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Abstract

The increasing number of displaced people in the world not only requires rapid humanitarian actions, but also attention
to host communities and a holistic and long-term vision. Energy has not been really considered a major topic in people
displacement, yet, resulting in negative impacts on several aspects, including food security. New solutions are required, in
terms of energy planning, technology development, and adaptation, as well as decision making, sensitization, training,
and support to humanitarian actors. The Sustainable Energy Technologies for food security (SET4food) project phase 1
(2014–2015) developed a number of tools to support identification, adaptation, and introduction of appropriate solutions,
tested some pilot innovations in critical areas, and promoted the enhancement of humanitarian response capability in the
energy sector via an extensive capacity building program. In addition, a second phase of the project (2015–2018) fostered
networking and collaboration between the main actors by developing an e-sharing platform, called ENERGYCoP,
including a global not-for-profit community of practices for humanitarian professionals working in the energy sector. The
platform may enable the shift from traditional “technological transfer” to a more participative approach on co-design and
technological cooperation activated by a knowledge sharing mechanism. This paper outlines the main challenges and
the achieved results of SET4food, providing recommendations for researchers and practitioners on the way forward.
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Introduction
In 2018 about 135 million people will need humanitarian
assistance to survive (OCHA 2017). This estimate repre-
sents the highest value since the Second World War and
has been constantly rising in the last period. The num-
ber of forcibly displaced people has grown from 33.9
million in 1997 to 65.6 million in 2016, and it has been
substantially increasing in particular during the last
6 years (UNHCR 2016). Insufficient level of food secur-
ity represents one of the most relevant concerns for such
people, which is often linked to insufficient access to en-
ergy, especially when looking at food utilization. Accord-
ing to the Office for the Coordination of Humanitarian
Affairs (OCHA), “Energy insecurity may also drive food
insecurity. Without access to a predictable energy supply,

communities that are not food insecure may become so,
and those who are already food-insecure may become even
more vulnerable. There can be no food security for com-
munities without reliable access to a fuel source for heating
and cooking” (OCHA 2010). Unfortunately, access to en-
ergy in emergency and humanitarian settings is often crit-
ical and entails five key challenges: “protection, relations
between hosts and displaced people, environmental prob-
lems, household energy-related natural resource restric-
tions, and livelihood-related challenges” (Lyytinen 2009;
Barbieri et al. 2017). Appropriate technologies for cooking,
food preservation, and water purification are necessary to
ensure an effective and efficient food utilization, which also
requires a sufficient level of access to energy and fuels. The
provision of appropriate energy services can contribute
substantially to increase opportunities for refugees and in-
ternally displaced persons (IDPs) and help them to lead a
more productive and active life (Bellanca 2014).
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At the institutional level, the general relevance of ac-
cess to energy in many aspects of people’s life and in hu-
man promotion has been pointed out by the Sustainable
Energy for All (SE4All) Initiative and lead to Goal 7 into
the Agenda 2030, even if an explicit reference to hu-
manitarian settings misses. On the other hand, the Safe
Access to Fuel and Energy (SAFE) was the first body fo-
cusing the attention on crisis-affected populations, in
particular refugees and IDPs (WFP 2015). Later on,
many organizations declared the importance of energy
in humanitarian and development in several documents
(FAO 2015; Türk et al. 2015; SAFE 2016).
The Moving Energy Initiative (MEI) is the first inter-

national partnership focusing more on the multifaceted
role of energy for displaced people, stressing the attention
on the need to develop an alternative way of dealing with
camps and change common perception about them. In
fact, better practices on energy use are strongly needed in
humanitarian settings, considering that current ones are
economically, environmentally, and socially unsustainable,
since they generate depletion of natural resources and pol-
lution, negative impacts on people health and security, so-
cial disparity, huge costs, and potential social conflicts
among people (Lahn and Grafham 2015; Gunning 2014).
Barriers to this energy shift are not only technological, but
also institutional, operational, and political. Moreover, “a
severe shortage of energy expertise in the humanitarian
system and no systematic approach to planning for and
managing energy provision” are among the key elements
(Lahn and Grafham 2015).
In the last few years, different projects looked at how to

introduce innovations to maximize efficiency and
minimize environmental impact. Such projects have been
carried out by SAFE and other actors. However, many of
them have failed for different reasons or have not been
scaled up (Aste et al. 2016; Barbieri et al. 2017).
This work aims at describing the rationale, objectives,

and main activities of the Sustainable Energy Technologies
for food security in humanitarian contexts (SET4food)
project in order to increase the chances to capitalize its
findings and experience and to share with the scientific
community a potential way forward, starting from a better
response.

A comprehensive approach towards better
response
Based on the previous analysis, there are different compo-
nents which can be improved in order to achieve the goal
of enhancing the capacity of the humanitarian sector in
ensuring the provision of safe energy access in critical
contexts.
In particular, focusing on capability elements related to

energy and to the energy-food nexus, the humanitarian

sector lacks the following (Jenks et al. 2018; Callaghy and
Riddley 2018; Rosemberg-Jansen 2018; Puri et al. 2017):

1. Knowledge and awareness of energy relevance:
humanitarian actors have little awareness and
knowledge of the importance of alternative energy
options, especially but not exclusively about food
security (in particular food utilization);

2. Capacity in planning, implementation, monitoring,
and evaluation: humanitarian actors have limited
technical capacity and supportive tools to identify,
design, and implement appropriate energy
solutions, both at the HQ and field levels.
Methodologies to collect, share, and analyze data
about access and use of energy are not well-known
and standardized, thus evidences and reliable data
are not easily available. Similar considerations also
apply to monitoring and evaluation (M&E) proce-
dures and impact evaluation frameworks specific
to energy projects;

3. Coordination: despite the effort of SAFE and its
members, the humanitarian system is scarcely
coordinated about energy-related issues, at the
local and global levels. Information sharing
among actors from different sectors, including
private companies and research centers is limited
as well, especially on issues related to people dis-
placement or emergency.

The SET4food project tried to address such prob-
lems in two phases. The first one was implemented
in 2014–2015 with the aim of improving the response
capacity of humanitarian actors in identifying and
implementing efficient and sustainable energy te-
chnologies, in particular for food utilization. All the
activities aimed at contributing to make energy
utilization more efficient and sustainable. The main
project beneficiaries were humanitarian actors (opera-
tors and organizations), in order to make them more
effective to support food security among refugees and
IDPs. The second phase of SET4food, developed be-
tween May 2016 and April 2018, aimed to expand the
previous one, not only enhancing the capacity of the
single actors, but also promoting coordination and
collaboration among them.
Thus, SET4food phases 1 and 2 have been designed

including the following main components which re-
spond to the three criticalities:

1. Training and capacity building
Training and capacity building on energy topics
have been delivered both in-presence and online to
enhance knowledge and awareness of energy
relevance.
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2. Energy planning methodology, pilot testing, and
supportive tools

2.a.Development of a methodology for energy
planning, technology transfer, and adaptation;

2.b.Implementation of pilot projects in Central
African Republic (CAR), Haiti, Lebanon, and
Somalia in order to test the methodology and
propose innovative, integrated energy solutions
for cooking, food preservation, water
purification, and lighting.

2.c.Development of supportive tools: a package of
tools for decision making and project
implementation was created. It is composed by (i)
the SET4food Guidelines on sustainable energy
technologies for food utilization in humanitarian
contexts and informal settlements (SET4food
Guidelines); (ii) the Decision Support System
(DSS) for preliminary identification of a ranking
of potentially appropriate energy solutions; (iii)
the impact evaluation framework interactive tool;
(iv) the guidelines on M&E (monitoring and
evaluation) of energy projects.

3. Networking and knowledge sharing
The Energy Community of Practices
(ENERGYCoP)1 is the virtual platform created by
SET4food, where actors from different sectors can
share information about energy, and improve
networking and collaboration.

SET4food main project’s components
The different project’s components are detailed in the
following sections, in order to highlight the way in
which the project tackles the emerged criticalities.

Training and capacity building
In-presence and online trainings were set up within the
SET4food action in order to increase the awareness on
energy-related problems among humanitarian operators
and to provide them with a sufficient background in
order to face the challenge of safe energy provision in
emergency and post-emergency situations.
The e-learning course Appropriate energy technologies

for food utilization in refugee camps and informal settle-
ments: overview, selected criteria, and pilot case studies
was created and disseminated. It is based on the experi-
ence gained from the field pilots and from the develop-
ment of the SET4food Guidelines. It introduces the
linkages between energy technologies and food utilization
(food preparation and preservation) in humanitarian con-
texts. The course is organized in five modules, each one
focusing on a different aspect2:

� Module 1—Access to sustainable energy as leverage
to development and human rights’ enjoyment;

� Module 2—Access to energy in refugee/IDP camps
and informal settlements;

� Module 3—Energy and food in refugee/IDP camps
and informal settlements;

� Module 4—Energy technologies for food preparation
and conservation;

� Module 5—Identification of appropriate
technologies for preparation and preservation: the
SET4food decision support system (DSS).

In-presence intensive courses were also carried out in
the framework of Master courses in Development and Co-
operation in Colombia, Italy, Kenya, Nepal, and Palestine
during the first phase of the project. Although the work-
shops mainly addressed the students of the master, they
were also open to humanitarian actors, academic staff,
local authorities, and private companies. They allowed to
add further details compared to the online course and to
interact with international experts.
Moreover, during the second phase, a further in-presence

training has been delivered in Milano (Italy) to about 20
persons. The training was designed for professionals already
involved in the humanitarian and development sectors,
with the aim of strengthening the response capacity of hu-
manitarian actors in the energy sector. Through a participa-
tory methodology that included individual presentations
and group works, participants shared experiences and best
practices constantly supported by the trainers, who pro-
vided the necessary inputs to encourage constructive dis-
cussions and the development of innovative content.

Methodology for energy planning, technology transfer,
and adaptation
The main objective of this project component was to
propose a methodology for humanitarian actors to select
and introduce in an effective way appropriate and in-
novative energy technologies for food utilization in tem-
porary, quasi-permanent, permanent camps, or informal
settlements.
In fact, depending on the context, a number of differ-

ent solutions can arise, since local needs drive the selec-
tion. Moreover, in the same context, technology
solutions selected by different teams can differ, due to
the fact that innovation is a creative process, which in-
volves people with different ideas and opinions. Different
time constraints may also lead to different solutions.
Based on such considerations, the work carried on at the
beginning of the project allowed to define a preliminary
methodology for energy planning, technology transfer,
and adaptation. The methodology was then refined sev-
eral times during both phases 1 and 2, based on the
learnings from its implementation in the field (Aste et
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al. 2017). The final version is constituted by the follow-
ing key steps (Fig. 1):

1. Priorities: in this phase the identification of basic
needs is carried out. This allows to define priorities
in the response. Priorities are identified according
to the most relevant and most contingent needs of
the local community in terms of (i) basic need for
households, (ii) community services, and (possibly)
(iii) productive activities. This step is carried out
through the distribution of questionnaires to
potential beneficiaries in order to get a specific
assessment of local priorities and needs. Local staff
have to be involved in the process of data
collection, including interviewing, and in a
preliminary debriefing. This in-depth analysis pro-
vides a first assessment of living conditions, chal-
lenges, barriers, and needs. This phase leads to
define the main goals of the intervention.

2. Diagnosis: during the diagnosis phase, the energy
demand is evaluated according to the needs. The
amount of water, fuel consumptions, etc., defines

the overall load to be met. Any constraint or
vinculum given by the specific context is accounted,
since this kind of elements can greatly affect the
design of the solution (e.g., household-based vs
community-based solutions). This phase leads to set
the energy amounts necessary to satisfy priority
needs and constraints that the technological solu-
tion needs to meet and respect.

3. Strategy: this phase drives the selection of the
intervention strategy. In the SET4food’s pilot
projects, the strategy concerned the identification of
the areas of intervention and the most appropriate
technological scenarios. This phase leads to
selecting the scope of intervention by coupling
appropriate technologies with local needs and
available financial resources.

4. Technology: during this step, a preliminary ranking
of different technology layouts is defined, based on
the results of the previous steps. In particular,
different technologies having different
characteristics are ranked based on the constraints
and opportunities identified in the previous steps,
such as traditional ways and habits of cooking,
which may affect acceptability and adoption of new
cooking systems; familiarity of beneficiaries with
new technologies, which may affect the
effectiveness of introducing sophisticated
technologies for preserving food and purify water;
availability and affordability of the spare parts in the
local market, which may represent a threat to long-
term sustainability. Based on the main constraints, a
process of adaptation can be undertaken, in order
to investigate whether an already existing solution
may be modified to better match with local needs
and habits. For example, an existing model of im-
proved cooking stove may require adaptation in its
dimensions in order to be usable with the pots
already in place, or a commercial electric refriger-
ator may require modifications in order to guaran-
tee its proper operation also during blackout
periods. This phase leads to the definition of the
final solution.

Pilot projects
The proposed methodology has been applied in pilot pro-
jects in four countries: Lebanon, Somalia, Central African
Republic, and Haiti. Such pilots allowed to test the imple-
mentation of some technologies that are usually not consid-
ered in humanitarian contexts at the same time. This fact
required significant adaptation of the technology itself in
many cases. The pilots targeted different contexts, includ-
ing refugees and IDPs in camps and informal settlements.
In order to show how the methodology was applied,

Table 1 summarizes the information gained in each step for

Fig. 1 The proposed methodology for technology transfer
and adaptation
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the case of one settlement in Lebanon as an example, fo-
cusing on cooking, electric power, and food preservation.
Firstly, during the priorities phase, the assessment allowed
to identify the main characteristics of the context and the
most important needs expressed by the refugees. As a sec-
ond step, based on the analysis of such information, and on
additional technical information collected by direct obser-
vation in the field, the energy requirements and the tech-
nical characteristics of the technologies already in use were
determined, as well as any relevant constraints and oppor-
tunities that could affect new solutions, such as the avail-
ability of local technicians to install and repair the systems

and the availability of components in the local market. As a
third step, a strategy for the intervention was defined ac-
cording to the overall depicted figure, which allowed to
proceed with a final selection of the technologies and their
adaptation to the local context (step 4).
As per implemented solutions, we summarize hereafter

the most interesting ones, in terms of innovation in hu-
manitarian contexts, discussing their characteristics, and
the results in terms of acceptability and effectiveness of
the proposed technology (refer to Additional file 1 for a
summary of all the implemented solutions, with the level
of success and the main lessons learned).

Table 1 Proposed methodology applied to a settlement in Lebanon

Cooking Electric power Food preservation

Phase 1—Priorities

Type of settlement:
Informal settlement
Housing structures:
(i) Multiple floors uncompleted cement
building
(ii) Tents surrounding the cement building

Need:
To decrease the costs for cooking and
improve comfort and safety of cookers

Need:
(i) To have a reliable source of lighting for households
(ii) To guarantee the utilization of basic appliances such
as mobiles
(iii) To guarantee safety in common spaces

Need:
To preserve fresh food and leftovers in a safe
way

Phase 2—Diagnosis

Solutions in place:
Gas burners coupled to bottled gas to
cook dry and fresh food
Constraints and opportunities:
(i) Community and shared solutions are
accepted among relatives+

(ii) Cooking is performed independently
by each family at different times
(iii) People cook both outdoor and
indoor
(iv) Gas stove components available in
the local market+

Estimated firepower:
4–6 kW per stove per family

Solutions in place:
(i) Illegal grid connection for few hours every day for the
tents
(ii) Legal connection for few hours every day for people
living in the building
Constraints and opportunities:
(i) Community and shared solutions, such as plugs in
common spaces, are accepted by people who live in the
building and in some tents+

(ii) No measure available of the actual electricity
consumption
(iii) Wide range of electric technologies available in the
local market+

(iv) Presence of local technicians having experience with
renewable energy systems+

Estimated electric load:
(i) 0.2 kWh/day per family with 2 LED bulb lamps and 2
security lights
(ii) 0.5 kWh/day per family with 2 LED bulb lamps, 2
security lights, and a thermoelectric refrigerator
(iii) 2 kWh/day in case of community refrigerator

Solutions in place:
None
Constraints and opportunities:
(i) Sharing of same technology in common
space is considered acceptable+

(ii) Sharing of the same space for food storage
(e.g., same compartment of same refrigerator) is
not acceptable
(iii) Fresh food is available in the market+

(iv) Refugees have already used food
preservation technologies in the past
(refrigerators) +

Estimated quantity of food to be preserved:
Few kilograms per family

Phase 3—Strategy

The adopted strategy aims at improving the situation considering all the three identified dimensions
(food cooking, food preservation, and electric power for basic needs), trying to propose an integrated
response. The strategy includes the following actions:
(i) Provision of a technical solution to improve the efficiency, usability and safety of gas burners
(ii) Provision of an alternative power system to ensure the reliability of the electric service
(iii) Provision of a reliable and simple solution to preserve fresh food, based on refrigeration

Phase 4—Technology

Locally made pot skirts for gas burners
made with metal sheets and provided
with external insulation

Hybrid PV/wind micro-grid assembled starting from locally
available devices, able to manage primary loads (refrigera-
tors) and auxiliary loads (other loads) separately

Locally assembled community refrigerators
(700 l), with additional thermal storage and
multiple individual compartments

Factors with the symbol + were found as opportunities
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Pot skirt for gas burners (Lebanon)
A pot skirt is a simple round piece of metal which is placed
at the top of the combustion chamber where the flames are
in contact with the bottom of the pot. It encloses the pot
and forces the flame and hot gases to its sides (Wohlge-
muth et al. 2009; Barbieri et al. 2015). Pot skirts are widely
used to improve the performances of biomass improved
cooking stoves (ICS), but their utilization is not common
with gas burners. However, when applied to gas burners,
pot skirts reduce the heat losses thus increasing the overall
performances of the stoves and decreasing fuel consump-
tion. The proposed artisanal model was specifically de-
signed for the gas burners used in the settlements by the 13
families who lived in the place. The design improved safety
of the burners by adding an external thermal shielding to
avoid burns (Fig. 2 and Fig. 3).
The collection of quantitative data about fuel savings

was prevented by the adverse conditions in the settle-
ment; however, beneficiaries expressed a high appreci-
ation of the technology, referring that gas cylinders
could last longer and that cooking outside was made
easier due to the fact that the flame is sheltered from
the wind. All the families declared that they could better
meet their energy needs due to the new technology. In
fact, in most cases, pot skirts were used regularly by the
families (in average, pot skirts have been used 5–6 times
per week, based on a regular monitoring of all benefi-
ciary families on a period of 7 months), without any par-
ticular problems in terms of usability. Thus, despite the
fact that it was not possible to quantify the reduction of
fuel consumption, the field testing showed a promising

potential of this simple technology in critical contexts
also when bottled gas is the main fuel.

Standalone electric systems coupled with thermoelectric
refrigerators (Lebanon)
The solution consists in a simple photovoltaic DC sys-
tem that can be easily dismantled and moved to another
location, should the beneficiaries being resettled. The
system was provided to the 13 families living in the tar-
get settlement and was installed by a local company with
all components available on the Lebanese market. The
system powers four LED lights ensuring indoor and se-
curity lighting (Fig. 4), and a small thermoelectric re-
frigerator (Fig. 5). The aim of this pilot was to explore
the effectiveness of portable and flexible solutions for
basic needs, such as lighting and food preservation.
According to the beneficiaries, the new electric system

was preferred to the old one. They appreciated its reli-
ability compared to the main grid, characterized by fre-
quent and long-lasting blackouts and cutoffs.
Refrigerators were mainly used by the families to

preserve different types of food, including vegetables
and fruits (16%), bread (30%), and food leftovers
(12%). Qualitative surveys revealed that all the benefi-
ciaries perceived an improvement in the means of
food preservation after the introduction of the refrig-
erators. On the other hand, surveys also revealed that
the potential of this technology (refrigerators) was not
fully exploited by the users, due to both a limited
availability of food to be preserved, and the unfamili-
arity of people with this kind of devices. In particular,
this was confirmed by the fact that, except for one
case, the permanence of any foods in the refrigerator
was very short (1.3 days in average, over a monitoring
period of 7 months). Therefore, in this case the main
finding was that specific capacity building of the

Fig. 2 Assembled SET4food pot skirt

Fig. 3 Utilization of the SET4food pot skirt in a household
in Lebanon
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beneficiaries is required for an effective utilization of
new practices, such as food preservation through
non-traditional systems.3

Hybrid solar/wind power system with multi-compartment
refrigerators (Lebanon)
The proposed solution is a hybrid PV/wind micro-grid
providing energy to seven community refrigerators. It
was installed by a local company with components avail-
able on the Lebanese market.
The system integrates 3 kW of solar PV with a 2.5-kW

horizontal axis wind turbine, and a 25-kWh battery
bank. Refrigerators have a global capacity of 700 l and
are divided in eight compartments of about 90 l each
(Fig. 6). Each compartment is assigned to a single family,
or shared between families with some parents in com-
mon, and is lockable with a personal key. Community
refrigerators are placed in a common space and are de-
signed to work in case of discontinuous power supply by

integrating eutectic plates, which help maintaining a
constant temperature in case of electricity shortage. The
overall solution (micro-grid and refrigerators) was tested
as an innovative system capable to provide reliable elec-
tricity supply and to ensure safe preservation of food in
hard conditions by exploiting renewable energy sources
and combining the benefits of a community installation
(cost reduction and increased energy efficiency) with those
of personal utilization.
Qualitative surveys were delivered to a sample of 30

families. Thanks to the new systems, 97% of respondents

Fig. 4 Main components of the standalone PV system

Fig. 5 The thermoelectric refrigerator in use Fig. 6 The community refrigerator
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referred that they could better meet their energy-related
needs. In particular, 80% of beneficiaries reported that
the refrigerators allowed them to store food for a longer
period in a safer and healthier way. Food leftovers could
be preserved, to be consumed later on especially by
women and children (Fig. 7). Some households also re-
ported that the use of refrigerators changed the compos-
ition and frequency of grocery shopping (20% of cases). In
addition to qualitative data collection, sensors measuring
the number of openings of the doors were installed in each
refrigerator, to get a proxy measure of the rate of utilization.
The results show that the frequency of utilization was about
twice per day per family (Table 2, considering that each re-
frigerator was divided into eight compartments).
A critical point was given by the fact that the system

was owned by a management committee chosen by the
refugee community that was changed many times due to
the high rate of mobility of the refugees. Also, the power
system could only cover the very basic energy needs of
the community, due to the huge number of households
in the settlement. Moreover, the difficulties experienced
during the procurement and installation of the systems
due to the limited experience of local suppliers showed
that materials and expertise in the field of complex re-
newable energy systems are not always locally available,
nor sufficiently reliable.

Comparison of improved cookstoves (CAR)
In Central African Republic (CAR), two improved cook-
ing stove (ICS) models were distributed and tested: a
commercial model imported from Kenya was distributed
to 70 families, and a locally made ICS to other 25 fam-
ilies4 (Fig. 8). In this case, the aim was dual: on the one
hand, the comparison between locally made and com-
mercial solutions, in order to investigate differences in
terms of performances, and on the other hand, to under-
stand the different reactions of the beneficiaries to differ-
ent designs and layouts of the same technology.
Both the ICS models were much appreciated by the

beneficiaries, since they immediately noticed a strong re-
duction in fuel consumption, as well as in time for wood

collection or money spent for fuel purchase. Fuel reduc-
tion was confirmed by quantitative data collection,
which revealed a reduction of more than 50% of fire-
wood consumption for both the commercial and the lo-
cally made stove, and a significant reduction of the time
dedicated to fuel collection. For the case of the commer-
cial ICS, a reduction of fuel expenditures of 41%5 was
also noticed, while it was not possible to get any signifi-
cant conclusion for the case of the locally made ICS
(Table 3).
On average, ICS were used more than twice per day by

each household, confirming a shift from three-stone fire.
Such results stimulated local entrepreneurship, and
some private actors evaluated to start a local business
for the construction of ICS.
It is interesting to notice that the beneficiaries consid-

ered the locally made model more robust, even if on the
long-term the commercial model showed better perfor-
mances in terms of durability. This fact shows how
people experience can influence their perception and ac-
ceptance of a given technology. It is also interesting to
underline that both ICS performed in a similar way in
the field, even if the commercial model was supposed to
be more efficient, based on laboratory tests. This fact
gives evidence on the fact that users’ behavior and prac-
tices influence the real performances of stoves in the
field, thus results from laboratory tests should not be
used as the only and most important parameter to select
the best ICS model (Lombardi et al. 2017).

Locally made solar refrigerator (SPARK model)
The Solar Photovoltaic Adaptable Refrigeration Kit
(SPARK) was designed by Politecnico di Milano to allow
communities to assemble solar-powered refrigerators
using locally available materials with a competitive price
(Del Pero et al. 2015). Although SPARK was designed to
be battery-free and to be equipped with a thermal storage
in order to not require fuel, like sorption refrigerators, in
SET4food project, the system was modified and tailored
to increase its reliability. More in detail, in order to ensure
continuous power supply during periods in which PV

Fig. 7 Examples of preserved food by different families
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system is unable to cover the entire electricity demand,
the refrigeration group was connected to a battery group.
The electric and mechanical parts, i.e., a compressor

(with a thermostat), a roll-bond evaporator pre-charged
with refrigerant, and plug-in connectors for the refriger-
ant circuit, are commercial components provided in a
compact kit that can be shipped almost everywhere,
while the envelope and the compartments are locally
constructed by using different materials. The photovol-
taic panels are locally purchased.
The pilot aimed at testing a solution which couples

the advantage of using local materials to the advantage
of adopting reliable mechanical components. Moreover,
since the envelope is locally made, it can be designed ac-
cording to the specific needs and constrains. For ex-
ample, the refrigerator can be divided into lockable
compartments, so that each family can be assigned with
one of them.
In order to test the solution, six refrigerators were as-

sembled, with a 500-l capacity and four lockable com-
partments each (Fig. 9).
Based on qualitative surveys among beneficiaries, the

refrigerators helped in the preservation of vegetables
(mainly carrots, onions, potatoes, sweet potatoes, toma-
toes, egg plants, cabbage, leek, sweet pepper), fruits
(mainly papaya, oranges, shadek—a sort of local
grapefruit), water, and juices, thanks to their reliability
compared to traditional refrigerators. The reliability of
the system was also a leverage for small business ac-
tivities. For example, one of the beneficiaries im-
proved the trade of meat thanks to the better and
cheaper means of preservation compared to buying
ice every day.

On the other hand, the pilot showed that a lack of ex-
pertise in local manufacturing can represent a bottleneck
in the construction of the envelope and in the overall as-
sembly of the system.

Supportive tools
On the one hand, the proposal for a methodology, and the
field testing of the methodology itself and of innovative
technologies, contributed to limit the existing gap in terms
of energy-related areas of intervention. In fact, as under-
lined in the introduction, the humanitarian response has
in general focused only on the problem of cooking, thus
excluding many other relevant issues, such as food preser-
vation. On the other hand, the initial analysis also showed
that there are few practical instruments such as tools and
guidelines available for humanitarian workers. In most
cases, humanitarian operators do not have solid know-
ledge of the energy problem and face important challenges
in terms of time constraints, making decisions under pres-
sure. Therefore, selected strategies do not always comply
with the requirement of sustainability or consider most ef-
fective technologies. For this reason, there is a need to de-
velop instruments to guide the definition of a solid energy
strategy. SET4food tried to start facing such need by pro-
posing a package with different tools.

SET4food guidelines
The Guidelines on sustainable energy technologies for
food utilization in humanitarian contexts and informal
settlements are the first tool developed during the pro-
ject (Barbieri et al. 2015).

Table 2 Average daily openings of the refrigerators’ doors

Refrigerator 1 Refrigerator 2 Refrigerator 3 Refrigerator 4 Refrigerator 5 Refrigerator 6 Refrigerator 7

Average daily openings
(over an 8-month period)

8 (4.85) 15 (10.35) 16 (8.52) 18 (12.05) 12 (6.33) 15 (9.37) 26 (17.19)

Standard deviation in brackets

Fig. 8 Improved cooking stoves in CAR
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The Guidelines support the process of identification
of the most appropriate energy technologies and have
been written in order to describe the main characteris-
tics of the different technology options, considering
that in most cases field operators do not have a strong
technical background.
The guidelines provide both technical and non-technical

information, starting from a list of different needs and cor-
responding energy solutions for food utilization, grouped
within four main categories:

� Technologies and fuels for cooking (e.g., improved
biomass cookstoves, biogas stoves, electric stoves);

� Technologies for food preservation (e.g., solar
refrigerators, passive refrigerators, canning
methods);

� Energy conversion systems for water pumping and
purification (e.g., PV pumps, ultraviolet lamps,
water filters);

� Modular integrated renewable energy systems (IRES)
for electric supply.

Within each category, the main text provides a de-
scription of existing layouts and models of each group of
technologies, as well as indications on the efficiency and
the functioning principles. Figures and schemes clarify
key issues, illustrating the main components or the
physical principles of functioning.
When further details are needed, additional technical sheets

describe the characteristics of each technology and give indi-
cations about manufacturing, proper utilization, operation
and maintenance, and other practical recommendations.

The guidelines are open access and have been re-
leased in English, French, and Spanish in order to
maximize their diffusion in all the main intervention
areas. The document raised a great interest, as it is
evidenced by more than 600 visualizations and
downloads.

Decision support system
The Decision Support System (DSS) is an online inter-
active tool supporting the identification of appropriate
energy technologies, based on the specific context in
which the user is trying to operate. It helps in the pre-
liminary selection of technologies for food preparation
and preservation, and other related issues such as elec-
tricity for different uses, according to a number of pa-
rameters, such as geographical location, local climate,
available resources, and other information provided by
the user. The tool is composed by a “module 0” that al-
lows to enable or inhibit access to core modules based
on a set of questions to which the user is required to an-
swer. Core modules are five, directly referring to the dif-
ferent sections of the guidelines: (i) cooking, (ii) food
preservation, (iii) power generation, (iv) water pumping,
and (v) water treatment.
Within each module, specific questions guide the user

in providing the requested information. Based on the an-
swers, a set of indicators is evaluated. Such indicators
are combined together, and the result is given in the
form of a ranking of the different technologies, taking
into account technological, economic, social, and envir-
onmental aspects. An example of ranking for the case of
cooking is given in Fig. 10.
The DSS is available online in English, French, and

Spanish, with a user manual (Barbieri et al. 2016).

Monitoring, evaluation, and impact assessment package
Based on the work and studies carried out during the
first phase of the project, the lack of documentation on
effective monitoring, evaluation, and impact assessment
of energy-related interventions emerged as a further

Table 3 Savings due to ICS distribution in CAR

Commercial ICS Locally made ICS

Wood consumption − 63%*** (16%) −61%*** (20%)

Time to collect wood −54%*** (35%) − 64%*** (33%)

Fuel expenditure −41%** (59%) Not significant

Standard deviation in brackets
**, and *** indicate significance at the 90, 95, and 99, respectively

Fig. 9 SPARK refrigerators in Haiti
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critical element. As a consequence of such gap, few
quantitative data and evidence-based results are ex-
changed at the end of most projects (Barbieri et al.
2017).
For this reason, a package for M&E and impact evalu-

ation was proposed during SET4food phase 2, composed
by the M&E framework, and the impact evaluation frame-
work tool.
To be effective, monitoring and evaluation (M&E)

should not only assess the achievement of expected objec-
tives, but also monitor recipients’ roles within the various
steps of the project. From this perspective, the approach
proposed by SET4food combines the logical framework
approach and the sustainable livelihoods framework (Koll-
mair and Gamper 2002). While the first represents a
widely used tool for assessing the achievements of the
project steps, the integration with the latter allows consid-
erations of the importance of the recipients’ roles within
the project activities in order to induce targeted changes
in livelihoods. From this viewpoint, the new integrated
M&E approach helps to set up an effective set of indica-
tors to perform a people-oriented evaluation of the project
aside from a mere evaluation of the completion of the
project phases (Politecnico di Milano 2018).
The impact evaluation framework (IEF) is further pro-

posed as a complementary practical tool implemented in
Microsoft Excel©. The tool aims at enabling the

understanding of performance and impact of energy pro-
jects. A specific version has been developed in the
framework of SET4food, including a set of indicators
and recommendations specific to the humanitarian
context.6

The tool allows to measure the effects that a project has
on the local livelihoods, assessed in terms of target com-
munity’s five capitals: natural, physical, human, social, and
financial. The model at the basis of the tool is an original
re-elaboration of the “Sustainable Livelihoods Framework”
(Kollmair and Gamper 2002; Colombo et al. 2018).
The tool can be applied to get an ex-post analysis,

assessing already completed projects by comparing the
measure of capitals in the baseline situation with the
changes brought by the project and assessed at its end
(Fig. 11). It has also been used for ex-ante analysis, at an
appraisal phase, during the selection process among pos-
sible project alternatives. In this case the result is the ex-
pected impact of the intervention.

Networking and knowledge sharing
Outcomes and results of the project have been dissemi-
nated through the website and a YouTube channel, as
well as public events, but the most important action as
regards dissemination and knowledge sharing is repre-
sented by the design and launch of ENERGYCoP.

Fig. 10 Example of final ranking (cooking module)
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Fig. 12 The ENERGYCoP homepage

Fig. 11 Example of graphical output from the IEF tool
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ENERGYCoP is an online global, not-for-profit com-
munity of practice launched in the framework of SET4-
food second phase (Fig. 12), managed by SAFE. Its
purpose is to facilitate information sharing and increase
collaboration among a diverse network of stakeholders
who are engaged in providing Safe Access to Fuel and
Energy (SAFE) to crisis-affected people, such as refugees,
IDPs, and those affected by disaster caused by natural
hazards. Within this community of practice, every indi-
vidual and organization working on issues related to en-
ergy access and energy technologies in humanitarian
settings can access resources, connect with partners, and
contribute to ongoing discussions on various topics.
ENERGYCoP is designed to be an interactive platform

with an open-knowledge approach that enables users to
search for projects, technologies, tools, and resources re-
lated to energy access in humanitarian settings, or to
share materials that are considered valuable for the com-
munity. It allows to pose questions, ask for advice, or
share experiences and best practices with the other
members.

Achieved results and way forward
Despite an increasing number of displaced people in the
world, energy has not been considered as a major topic
in people displacement yet. This fact in many cases has
exacerbated many negative aspects related to emergency
and post-emergency situations, including in particular
those related to food utilization. Such situation proves
that new solutions are required, not only in terms of
technology development, innovation, or adaptation, but
also in terms of decision making, sensitization, training,
and support to humanitarian actors. The SET4food pro-
ject phase 1 and phase 2 contributed to tackle the main
criticalities emerged in the humanitarian sector that are
associated to energy.
Global awareness and knowledge of energy relevance

has been increased, and the legacy of the project is an
online open access for humanitarian officers, students,
and operators in the field. Moreover, the project deliv-
ered in-presence trainings. The SET4food online and
in-presence training activities reached more than 300
people on different levels, which represent a consider-
able result for the project itself, but just a first step in
the overall sector.
A methodology for energy planning, technology trans-

fer, and adaptation in humanitarian or critical contexts
was drafted and then applied to different pilots during
the first phase of the project to enhance the capacity in
planning, implementation, monitoring, and evaluation.
The application of the methodology in the field permit-
ted its enhancement and revision, in order to focus on
the most critical elements that can drive the success or
failure of energy interventions, and to identify some key

lessons learned. The field experiences confirmed the
relevance of a holistic approach and suggested that en-
ergy is also a key element in the shift from emergency to
post-emergency and development. Looking at the tech-
nical solutions themselves, the pilots clearly showed that
the appropriateness of a technology strictly depends on
local conditions and requirements. For this reason, the
assessment of the context is very important, and all the
relevant information should be considered and properly
analyzed. Another factor showing high relevance for the
success of field interventions is the setup of a strong
monitoring system. As an example, the utilization of re-
mote monitoring devices in the SET4food pilots contrib-
uted to identify faults, blackouts, or improper utilization
of the systems and hence to carry out prompt corrective
actions. In fact, a strong monitoring system helps in un-
derstanding or avoiding people’s complaints and reduces
the risks of ineffective actions. The technological factor
itself plays a relevant but not unique role, while other
factors such as tradition and people’s perception can be
as much determinant on the adoption of a given
solution.
Such considerations also draw to the conclusion that

the humanitarian sector should move more and more
towards a new way of project formulation, based on a
holistic and multidisciplinary approach. In order to face
such challenges, in the second phase of the project, the
supportive package of tools was enriched including a
monitoring, evaluation, and impact assessment package
for supporting project manager. It aims at helping in the
definition and implementation of effective energy strat-
egies, starting from the consideration that humanitarian
actors in general do not have a specific background on
energy issues. Such tools have received a quite positive
response so far, which confirms their positive contribu-
tion to the sector.
Lastly, it is clear that projects such as SET4food will

gain a much wider impact if a coordinated action of all
the involved organizations and relevant initiatives is put
in place. From this perspective, the launch of ENERGY-
CoP represents an important footstep on the way of a
more coordinated and collaborative approach to energy
in critical settings. As a matter of facts, ENERGYCoP
capitalizes and collects not only the results and tools
from SET4food, but also all the different experiences
and capabilities from other initiatives regarding energy
in humanitarian settings. Thus, the platform may enable
a shift from a traditional “technological transfer” ap-
proach to a more participative one, including co-design
and technological cooperation activated by a knowledge
sharing mechanism.
Thanks to the results achieved so far, the SET4food

action has joined a wider movement which includes
other important initiatives such as the Moving Energy
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Initiative and the SAFE working group, on the way to-
wards a global strategy for the provision of sustainable
energy solutions in critical contexts. The launch of such
a movement confirms the strong importance of a multi-
disciplinary and multi-stakeholder approach, where aca-
demia, NGOs, international organizations, and the
private sector can join their efforts in an effective way to
develop and propose effective strategies and solutions,
not only looking at short-term benefits, but also at
long-lasting impacts.

Endnotes
1http://energycop.safefuelandenergy.org
2The course is available in English, French, and Spanish

and can be accessed through the project’s website:
www.set4food.org

3For further details on this and the next solution, see
(Aste et al. 2016).

4Reported results are based on a monitored sample of
25 and 15 families respectively for the case of the com-
mercial and locally made stove.

5In some cases fuel was purchased from other refugees,
while in others it was directly collected by final users.

6Downloadable at http://bit.ly/2EITkTu
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