organisation does not hold a large and unmovable asset nor bear the risk 
associated with the responsibility of the O&M, as is the case for the other 
options. Finally, A PPA is favourable for the mini grid developer since it 
decreases the risks incurred by ensuring fixed revenues from the anchor 
customers. Based on the considerations found in the literature, we 
concluded that the most suitable humanitarian procurement model for 
electricity would be a PPA, used in conjunction with a private sector 
ownership model where a company would own the energy system and 
be responsible for its O&M. 

Fig. 4. Impact Canvas of the implementation of a solar mini grid in Holl Holl refugee camp (reference No.1: [116]; reference No.2: [117]).  
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For the case of Holl Holl, it was found that a private sector model 
would be the most suitable delivery model. The key reasons are the lack 
of interest from the public utility for small-scale mini grids and the 
current limited technical capacity of the refugees to operate the system 
themselves. While the enabling environment, including the regulations 
and policies, are not yet in place to fully support independent power 
producers and mini grid developers in Djibouti, the private model seems 
to be the most suitable one to deliver quality energy services to both 
refugees and humanitarian organisations in Holl Holl refugee camp. This 
recommendation is aligned with the current advocacy movement in the 
humanitarian energy sector to engage with private actors and design 
market-based solution for sustainable energy solutions [15]. From the 
perspective of the refugees and their host community, the proposed 
model is not only delivering the energy services identified as a need in 
the first place, but it might also enable economic development, social 
inclusion, and jobs creation (such as for the O&M of the mini grid in case 
the private owner considers it beneficial to train several local people) in 
Holl Holl refugee camp, and potentially in Holl Holl Village too (where 
the host community resides). 

Despite all the advantages listed, some caution should still be exer-
cised. Selecting the right private sector partners to participate in an 
innovative procurement, ownership and/or financing model necessi-
tates a well-designed application process, avoiding unnecessary hurdles 
to participation, and performing due diligence before contracting [121]. 
Furthermore, the negotiation of a PPA with a third party might be 
complex and contracting arrangement costs might turn out to be more 
expensive than traditional in-house procurement due to the novelty of 
the model in the Djiboutian humanitarian context. In addition, the 
current regulatory framework in Djibouti only allows the public utility 
(EdD) to sell electricity to consumers, which means a concession would 
be necessary. To counter these problems, one suggestion would be to 
follow the recommended standard set of contractual terms for PPAs, 
which were recently drafted in other work undertaken by the GPA Co-
ordination Unit [122]. 

Once the enabling environment is understood and the ownership and 

procurement models are defined, it is possible to develop a business 
model by using the Social Business Model Canvas, as we present in Fig. 5. 
The first area to highlight are the parts that make the enterprise “social” 
compared to the “classic” one from Osterwalder et al. [86], i.e. the 
targeted impact, the mission and values, and the beneficiary needs. In 
the present case, it would be an impact-driven company whose mission 
is to provide clean energy to its customers, while maximising local socio- 
economic development and generating sustainable revenues from its 
operations. The target impact and beneficiary needs have already been 
defined in the Impact Canvas in Fig. 4. Furthermore, the core of the Social 
Business Model Canvas is the value proposition suggested to the cus-
tomers, in this case the governmental institutions (ministries in charge 
of the education and health), the humanitarian organisations (UNHCR, 
NRC, LWF, etc.) and the refugee business owners. The common value 
offered by the company is reliable and affordable electricity as a service, 
from which other attractive benefits ultimately arise. The key activities, 
resources and partner network highlight the needs for capacity building, 
awareness raising, and external support from the government and or-
ganisations to reinforce the ecosystem around the business. Finally, the 
cost/benefit balance suggests that the economic, environmental, and social 
benefits would outweigh the costs. 

All in all, Fig. 5 highlights that the business model aspect is clearly the 
key aspect in the canvas, while the social-cultural and environmental as-
pects are captured by the values, missions, targeted impacts and bene-
ficiary needs, as well as the social and environmental costs and benefits. 
The political-legal aspect is reflected in the ownerships and humanitarian 
procurements models, and in the partner network, key activities and key 
resources. The economic aspect is considered in the financial costs, rev-
enue streams and cost-benefit analysis. Finally, the technological aspect is 
not explicitly considered in the canvas but indirectly appears through 
the value proposition with the reliability and cleanliness. 

5.2.5. Economic viability assessment 
The last component of our framework is the Profit and Loss Forecast, 

wherein we apply simplified tariff and financial models to the solar mini 

Fig. 5. The Social Business Model Canvas for the solar mini grid in Holl Holl refugee camp. Note: The numerals in the brackets under the Value Proposition column 
refer to the respective Customer Segments that could be served by that Value Proposition. 
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grid ownership, procurement and business models defined earlier. For 
the case of Holl Holl, the capital expenditures (CAPEX) were based on 
the financial results from CLOVER. The installation and logistics costs 
were estimated to be 20% of the CAPEX, while the operational expen-
ditures (OPEX) were computed via an estimation of the O&M costs per 
unit capacity of the solar and battery storage (see Section E in Supple-
mentary information for further details). The tariff levels and daily 
connection fee were assumed to be the same as the national tariffs set by 
Electricité de Djibouti [107] for compatibility with the enabling envi-
ronment. Finally, it was usually assumed that an Internal Rate of Return 
(IRR) – a common measure to evaluate projects as it represents the re-
turn achieved by an investment and is sometimes viewed as a measure of 
efficiency [123] – of 20% or more on capital investment would be 
attractive for investors [103]. 

Using these key financial inputs, we calculated that reaching an IRR 
of 20% would require a 78% start-up grant for the initial investment 
costs, leaving a 22% equity for the company. The start-up grant (USD 
48,364) could therefore cover the majority of the first-year CAPEX (USD 
51,970) and of the installation and logistics costs (USD 10,394), with the 
remainder to be met by the company. Overall, the results of the P&L 
Forecast show that with a start-up grant, the enterprise owning, oper-
ating and maintaining the solar mini grid could be profitable after three 
years. On the other hand, without any grant funding it would take fifteen 
years to break even and therefore not be attractive for a private company 
in the energy sector. 

The simplified P&L Forecast presented in Table 3 captures the aspect 
of economic attractiveness, while tying it back to the business model (See 
Section E in Supplementary materials for the detailed P&L Forecast). It 
also considers the political-legal environment of the country, with the 
defined tariff levels and the corporate tax. All in all, this last step of the 
framework is key to verify the sustainability of the energy intervention 
in terms of economic viability. 

6. Discussion 

6.1. Coverage, gaps and limitations of the presented framework 

The framework we present in this paper allows us to systematically 
address the six aspects (social-cultural, environmental, political-legal, 
business model, economic, and technological) of sustainable energy in-
terventions, often considered independently and overlooked in the 
planning and design phases. Utilising a variety of tools, both illustrative 
(Theory of Change, Social Business Model Canvas and Impact Canvas) and 
simplified (e.g. P&L Forecast), as part of a single central framework could 
make it more straightforward to ensure that each sustainability aspect is 
properly addressed and none are neglected. The framework aims to 
reduce the potential number and impacts of unforeseen project risks by 
identifying and managing them earlier in the project management cycle, 
as demonstrated in the case study of Holl Holl refugee camp. A strength 
of this approach also resides in the fact that it can be improved through 
iteration: as more information comes to light in later steps, or further 
through the design stages, it can be used to re-inform earlier processes as 
the overall understanding develops. 

By combining project design tools, the framework helps to concep-
tualise a potential energy intervention in a systematic manner despite 

limitations related to the availability of information (in our case, using 
secondary data only). While data might be scarce, and its accuracy or 
relevancy to the project limited, the steps of this framework can help to 
reduce the uncertainty inherent in such projects. In particular it is often 
complicated or unfeasible to access refugee camps to undertake detailed 
surveys to collect data, and even more during the COVID-19 pandemic; 
using this approach it remains possible to establish an overview of the 
intervention, its impacts, and the opportunities for local development 
that can result from it. Furthermore, it is possible to critically evaluate 
the potential for a sustainable business to be established, including the 
financing, installation, operation and maintenance of the suggested 
electricity system in the long term. 

Even after using this framework, a user may still face some unknowns 
and remaining uncertainties. For instance, many assumptions regarding 
the usage and choice of technologies for the solar panels (mono-
crystalline, polycrystalline, thin film, etc.) and the batteries (lead-acid, 
lithium-ion, etc.) might need to be further investigated based on which 
are selected for implementation. This is directly relevant to the energy 
system modelling, which is dependent on numerical parameters that are 
specified ex-ante based on reasonable assumptions but will change when 
particular technologies are selected for implementation. This will also 
impact the business model design, for example, as different possibilities 
can still be considered in the procurement processes later in the project 
cycle based on their availability on the market and the preferences of the 
future mini grid owner. Once these are defined it would be possible to 
iterate these two design steps, if necessary, to identify the relevance of 
any difference in technology choice. 

One way to reduce the uncertainties linked to the energy system and 
business model would be to invest some time and resources to refine the 
understanding of the local energy needs, priorities and willingness to 
pay. This can be done by conducting surveys at the household, com-
munity and institutional facilities, and enterprise levels; if there are 
electricity supply technologies already in place, it would be recom-
mended to install metering systems to monitor the current electricity 
usage. Another way would be to consult the stakeholders as a final step 
to make sure the intervention will meet their expectations, and it is 
feasible and suitable for the local context (for example compatible with 
the long-term plans for displacement settings set by the government). 
This last iteration can help ensure that the electricity system will be 
sustained if the humanitarian organisations were to exit the project. 

It could be argued that the way the framework was presented implies 
that a single energy solution (i.e. one technology, such as a solar mini 
grid) can address all the energy needs identified. However, the authors 
would like to acknowledge that it is unlikely that a “one size fits all” 
solution is adapted for all the end-users in terms of socio-cultural 
acceptance, affordability or other considerations. Indeed, the compari-
son of the solar mini grid with pico-solar SHS in the case of Holl Holl 
shows that it is often the case that there is a need for a range of solutions: 
aside from the economic comparison between electrification options, 
some refugees may wish to have direct ownership and control over the 
assets which could support their livelihoods and help uplift them from 
poverty [119], in this case preferring these smaller SHSs rather than a 
connection to the mini grid. These findings highlight the importance of 
putting into perspective the affordability of different energy solutions by 
end-users and the impacts it has on the sustainability of the business 

Table 3 
Profit and Loss Forecast for the solar mini grid in Holl Holl over 12 years with a start-up grant of USD 48,364 covering 78% of the CAPEX.  

Year  1 2 3 4 5 6 7 8 9 10 11 12 

Costs Total costs (USD/year)  15,670  1670  1670  1670  7513  1374  1374  1374  5214  1130  1130  1130 
Cumulative costs (USD)  15,670  17,340  19,010  20,680  28,193  29,566  30,940  32,314  37,528  38,659  39,789  40,919 

Revenues Total revenues (USD/year)  7972  7972  7972  7972  7972  7972  7972  7972  7972  7972  7972  7972 
Cumulative revenues (USD)  7972  15,943  23,915  31,886  39,858  47,829  55,801  63,772  71,744  79,716  87,687  95,659 

Profits Net profits after tax (USD/year)  4726  4726  4726  4726  4948  4948  4948  4948  5131  5131  5131  5131 
Cumulative profits (USD)  −9274  −4547  179  4905  3714  8662  13,611  18,559  19,606  24,737  29,868  34,999  
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model. 
Very much like “fuel stacking” (the practice of using multiple com-

binations of stove and fuel for cooking within the same household 
[124]), the solutions used by households, business owners, and hu-
manitarian organisations for electricity supply might vary. Furthermore, 
the electricity system presented in the case study does not aim to address 
all the significant energy needs of the community – for example the need 
for improved access to clean cooking solutions, a need for which elec-
tricity could offer an alternative solution – and so further energy in-
terventions would be necessary to provide for these important aspects. 
Therefore, while the framework presented focuses on how to holistically 
approach a single sustainable energy intervention, it does not imply that 
one particular technology will respond to all the needs. The authors 
would encourage the planners, where possible, to keep these consider-
ations in mind to avoid potentially resolving one issue without also 
addressing other fundamental needs. 

6.2. Key take-aways from applying the framework to the case study 

The theoretical case study of the solar mini grid in Holl Holl refugee 
camp demonstrates the five steps of the suggested framework as it moves 
forward the planning and design of the energy intervention from an 
uncertain starting point to a more well-developed project proposal. 
Initially, the intended activities and impacts of the desired energy 
intervention were undefined, and the influence of the local context (in 
terms of economic, social, cultural, political, and legal considerations) was 
unclear. Furthermore, the intervention was seen as a stand-alone project 
and supporting activities and services, such as microfinance and 
training, were not embedded within the initial scope. In addition, the 
electricity demand of institutional and community facilities located in 
the camp was not estimated, the social and economic benefits of con-
necting the refugee businesses were not quantified, and the environ-
mental benefits compared to alternative systems were not scoped. 

Applying this framework enabled us to shed light on the key aspects 
that could have an influence on the success of the potential imple-
mentation of a solar mini grid in Holl Holl refugee camp. We are able to 
articulate and logically map out the impacts and activities that should 
take place to deliver sustainable electricity services to the refugees and 
organisations in the camp. Our recommendations for the ownership, 
humanitarian procurement and business models consider the constraints 
and opportunities linked to the enabling environment and help to flag up 
potential issues and entry points for lobbying and advocacy. 

Our case study of Holl Holl featured areas in which further research 
or investigation could have strengthened the overall planning of the 
proposed intervention. The technical modelling could be beneficially 
refined through greater confidence in the electricity demand profiles, 
and hence in the system designed to meet those needs: no specific and 
recent energy surveys had been conducted, which made these inputs less 
certain and less tailored to the local needs. We therefore recommend 
undertaking a detailed assessment (based on a field visit) of the elec-
tricity needs of the primary school, clinic, offices and refugee businesses 
and properly evaluate the demand based on the desired electrical ap-
pliances, which is key to validate the assumptions made in this study. By 
doing so, we expect this to capture the schedule and habits of the rele-
vant actors in the camp and to better anticipate potential changes in 
behaviour due the energy intervention. Moreover, the survey should 
include the assessment of the economic capacities to purchase the 
equipment and the willingness-to-pay for the future consumers of the 
mini grid. 

Furthermore, it would be necessary to consult with the organisations 
and groups identified in the stakeholder mapping (for example com-
munity representatives, UNHCR, ONARS and ADDS) to present the 
proposed intervention and gain their endorsement before scoping the 
next stages of the implementation. We therefore suggest conducting 
common discussions with stakeholders, including focus group discus-
sions, in order to make the decision-making process as inclusive as 

possible. This could identify any potential issues with the intervention 
itself and, if these are resolved, set a foundation for procurement and the 
realisation of the intervention in Holl Holl. 

Overall, our framework allowed us to systematically address all six 
sustainability aspects, rather than only a subset, in the planning and 
design phases and therefore could reduce the associated risks during 
implementation of the project. Finally, this case study highlights some of 
the complex challenges of considering each aspect in the design process 
(such as enabling environment, policies, socio-cultural context) but also 
the value in approaching intervention design in a holistic manner such 
as this. 

6.3. Replication in other displacement settings, contexts, and types of 
energy interventions 

The framework we present could be used in other types of 
displacement settings beyond rural refugee camps in the Horn of Africa. 
Displacement settings have different forms (formal camps, informal 
camps, settlements, etc.) and characteristics (rural, peri-urban, urban, 
etc.) with distinct needs and therefore require tailored energy solutions. 
Yet, our framework offers an approach to planning and designing energy 
interventions which is sufficiently flexible and holistic to accommodate 
the diversity of displacement settings and needs. The application of the 
framework would consider the same six core aspects, even though they 
might have differing levels of influence in each context: displaced people 
living in a rural refugee camp established in the 1990s, like Holl Holl, 
have different requirements compared to those living in an urban 
setting, where more than half of displaced people reside [125]. 
Furthermore, focusing on urban areas is key since, while energy access is 
a challenge in many rural areas, many urban populations also face a 
variety of issues which have not yet received sufficient attention 
[126,127]. 

Furthermore, even though this paper discusses a case study about a 
fully renewable and decentralised (off-grid) electricity system, the 
framework remains applicable for the extension of a centralised grid 
network. For instance, the solar mini grid for Holl Holl was compared to 
a grid extension and the same sustainability aspects were considered in 
the evaluation. Moreover, energy modelling tools such as CLOVER and 
HOMER allow the design of on-grid renewable electricity systems, when 
appropriate, and for settings when the grid is available nearby. There-
fore, the value of centralised electricity systems and the importance of 
leveraging available energy resources are acknowledged in the approach 
presented in this article. 

This approach could also be utilised for other types of energy in-
terventions than solar mini grids, such as clean cooking solutions (e.g. 
LPG [128]). The energy modelling software can be substituted from 
CLOVER to any suitable tool which will help to assess the size and 
technological characteristics of the energy systems required, as well as 
the economic implications and environmental impacts. The other com-
ponents of our framework will remain more or less unchanged, 
regardless of the types of displacement settings targeted or energy in-
terventions envisioned, as they are more generally applicable from the 
outset. 

Furthermore, as the basis for the framework was drawn from the 
Energy Delivery Model Toolkit from Garside and Wykes [92], whose scope 
is focused on poor and marginalised communities, we suggest that it can 
also serve to plan and design interventions for energy deprived areas 
that do not necessarily host displaced populations. While we included 
the Embedded and Inclusive Programming Framework for humanitarian 
energy services, from Rosenberg-Jansen et al. [91], it could similarly be 
transposed to non-humanitarian programmes and projects. In other 
words, our holistic approach could be replicated where there is a need to 
improve the access to energy services, regardless of the displacement 
status of the community. 

Any replication of this framework, however, would rely on the 
involvement and support of multiple stakeholders with potentially 
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diverse needs and objectives which could, for example, vary between 
displacement and non-displacement settings. The involvement of a 
project manager responsible for the coordination and management of 
the stakeholders and the project overall, or an oversight committee 
performing a similar role, could be a critical enabler in facilitating this. 
Our theoretical application of the framework to the case of Holl Holl 
would similarly require a dedicated management focal point if practical 
implementation of the mini-grid intervention were to take place. 

6.4. Recommendations for the planning and design of sustainable energy 
interventions in displacement settings 

In this paper we presented that taking a holistic and “interdisci-
plinary” (i.e. linking different disciplines into a coordinated and 
coherent whole [129]) approach, as suggested in our framework, could 
potentially reduce uncertainties and risks of failure. This entails that a 
range of expertise, to address all six aspects, need to be leveraged during 
the planning and design phase of an energy intervention in order to 
maximise its chance of success. While it would be ideal to have a project 
team composed of sociologists, anthropologists, businesspeople, engi-
neers, and international development practitioners to cover each aspect 
and fully appreciate the others, this is rarely feasible. We therefore 
encourage “multidisciplinary” (i.e. drawing on knowledge from 
different disciplines but staying within their boundaries [129]) team-
work despite the complexity of the initiative. 

The main problems identified by Montedonico et al. [130] during 
“interdisciplinary” work are the common understanding of fundamental 
concepts (such as sustainability), the domination of one discipline over 
the others and the different visions of the priorities within the same 
project. To overcome the associated challenges with this type of multiple 
disciplinary work, we also recommend that the application of our 
framework involves five useful principles for “transdisciplinary” (i.e. 
integrating the natural, social and health sciences in a humanities 
context, and transcending their traditional boundaries [129]) work 
related to community renewable energy projects. These, recommended 
by Thomas et al., are preparation, common understandings, flexibility, 
shared responsibility, respect, and lightheartedness and humour [131]. 
All in all, the framework we present can be used as a guide to ensure that 
no sustainability aspect is forgotten and, even if specific expertise is not 
available, its consideration is highlighted as an area for further devel-
opment or potential uncertainty. 

We recommended asking for insights from specialists from different 
disciplines to support the aspects with which the project team has less 
expertise. For example, a team with mostly technical backgrounds might 
have issues capturing the political-legal and social-cultural characteristics 
of the energy intervention. Furthermore taking a multiple disciplinary 
approach is recommended since energy access is such a cross-sectoral 
issue within the humanitarian sector [57], as it touches on many areas 
of the cluster system such as food security, shelter, camp coordination 
and management, water, hygiene and sanitation. One way to benefit 
from external support related to multiple disciplinary work would be to 
reach out to the Humanitarian Energy Exchange Network (HEEN), the 
central platform for coordination and collaboration between humani-
tarian and development agencies working on improving sustainable 
energy access of displacement-affected communities [132]. The HEEN 
supports a holistic approach to programming and serves as a technical 
resource to governments, non-governmental organisations, inter- 
governmental organisations, and practitioners, using lessons captured 
from the experience of network members [132]. 

Our approach suggests that most of the value is added only by 
addressing every aspect through the five steps of the framework. For 
example, if a project manager only considers a solution with the lowest 
costs (economic), they might overlook the environmental impacts of 
recycling the batteries (which are included in through the use of CLO-
VER) or the social-cultural acceptance (which could impact the will-
ingness to pay of community, important for tariffs and potential 

subsidies). Neglecting one or more aspects could have significant im-
pacts on the success of the intervention and therefore the project man-
ager should acknowledge the weight of each aspect and its influence. 

Using this framework necessitates an initial investment and focus on 
the planning and design phase which may be challenging to implement 
if a project is under pressure from resource constraints, organisational 
requirements, or a pressing need from the community themselves. 
Acknowledging this, we recommend that future projects integrate 
greater resources for intervention planning and design where possible, 
ideally with the endorsement of supportive stakeholders, to weigh up 
this investment against the added value and sustainability it can bring in 
the long term. 

In addition to engaging in a holistic and multiple disciplinary 
approach, it is important for designers of sustainable energy in-
terventions to learn from previous projects, and in particular their 
shortcomings, of both the humanitarian and energy sectors. While there 
are limitations specific to their mandates and to the local context, hu-
manitarian organisations can also apply lessons learnt from private 
sector energy projects as well as those from development organisations. 
Our framework is not a way to reinvent the wheel on how to plan and 
design energy interventions in humanitarian settings but rather a sug-
gestion on how to systematically approach them. For that reason, with 
this framework, we aim to encourage the incorporation of the learning 
from other projects and sectors by ensuring that none of the core sus-
tainability aspects are neglected. 

6.5. Further research 

The case study of the solar mini grid in Holl Holl refugee camp has 
brought forward several points that warrant further research. First, the 
causal link between electrifying local businesses in displacement set-
tings and the intended socio-economic impacts is not clear yet in the 
literature, and a better understanding of the enabling environment 
required for them to thrive could be gained through dedicated studies. 
We therefore recommend researching if, and how, electricity can be a 
means to give refugee entrepreneurs the opportunity to pursue their 
goals and increase their quality of life; implementation of a sustainable 
electricity system in Holl Holl could provide a representative case for 
such an investigation. 

More generally, there is an opportunity for similar studies in social 
science research. For instance, there is a need to better understand the 
link between electricity access, sustainable livelihood and economic 
development opportunities, especially under the potential constraints 
imposed by displacement settings. As suggested by Terrapon-Pfaff et al. 
[133], research is required to understand what the key factors in the 
energy delivery model are and what external geographic, climatic or 
economic factors determine the achievement of development outcomes 
and impacts. These could be derived from specific case studies and, 
where possible, generalised across other humanitarian situations. 
Furthermore, research focusing on energy justice, for example how the 
benefits or drawbacks of energy systems are distributed throughout 
society and how fair and representative decision-making between 
stakeholder groups can be achieved when designing such systems [134], 
should be part of the future humanitarian energy research agenda. While 
this article does not extensively address how energy justice applies in 
displacement settings, the concept represents a valuable decision- 
making tool that can support energy planners and consumers to make 
more informed energy choices [135] and should therefore be further 
explored. In addition, Sovacool and Dworkin [135] suggest that energy 
justice implicates that access to energy services is a universal right 
irrespective of the level of economic development of its citizens. Thus, it 
would be pertinent to better understand how the concept can support 
policy makers to make the case for the inclusion of energy access as a 
basic right for displaced people a reality (for example through inclusive 
national energy and development frameworks and planning), which is 
currently overlooked by most host governments and humanitarian 
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organisations. 
The development of the presented framework brings to light new 

pathways for subsequent research. For example, we suggest that our 
approach is likely to reduce the risks of failure of an energy intervention 
in displacement settings as it considers the six aspects defined as critical 
for sustainability. This could be verified counterfactually via empirical 
case studies that do not specifically address the six aspects and identi-
fying if it affected their success, and if so in what ways. Ideally these 
could be compared to case studies of energy interventions in which our 
framework is used, like the one of Holl Holl if implemented in the future. 
It would then be potentially possible to draw generalisations between 
the cases and validate the value of our approach with evidence-based 
arguments. 

Finally, we argue that our framework has been designed to be put 
into practice and used by the humanitarian energy sector. Even though it 
has been developed using an academic approach, the goal is to 
encourage its adoption by the humanitarian actors as a useful tool for 
practitioners. One way to do so would be to embed this into existing 
online training courses, such as those developed by UNITAR and WFP on 
Energy Delivery Models [136]. Furthermore, as the number of energy 
experts deployed within humanitarian organisations grows (e.g. through 
NORCAP, the Norwegian Refugee Council's (NRC) global provider of 
expertise to the humanitarian, development and peace-building sectors), 
there is a potential to build capacity and encourage the integration of the 
framework in the best practices for the humanitarian energy sector. 

7. Conclusion 

In this paper we have presented a new holistic framework that pro-
motes the systematic consideration of all of the identified key sustain-
ability aspects of energy interventions, namely the social-cultural, 
environmental, political-legal, business model, economic and technological 
aspects. We explored Holl Holl refugee camp as a theoretical case study 
example to demonstrate how our framework can support the planning 
and design of sustainable energy interventions in displacement settings. 
Furthermore, we have highlighted how existing planning and design 
tools can be combined to form synergies, in order to address the sus-
tainability challenges linked to energy systems planning and design in 
displacement contexts. In addition, we have suggested that a coherent 
and comprehensive approach – such as the framework we presented – 
can potentially contribute to reducing the risk of overlooking important 
factors which might compromise the sustainability, implementation, 
and adoption of these energy interventions. 

This framework provides a structured approach to support humani-
tarian practitioners, governments, and their partners in moving towards 
more holistic planning and design. Moreover, it challenges the current 
status quo such as traditional sectoral and short-term thinking that are 
characteristic to the humanitarian sector. The systematic approach of 
this framework is relevant to contexts other than displacement situa-
tions and electrification projects, but more broadly to any energy access 
intervention and its planning and design process, and can help to 
enhance sustainability practices in the humanitarian and development 
sectors. 
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