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ABSTRACT

Small communities in remote, riparian sites often have limited resources, and experience energy
insufficiencies and poor disaster resilience to intensifying weather hazards such as rainstorms
and floods. Humanitarian engineering interventions for off-grid renewable energy generation
and flood response at the local level have the potential to support community hazard
management and socio-economic development. This scoping review examines communities in
low and lower middle-income countries, and their use of renewable energy and flood warning
systems. Its primary focus is vulnerable communities and how they can achieve hazard
protection as part of sustainable development initiatives. The findings highlight that it is
important to consider institutional, environmental, social/ethical, economic and technical
indicators in developing a comprehensive understanding of the success or failure of a given
system. The study concludes that an integrated renewable energy and flood warning system may
provide an optimal, community-managed approach to address priority needs.
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INTRODUCTION

Localised renewable energy is an affordable, clean alternative to fossil fuels that is gaining
popularity for use in remote ‘off-grid’ communities [1-4], particularly in low and lower-middle
income countries [5], where reducing costs make it more feasible [4, 6, 7|. To support such
communities and their ecosystems, national and international organizations often provide
development assistance programs alongside specific forms of humanitarian intervention. Key
goals of these programs, respectively, include enhancing community capabilities regarding
energy sufficiency [8-10] and disaster risk reduction at the local level [11-13].

Access to resources and knowledge on how to establish, operate, repair and maintain local
infrastructure and services increases community self-sufficiency. Frequently however, this is
not the case for the remote, riparian communities in low and lower middle-income countries.
Assistance provided to these communities is often temporary, or promised longer-term
solutions fail over time as they cannot support (or be supported by) end-users in a realistic and
sustainable manner. Such communities are often small, agriculture-based monoeconomies
with low incomes, power insufficiencies, and increased exposure to extreme weather events
due, in part, to limited response capability and technological support [14-16]. In this study,
communities with such characteristics are described as vulnerable or remote. Its focus is on
their current use of support technologies and potential future development of such assets.

The United Nations 2030 Agenda for Sustainable Development [8] highlights the
importance of Sustainable Development Goal 7: Affordable and Clean Energy as essential for
socio-economic development and self-sufficiency, as well as for the success of other Goals
[17]. Off-grid renewable energy systems (OGRES), such as small-scale hydropower
generators and solar panels, offer a range of potential benefits to vulnerable communities,
including enhanced disaster response capability when generated power can support flood
early-warning systems (EWS) [18]. According to the Sendai Framework for Disaster Risk
Reduction, community resilience against natural hazards is an essential element of sustainable
development [11]. Successfully combining OGRES and EWS would provide a comprehensive
humanitarian engineering solution that accords with the principles of both of these
international frameworks [19].

In this study, humanitarian engineering is defined as the technology-focused applications
that can support the basic needs (e.g. energy generation, shelter, water sanitation) of an affected
population, including preparation for, and response to hazard events [20-22]. Such
applications can be either temporary or permanent [23]. Humanitarian engineering is often
conceived by aid practitioners and field engineers as providing innovation and ‘elegant
solutions’ to more than one issue simultaneously (e.g. a micro-hydropower system for
irrigation may also power public lights and a school facility) [24, 25]. While humanitarian
engineering has the potential to provide such multi-faceted solutions in vulnerable
communities, a key requirement is that such solutions are sustainable over time and within
community resources, especially after the professionals leave or external funding discontinues.

To evaluate sustainability, it is essential to determine the appropriateness of a proposed
technology to the community (perceived value and sustained use) and its environmental
context (i.e. low and/or positive impact). So-called ‘appropriate technology’ frameworks
consider local characteristics and allow slow adaptations while end-user communities reach
and maintain sustainable forms of development [26-29]. Assessments of technology
appropriateness for local-level renewable energy systems typically examine technical,
economic and social indicators that would support effective use in a specific community [30],
[31]. Bauer and Brown [32] developed the ‘Appropriate Technology Assessment Tool” which
uses 47 indicators to determine technology appropriateness. The tool has a strong evidence
base, with its indicators derived from a meta-analysis of 53 articles, books and conference
proceedings in appropriate technology. In addition to appropriateness, llskog [33] has argued
for additional analysis of the sustainability of community-level technology developments



across two categories: environmental and institutional. Her proposed method assesses these
across 39 indicators, with these articulating closely with the United Nations Millennium
Development Goals, and the United Nations Sustainable Development Goals. Importantly, this
assessment framework has also demonstrated specific utility in sustainability evaluations of
energy-related projects [34]. The frameworks of Bauer and Brown [32] and Ilskog [33]
provide comprehensive coverage of the appropriateness and sustainability of community
developments which have a technology focus, and both will be used in the evaluation of case
studies identified in this review.

This scoping review investigates the uses of OGRES and flood EWS in vulnerable
communities, including specific indicators of strengthened or undermined end-user confidence
in these systems or their sustainability. While individual case studies have detailed the
successes and failures of OGRES or EWS in remote communities, a comparative analysis of
these systems following the four-stage framework of Arksey and O’Malley [35] has not
previously been conducted. Such an analysis can inform researchers, government authorities,
development, and humanitarian agencies, as well as communities themselves, as to the
viability and cost-benefit of such systems in these contexts. These data will also inform a wider
study at Western Sydney University in Australia which is examining whether community-level
renewable energy sources can reliably power flood EWS as a hybrid system. To the authors’
knowledge, there has been no such study of combined systems for sustainable development
and flood resilience at the local level. While some researchers have examined solar energy use
in EWS [36-38], there are no published data regarding other OGRES (i.e. hydropower)
powering localised EWS for community response. While the primary focus of this review is the
community use and effectiveness of OGRES and EWS as individual ‘sub’ systems, a
secondary focus will be the implications of these findings and potential applications for a
future hybrid system. Community-focused features that enhance acceptability and
sustainability of the sub-systems among different populations facing similar threats will likely
be integral to hybrid systems [39].

METHOD

This article presents a scoping review analysis that follows the four-stage framework of
Arksey and O’Malley [35]: (i) identification of research questions, (ii) identification of
relevant studies, (iii) selection of studies, and (iv) collation and report of findings. This method
has been used by many scholars, and has been adopted for use in a wide range of disciplines
[40]; for example water, sanitation and hygiene (WASH) [41], aging studies [42, 43],
education [44], and occupational safety [45].

Research questions

The aim of this scoping review is to collect research findings (success cases, lessons and
failure factors) related to community-based renewables and flood EWS installed in low and
lower middle-income countries. The review was guided by the following questions:

1. What are the elements of successful OGRES and EWS within vulnerable communities
experiencing energy insufficiency and/or flood risk?

2. What factors contribute to (or enable/disenable) the successful establishment and
ongoing maintenance of such systems in low and lower middle-income countries in order
to achieve sustainable development?

3. What features should a hybrid system have in order to be sustainable longer-term?

Search strategy

A range of terms are used in the literature to describe the focus areas highlighted in this
article. For example, “renewable energy” is sometimes used interchangeably with terms like
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“green energy”’, “clean energy” or “sustainable energy”. We conducted our search based on the



most commonly used version of these terms. The following string was used for the
identification of relevant studies: (“success” OR “lesson” OR “failure”) AND (“renewable
energy” OR “flood early warning” OR “technology acceptance” OR “technology transfer’)
AND (“developing countr®*” OR “low income countr*”)

Identification of studies

ScienceDirect was selected as the primary source for research articles in multi-disciplinary
themes (e.g. engineering, energy, environmental, social and sustainability) fields. Google
Scholar was also used to broadly search for relative scholarly literature. In addition, the
following key academic journals were selected for this search due to their high relevance in
their fields:

e Energy for Sustainable Development;

Engineering Failure Analysis;

Environmental Science & Policy;

Journal of Cleaner Production;

Journal of Rural Studies;

International Journal of Disaster Risk Reduction;
Procedia Engineering;

Progress in Disaster Science;

Renewable Energy;

e Renewable and Sustainable Energy Reviews.

Lastly, the authors examined so-called ‘grey literature’, which is understood as literature
produced and/or delivered by international and multinational organizations and agencies that
are not primarily focus on ‘traditional’/academic publishing. The following bodies were
searched:

International Centre for Integrated Mountain Development;

¢ International Renewable Energy Agency;

e United Nations Framework Convention on Climate Change;

e United Nations University Institute of Environment and Human Security.

Inclusion criteria

Review articles, research articles, case reports and product reviews available in English
were included; all other types of publications and languages were excluded. As interest in
renewable energy and early warning technologies dates roughly from the beginning the
selected period was from January 2000 to December 2020. This is a period that has witnessed a
plethora of innovations and optimizations. Furthermore, the Sendai Framework for Disaster
Risk Reduction, and the 2030 Agenda for Sustainable Development were also initiated during
this period, guiding responses for disaster resilience, environmental protection, humanitarian
aid and sustainable development.

Selection of studies

A total of 2,449 studies were identified from ScienceDirect and Google Scholar, with the
period of examination lasting up until December 31%, 2020. After journal searching, 325
studies were retrieved. Firstly, titles and abstracts were screened which resulted in 42 studies.
Full-text screening of the included studies resulted in nine studies. After bibliographical
searching, one study [14] was additionally included. Two other studies [46, 47| were added
due their high relevance to the topic and response to research questions; these were found by
using the string keywords in the Google search engine. The ‘grey literature’ search resulted in
six reports, while full-text screening led to the inclusion of only two reports. The full-text
analysis thus resulted in 14 studies for final inclusion. The entire process is visually explained
in Figure 1 and a summary of the studies is provided in Table A1 in Appendix.
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Data analysis

The selected-for-inclusion studies were coded following the 6-step process as detailed by
Braun and Clarke (2006) [48]. This process includes: (i) data familiarization by reading and
re-reading the studies, (i1) initial codes generation; (ii1) codes grouping into relevant themes;
(iv) review themes to develop a ‘thematic map’, (v) themes definition and naming, and (vi)
themes narration.

String-based databases search (2449)
L]

ScienceDirect (2357)
Google Scholar (92)

}

[ ]

[ ]

[ ]

Journal selection (325)

Energy for Sustainable Development (29)
Engineering Failure Analysis (8)

Environmental Science & Policy (5)

Journal of Cleaner Production (43)

Journal of Rural Studies (0)

International Journal of Disaster Risk Reduction (0)
Procedia Enginecring (0)

Progress in Disaster Scicnce (0)

Renewable Encrgy (93)

Renewable and Sustainable Encrgy Reviews (147)

|

Initial screening of studies (42)
based on title, abstract and keywords context screening

1

Initial full-text screening (9)

Studies based on significant input or

Grey literature search screening (6)

¢ International Centre for Integrated
Mountain Development (2)

 International Renewable Energy Agency (0)

e United Nations Framework Convention on
Climate Change (3)

e United Nations University Institute of
Environment and Human Security (1)

Items for inclusion after full-text
screening (2)

relevance to research questions (3)

e Bibliographical search (1)

Total studies for inclusion (14)

¢ Google search (2)

Figure 1. Study selection flow chart

RESULTS

The scoping review led to three major findings:

e Despite the differences in socio-cultural, economic and environmental conditions, many
communities have similar needs and lack similar capabilities;

e Many cases shared either the same or similar system failure/success indicators;

e Long-term community engagement and equitable socio-economic benefits delivery were
crucial in the success of both systems, while lack of support, technical know-how, funding
and system service were major indicators for failure.
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Three primary themes were distilled from the findings:

1. Recognition of diversities and similarities in vulnerable communities;
il.  Appropriate technology and sustainability mapping:

iii  Enablers for success and failure factors.

Recognition of diversities and similarities in vulnerable communities

The review summarised OGRES case studies (hydro, solar, and wind-power, and mixed
projects) from Bolivia, Philippines, Nepal, Rwanda, Ethiopia, Gabon, Ghana, Kenya, Malawi,
Mozambique, Nigeria, Tanzania, Cameroon, Central African Republic, Chad, Republic of Congo,
Afghanistan, and Papua New Guinea. The EWS case studies (flood or multi-hazard) were located
in Kenya, Sri Lanka, Egypt, Mali, Afghanistan, India, Nepal, and Pakistan. The findings indicate
that most cases for renewables were located in the African region, while for flood EWS they were
located in both African and Asian regions. Another observation from the data in Table A1 is that
some of the OGRES and flood EWS cases were located in the same country (e.g. Kenya, Nepal).
This shows that some regions in these countries are in need of both energy and flood resilience
aid.

Besides the similarities in the lack of sufficient energy and flood resilience infrastructure,
communities demonstrated differences to each other due to their differing needs, capabilities and
socio-cultural makeups. For instance, communities in Bolivia used electricity for powering
refrigerators, while communities in the Philippines did not. The OGRES in Bolivia and the
Philippines increased income and created more jobs but not in Afghanistan. In Mali, neighboured
communities and different groups were in conflict with each other due to water scarcity, however,
in Hindu Kush Himalaya, communities worked well together to face floods.

Appropriate technology and sustainability mapping

The complimentary assessment frameworks [32, 33| described in Introduction are suitable to
combined use to support a comprehensive review of the identified studies. Table A2 in
Appendix summarises the findings and classifies the cases based on information of failure or
success outcomes. The following session further details the results of Table A2.

Enablers for success and failure factors

Table A2 presents important information for the technology appropriateness of both OGRES
and EWS installations. Importantly, it frames enablers for successful approaches and problem
solving, as well as conditions that lead to failure.

Regarding the institutional indicators, community engagement was perhaps the most
important enabler for technology appropriateness as it was highlighted in many OGRES and
EWS cases. Ownership and management, as well as autonomy were also important, especially
when local stakeholders were involved in system development. None of the reviewed OGRES
and EWS were reported to have caused any significant impacts to local ecosystems. Conversely,
some OGRES were found to have supported ‘damaged’ ecosystems (e.g. reduced use of
firewood). Both types of systems were most successful when adjusted to local environmental
conditions (e.g. could operate/multi-function in high and low water levels). In social/ethical
matters, post-installation improvements in daily activities, health conditions (e.g. reduced use of
kerosene) and services, education, socializing and entertainment were crucial enablers for the
success and acceptability of both system types. In the economic realm, the generation of income,
creation of new jobs and low installation and maintenance costs were major success indicators.
With respect to technical matters, and for both systems types, adaptability, simplicity,
effectiveness, multi-purposing capacity, and materials availability were good enablers. Notably,
one EWS presented hybrid characteristics (self-powered by solar panels).

In terms of failure factors in institutional matters, issues occurred when the legislation and
regulations were not appropriate to such systems development. The lack of support of all kinds
was also a significant disenabling factor. With respect to the environment, the systems could not



operate well when they were not designed for local site conditions, while for social and ethical
issues, the lack of benefits or inequitable delivering, fear of identity loss and conflicts, theft and
jealously were serious failure factors. Knowledge, training and ease of use were also important
criteria for the success or failure of a system. In terms of economics, the most important factor
was the high cost of the systems. Furthermore, marketing strategies in local populations also
contributed to the acceptance of or apathy toward systems. Lastly, in technical matters, most
failures occurred when the system was not appropriately constructed, vulnerable to extreme
weather conditions, energy inefficient, poorly maintained, broken, and complex. These issues
were primarily the outcomes of a lack of funding, knowledge and skills and overall support.

DISCUSSION

The findings from this scoping review can help improve humanitarian engineering
interventions regarding the appropriateness of OGRES and EWS in remote communities, with the
outcome data examining both failure and success factors.

As noted above, OGRES were largely situated in African regions where instability in
electrical power provision is common. Africa has the physical characteristics required to develop
a range of renewable energy applications and increase energy supply [49-52]. For example, the
Sub-Saharan region is one of the least developed regions globally with major electrification
problems, so there is great potential for OGRES [16], [53-60]. The local atmospheric and
hydrogeomorphological conditions permit both hydro and solar-power installations. However,
countries in the Sub-Saharan region often lack resources, infrastructure, political will and funding
to establish such systems on a sustainable basis [50, 54|, [61-68]. Figure 2 presents the
Population without Access to Electricity 2019 Map”, developed by the International Energy
Agency — IEA [69]. The map focuses on countries in the ‘Global South’.

Rl
im 10m 100 m

Figure 2. Population without Access to Electricity 2019 Map

Figure 2 illustrates the serious energy insufficiency of Sub-Saharan Africa. It also shows that
regions in Asia (primarily Southeast Asia and Hindu Kush Himalayan) and Latin America are
also in need of OGRES as their power capacity is not sufficient. Our review findings articulate
with this data.

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of
international frontiers and boundaries and to the name of any territory, city or area.
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Besides the Sub-Saharan region, the conditions for renewable installations in the other regions
are also encouraging. For instance, the hydrogeomorphology of the Hindu Kush Himalayan is
appropriate for installing small scale hydropower systems [70-72] - it is riparian and
mountainous. Nepal, a country in that region, has high hydropower potential with proven
economic feasibility [73-78]. Its annual average water run-off is 225 billion m? from more than
6,000 rivers and other stream flows [79]. Therefore, local communities can greatly benefit from
localised hydropower compared to other energy sources, such as portable diesel generators and
solar energy.

The findings for EWS indicated that African, as well as Asian countries were in need of flood
warnings. Both the Sub-Saharan [80-82] and Hindu Kush Himalayan [83-88] regions have
experienced increasing vulnerability to the impacts of climate change, particularly floods, due to
increased temperatures [89, 90]. Figure 3 presents the Overall Water Risk Map, developed by
the World Resource Institute’s Aqueduct tool [91]. It presents evidence that Africa, Southeast
Asia, Hindu Kush Himalayan and Latin America are at great risk of water-based disasters.

Figure 3. Overall Water Risk Map

However, it should be noted that besides the identified similarities above, differences between
communities were obvious and this should be highlighted. Differences in populations exist not
only between different countries and regions, but also within the same communities. Therefore,
any systems developed for remote communities cannot be considered as a “one size fits all”
solution - it must be co-developed with community stakeholders based on their knowledge of
local conditions, values and needs, and the available/needed resources to sustain these solutions
over time [92, 93].

In addition, the review identified common factors that undermined or strengthened systems’
workability and longer-term use by applying the combined appropriate technology and systems
evaluation tool. The findings stress the importance of collaboration between end-user
communities and professionals, including key interest groups. Equity in resources and benefits,
consideration of traditional or local knowledge in the processes, and community-centred
management clearly contribute to increase efficiency in similar interventions [93]. A key finding
with both EWS and OGRES was that community end-user groups were often minimally involved
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with system development, deployment and maintenance. This reflected a lack of
community-focused development by implementing groups, yet it also shows community
perceptions of the insufficient gain derived from them. Further, there is a clear lack of community
stewardship over such systems, a critical asset in these contexts if the systems are to be
maintained and scaled up over time.

The scoping review highlighted those indicators related to the complexity of the systems and
unfamiliarity of end-users in proper installation, repair and maintenance. Automatic, low-tech and
user-friendly localised solutions (e.g. portable, plastic, colour warning rain gauges) that
correspond to the limited capabilities and resources of vulnerable communities could strengthen
the success of future systems. Site-conditional indicators causing dysfunctionality in the system
were also identified. As the impacts of climate change can be intense, the development of such
units should endure products of extreme weather events (e.g. logs and floating debris). Climate
change is contributing to more unstable weather patterns, resulting in more frequent and extreme
weather events [94]. This leads to a twofold issue; it is imperative to build stronger systems in
order to survive such disasters, but they must also be effective in terms of their maintenance and
operations in order to overcome prolonged dry/wet periods so that they can re-focus a
community’s attention when flood risk returns.

Finally, one flood EWS that was self-powered by mini solar panels was detected in the review
[95]. While there was no information about how other EWS were powered, this case study can be
considered as a ‘proof of concept’ hybrid system, where renewable energy is used to power the
EWS alone (i.e. system-level power). Solar energy was one of the most common type of OGRES
in the reviewed case studies (along with hydropower). Collectively, this evidence suggests that
that a ‘scaled-up’ hybrid system is feasible and could be developed, for example, a set of panels
that support ‘everyday’ energy needs could also power local EWS (for flood and other hazard
types).

A potential hybrid system for renewable energy generation and flood-warning detection at the
local level could have multiple benefits for vulnerable communities and their ecosystems. It could
generate free, clean continuous electricity securing energy availability to local end-users. It could
also detect water level changes and inform nearby communities of potential flood development,
increasing awareness and response levels. However, the data gathered regarding its constituent
systems indicate that a hybrid system would need to address key issues to support successful and
sustainable use in these contexts, including:

e The selection of appropriate OGRES type and parts. This should be decided based on local
atmospheric and hydrogeomorphological conditions. For instance, solar panels for
covering both EWS and community energy needs in mountainous areas, such as the Hindu
Kush Himalayan region, may not be an appropriate solution. A key issue is the availability
of solar energy equipment in the local area. In the case of malfunction (e.g. a broken solar
panel), end-users may not be able to find replacement parts in the local markets or conduct
repairs on their own, undermining the long-term feasibility of these systems. In this
scenario, small scale hydropower generators may be the optimal solution for remote,
riparian communities.

e The selection of appropriate EWS-part type: Due to the differences in response levels
between communities, the flood warnings should consist of localised sirens and outdoor
lights so as to serve more populations with limited capabilities. These warning devices are
widely available, energy-efficient, and easy to repair or replace. Colour code variations
(e.g. traffic light colour gauges, emergency lighting or different siren tones depending on
flood development stages) could prepare local communities more effectively in case of
scheduled or immediate evacuation.

Potential solutions to these issues could be extrapolated from the reviewed data and inform the
design and development of this system so as to meet its dual aims: supporting socio-economic
development and increasing flood/hazard response capabilities. Drawing on these findings, a
hybrid system should combine community-level flood risk education with training planning (e.g.



evacuation drills). This would increase the response efficiency, particularly in remote
communities. Based on local environmental conditions (e.g. water flow) the system should be
able to generate minimum energy amounts to cover basic energy needs under both normal and
extreme conditions. Excess energy could be stored in batteries for later use or delivered to other
community needs.

Even when systems are seen by remote communities as providing community benefits, local
participation often remains minimal. One solution to this could be a more direct and substantial
involvement of communities at the planning and development stages. For example, aid
organizations or civil protection authorities could work with local populations to prioritise needs,
both power use and hazard management. This was the case with local communities in Nepal [14,
95]. As the system may not be able to satisfy every energy need, consultation about equitable use
or common purpose may support harmonious and sustainable maintenance of the system. For
example, the system could power a local classroom or public lights. Under normal conditions
such lights could provide safety during the night, or increased working or study hours. This could
increase income, and consequently community interest and maintenance of the system. During
floods, the lights could act as emergency lights (e.g. powering an evacuation route and
community hall/shelter). These developed capabilities could be used to increase disaster risk
awareness and improve response (e.g. evacuation drills). This may be of particular benefit to the
community’s planning for, and developing the capabilities of, vulnerable groups such as the
elderly and people with mobility issues.

The co-design of such systems between professional and community stakeholders could
increase community interest in the longer term. Professional stakeholders should provide
information on technical aspects of the system, while community engagement should emphasise
traditional know-how, and address potential concerns about changes for the community, and
enhance familiarization with the system’s functions. In such instances, a system is less likely to be
‘foreign’ and different community groups are more likely to collaborate to support proper
operation. This approach would minimise failures. In order to increase end-users’ involvement in
pre and post-installation phases, the system could be made of readily available materials (e.g.
recycled components or parts that are available in most countries and online) and/or be designed
using do-it-yourself (DIY), and easy-to-deploy-and-operate (EDO) techniques [96]. These
techniques increase system adaptation through community participation [97]. Such systems are
widely known for their ease of assembly, deployment and capacity to be repaired (e.g. home
furniture and appliances) without the need of professionals. They also include aspects of leisure,
work and education, and are used across a range of fields including engineering, medicine,
emergency management, energy and occupational safety [98]. Importantly, some small-scale
hydropower and solar energy projects are designed based on these techniques [99].

Such approaches offer advantages to humanitarian engineering while also supporting
perceived ‘ownership’ within beneficiary communities [97], and would include the potential to
minimise or eliminate reliance on external technicians and promote community-based skills
centred on repair and ongoing maintenance. Community access and oversight of this kind could
reduce the risk of technological failures. In order to increase endurance against weather extremes
and other environmental impacts, the appropriate location of systems could be determined based
on hierarchical flood risk models at the local level. This data could then inform community
deliberations as to placement and use, as well as contributing to the resolution of other issues to be
factored in regarding site selection.

CONCLUSIONS

This article has critically reviewed cases of communities using OGRES and EWS. It
presented existing concepts and emphasised failure and success indicators and their reported
sources using a combined tool for appropriate technology and sustainability evaluation. The wider
aim of this study was to consider the feasibility of an integrated system supporting both the flood



resilience and socio-economic development of remote communities. The study also explored how
lacking capabilities in energy generation and flood resilience affect local populations. Vulnerable
communities in low and lower-middle income countries are at higher risk, and external assistance
is often needed to establish suitable protections. While humanitarian engineering interventions
can provide such support, it is common for these interventions to fail over time, often because
they are not designed in conjunction with the community, or with specific regard to the
community’s context and needs.

Recommended features for more appropriate design include: the input of community
stakeholders; technology appropriateness for the consideration of local/traditional knowledge in
the processes; scaling of community demands based on energy availability; and use of techniques
such as the DIY and EDO in assembling and maintaining systems were highlighted.

Further research is needed to better understand how local knowledge can best adapt to these
technologies in order to strengthen the feasibility analysis of hybrid systems. Such systems have
the potential to support local ecosystems in sustainable ways, as well as provide vital services to
remote populations.

Limitations and future work

Future studies could include databases and journals that are not considered in this scoping
review. This would allow more comprehensive findings. Follow-up research should also focus on
how the COVID-19 pandemic affected the sustainability of OGRES and EWS in remote
communities, and how local energy and disaster response needs changed or escalated during the
lockdown restrictions.

REFERENCES

1.  X.Li, "Diversification and localization of energy systems for sustainable development
and energy security," Energy Policy, vol. 33, no. 17, pp. 2237-2243, Nov. 2005,
https://doi.org/10.1016/j.enpol.2004.05.002.

2. B. Nagpal, Divyam and Parajuli, Off-grid renewable energy solutions to expand
electricity access: An opportunity not to be missed. 2019.

3. M. Aien and O. Mahdavi, "On the Way of Policy Making to Reduce the Reliance of
Fossil Fuels: Case Study of Iran," Sustainability, vol. 12, no. 24, p. 10606, Dec. 2020,
https://doi.org/10.3390/su122410606.

4.  G. Mutezo and J. Mulopo, "A review of Africa's transition from fossil fuels to renewable
energy using circular economy principles," Renew. Sustain. Energy Rev., vol. 137, p.
110609, Mar. 2021, https://doi.org/10.1016/j.rser.2020.110609.

5. "List of lower and lower middle-income countries," World Bank Country and Lending

Groups.
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-an

d-lending-groups [Accessed: Jan. 26, 2021].

6. IRENA, OFF-GRID RENEWABLE ENERGY SOLUTIONS Global and regional status
and trends. International Renewable Energy Agency (IRENA), 2018.

7. J. C. 1. Rabetanetiarimanana, M. H. Radanielina, and H. T. Rakotondramiarana,
"PV-Hybrid Off-Grid and Mini-Grid Systems for Rural Electrification in Sub-Saharan
Africa," Smart Grid Renew. Energy, vol. 09, no. 10, pp. 171-185, 2018,
https://doi.org/10.4236/sgre.2018.910011.

8.  United Nations, "Transforming our world: The 2030 agenda for sustainable
development," 2016. https://sustainabledevelopment.un.org/content/documents/21252030
[Accessed: Jan. 15, 2021].

9.  G. Lahn and O. Gratham, "Heat, light and power for refugees: saving lives, reducing
costs," 2015.

10. M. Caniato, D. Carliez, and A. Thulstrup, "Challenges and opportunities of new energy
schemes for food security in humanitarian contexts: A selective review," Sustain. Energy



https://doi.org/10.1016/j.enpol.2004.05.002
https://doi.org/10.3390/su122410606
https://doi.org/10.1016/j.rser.2020.110609
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://doi.org/10.4236/sgre.2018.910011
https://sustainabledevelopment.un.org/content/documents/21252030

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Technol. Assessments, vol. 22, pp- 208-219, Aug. 2017,
https://doi.org/10.1016/j.seta.2017.02.006.

L. Pearson and M. Pelling, "The UN Sendai Framework for Disaster Risk Reduction
2015-2030: Negotiation Process and Prospects for Science and Practice," J. Extrem.
Events, vol. 02, no. 01, p. 1571001, 2015, https://doi.org/10.1142/s2345737615710013.
P. Seck, "Links between natural disasters, humanitarian assistance and disaster risk
reduction: A critical perspective," Occas. Pap., vol. 15, 2007.

J. Linnerooth-Bayer and S. Hochrainer-Stigler, "Financial instruments for disaster risk
management and climate change adaptation," Clim. Change, vol. 133, no. 1, pp. 85-100,
Nov. 2015, https://doi.org/10.1007/s10584-013-1035-6.

A. Gurung, I. Bryceson, J. H. Joo, and S. E. Oh, "Socio-economic impacts of a
micro-hydropower plant on rural livelihoods," Sci. Res. Essays, vol. 6, no. 19, pp.
3964-3972, 2011, https://doi.org/10.5897/sre10.766.

M.-A. Baudoin, S. Henly-Shepard, N. Fernando, A. Sitati, and Z. Zommers, "Early
warning systems and livelihood resilience: Exploring opportunities for community
participation,” UNU-EHS Work. Pap. Ser., vol. 1, 2014, [Online]. Available:

http://www.munichre-foundation.org/dms/MRS/Documents/Resilience-Academy/2014 resili
ence academy wpil.pdf.
K. Simmons, "Sub-Saharan Africa makes progress against poverty but has long way to

go," Pew Research Center, 2015.
http://www.pewresearch.org/fact-tank/2015/09/24/sub-saharan-africa-makes-progress-aga

inst-poverty-but-has-long-way-to-go/ [Accessed: Jan. 16, 2021].

M. Howells, H. H. Rogner, D. Mentis, and O. Broad, "Energy Access and Electricity
Planning," State Electr. access Rep., p. 16, 2017.

C. Phillips, "Combining Energy Efficiency and Disaster Mitigation Efforts in Residential
Properties,”  Office  of Policy  Development and  Research, 2017.
https://www.huduser.gov/portal/periodicals/em/spring17/highlight2.html [Accessed: Jan.
16, 2021].

S. Schismenos, G. J. Stevens, D. Emmanouloudis, N. Georgeou, S. Shrestha, and M.
Chalaris, "Humanitarian engineering and vulnerable communities: hydropower
applications in localised flood response and sustainable development," Int. J. Sustain.
Energy, vol. 39, no. 10, pp- 941-950, 2020,
https://doi.org/10.1080/14786451.2020.1779274.

J. Gosink, J. Lucena, and B. Moskal, "Humanitarian engineering at the Colorado school
of mines: An example of multidisciplinary engineering," in ASEE Annual Conference
Proceedings, 2003, pp. 10161-10175, https://doi.org/10.18260/1-2--11871.

S. Hill and E. Miles, "What do students understand by the term 'Humanitarian
Engineering'?," 2012.

A. Sheroubi and G. Potvin, "Humanitarian Engineering: A New Interdisciplinary Course
on the Application of Engineering Skills to Local and Global Humanitarian Challenges,"
2018, https://doi.org/10.24908/pceea.v0i0.12963.

J. Kellet and K. Peters, "Dare to prepare: taking risk seriously. Summary," pp. 1-18,
2014.

A. Mazzurco and B. K. Jesiek, "Five Guiding Principles to Enhance Community
Participation in Humanitarian Engineering Projects.," J. Humanit. Eng., vol. 5, no. 2,
2017, https://doi.org/10.36479/jhe.v5i2.80.

J. S. Younger, D. J. Booth, D. E. Parry, and K. Kurniawan, "Sustainable humanitarian
engineering in practice - The East Bali Poverty Project," Proc. Inst. Civ. Eng. Munic.
Eng., vol. 171, no. 2, pp. 67-77, 2018, https://doi.org/10.1680/jmuen.16.00034.

C. P. M. Sianipar, G. Yudoko, A. Adhiutama, and K. Dowaki, "Community
Empowerment through Appropriate Technology: Sustaining the Sustainable



https://doi.org/10.1016/j.seta.2017.02.006
https://doi.org/10.1142/s2345737615710013
https://doi.org/10.1007/s10584-013-1035-6
https://doi.org/10.5897/sre10.766
http://www.munichre-foundation.org/dms/MRS/Documents/Resilience-Academy/2014_resilience_academy_wp1.pdf
http://www.munichre-foundation.org/dms/MRS/Documents/Resilience-Academy/2014_resilience_academy_wp1.pdf
http://www.pewresearch.org/fact-tank/2015/09/24/sub-saharan-africa-makes-progress-against-poverty-but-has-long-way-to-go/
http://www.pewresearch.org/fact-tank/2015/09/24/sub-saharan-africa-makes-progress-against-poverty-but-has-long-way-to-go/
https://www.huduser.gov/portal/periodicals/em/spring17/highlight2.html
https://doi.org/10.1080/14786451.2020.1779274
https://doi.org/10.18260/1-2--11871
https://doi.org/10.24908/pceea.v0i0.12963
https://doi.org/10.36479/jhe.v5i2.80
https://doi.org/10.1680/jmuen.16.00034

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Development," Procedia Environ. Sci.,, vol. 17, pp. 1007-1016, 2013,
https://doi.org/10.1016/j.proenv.2013.02.120.

L. Garniati, A. Owen, J. Kruijsen, Y. Ishadamy, and I. Wibisono, "Interface between
appropriate technology and sustainable energy policy in vulnerable societies," Sustain.
Cities Soc., vol. 12, pp. 9-15, Jul. 2014, https://doi.org/10.1016/j.5cs.2013.10.003.

C. P. M. Sianipar, K. Dowaki, and G. Yudoko, "Technological solution for vulnerable
communities: How does its approach matter?," IOP Conf. Ser. Mater. Sci. Eng., vol. 58,
p. 012022, Jun. 2014, https://doi.org/10.1088/1757-899X/58/1/012022.

C. P. M. Sianipar, G. Yudoko, and A. Adhiutama, "Technological Solution for
Vulnerable Communities: Reverse Engineering Below the Radar," Adv. Sci. Lett., vol.
20, no. 10, pp. 2282-2286, Oct. 2014, https://doi.org/10.1166/as|.2014.5726.

G. W. Hong and N. Abe, "Sustainability assessment of renewable energy projects for
off-grid rural electrification: The Pangan-an Island case in the Philippines," Renew.
Sustain. Energy Rev., vol. 16, no. 1, pp- 54-64, 2012,
https://doi.org/10.1016/j.rser.2011.07.136.

J. Terrapon-Pfaff, C. Dienst, J. Konig, and W. Ortiz, "How effective are small-scale
energy interventions in developing countries? Results from a post-evaluation on
project-level," Appl. Energy, vol. 135, pp- 809-814, 2014,
https://doi.org/10.1016/j.apenergy.2014.05.032.

A. M. Bauer and A. Brown, "Quantitative assessment of appropriate technology,"
Procedia Eng., vol. 78, pp. 345-358, 2014, https://doi.org/10.1016/j.proeng.2014.07.076.
E. Ilskog, "Indicators for assessment of rural electrification-An approach for the
comparison of apples and pears," Energy Policy, vol. 36, no. 7, pp. 2665-2673, 2008,
https://doi.org/10.1016/j.enpol.2008.03.023.

E. llskog and B. Kjellstrom, "And then they lived sustainably ever after?-Assessment of
rural electrification cases by means of indicators," Energy Policy, vol. 36, no. 7, pp.
2674-2684, 2008, https://doi.org/10.1016/j.enpol.2008.03.022.

H. Arksey and L. O'Malley, "Scoping studies: Towards a methodological framework,"
Int. J. Soc. Res. Methodol. Theory Pract, vol. 8, no. 1, pp. 19-32, 2005,
https://doi.org/10.1080/1364557032000119616.

T. Schone et al., "GPS water level measurements for Indonesia's tsunami early warning
system," Nat. Hazards Earth Syst. Sci., vol. 11, no. 3, pp. 741-749, 2011,
https://doi.org/10.5194/nhess-11-741-2011.

E. Intrieri, G. Gigli, F. Mugnai, R. Fanti, and N. Casagli, "Design and implementation of
a landslide early warning system," Eng. Geol., vol. 147-148, pp. 124-136, 2012,
https://doi.org/10.1016/j.enggeo.2012.07.017.

S. Azid, B. Sharma, K. Raghuwaiya, A. Chand, S. Prasad, and A. Jacquier, "SMS based
flood monitoring and early warning system," ARPN J. Eng. Appl. Sci., vol. 10, no. 15,
pp. 6387-6391, 2015.

S. Schismenos, G. J. Stevens, D. Emmanouloudis, N. Georgeou, S. Shrestha, and M.
Chalaris, "Humanitarian engineering at the sustainability-development nexus: mapping
vulnerability and capability factors for communities at risk of water-based disasters,"
Sustain. Sci., 2021, https://doi.org/10.1007/s11625-020-00890-y.

M. T. Pham, A. Raji¢, J. D. Greig, J. M. Sargeant, A. Papadopoulos, and S. A. Mcewen,
"A scoping review of scoping reviews: Advancing the approach and enhancing the
consistency," Res. Synth. Methods, vol. 5, no. 4, pp. 371-385, 2014,
https://doi.org/10.1002/jrsm.1123.

N. Wali, N. Georgeou, O. Simmons, M. S. Gautam, and S. Gurung, "Women and WASH
in Nepal: a scoping review of existing literature," Water Int., vol. 45, no. 3, pp. 222-245,
2020, https://doi.org/10.1080/02508060.2020.1754564.


https://doi.org/10.1016/j.proenv.2013.02.120
https://doi.org/10.1016/j.scs.2013.10.003
https://doi.org/10.1088/1757-899X/58/1/012022
https://doi.org/10.1166/asl.2014.5726
https://doi.org/10.1016/j.rser.2011.07.136
https://doi.org/10.1016/j.apenergy.2014.05.032
https://doi.org/10.1016/j.proeng.2014.07.076
https://doi.org/10.1016/j.enpol.2008.03.023
https://doi.org/10.1016/j.enpol.2008.03.022
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.5194/nhess-11-741-2011
https://doi.org/10.1016/j.enggeo.2012.07.017
https://doi.org/10.1007/s11625-020-00890-y
https://doi.org/10.1002/jrsm.1123
https://doi.org/10.1080/02508060.2020.1754564

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

A. Grenier, S. Hatzifilalithis, D. Laliberte-Rudman, K. Kobayashi, P. Marier, and C.
Phillipson, "Precarity and Aging: A Scoping Review," Gerontologist, vol. 60, no. 8, pp.
€620-¢632, Nov. 2020, https://doi.org/10.1093/geront/gnz135.

S. Hausknecht, L.-F. Low, K. O'Loughlin, J. McNab, and L. Clemson, "Older Adults'
Self-Perceptions of Aging and Being Older: A Scoping Review," Gerontologist, vol. 60,
no. 7, pp. €524-e534, Sep. 2020, https://doi.org/10.1093/geront/gnz153.

G. J. Stevens, T. Bienz, N. Wali, J. Condie, and S. Schismenos, "Online university
education is the new normal: but is face-to-face better?," Interact. Technol. Smart Educ.,
vol. ahead-of-p, no. ahead-of-print, Jan. 2021,
https://doi.org/10.1108/ITSE-08-2020-0181.

S. Schismenos, M. Chalaris, and G. Stevens, "Battery hazards and safety: A scoping
review for lead acid and silver-zinc batteries," Saf. Sci., vol. 140, p. 105290, 2021,
https://doi.org/10.1016/j.ssci.2021.105290.

M. Arnaiz, T. A. Cochrane, R. Hastie, and C. Bellen, "Micro-hydropower impact on
communities' livelihood analysed with the capability approach," Energy Sustain. Dev.,
vol. 45, pp. 206-210, 2018, https://doi.org/10.1016/j.esd.2018.07.003.

A. Shoaib and S. Ariaratnam, "A Study of Socioeconomic Impacts of Renewable Energy
Projects in Afghanistan," Procedia Eng., vol. 145, pp. 995-1003, 2016,
https://doi.org/10.1016/j.proeng.2016.04.129.

B. V.and C. V, "Using thematic analysis in psychology.," Qual. Res. Psychol., vol. 3, no.
2, pp- 77-101, 2006.

U. Deichmann, C. Meisner, S. Murray, and D. Wheeler, "The economics of renewable
energy expansion in rural Sub-Saharan Africa," Energy Policy, vol. 39, no. 1, pp.
215-227, 2011, https://doi.org/10.1016/j.enpol.2010.09.034.

H. Ahlborg and L. Hammar, "Drivers and barriers to rural electrification in Tanzania and
Mozambique - Grid-extension, off-grid, and renewable energy technologies," Renew.
Energy, vol. 61, pp. 117-124, Jan. 2014, https://doi.org/10.1016/j.renene.2012.09.057.
N. P. Simpson, C. J. Rabenold, M. Sowman, and C. D. Shearing, "Adoption rationales
and effects of off-grid renewable energy access for African youth: A case study from
Tanzania," Renew. Sustain. Energy Rev., vol. 141, p. 110793, May 2021,
https://doi.org/10.1016/j.rser.2021.110793.

J. M. Ngowi, L. Bangens, and E. O. Ahlgren, "Benefits and challenges to productive use
of off-grid rural electrification: The case of mini-hydropower in Bulongwa-Tanzania,"
Energy Sustain. Dev., vol. 53, pp- 97-103, Dec. 2019,
https://doi.org/10.1016/j.esd.2019.10.001.

M. L. rew, "Towards sustainable financing models for micro-hydro plants in
Sub-Saharan African countries: A theoretical review," J. Econ. Int. Financ., vol. 8, no. 3,
pp. 19-33, 2016, https://doi.org/10.5897/jeif2016.0750.

E. C. X. Ikejemba, P. B. Mpuan, P. C. Schuur, and J. Van Hillegersberg, "The empirical
reality & sustainable management failures of renewable energy projects in Sub-Saharan
Africa (part 1 of 2)," Renew. Energy, vol. 102, pp. 234-240, 2017,
https://doi.org/10.1016/j.renene.2016.10.037.

Y. S. Mohammed, M. W. Mustafa, and N. Bashir, "Status of renewable energy
consumption and developmental challenges in Sub-Sahara Africa," Renew. Sustain.
Energy Rev., vol. 27, pp. 453-463, Nov. 2013, https://doi.org/10.1016/j.rser.2013.06.044.
L. Nyiwul, "Economic performance, environmental concerns, and renewable energy
consumption: drivers of renewable energy development in Sub-Sahara Africa," Clean
Technol. Environ. Policy, vol. 19, no. 2, pp. 437-450, Mar. 2017,
https://doi.org/10.1007/s10098-016-1229-5.

D. Frame, K. Tembo, M. J. Dolan, S. M. Strachan, and G. W. Ault, "A community based
approach for sustainable off-grid PV systems in developing countries," in 2011 IEEE


https://doi.org/10.1093/geront/gnz135
https://doi.org/10.1093/geront/gnz153
https://doi.org/10.1108/ITSE-08-2020-0181
https://doi.org/10.1016/j.ssci.2021.105290
https://doi.org/10.1016/j.esd.2018.07.003
https://doi.org/10.1016/j.proeng.2016.04.129
https://doi.org/10.1016/j.enpol.2010.09.034
https://doi.org/10.1016/j.renene.2012.09.057
https://doi.org/10.1016/j.rser.2021.110793
https://doi.org/10.1016/j.esd.2019.10.001
https://doi.org/10.5897/jeif2016.0750
https://doi.org/10.1016/j.renene.2016.10.037
https://doi.org/10.1016/j.rser.2013.06.044
https://doi.org/10.1007/s10098-016-1229-5

38.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Power and Energy Society General Meeting, Jul. 2011, pp. 1-7,
https://doi.org/10.1109/PES.2011.6039593.

B. Pillot, "Off-grid rural electrification planning in Sub-Saharan Africa using renewable
energy systems: the case of photovoltaics in the Republic of Djibouti."

K. Gebrehiwot, M. A. H. Mondal, C. Ringler, and A. G. Gebremeskel, "Optimization and
cost-benefit assessment of hybrid power systems for off-grid rural electrification in
Ethiopia," Energy, vol. 177, pp- 234-246, 2019,
https://doi.org/10.1016/j.energy.2019.04.095.

C. S. Kaunda, C. Z. Kimambo, and T. K. Nielsen, "Potential of Small-Scale Hydropower
for Electricity Generation in Sub-Saharan Africa," ISRN Renew. Energy, vol. 2012, pp.
1-15, Aug. 2012, https://doi.org/10.5402/2012/132606.

D. A. Quansah, M. S. Adaramola, and L. D. Mensah, "Solar Photovoltaics in
Sub-Saharan Africa - Addressing Barriers, Unlocking Potential," Energy Procedia, vol.
106, pp. 97-110, Dec. 2016, https://doi.org/10.1016/j.egypro.2016.12.108.

S. C. Bhattacharyya, "Financing energy access and off-grid electrification: A review of
status, options and challenges," Renew. Sustain. Energy Rev., vol. 20, pp. 462-472, Apr.
2013, https://doi.org/10.1016/j.rser.2012.12.008.

R. Fischer, J. Lopez, and S. Suh, "Barriers and drivers to renewable energy investment in
sub-Saharan Africa," J. Environ. Invest., vol. 2, no. 1, pp. 54-80, 2011.

H. Louie, G. Goldsmith, P. Dauenhauer, and R. H. Almeida, "Issues and applications of
real-time data from off-grid electrical systems," in 2016 IEEE PES PowerAfrica, Jun.
2016, pp. 88-92, https://doi.org/10.1109/PowerAfrica.2016.7556577.

E. Quak, "Lighting and Electricity Services for Off-Grid Populations in Sub-Sahara
Africa," 2018.

C. G. Monyei, A. O. Adewumi, and K. E. H. Jenkins, "Energy (in)justice in off-grid rural
electrification policy: South Africa in focus," Energy Res. Soc. Sci., vol. 44, pp. 152-171,
Oct. 2018, https://doi.org/10.1016/j.erss.2018.05.002.

S. Baurzhan and G. P. Jenkins, "Off-grid solar PV: Is it an affordable or appropriate
solution for rural electrification in Sub-Saharan African countries?," Renew. Sustain.
Energy Rev., vol. 60, pp- 1405-1418, Jul. 2016,
https://doi.org/10.1016/j.rser.2016.03.016.

S. Samarakoon, "The troubled path to ending darkness: Energy injustice encounters in
Malawi's off-grid solar market," Energy Res. Soc. Sci., vol. 69, p. 101712, Nov. 2020,
https://doi.org/10.1016/j.erss.2020.101712.

IEA, "SDG7: Data and Projections,” SDG7: Data and Projections, 2020.
https://www.iea.org/reports/sdg7-data-and-projections/access-to-electricity%0Ahttps://
www.iea.org/reports/sdg7-data-and-projections [Accessed: May 01, 2021].

S. Dhakal et al., "Meeting future energy needs in the Hindu Kush Himalaya," in The
Hindu Kush Himalaya Assessment, Springer, 2019, pp. 167-207.

A. Hussain et al., "Hydropower development in the Hindu Kush Himalayan region:
Issues, policies and opportunities," Renew. Sustain. Energy Rev., vol. 107, pp. 446-461,
Jun. 2019, https://doi.org/10.1016/j.rser.2019.03.010.

R. Vaidya, "Water and hydropower in the green economy and sustainable development
of the Hindu Kush--Himalayan region," J. Int. Assoc. Electr. Gener. Transm. Distrib.,
vol. 25, no. 2, pp. 21-30, 2012.

S. Pokharel, "Promotional issues on alternative energy technologies in Nepal," Energy
Policy, vol. 31, no. 4, pp- 307-318, 2003,
https://doi.org/10.1016/S0301-4215(02)00043-5.

D. Adhikari, "Hydropower development in Nepal," NRB Econ. Rev., vol. 18, pp. 70-94,
2006.


https://doi.org/10.1109/PES.2011.6039593
https://doi.org/10.1016/j.energy.2019.04.095
https://doi.org/10.5402/2012/132606
https://doi.org/10.1016/j.egypro.2016.12.108
https://doi.org/10.1016/j.rser.2012.12.008
https://doi.org/10.1109/PowerAfrica.2016.7556577
https://doi.org/10.1016/j.erss.2018.05.002
https://doi.org/10.1016/j.rser.2016.03.016
https://doi.org/10.1016/j.erss.2020.101712
https://doi.org/10.1016/j.rser.2019.03.010
https://doi.org/10.1016/S0301-4215(02)00043-5

75.

76.

77.

78.

79.

80.

81.

82.

3.

&4.

85.

86.

87.

88.

89.

90.

91.

92.

F. Alam, Q. Alam, S. Reza, S. M. Khurshid-ul-Alam, K. Saleque, and H. Chowdhury, "A
Review of Hydropower Projects in Nepal," Energy Procedia, vol. 110, pp. 581-585, Mar.
2017, https://doi.org/10.1016/j.egypro.2017.03.188.

H. Gunatilake, P. Wijayatunga, and D. Roland-Holst, "Hydropower development and
economic growth in Nepal," 2020.

R. H. Sharma and R. Awal, "Hydropower development in Nepal," Renew. Sustain.
Energy Rev., vol. 21, pp. 684-693, May 2013, https://doi.org/10.1016/j.rser.2013.01.013.
S.K.C,, S. K. Khanal, P. Shrestha, and B. Lamsal, "Current status of renewable energy in
Nepal: Opportunities and challenges," Renew. Sustain. Energy Rev., vol. 15, no. 8, pp.
4107-4117, Oct. 2011, https://doi.org/10.1016/j.rser.2011.07.022.

D. P. Sangroula, "Hydropower Development and Its Sustainability With Respect to
Sedimentation in Nepal," J. Inst. Eng., vol. 7, no. 1, pp. 56-64, 1970,
https://doi.org/10.3126/jie.v7i1.2063.

F. A. Armah, D. O. Yawson, G. T. Yengoh, J. O. Odoi, and E. K. A. Afrifa, "Impact of
Floods on Livelihoods and Vulnerability of Natural Resource Dependent Communities
in Northern Ghana," Water, vol. 2, no. 2, pp. 120-139, Apr. 2010,
https://doi.org/10.3390/w2020120.

D. K. Ahadzie and D. G. Proverbs, "Emerging issues in the management of floods in
ghana," Int. J. Saf. Secur. Eng., vol. 1, no. 2, pp. 182-192, Aug. 2011,
https://doi.org/10.2495/SAFE-V1-N2-182-192.

H. W. Njogu, "Effects of floods on infrastructure users in Kenya," J. Flood Risk Manag.,
Jul. 2021, https://doi.org/10.1111/jfr3.12746.

X. Jianchu, M. Eriksson, J. Ferdinand, and J. Merz, "Managing flash floods and
sustainable development in the Himalayas," 2006.

H. K. Nibanupudi and M. Khadka, "Gender and Disaster Resilience in the Hindu Kush
Himalayan Region," 2015, pp. 233-249.

S. Elalem and I. Pal, "Mapping the vulnerability hotspots over Hindu-Kush Himalaya
region to flooding disasters," Weather Clim. Extrem., vol. 8, pp. 46-58, Jun. 2015,
https://doi.org/10.1016/j.wace.2014.12.001.

R. A. Vaidya et al., "Disaster Risk Reduction and Building Resilience in the Hindu Kush
Himalaya," in The Hindu Kush Himalaya Assessment, Cham: Springer International
Publishing, 2019, pp. 389-419.

M. Eriksson, J. Fang, and J. Dekens, "How does climate change affect human health in
the Hindu Kush-Himalaya region," in Regional Health Forum, 2008, vol. 12, no. 1, pp.
11-15.

Atta-ur-Rahman and R. Shaw, "Floods in the Hindu Kush Region: Causes and
Socio-Economic Aspects," 2015, pp. 33-52.

L. Zwarts, V. B. Beuering, B. Kone, and E. Wymenga, "The Niger , a lifeline: effective
water management in the Upper Niger Basin," Africa (Lond)., no. Ivm, p. 304, 2005.
"Community-based flood early-warning system - India, United Nations Framework
Convention on Climate Change," United Nations Framework Convention on Climate
Change, 2020.

Aqueduct, "Overall Water Risk," Water Risk Atlas.

https://www.wri.org/applications/aqueduct/water-risk-atlas/#/?advanced=false&basemap=
hydro&indicator=w_awr_def tot cat&lat=30&Ing=-80&mapMode=view&month=1&opacity=
0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=b

aseline&timeScale=annual&year=baseline&zoom=3 [Accessed: Apr. 25, 2021].

N. Georgeou and C. Hawksley, "Enhancing Research Impact in International
Development: A Practical Guide for Practitioners and Researchers," 2020. [Online].
Available:

https://rdinetwork.org.au/resources/enhancing-research-impact-in-international-developme
nt-a-practical-guide-for-practitioners-and-researchers/ .



https://doi.org/10.1016/j.egypro.2017.03.188
https://doi.org/10.1016/j.rser.2013.01.013
https://doi.org/10.1016/j.rser.2011.07.022
https://doi.org/10.3126/jie.v7i1.2063
https://doi.org/10.3390/w2020120
https://doi.org/10.2495/SAFE-V1-N2-182-192
https://doi.org/10.1111/jfr3.12746
https://doi.org/10.1016/j.wace.2014.12.001
https://www.wri.org/applications/aqueduct/water-risk-atlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&timeScale=annual&year=baseline&zoom=3
https://www.wri.org/applications/aqueduct/water-risk-atlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&timeScale=annual&year=baseline&zoom=3
https://www.wri.org/applications/aqueduct/water-risk-atlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&timeScale=annual&year=baseline&zoom=3
https://www.wri.org/applications/aqueduct/water-risk-atlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&timeScale=annual&year=baseline&zoom=3
https://rdinetwork.org.au/resources/enhancing-research-impact-in-international-development-a-practical-guide-for-practitioners-and-researchers/
https://rdinetwork.org.au/resources/enhancing-research-impact-in-international-development-a-practical-guide-for-practitioners-and-researchers/

93.

94.

95.

96.

97.

98.
99.

100.

101.

102.

103.

104.

105.

106.

S. Schismenos, G. J. Stevens, D. Emmanouloudis, N. Georgeou, S. Shrestha, and N. D.
Katopodes, "Using off-grid hydropower for community-led flood resilience: an
integrated systems approach," Int. J. Sustain. Energy, pp. 1-15, Aug. 2021,
https://doi.org/10.1080/14786451.2021.1961773.

V. Murray and K. L. Ebi, "IPCC Special Report on Managing the Risks of Extreme
Events and Disasters to Advance Climate Change Adaptation (SREX)," J. Epidemiol.
Community Health, vol. 66, no. 9, pp- 759-760, 2012,
https://doi.org/10.1136/jech-2012-201045.

ICIMOD, "Community-based Flood Early Warning System: The Story from Then to
Now," 2018. [Online]. Available:
http://www.unisdr.org/2006/ppew/whats-ew/basics-ew.htm .

S. Nair et al., "Design of a do-it-yourself (DIY) based solar-powered led lighting system

for training and empowering rural youth," 2019, [Online]. Available:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85060282798&doi=10.1007%2F978

-981-13-5974-3 39&partnerID=40&md5=b5dd5ecc3c08a5c36b579a433f391a9f .

T. Honma, "Advancing Alternative Pathways to Science: Community Partnership,
Do-It-Yourself (DIY)/Do-It-Together (DIT) Collaboration, and STEM Learning 'from
Below," Transform. J. Incl. Scholarsh. Pedagog., vol. 27, no. 1, pp. 41-50, 2017,
https://doi.org/10.1353/tnf.2017.0004.

E. W. Smith, DIY solar projects. How to put the sun to work in your home. 2011.

S. Jaglin, "Electricity autonomy and power grids in Africa: From rural experiments to
urban hybridizations," in Local Energy Autonomy: Spaces, Scales, Politics, 2019, pp.
291-314.

J. Butchers, S. Williamson, J. Booker, A. Tran, P. B. Karki, and B. Gautam,
"Understanding sustainable operation of micro-hydropower: a field study in Nepal,"
Energy Sustain. Dev., vol. 57, pp- 12-21, 2020,
https://doi.org/10.1016/j.esd.2020.04.007.

A. J. Njoh, S. Etta, I. B. Ngyah-Etchutambe, L. E. D. Enomah, H. T. Tabrey, and U.
Essia, "Opportunities and challenges to rural renewable energy projects in Africa:
Lessons from the Esaghem Village, Cameroon solar electrification project," Renew.
Energy, vol. 131, pp. 1013-1021, 2019, https://doi.org/10.1016/j.renene.2018.07.092.
A.F. Crossland, O. H. Anuta, and N. S. Wade, "A socio-technical approach to increasing
the battery lifetime of off-grid photovoltaic systems applied to a case study in Rwanda,"
Renew. Energy, vol. 83, pp. 30-40, 2015, https://doi.org/10.1016/j.renene.2015.04.020.
J. Kenfack, O. V. Bossou, J. Voufo, and S. Djom, "Addressing the current remote area
electrification problems with solar and microhydro systems in Central Africa," Renew.
Energy, vol. 67, pp. 10-19, 2014, https://doi.org/10.1016/j.renene.2013.11.044.

E. M. Nfah and J. M. Ngundam, "Identification of stakeholders for sustainable renewable
energy applications in Cameroon," Renew. Sustain. Energy Rev., vol. 16, no. 7, pp.
4661-4666, 2012, https://doi.org/10.1016/j.rser.2012.05.019.

A. K. Sovacool, A. L. D'Agostino, and M. Jain Bambawale, "The socio-technical barriers
to Solar Home Systems (SHS) in Papua New Guinea: 'Choosing pigs, prostitutes, and
poker chips over panels,”" Energy Policy, vol. 39, no. 3, pp. 1532-1542, 2011,
https://doi.org/10.1016/j.enpol.2010.12.027.

J. Cools, D. Innocenti, and S. O'Brien, "Lessons from flood early warning systems,"
Environ. Sci. Policy, vol. 58, pp- 117-122, 2016,
https://doi.org/10.1016/j.envsci.2016.01.006.

Paper submitted: 05.05.2021

Paper revised: 11.08.2021
Paper accepted: 18.08.2021


https://doi.org/10.1080/14786451.2021.1961773
https://doi.org/10.1136/jech-2012-201045
http://www.unisdr.org/2006/ppew/whats-ew/basics-ew.htm
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85060282798&doi=10.1007%2F978-981-13-5974-3_39&partnerID=40&md5=b5dd5ecc3c08a5c36b579a433f391a9f
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85060282798&doi=10.1007%2F978-981-13-5974-3_39&partnerID=40&md5=b5dd5ecc3c08a5c36b579a433f391a9f
https://doi.org/10.1353/tnf.2017.0004
https://doi.org/10.1016/j.esd.2020.04.007
https://doi.org/10.1016/j.renene.2018.07.092
https://doi.org/10.1016/j.renene.2015.04.020
https://doi.org/10.1016/j.renene.2013.11.044
https://doi.org/10.1016/j.rser.2012.05.019
https://doi.org/10.1016/j.enpol.2010.12.027
https://doi.org/10.1016/j.envsci.2016.01.006

APPENDIX

Table A1l. Summary of case studies

Author/s (year) Methodology System type Region(s), site(s) Findings
and/or population(s) Failure and Issue indicators Success indicators
Butchers et al. (2020) Mixed methods - Micro-hydropower Nepal, 24 sites [NE24]:  Pre and post-installation technical issues. Regular maintenance in most

[100]

maintenance assessment,
and interviews with
managers, operators and
consumers

systems

2 private, 2
co-operative and 20
community-owned

In some cases, the collected income from
tariffs was not sufficient to pay repairs.

sites.

Communities were paying
tariffs.

Communities were actively
engaged.

Njoh et al. (2019)
[101]

Mixed methods -

primary data analysis via
direct in-situ observations
including site survey, data
collection on homes and
energy consumption, and
project records; secondary
data analysis via published
and unpublished materials

Solar system

Cameroon, Esaghem
village [CAES1]:
Esaghem Solar PV
Electrification Project

Prolonged or heavy rainfalls affected
power efficiency.

High equipment costs due to low
densities and area inaccessibility.

No previous/appropriate infrastructure
for such renewable type in the village.
Lack of pre and post
installation/maintenance personnel.
Insufficient funding from both
community and non-community sources.
Hydropower marketing and demand
neglected solar solutions.

Overall lack of interest in renewable
energy systems.

Authorities showed no high interest in
renewables investing.

The village is located on a hill
and exposed to sunlight - good
conditions for solar
installation.

Community was willing to
participate in the project.




Arnaiz et al. (2018)
[46]

Mixed methods - Micro-hydropower
evaluation of 17 systems

remote communities

(site/community visits,

engagement with local

developers, and community

interviews)

Bolivia, 9 communities
in the regions of
[BO9]:

-Andean

-Sub-Andean

-Llanos

Television and refrigerators contributed
to cultural changes and children’s obesity
according to the elderly.

Sense of empowerment,
teamwork, general comfort.
Job creation (e.g. system’s
operation and maintenance.
personnel) and income
increase

Improvements in health and
diet due to refrigerator uses
(e.g. for prolonging medical
supplies), reduced kerosene
uses and increased lighting
(e.g. lights at night reduced
stumbling for the elderly).
Power used in devices for
emergency services (radio and
phone).

Improvements in children’s
education.

Philippines, 8
communities in the
regions of [PHS]:
-Cordillera
-Negros Island

No significant improvements in health
and diet as the communities did not use
refrigerator and emergency lines.

Sense of empowerment,
teamwork, general comfort.
Job creation (e.g. system’s
operation and maintenance
personnel) and income
increase.

Improvements in children’s
education.




Ikejemba et al. (2017) Mixed methods - Hydropower and Sub-Sahara, several Publicly funded projects presented -
[54] ethnographic approach solar systems (small ~ communities and sites  prolonged timelines due to limited
(interviews with and larger scales) [SUSS8]: budget and multiple stakeholders.
stakeholders and site visit -Ethiopia Poor management, maintenance and
observations) -Gabon reparability in post-installation stages.
-Ghana Local communities hesitated to accept
-Kenya such systems due to insufficient benefits.
-Malawi Lack of technical know-how, supportive
-Mozambique regulations, logistics and supply chain.
-Nigeria Incidents of project completion failure or
-Tanzania sub-completion (e.g. their scale is
South Africa — smaller than initially intended).
excluded from this Conflicts between landowners and
research project managers due to insufficient
benefits.
In some cases, ownership was not shared
fairly.
Local communities were unwilling to
participate in processes (e.g. repair and
maintenance) due to complicated tasks,
lack of education/training, and
insufficient benefits.
Jealously, sabotage, theft and vandalism.
Shoaib and Mixed methods - two-phase micro-hydropower Afghanistan, 2 No major improvements in economic Improvements in well-being
Ariaratnam (2016) analysis: assessment of systems, windmills, communities [AF2]: conditions (i.e. limited job creation and  and daily activities.
[47] existing and solar home -Sheikh Ali no new/improved enterprises) possibly Improvements in health.
literature and technologies,  systems -Shebar due to power delivery primarily to homes Improvements in education

and data collection via

questionnaire development,
pilot project selection, data
collection and data analysis

and not industries/production.

and government services.




Crossland ef al. (2015)
[102]

Mixed methods — four
week socio-technical field
study using measured
demand data, system
surveys and
semi-structured interviews

Off-grid solar
systems

Rwanda, rural
communities and sites
[RW9]:

-8 health centres, and
-1 school

High power demand during night hours
in all sites.

Poor installation, maintenance, repair
and monitoring due to high costs or lack
of technical understanding and
education.

Power failure due to overloading.
Consumers’ perception that solar energy
is unlimited.

Solar panels were under-sized and
battery could not fully charge.

Systems were vulnerable to extreme
weather events (e.g. lightnings).

Power shortage during raining season.

Improvements in security,
safety, lighting,
communication, education
and administration.
Improvements in health
services - prolonged
conditions for medical
supplies, and equipment
sterilization.
Improvements in health due to
the reduced kerosene uses.

Kenfack et al. (2014)
[103]

Mixed methods -

data collection during
implementation phase,
literature survey,
interviews with
stakeholders in power
sector, and field
observations

Micro-hydropower
systems

Central Africa, rural
communities and
projects [CEA4]:
-Cameroon

-Central African
Republic

-Chad

-Republic of Congo

Unfitting size, design and construction.
Lack of durable materials, second
handed or wrong equipment.

Pool local capacity in systems’ design
and development.

Lack of maintenance.

Lack of local infrastructure for
manufacturing.

Power failure due to weather extremes
(e.g. during low or high-water levels).
Circuit failure due to overloading.
Poor community engagement.

High cost compared to traditional energy
sources (e.g. firewood, petrol and gas
generators).

Systems operated well when
communities participated in

the processes and there were
available technical solutions.




Solar systems

Poor institutional management and
regulations.

Lack of know-how.

Poor actors’ capacity.

Unfitting size, battery type, regulation
and control of charger/discharger.

High cost compared to traditional energy
sources (e.g. firewood, petrol and gas
generators).

Systems operated well when
sizing and maintenance were
proper.

Popular renewable type due to
sufficient promotion.

Hong and Abe (2012)  Case study using multiple Centralised off-grid Philippines [PH1], Monthly tariffs could not be paid, and Improvements in life quality.
[30] correspondence analysis solar Pangan-an Island Solar this discouraged connections. Improvements in education
plant Electrification Project ~ Operational costs increased when and daily activities.
connections reduced.
Capacity development and maintenance
required external funding.
Plant’s insufficiency resulted in people
turning to conventional power sources.
Nfah and Ngundam Review of existing Solar and Cameroon, Not all medical equipment could be used Improvements in health
(2012) [104] renewable energy pico-hydropower Djetcha-Baleng due to limited power rating of the services improved (e.g.
applications systems [CAT]: inverter. prolonged life of medical

Health centre

Lack of funding and other support by
local authorities.

Local residents had to visit health centers
in other areas for services that could not
be delivered at this center due to the lack
of power.

Issues within the management committee
as one of their members used energy for
personal purposes.

supplies and medical
operations during night
hours).

A non-governmental
organization assisted the local
community in the hydropower
system’s conceptualization,
fund raising and problem
solving in management
committee matters.
Community members assisted
in the construction works of
the hydropower system.




Two wind turbines

Cameroon,
Ndoh-Djutitsa [CA2]:
Sub-divisional hospital

Power failure due to overloading — the
inverter was linked to a greater capacity
tank.

Lack of skilled personnel for post
installation management and
maintenance.

Lack of a proper management
committee.

Lack of funding and documentation for
missing/broken parts replacement.

Two universities from
Cameroon ad France initiated
the procedures for funding and
equipment purchase.
Improvements in health —
pumped water consumption
reduced stream water related
diseases.

Reduced electricity costs for
the hospital.

Pico-hydropower
system

Cameroon, Bangang
[CA3]:

African Center for
Renewable and
Sustainable
Technologies

The system operated well
during the wet season
(excessive water amounts).
The Center investigates the
development of other
renewable systems.

Gurung et al. (2011)
[14]

Mixed methods - in-depth
interview (213
households), key informant
opinion (4 participants),
focus group discussions (in
Sikles and Pokhara), and
site visit for observation

Micro-hydropower
system

Nepal, 3 sites [NE3]:
-Sikles,

-Parche, and
-Khilang

Insufficient power - system originally
designed for Parche and Sikles villages;
Khilang village included after some
years.

Two landslides caused damages - repairs
occurred about one year later due to the
lack of funding and skills.

Incidents of power supply cheating and
faulty monitoring.

Community-owned, equitable
benefits.

Improvements in life quality.
Improvements in education,
daily activities and
communication.
Improvements in health due to
the reduced firewood and
kerosene uses.




Sovacool ef al. (2011)
[105]

Mixed methods - primary
data analysis via 36
semi-structured research
interviews with
government, banking,
planning agencies,
companies and consumers,
site visits (3 provinces),
field research (7 rural
villages), and literature
review

Solar home systems

Papua New Guinea
[PA10],

-Provinces: Goroka,
Madang and Port
Moresby

-Rural villages:
Akameku, Asaroka,
Kundiawa, Lufa,
Okifa, Simbu and
Talidig

Lack of high-quality product availability. -
Lack or improper maintenance.
Problems in logistics and distribution to
rural areas.

Insufficient income - local communities
live in poverty.

Lack of external funding.

Poor institutional capacity.

High cost compared to traditional energy
sources (e.g. fossil fuels and main grid
electrification).

Consumers’ perception that solar energy
is unlimited

Conflicts, jealously, sabotage, theft and

vandalism.

Local communities are unfamiliar with

the system.
International Centre Project report with Community-based Hindu Kush Himalaya - Simple and low-cost system.
for Integrated description and function of  flood early warning [HKH4]: Self-powered (by solar
Mountain the community-based flood system -Kunduz River, panels).
Development (2018) early warning system Afghanistan Managed and operated by
[95] -Jiadhal, Singora and local communities.

Ratu Rivers, India
-Ratu, Gagan and
Rangoon Rivers, Nepal
-Gilgit River, Pakistan

Increases collaboration
between upstream and
downstream communities.




Cools et al. (2016)
[106]

Case studies

Flood early warning  Egypt, communities in
system [EGL1]:
Red Sea Mountains

Flood management knowledge was
limited in local communities.

System’s lead time was small (48 hours).
The region was affected by flash floods
(short-lived and destructive type of
flood).

The system was managed by
professionals — system operators decide
when to alert authorities which in turn,
alert communities.

System was not reliable as the operators
did not work 24/7.

Warnings dissemination was limited to
local communities due to poor
telecommunications in the area.

The system allowed
emergency authorities to
prepare and respond faster.

Flood early warning ~ Mali, communities in
system [MAT1]:
Niger Delta

Conflicts between different groups (e.g.
fishermen and herders) due to the lack of
water.

Flood management
knowledge was substantial in
local communities.

System’s lead time was long
(2 weeks to seasonal).
Floods were beneficial for
local residents (fishery,
agriculture).

Both peak flood and
floodwater retreat information
was disseminated to the
authorities and local
communities.

Information was broadcasted
by radio in many languages
and is available online.
Community chiefs were
responsible for planning
important activities such as
fishery and cattle river
crossing.




Baudoin et al. 2014
[15]

Case studies

Multi-hazard and
people-centred early
warning system —
CLIM-WARN
Project, United
Nations Environment
Programme (UNEP)

Kenya, 4 sites/12

communities [KE12]:

-Nairobi,

2 peri-urban villages,
and an informal
settlement
-Kisumu,

a peri-urban village,
and 2 rural villages
-Turkana,

3 rural villages
-Kwale,

3 rural villages

Limited access to television, radio,
phone, etc. in rural communities could
make access to warnings difficult —
chiefs/elders or other traditional
institutions deliver such information.
Low education in rural areas may affect
response if the system is not flexible/
adjustable to local capabilities.

Local urban communities had multiple
sources of income, higher education and
access to different warning devices — this
reduced their need for additional early
warning systems.

Early warning was essential
for local rural communities
with one form of income
(monoeconomy) due to their
dependency on weather
conditions.

Community-based
flood early warning
systems

Sri Lanka, 2 Districts
[SR2]:

-Matale
-Nuwaraeliya

Ensuring active community involvement
for longer periods in such programs was
difficult.

Only a limited number of national and
international non-governmental
organizations were engaged in
community-based early warning
programs.

There was a need for more participatory
community work involving all actors.

Local communities received
education and training.
Portable, plastic, color
warning rain gauges were
introduced as low-cost,
low-tech warning equipment.
Local residents monitored and
read the gauges, and verbally
informed nearby communities
of the water level status.
Community participation was
important for the success of
the system and effective
community response.




Table A2. Appropriate technology and systems evaluation tool

FAILURE IDENTIFIED DIMENSIONS OF SYSTEM SUSTAINABILITY SUCCESS IDENTIFIED
CASE STUDIES INDICATORS OF TECHNOLOGY “APPROPRIATENESS” CASE STUDIES
PH1 Autonomy (Community Self-Sufficiency) BO9, PHS8
SUS8, CEA4 Co-Creation (Local and Professional Stakeholders) CAl, CA2,
SUS8, SR2 g Community Input (Engagement) ?: NE24, CSEI?;"’IJ?I?&Z‘CAESI’
SUS8 E Community Controlled (Managed, Owned) Ei NE3, SR2, HKH4
= Q
SUSS, CEAA;,RCZAI, CAESI, E Legal and Regulatory ‘3 )
SUgi,]gsEl;Ang(fOA, ls’lngz’ Support (Technical, Administrative, Financing) -
- Habitat Neutral -
- :; Low Emergy %—1 -
- E Low Emissions Y all case studies
- g Renewable Energy 5 all case studies
- E Renewable Resources Availability g CAESI, SR2
RW9, CAESI] B3 Scaled for Conditions (Resources, Weather, Land) = CA3, SR2
- Waste Utilization and Reduction -
SUS8, CAESI, KEI12 Acceptability KEI2
- Aesthetics -
SUSS8 _ Ease of Use SR2
- 8 Gender Appropriate (e.g. women in staff/management) gj -
- E Indigenous Techniques =) MAL1
RWO, NE3, SUSS8, CEA4, =~ =
CA1l, CA2, PA10,KE12, £ Knowledge, Skills, Feedback =y SR2, EG1, MA1
EG1 3 g
- Social Entrepreneurialism BO9, PH8
BO(?’AIII,{I%’AII](];J’SI’\/IS/SSS’ Socio-Cultural -incl. health, education, harmony, etc. 1;%91’, 123}281’ ,lz\xg” I:g’
RW9, NE3, PHI, SUSS,
CEA4, CAl, CA2, CAESI, Affordability NE24, HKH4
PA10 o .
AF2 ‘g Income Generating Q BO9Y, PHS, KE12, MA1
AF2 = Job Creating 2 BO9Y, PH8
PHI1, AF2 U% Money Saving E BO9, PHS, CA2
- Labor Intensive -
- Resource Efficiency -
SUSS, CAESI Selling Appropriate CEA4
CEA4,KE12 Adaptability SR2, MA1
NEczngli“é?&; HCIAEISJlS 8, Constructability and Replicability CEA4
CAl1,KEI2 Compatibility -
RW9, NE3, CEA4 Durability (e.g. against time or extremes) -
EGI1 Effectiveness SR2, MA1
R\CVEAIZESA?{CIiAsEgsl& Energy Efficiency SR2
- Low Power SR2
s Chrsr pato " E Maintainability g NE24
SUS8 § Modification vs Invention E CA3
- = Multi-Purpose = CA2,KE12, MA1
CEA4 Open Source Manual and Design CEA4, SR2
NE24, RW9, CAESI1, PA10 Parts and Hardware SR2
CEA4, PA10 Raw Materials Availability CEA4, SR2,
SUS8, EG1, Reliability -
RW9, NE24, NE3, SUS8 Reparability -
- Reusability -
SUS8 Scalability -
SUS8, EG1 Simplicity SR2, HKH4
EG1 System Independence -
Region Keys Country Keys
CEA: Central Africa AF: Afghanistan  CAES: Cameroon (Esaghem Village) MA: Mali PH: Philippines
HKH: Hindu Kush Himalaya  BO: Bolivia EG: Egypt NE: Nepal RW: Rwanda
SUS: Sub-Sahara CA: Cameroon KE: Kenya PA: Papua New Guinea  SR: Sri Lanka

Note: Region/Country keys detailed in Table 1
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