
Small-scale renewable energy technological solutions in 
the arab region: operational toolkit 

Overview - May 2021

Regional initiative for promoting  
small-scale renewable energy 

applications in rural areas 
of the arab region



VISION
ESCWA, an innovative catalyst for a stable, just and flourishing Arab region

MISSION
Committed to the 2030 Agenda, ESCWA’s passionate team produces innovative 
knowledge, fosters regional consensus and delivers transformational policy advice.
Together, we work for a sustainable future for all.



UNITED NATIONS
Beirut

Economic and Social Commission for Western Asia

Regional initiative for promoting small-
scale renewable energy applications in 
rural areas of the Arab region

Small-scale renewable energy technological 
solutions in the Arab region: operational 
toolkit - Overview

May 2021



Small-scale renewable energy technological solutions  in the arab region: operational toolkit - Overview

2

AC Alternating current

CO2 Carbon dioxide gas

DC Direct current

H2S Hydrogen sulphide gas

ICT Information and communications technology

km Kilometer

kW Kilowatt

kW Kilowatt-hour

m Meter

MW Megawatt

PV Photovoltaic

RE Renewable energy

REGEND
 Regional initiative to promote small-scale renewable energy applications in
rural areas of the Arab region

RET Renewable energy technology

SDG Sustainable development goal

Sida Swedish international development cooperation agency

SODIS Solar water disinfection

V Volt

W Watt

Wh Watt-hour

WEF Water-energy-food

$ United states dollar

 Abbreviations and acronyms
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Introduction

The Regional Initiative to Promote Small-Scale Renewable Energy Applications in Rural Areas of the Arab Region 
(REGEND) aims to improve the livelihood, economic benefits, gender equality and social inclusion of Arab rural 
communities particularly marginalized groups, by addressing energy poverty, water scarcity and vulnerability to 
climate change and other natural resources challenges.

This will be achieved through using appropriate small-scale renewable energy technologies (RETs) for productive 
activities and entrepreneurial development, women’s gender empowerment with emphasis on job creation and 
developing robust value chains in a nexus approach to encourage a sustainable economy. 

REGEND is funded by the Swedish International Development Cooperation Agency (Sida) with implementation 
partners including the League of Arab States, line ministries, various regional organizations, local authorities and 
Arab women associations, United Nations organizations, local and regional non-governmental organizations, 
research institutions and academia.

Ensuring access to affordable, reliable, sustainable and modern energy for all (Sustainable Development Goal 7 (SDG 
7)) is key to reducing inequalities, poverty eradication, advances in health and education, sustainable economic 
growth, and the principle of “leaving no one behind”. 

The Arab region is a large and diverse region that shares a rich geography known for its natural resource wealth as 
well as its climate vulnerability. It is home to some 400 million people, and includes some of the world’s wealthiest 
as well as some of the world’s poorest nations. What is common throughout the Arab region is that rural areas 
endure the most from insufficient access to water, energy, and food which affects livelihoods, income generation, 
and development potential. Hence, the promotion and adoption of RETs and their applications in rural areas can 
help increase access to energy, water, and food by offering affordable solutions that are not costly to own, that are 
feasible to operate, that introduce and enable business models that increase income and productivity, and that 
result in economic development and job creation.
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Small-scale renewable energy technologies 
for rural areas1

In this overview report, the following definitions are adopted:

Renewable energy is the energy generated from renewable, theoretically inexhaustible and non-fossil-based, energy sources 
which are replenished in a human lifetime. 

Small-scale RET is the technology which converts renewable energy sources into electrical or thermal energy with an output 
power capacity up to around 100 kW.

The main types of renewable energy and their sources are shown in the figure below and detailed in the following subsections.

Solar
energy

Marine
energy

Hydropower Geothermal
energy

Bioenergy

Source: sun Source:
waves, tides

Source: water Source: earth Source:
biomass, waste

Wind
energy

Source: wind

Figure 1.  Renewable energy categories
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A.  Solar energy
Energy harnessed directly from the sun can be converted into 
electrical or thermal energy. The two categories of technologies 
that harness solar energy are solar photovoltaics (PVs) and 
solar thermal. PVs generate direct current (DC) electricity from 
sunlight by using semiconductors. The resulting electricity can 
be stored in batteries for night/cloudy time use. When coupled 
with an inverter, which converts DC to alternating current (AC) 
electricity, PVs can also be utilized to power homes/farms and 
large businesses. 

Solar thermal is a technology that utilizes the heat energy from 
the sunrays for heating or for electricity production.

Solar thermal technologies include solar heating and cooling 
systems which use the heat generated by the sun for water and 
space heating and concentrated solar power systems which 
use mirrors to concentrate solar rays into dark tubes carrying 
heating fluids, which generate steam that is then used directly 
as heat or to run turbines that generate electricity.

Figure 2 (a). Solar PV panel

Figure 2 (b). Concentrated solar power

B.  Wind energy
Electricity from wind is generated by using turbines which 
convert the wind’s kinetic energy into electrical energy. If 
the mechanical energy is used to produce electricity, the 
device may be called a wind generator or wind charger. If 
the mechanical energy is used to drive machinery, such as 
pumping water or grinding grain, the device is called a wind 
pump or a windmill, respectively.

Wind turbines typically have two or three spinning blades 
attached to a shaft which drives an electricity generator. Most 
turbines are mounted at least 30 meters above the ground to 
take advantage of wind resources that are less turbulent and 
faster than those closer to the ground.

Figure 3.  Small-scale wind turbine
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C. Marine (ocean) energy
The energy carried by the movement of the ocean’s waves, tides, 
and currents can be harnessed and converted into electricity. 
Promising ocean technologies include: 

Wave energy: turbines capture the energy contained in the 
ocean’s oscillating waves and use it to generate electricity.

Tidal energy: barrage or turbine used to harvest power between 
high and low tides.

Salinity gradient energy: the energy derived from the variations 
in salt concentrations when a river empties into an ocean.

Ocean thermal energy: power is generated by utilizing the 
temperature difference between warm tropical surface 
seawater and deep cold ocean water at 800-1,000 m depths.

Figure 5. Turbulent hydropower innovation

D. Hydropower energy
Hydropower is energy derived from flowing water, like in rivers and 
canals using turbines. This power can be converted into rotational 
mechanical power or electricity using a hydropower energy 
system. Hydropower plants come in two basic configurations: 
with dams and reservoirs, or without. Hydropower plants without 
dams and reservoirs, also called run-of-the-river hydroelectricity, 
produce energy at a smaller scale, typically via a facility designed 
to operate in a river branch without interfering with its flow. For 
this, many consider small-scale micro hydropower systems a more 
environmentally friendly option that can make a big difference to 
communities in remote locations.

Figure 4. Pilot tidal energy turbine
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E. Geothermal energy
Geothermal energy is the heat derived from within the 
sub-surface of the Earth where water and/or steam 
carry the energy to the Earth’s surface and use it to drive 
generators and produce electricity. Depending on its 
characteristics, geothermal energy can be harnessed to 
generate clean electricity or used directly for heating and 
cooling purposes.

For electricity generation, medium or high 
temperatures are needed, usually located close to 
tectonically active regions.

 
F. Bioenergy
Bioenergy, also known as biomass energy, is the energy 
produced from animals, plants and plant-derived 
materials. Organic matter used to produce bioenergy 
is called biomass or bioenergy feedstock. Sources of 
biomass include animal and plant wastes, agricultural 
crops, algae, wood and organic residential/industrial 
waste. The type of biomass determines the type and 
amount of bioenergy that can be collected and the 
technology that can be used to produce it.

There are basically three principles for power generation 
from biomass: direct combustion in steam power 
plants, thermal (pyrolysis or gasification) or biochemical 
(fermentation or digestion) processes. The selected 
method/technology depends on what kind of biomass is 
available. Wood and forest residues are useful for direct 
combustion and thermal processes. Agricultural residues 
can be used for thermal or biochemical processing 
depending on the moisture content of the residues.

Figure 6. Climeon® geothermal plant 

Figure 7: 15 kW modular biogas systems
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2 Renewable energy potential
in the Arab region
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Renewable energy potential
in the Arab region2

According to the report, Tracking SDG 7: Energy Progress Report Arab Region, as of 2017, renewable energy accounted for 
around 10 per cent of the Arab region’s energy mix, the lowest share in any region of the world. A handful of countries account 
for virtually all of the region’s renewable energy consumption, leaving substantial scope for further uptake, given the region’s 
abundant renewable energy resources.

With around 13 per cent of total renewable energy consumption, hydropower remains the most important renewable energy 
source in the Arab region after solid biofuel. Solar energy is the next largest renewable energy source in the region, accounting 
for some 3 per cent of the region’s total renewable energy consumption. Wind energy accounts for around 3 per cent of total 
renewable energy consumption in the region, although consumption has been growing rapidly.

The Arab region’s renewable energy potential is high, particularly for wind and solar projects. Due to significant variations 
in geography and climate, however, some regions are better suited for certain types of renewable energy than others. It is 
important to keep this in mind when considering potential renewable energy projects. 

Figure 8.  Solar resources potential in the Arab region

A.  Solar energy
Most Arab countries are part of the 
Sun Belt, the area in the world which 
gets the most sun per day, month and 
year, and which benefits from solar 
insolation levels that are among the 
highest in the world (as high as 7 kWh/
m² per day). Solar atlases are useful in 
identifying areas with high renewable 
energy resources for development. Most 
countries now have such atlases and 
developers use them to optimize the 
location and design of the projects.
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B.  Wind energy
Wind energy is considered local, in the sense that it is available in locations where the wind speed structure has specific 
characteristics. It is located in prime locations in the Arab region that include Jordan (Gulf of Aqaba), Algeria and Tunisia (the 
Mediterranean coast and some interior locations), Sudan (the Red Sea coast), Oman (Indian Ocean coast), Egypt (the Gulf of 
Suez), Morocco and Mauritania (the Atlantic coast), Yemen and some sites in the Arabian Gulf. There are wind farms connected 
to the grid in Egypt, Jordan, Morocco and Tunisia.

C. Ocean energy
The commercially proven technology today which exploits tidal energy is expensive, although the prices might be 
low enough to be competitive in developing countries. However, since this is not yet a fully developed technology 
and it is only available in coastal regions, it may have limited application for rural electrification. One potential 
exception is islands or regions that depend on imported diesel and are facing an energy crisis. These could benefit in 
the future from new tidal energy technologies that are likely more suited for lower cost solutions. 

WIND R ESOURCE MAP

MEAN W IND SPEED

Figure 9.  Wind resources potential in the Arab region
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D. Hydropower energy
Most of hydropower potential in the Arab region has 
been exhausted and the total installed capacities of 
hydropower has reached 9,855 MW. However, innovative 
pico and micro hydropower systems could be installed 
in river and canal branches as well as waterfalls for 
rural applications. These can be found in most of the 
Arab countries. Waterfalls in particular offer great 
opportunities to develop tourist-centred activities.

E. Geothermal energy
Soil and water underground contain a vast reservoir 
of thermal energy that can be converted to heat that 
can be beneficial in greenhouses and other buildings. 
Conventional geothermal power plants are advanced 
but risky projects that probably should be carried out 
through a national energy company. They are not suited 
for small-scale electricity generation applications. Some 
research is currently focused on designing low cost, 
modular geothermal generators that would be more 
suitable for rural areas. 

Hot springs and hot water coming down from mountains 
can be found in some Arab countries, and heat 
exchangers can be used to capture this energy. These 
hot springs provide water and heat for public hammams 
that are widely popular due to the health-promoting 
properties of the water. These sites can be developed 
to promote income-generating activities for the people 
living nearby, especially women, either by working in 
these facilities or by providing products to them and 
selling souvenirs to the large number of visitors.

Figure 10.  Jezzine waterfall, Lebanon

Figure 11.  Maison de L’oasis geothermally 
heated greenhouse, Tunisia

Figure 12.  Natural hot waters in  
Hammam Maskhoutine, Algeria
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F. Biomass energy
Biomass energy has been widely used for domestic purposes in rural areas of the Arab region, especially in Egypt, Jordan, 
Mauritania, Sudan and Yemen. Since most of the region is arid or semi-arid, the biomass energy potential is mainly contributed 
by agricultural residues, municipal solid waste and industrial waste. The region has abundant biomass energy resources which 
have remained unexplored to a great extent.

The implementation of advanced biomass conversion technologies as a method for safe disposal of solid and liquid 
biomass wastes, and as an attractive option to generate heat, power and fuel, can greatly reduce environmental 
impacts of a wide array of biomass wastes.

Figure 13.  Banana agricultural waste, Egypt
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3 Matching small-scale renewable 
energy technologies and applications 
in rural areas 
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Matching small-scale 
renewable energy technologies 
and applications in rural areas3

RETs that are implemented for rural people should meet their energy requirements while raising their economic productivity 
and thereby contributing to a sustainable improvement of their living conditions. 

From a nexus perspective, a central role is attributed to RETs since energy is used in the extraction, treatment, distribution, 
irrigation and disposal of water of various types such as drinking water, irrigation water and wastewater as well as in the 
collection and preparation of food and agrifood products. Hence, RETs can boost water and food security by improving 
accessibility, affordability and safety. On the other hand, the combination of improved technology and economies of scale and 
the continuing evolution of the renewable energy industry continue bringing down the costs of RETs, which in turn leads to the 
increased cost-competitiveness of renewable energy solutions. 

This section provides the criteria and methodology for selecting RET options for projects by matching them with the available 
renewable energy sources at the site. 

A.  Assessment of RETs
The feasibility of a particular technology should be assessed on its technical suitability, economic considerations, 
environmental considerations and social impact.

TECHNICAL 
SUITABILITY

- Fit-for-purpose 
- Usability 
- Compliance

ECONOMIC  
CONSIDERATIONS 

- CAPEX 
- OPEX 
- Lifecycle cost 

ENVIRONMENTAL 
CONSIDERATIONS 

- Benefits to the  
   environment 
- Adverse effects 
- WEF nexusSOCIAL 

SOCIAL 
IMPACT

- Local resourcing 
- Politics 
- Culture 
- Health 
- Other factors
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B. Methodology for mapping renewable energy  
     types and technologies
Technology selection will specifically depend on the location and conditions of the actual project under consideration; however, 
a general walkthrough of the procedure is provided below, which should be further supported by benchmarking 
against similar executed projects. 

C. Renewable energy types and technologies  
     for various applications
This section highlights existing proven technologies and their potential to serve various applications. A map of renewable 
energy technologies to their applications is provided in Table 3. Case studies of used existing small-scale RETs for various 
applications are mentioned in the subsequent boxes. 

IDENTIFY AND SELECT RE
SOURCES

$1

IDENTIFY PROJECT NEEDS 

$2

MAP RE TYPES AND
TECHNOLOGIES

$3

EVALUATE MAPPED
OPTIONS

$4

• Identify main RE types
  available
• Quantify the availability of
  each RE type and
  screen out unviable
  sources
• Select RE type options,
  e.g. single source or
  hybrid

• Understand the
  applications required at
  the rural site

• Determine the energy
  requirements of the
  applications

• Map each RE type
  source option identified
  in step 1 against the
  applications required

• List suitable RETs
  based on previous
  steps

• Technical feasibility
• Costs/economics
• Environmental and
  social impact
• Compare evaluated
  mapped options and
  select overall optimum

Figure 14.  The recommended process for selecting renewable energy technologies
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 Renewable energy type and
technologies

Application
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Solar
Concentrated solar power (CSP)  

PV panels         

Solar dryers 

Solar disinfection (SODIS) 

Flat plate collectors (FTC) 

Evacuated tube collectors (ETC) 

Solar thermal cooling systems  

Solar electrical cooling systems 

Solar (thermal) collector for heating  

Wind power
Wind turbine/generators     

Windmill (wind mechanical pump)  

Solar and wind hybrid
Windmill and PV panels   

Wind turbine and PV panels      

Solar and biomass hybrid
Power and heat coupled system 

Biomass
Biofueled power generator 

Power and heat coupled systems  

Biofuel (ethanol/biodiesel) stoves 

Biodigester to produce biogas     

Fuel wood and green residue   

Biomass fuel briquettes    

Improved cooking stoves   

Geothermal
Geothermal generator   

Hydro
Hydropower plant/turbine  

Marine (ocean)
Marine turbine 

Table 3.  Renewable energy sources, main technologies, examples of applications
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Box 4.  Windmills for small power generation in poor rural areas of Peru

The project aim was to identify regions with high wind potential to implement windmills for long-term sustainability in poor rural 
areas in Peru where grid connection was only 30 per cent. The pilot project, funded by many organizations, was located in the 
community “El Alumbre” in Cajamarca. 

A 100W windmill was installed in every household, a total of thirty-three windmills at a monthly rate of $3. These households, 
having a monthly income between $28 and $142, used to spend an average of $5.50 per month for energy. 

To ensure sustainability of the project, five local technicians were trained to install, operate and maintain the windmills. The local 
authorities created a company, “El Alumbre Rural Electricity Service Company”, and chose a responsible person and an assistant 
for three years to run the firm.

The community used the energy for lighting, especially for revenue-generating activities in the evenings such as knitting, charging 
mobile phones and for two rural radio stations broadcast for 4-6 hours per day. Two wind generators rated 500 W each were 
installed at the school and medical post to power four computers and a DVD player in the former and a refrigerator for vaccines in 
the latter.

Source: C. Dienst, “Good-practice examples of different small-scale sustainable energy projects under WISIONS initiative,” Wisions Sustainability, Wuppertal Institute for 
Climage, Environment, and Energy, 26 October 2009. https://mirror.unhabitat.org/downloads/docs/7803_32704_WISIONS%20PRESENTATION.pdf

Box 6.  Solar heating system for ecotourism in Kenya

The Olarro Lodge in Kenya is powered primarily by solar energy, with 150 solar 
panels fixed with power inverters systems. This energy is stored and used to 
supply the requirements of electricity, water heating and maintenance of the 
swimming pool. This facility had also installed 26 solar water heating systems 
with a capacity of 300 litres each.

Olarro Lodge has invested in use of solar rechargeable torches (flashlights) 
in the guest rooms. All visitors are informed upon arrival on the need to 
conserve energy through switching off unnecessary lights, and sensitization 
signage throughout the facility reminds both staff and guests to switch off 
unnecessary lights. 

In 2012, Energy Regulations (solar water heating) mandated that all premises within the jurisdiction of local authorities that 
require hot water capacity exceeding 100 liters should install and use solar heating systems. 

Source: Ecobyte, “Adoption of green energy in tourism accommodation facilities,” EcoTourism Kenya, 2020.  
Available at https://ecotourismkenya.org/blog/adoption-of-green-energy-in-tourism-accommodation-facilities/.
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4 Potential benefits of small-scale 
renewable energy technologies
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Potential benefits of small-scale  
renewable energy technologies4

Common benefits of adapting RETs for applications in rural areas are highlighted here.

1

2

3

4

Technical 
considerations

Environmental 
considerations

Social 
impact

Economic 
considerations

Seen considerable investment, progress and technical maturity in some RETs.

Lessons learned from the implementation of RETs in the Arab region and 
worldwide will reduce investment costs and risks of new endeavours.

Increased economic productivity leading to increased food and energy security.

Growth potential linked to a combination of improved technology, economies of 
scale and continuing growth of RE industry leading to lower RETs costs.

WEF nexus comes with opportunities for RETs to boost water and food security.

Using RETs instead of fossil fuel can mitigate or reduce GHG emissions.

Using RETs instead of fossil fuel for cooking, lighting and heating can reduce 
emissions of toxic and harmful compounds.

Improving health and education by improving the efficiency of otherwise 
time-consuming and physically demanding manual chores and using time 
saved on education, income-generating activities and constructive social 
and political organization and involvement. Also, better access to modern 
communication technologies.

Entrepreneurship and business development will be helped by the many job and 
training opportunities linked to RETs directly or indirectly.

Women in particular stand to benefit from RETs from the business 
opportunities as well as the safety aspects.
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5 Critical aspects and potential adverse 
impacts of small-scale renewable 
energy technologies
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Critical aspects and potential adverse impacts  
of small-scale renewable energy technologies5

Consideration should be given to critical aspects and potential adverse effects of RETs in small-scale, rural settings.

1

4

2

3

Technical 
considerations

Social impact

Environmental 
considerations

Economic 
considerations

• The technical maturity of some applications needs to be improved to make them more 
 cost effective.

• Some technologies have low efficiency.
• Effective technical training and cooperation of local community or a rural support system to 

operate and maintain facilities is vital to the long-run sustainability of the project.

• Importance of proper training on installing, maintenance, and general safety.
• Community engagement and awareness is required to prevent disillusionment or abandonment.

• Investment barriers in financing and the limitations or inability of communities to pay must  
be addressed.

• The system has to be properly designed otherwise it can lose gains from energy investment as 
there are smaller, tighter margins.

• Solar PV cells: some batteries-related issues such as possible explosions, acid leaks. Batteries 
should be properly disposed of and recycled. For mini- grids, possible issues related to land use 
and environmental degradation, loss of habitat and toxic cleaning chemicals. Impact of shining 
surfaces on birds’ orientations and insects. When using potable water for cleaning, water scarcity 
is exacerbated.

• Concentrated solar power: has been observed to singe bird wings and cause fatalities in hot and 
bright desert environments

• Wind turbines: can cause fatalities with birds and bats through collisions with the blades and 
affect their habitat because of the resulting disruption. Species differ in likelihood of collisions 
and will depend on the location. Alternative designs to the propeller blade, such as vertical axis 
turbines, can be explored.

• Hydropower: often entails changes to the natural variation of water flows. Pico and micro 
hydropower plants without water storage reservoirs cause relatively small changes to the water 
flow and nearby ecosystems.

• Geothermal: potential health, safety and fire issue with H2S gas if contained in steam. CO2 
emissions from geothermal plants, although considerably less than in an equivalent fossil 
fuel plant.

• Biofuels: combustion produces GHG emissions; indoor use can cause health hazard if not properly 
ventilated; possible conflict around crops for food vs for energy production; possible issues with 
monoculture-related practices.
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6 Raising awareness for the deployment 
of small-scale RETs in rural contexts
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Raising awareness for the deployment
of small-scale RETs in rural contexts6

To optimize the use of small-scale RETs in rural communities, it is crucial to complement all efforts related to funding, training 
and project execution with a well-designed awareness campaign to inform communities of the benefits and limitations of these 
technologies and what is expected of communities to ensure a positive and lasting impact from RET projects.

The campaign can take many forms and make use of all tools available, digital or otherwise, to deliver the right messages. The 
messages should tackle perceptions of RETs. Common digital tools, such as social media and direct advertisement, should be 
complemented with other forms of outreach, as described below. Most of the below can be facilitated with the help of local 
associations.

ORGANIZED WORKSHOPS: these events should be conducted in the local language. If the target audience is rural girls and 
women, the workshops could be run by women. They should include case studies of successful RET-based projects led by 
women to raise confidence and motivation. 

HANDS-ON TRAINING: demonstrating the promoted systems in the actual context can help people to grasp new technologies, 
see how they can fit in an existing or new small-scale rural business and learn good practices to abide by. Locals, especially 
women, can be trained as technicians for maintenance and further training of the community related to installed RETs.

HOUSE VISITS: train local women as representatives to visit individual homes in their community to explain opportunities and 
RET potential and to answer any questions. Hiring local women would create job opportunities, build trust and create role 
models for the women and girls they meet. 

DEMONSTRATION PROJECTS: projects funded by national or international organizations demonstrate the operation and benefits 
of small-scale RETs in a practical and hands-on manner, enable the interaction of the community with the technologies at hand, 
and encourage and promote their adoption.

STUDY TOURS: these tours enable rural community members and policymakers to visit a site with a compArable socioeconomic 
context and proven track record to familiarize them with successful experiences in developing and implementing small-scale 
RETs and associated best practices; both from a practical perspective and from a policy one. 

FAIRS AND EXHIBITIONS: rural populations can see what others have achieved and/or to exhibit their own achievements and 
products at fairs and exhibitions. 

COMPETITIONS: various subjects, such as best deployed RET, could be covered by competitions and would provide further 
incentives (not only financial) for more use of RETs in rural areas.
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ICTs, especially the Internet and wireless-
based applications, improve the lives of 
rural residents in many ways, yet much 
of this potential remains untapped, 
particularly in the case of women. Some 
key factors are needed to ensure success 
of ICTs deployment in rural communities, 
such as: adapting content so that it 
is meaningful for rural communities, 
creating a safe environment for sharing 
and learning, providing access and tools 
for sharing and providing the right blend 
of technologies.

Figure 15. Somali women with their smart phones
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