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Integrated Energy Solution towards Sustainable Isolated
Communities
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Abstract—Since any activity requires energy, access to energy
is an essential means for all. Especially isolated communities in
developing countries often have no or limited access to
affordable energy resources. Yet, more than 1.5 billion people do
not have the possibility to use electricity and around 2 billion
people also rely on premier resources such as dung and wood for
heating and cooking. It is often those premier resources that
cause indoor air pollution and health problems. Besides, the
minimum level of energy needs can frequently not be reached.

An integrated approach for isolated communities to improve
access to energy and increase the level of health and well-being
in housing will be presented. Housing and other physical
elements and conditions of such communities will be analyzed so
that sustainable livelihoods can be achieved. Thereby the needs
and opportunities for the enhancement of housing and living in
general have to be balanced. In the end, planning for sustainable
livelihoods requires an integrated framework to guarantee
sustainable development and growth.

Index Terms—Energy access, energy planning, intermediate
and renewable energy technologies, sustainable development.

I. INTRODUCTION

The motivation of this research is to respond to the “energy
for all” leitmotiv and discuss the problematic of how to
conceive integrated energy solutions at isolated village-level.
Merit is placed on an ‘integrated concept’ to support local
decision makers with more adequate solutions to provide
energy to fulfil both electric and thermal needs, based on
available local resources and taking advantage of the recent
technology developments.

The concept is intended for isolated communities (e.g. hilly
settlements, forest fringes or islands) with poor financial
conditions that are unlikely to be grid connected due to the
enormous distances among them and limited access to modern
fuel. At the same time, the lack of literacy and the high
poverty levels force most inhabitants of these areas to use
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whatever resources and conversion devices are available.
Sustainability and the attenuation of current indoor pollution
problems have to be addressed in this context. This research is
an attempt to discuss and come about with proposals on the
topic where many opportunities are waiting for decision
makers to take the most appropriate decisions.

Il. ENERGY ISSUE AND SUSTAINABLE DEVELOPMENT

The energy issue is a widely discussed theme that is
associated with a wide variety of problems as, for instance,
availability of resources, conversion technologies, security of
supply, cost, environmental impact etc. Though, three basic
aspects have to be assessed in the context of energy issues: the
energy resources which are itself an integral part of the
environment, i.e. energy has the same type of positioning
regarding environment as water, for instance, both are
environmental resources; the purpose of the energy which is
to aim for well-being and sustainable development, which
necessarily includes the social and economic development;
and the technology capabilities to exploit the natural energy
resources converting them into accessible, manageable,
storable, clean, safe as well as economically affordable final
and useful energy products.

Since the core of most long-term energy plans and
strategies is focused on sustainable development, it is worth
recalling that sustainable development has been defined in
1987 in ‘Our common future’ as the development that
satisfies the needs of the present without compromising the
ability of future generations to satisfy their [1]. The quest for
sustainability comprises economic  prosperity, social
responsibility and environmental stewardship, whereas
economic vitality, social equity and environmental equity are
aimed for without jeopardizing the environmental conditions
(climate changes causing islands flooding or other dramatic
modification of the living conditions).

I1l. ENERGY REQUIREMENTS

In our times it is not conceivable that energy to cover all
essential services for survival and well-being of the whole
communities including the most isolated and remote
communities is not yet achievable for billions of people in
least developed countries (LDCs) (Fig. 1) [2]. The matter has
to be addressed in a holistic way. The energy services for
those communities might be clustered in households,
community and production activities where households most
probably represent the highest energy consumers. The
dominant energy service is cooking while space heating and
cooling are barely used [3]. Instead there is need for some



International Journal of Environmental Science and Development, Vol. 7, No. 7, July 2016

electricity for lighting and a few apparatus. In general, the
energy demand for community activities is rather small, with
the most common services being schools, medical, religious
or social community centers. Energy needs for production
activities are mainly associated with the specific local
conditions and the availability of farmland, livestock and
agricultural activities [4], [5] which might include graining,
grinding or crushing, whereas most of these processes use
natural power (humans or animals) or, in exceptional cases,
energy in the form of diesel powered systems. From all
aspects presented above special consideration should be
placed on electricity availability for communications, lighting
and cooling (freezer) as well as on clean modern fuels for
thermal uses.

N
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Fig. 1. Share of population without access to modern fuels for developing
countries, 2007.

IV. ENERGY SUPPLY

The traditional energy sources used to be solar, of course,
through the most natural means (radiation and temperature) as
well as wood and dung. Around 100 years ago a wider access
began developing. Fossil fuels such as diesel and bottled gas
emerged in connection with some mechanization of the
agriculture and support for some commercial activities
(storage, transportation of goods, etc.). The access to
renewable energy technologies started developing only in the
last 50 years with the initiative of several international
cooperation bodies. Common applications include windmills
to pick up water, solar driers and cookers and more recently

solar PV panels for schools, communication and teaching aids.

However, access to modern affordable technologies still
could not be reached, making diesel, wood and other burning
materials the dominant energy resources, all of them being
cause for poor indoor environmental conditions.

Nonetheless, with the time, the technological evolution has
led to new supply possibilities. Modern technologies are more
and more accessible and due to the proportionated dimensions
they can be adapted by small human settlements. Thereby,
different supply systems, decentralized, intermediate or
dispersed ones, could be applied within communities.

A decentralized energy system or cluster of small systems
is a viable alternative at the isolated community level and may
cover either the entire community, or comprehend small and
micro scale systems to cover specific services within the
community. It shall be clarified that energy systems are not
just the dedicated conventional technological systems but
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buildings themselves, as PLEA teaches and practices, are to
be considered here as energy systems as well. For the latter,
various technical, financial, social and environmental aspects
should be considered for technology selection, i.e. income
level of consumer, ease of maintenance, technology adoption
or adaptation to climate and climate change [6]. The
constraints regarding the financial support, however, may
induce the option for other solutions of much smaller scale. In
any case, from the planning point of view the approach of an
integrated system must be present.

In 1960 Schumacher introduced the concept of
intermediate technologies which represents an appropriate
solution when it becomes too expensive to apply larger-scale
technologies [7]. Intermediate technologies respond to
isolated needs, reduce the dependency on fossil fuel imports
and mineral resources, they are clean and do not pollute or
poison the environment, they consider people over profit, and
they are low to medium cost as well as labor-intensive [8], [9].
Some common intermediate and improved technologies are:
improved cooking stoves, pot-in-pot evaporator as cooling
reserve, treadle pump, multi-function platform, vane-flapping
wind converter, etc. Despite still using fossil fuels (in most
cases), intermediate technologies reduce issues of indoor air
pollution and health significantly [10].

More recent ways of supplying energy at a very small scale
and for specific services within a household or community are
renewable based systems such as portable or
pico-/micro-scale technologies, with the most common ones
being portable PV devices (solar Tuki), pico PV system,
classical solar home system, thermal collectors, etc.

V. CHALLENGE OF ADAPTIVE ENERGY TECHNOLOGIES

Although each of the above described systems could exist
on its own, it is the combination that leads to a successful
sustainable solution. Hence, challenges arise to adequately
dimension supply scenarios for communities, whereas the
proper conditions of use and management have to assure the
usage of those technologies and protect the environment and
health.

When evaluating implemented renewable energy projects
various market failures were revealed [11], [12] i.e. lack of
proper use and management and maintenance and spare parts;
misallocation of investment leading to inappropriate
infrastructure [13]; divergence of interests between different
actors involved, implementation “too much too soon” [14]
and so on.

Yet there are three other major concerns when dealing with
renewable energy technologies once they are chosen or to be
chosen: financing, intermittency of resources and diversity in
supply. Since the potential supply solutions are often of very
small dimension, it is not the cost itself but the feasibility of
projects that cannot pay for themselves as the users by both or
either their small number and low economic capacity do not
have the economic capability to pay for enough energy to
justify such investments. In addition, the management of
intermittent resources, which may be a path to facilitate this
type of systems/services, is very difficult, especially when
there is no alternative for back-up and the community has to
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rely on polluting resources again. Similar accounts for the
diversity of supply. Little improvement is given to a
community if, for instance, only all electric services can be
covered from modern technologies and at the same time still
premier resources are used to cover thermal requirements.

In order to minimize the above challenges emphasis should
be placed on successfully adopting conditions for modern
energy technologies with sufficient educational, technical and
financial support [15].

Besides the variety of challenges a considerable lack of
energy solutions and planning at village and block level could
be identified [16]. An integrated approach to supply all
energy requirements in a sustainable manner and thus lead to
better indoor environmental conditions is highly required.

VI. PROPOSED APPROACH

An appropriate structure of context involves careful
assessment, especially as changes and adjustments of the
solution are more difficult once the decision has been
implemented [13]. A review of multi-criteria decision support
methods highlighted that it is essential to have a simple,
understandable and user-friendly approach of the system [17],
[18]. In the following sections the conceptual along with a
systematic framework will be presented and discussed.

A. Conceptual Framework

A conceptual framework, representing the overall energy
system within the objectives of the energy triangle, is
illustrated in Fig. 2. The core of this framework is simplified
by a village, which could be any isolated community. Hence,
itisinitially proposed to identify the current energy carriers in
use. Then the conditions in and around the village have to be
assessed, whereas village demography and topography as well
as resource availability are key aspects to focus on. Critical
reflection should also be placed upon the availability of land,
the influence of extreme weather events (i.e. if annual
monsoons lead to local floods) or the possibilities of
connecting to the outside world. Especially the latter aspect
can demonstrate a village’s reliance on certain imported
energy sources (i.e. kerosene, diesel or paraffin). Additionally,
the evaluation of resource conditions requires an assessment
of the availability of abundant resources. Certainly, there
would be no interest to assess the possibilities of a wind
turbine, if wind is not available for longer periods during the
year. Similar accounts for hydro power, which in most cases is
scarcely available all around the year and, thus, may compete
with other uses such as agricultural activities.

The second phase of the conceptual framework focuses on
social elements, which include stakeholders, local
government and businesses as well as production activities.
All of those elements contribute in shaping the physical
conditions of the village. Hence, the acceptability and
adaptability of modern energy systems within the village have
to be analyzed. Opposition against modern technology or the
favoring of a specific technology solution can become
considerable obstacles for the implementation of some
systems. Consequently, education about and introduction to
modern technologies become a key factor before any
implementation. In addition, local decision makers should
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receive the necessary support when making decisions that
affect the long term future of the community.

The framework continues with a focus on boundary
constraints. As such, physical and social elements limiting the
performance against the energy objectives have to be assessed.
Commonly analyzed constraints should include: land, water,
wind, wood, solar radiation, availability of energy reserves,
geographic setting and climate, security of supply, economic
growth in the community, etc. All of the boundary constraints
fall under the umbrella of the energy triangle, whereas it is
intended to provide and increase energy access considering
economic development in an environmentally sustainable
manner.

Along those elaborations the conceptual framework sets
the scene when planning to improve energy access in isolated
communities. It is clear that not all aspects can be evaluated or
assessed. Nevertheless, decision makers can be supported in
understanding the complexity of making decisions and how to
select modern energy technologies to supply the respective
energy requirements. Thereby, emphasis is placed on
designing solutions that improve the performance of the
overall community, rather than a specific household or service.
Only with the diversity of supply alternatives threatening
indoor air pollution and health issues can be overcome.

I
“Energy Objective” o~
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o
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Environmental
sustainability

Business & productive activity

Fig. 2. Conceptual energy framework modified by author [19].

B. Systematic Approach

Now, to apply the concept in the case of isolated
communities, a systematic integrated approach (Fig. 3) can
assist describing each of the different stages of a successful
sustainable energy operation.

1) The priority goal is energy and environment for people.
The direct service to the people must be clear. It has not
been rare in the past to have factories working in isolated
areas not contributing to help providing means of more
and more qualified energy to the populations living
nearby. Consequently, the initial stage must identify the
problems and issues associated to the exploration of the
energy resources and their services to the people in the
area, their housing, community buildings, information,
education, etc. and, of course, support for the economy.
This includes at all stages the environmental concerns
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mainly indoor air pollution and its health impacts caused
by the current energy resources in use, but also the
indiscriminate use of resources leading to the depletion
of woodland, fuel scarcity as well as the type and
dimension of local resources used (i.e. wood again or
water with other competing uses) [20].

The energy challenges are the environmental context,
both outdoors and indoors; the extension and the level of
the needs and of the energy resources that will be made
available to respond to the former and the technologies
that can be afforded. Here the differentiation among the
different types of energy services is particularly relevant:

2)

lighting, heating, drying, cooling (freezing), mobility, etc.

and the corresponding selection of technologies that will
allow for providing those services. For instance, passive
technologies may represent a first step to fulfill proper
indoor comfort conditions before thinking of another
type of energy to be used. Yet, the technology has
evolved a lot in what regards the understanding of the
passive technology potentialities. Even, if through the
use of very basic concepts and approaches.
Additionally, traditional ways of using renewable energy
resources rather than modern energy technologies, which
could be used elsewhere, have to be highlighted. Such
examples include usage of daylight [21], drying food in the
sun, building or using natural occurring shading, place
pollutant cooking stoves outside the house, etc. It is of utmost
importance that the pathway to sustainable development does
not lead through solely increasing energy access, but to
increase the level of comfortability. The predominant health
issues, as a result of inappropriately using energy resources
and modern technology [22] have to be overcome.

Energy & environment for people

in isolated communities
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potential and
constraints

@
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S

Cons traints

Tools

=
E ; International and Solutions build on Support build on
E £ national support support solutions

Fig. 3. Systematic approach for energy access (own illustration).

3) Strategies must aim at an integrated energy approach.

The different strategies require the participation of all
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end users, providing them proper information and
arguments for their motivation, mobilization and
commitment to achieve successful outcomes and increase
the energy usage in a more effective and sustainable
manner. Besides the social integration there is a need for
a coherent integration of different potential energy
systems based on criteria of exergy and appealing to
storage and intermittence of the service, if that would be
the case. All in all, for economic and environmental
reasons and to take as much advantage of the integrated
system as possible the concern with the energy efficiency
must be present at all stages. With proper energy
solutions and planning three main correlated benefits will
arise for isolated communities: 1) improvement of living
level, 2) development of agriculture and 3) saving in
wood and agricultural waste that causes less
deforestation as well as more equity and health in life
[23]. Rather than always focusing on the newest and most
modern technologies, potential energy solutions should
also consider replacing, improving or increasing
mitigation procedures. The herein presented integrated
solution aims at reducing indoor air pollution and
increasing energy access and comfort level of life.
Balancing objectives and constraints. From the variety of
technical, economic, environmental and social aspects
the integration process must be the preferred one.
Economically sustainable solutions require being
affordable, realistic, in a timely manner, achievable and
with the low overall impacts. Thus, three main
complementary goals are to be pursued by a project:
affordability bearing in mind external support;
sustainability in terms of global environment but also in
social and economic terms, i.e. not excluding anybody.

Yet, discussions still focus too much on selecting the
renewable energy technology that shall be used to generate
electricity. The fact is that the selection process is much more
comprehensive as different end-uses require different energy
carriers. Adequate decision support to cover all end-use
services is obligatory. One of the major drawbacks of an
approach driven by one or by a limited number of
technologies is the difficulty of overcoming the majority or
even all challenges at ones. Indeed, it does not seem in the
interest of an isolated community to have access to modern
energy and thus only cover a few services with those
technologies, whereas many other services still have to be
covered from pollutant energy carriers. Therefore, a balanced
solution that combines different levels and sizes of
technological development is much more beneficial.

5) Tools for the assessment and monitoring shall be used to
evaluate and manage the solutions and the system(s).
That shall bear in mind the eventual dominant energy
users such as housing and communitarian buildings.
Since households are the most representative energy use
sector within such isolated communities, the further
considerations will primarily focus on housing.

The dominant energy needs within households imply
cooking, hygiene (i.e. hot water), food preservation and
storage, communication, shading, heating and cooling.
However, not all of these services are essentially to be
covered from energy technologies. Heating and cooling, for

4)
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instance, are very much subject to climate and architecture. In
fact, adaptive behavior might be a key aspect, especially in
terms of sustainable development. While tropical or warmer
climates could make use of naturally occurring shading as
well as ventilation through the building structure, cooler
climates require better levels of building insulation or
additional layers of clothing. In both cases, energy is not
necessarily a prerequisite. Passive architecture of buildings
can significantly contribute to manage heating and cooling
requirements, and thus lead to high comfort and well-being
within the building without necessitating additional energy
resources.

6) Search for financial mechanisms and support. Proper
design and contextual documentation is needed. It has not
been uncommon to have projects lying down in the
shelves of the receiving countries, often elaborated by
dedicated institutions to aid or just to finance energy
projects for the last 20 years or so. The missing of an
integrated approach and the resulting inadequacy to the
local context in all those cases then led many projects to
never be implemented. Hence, good projects, well
thought, balanced and justified are a sine qua non
condition for obtaining appropriate  financing.
Information on support mechanisms, regulations and
policies can be useful complementary instruments for the
whole process, especially to avoid gaps or delays in the
implementation process.

VII. CONCLUSION

This research illustrates the completeness and richness of
an integrated process when searching for energy solutions for
isolated communities with no or limited access to energy
networks from national grid systems or others. It also
highlights the importance and the way to be adopted when
dispersed energy systems or decentralized energy systems
have to be considered appealing to the combination of
intermediate and renewable energy technologies at different
sizes and scales. This integrated approach appears to open up
a compromise between the difficulties of financing
infrastructure of large areas of the globe where over 1 or 2
billion people still rely on premier resources and the need to
respond in an economic, reliable and sustainable manner.
Moreover, it is expected that with a more accurate
understanding of methods and approaches as well as the
progress on available energy technologies and solutions, local
decision makers can contribute to increase the energy access
to more sustainable vectors not only from a local point of view
but also from a global perspective. It is the combination of
energy planning with architectural, spatial and economic
planning that leads to sustainable development. In the end,
energy and environment are for all.
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