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The Regional Initiative for Promoting Small-Scale Renewable Energy Applications in rural areas of the Arab Region (REGEND)1  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 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.

Background
Ensuring access to affordable, reliable, sustainable and modern energy for all (Sustainable Development Goal 7 (SDG 7)2) is a key condition for 
reducing inequalities, poverty eradication, advances in health and education, sustainable economic growth, and the principle of “leaving no 
one behind”. Economic and socio-economic opportunities include local market creation by new technologies and standards, such as energy 
access, local job creation, and cross-linkages to other core sectors such as water management and agricultural development; as well as 
environmental protection, the fight against indoor and outdoor air pollution and climate action.

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.3 It is home to some 400 million people, stretching from the Atlantic coast of North Africa in the West to the Straits of Hormuz 
in the East, and includes some of the world’s wealthiest as well as some of the world’s poorest nations. The ability to harness the pool of 
natural resources through adequate choices of infrastructure, technology, governance and sustainable management practices will be 
key in creating economic opportunities for young people and improving their living standards. It is also a main driver for socioeconomic 
development and for the attainment of gender equality, empowerment of women and intergenerational equity, which are also at the heart of 
driving long-term prosperity in the Arab region. 

The Arab region has much to gain from considering the linkages between water, energy and food security as it strives to achieve progress 
on the SDGs. In fact, water security is key in the Arab region since the latter is one of the most affected areas by water scarcity in the 
world; energy security varies greatly from one country to the other in the Arab region; and food security in the region is closely linked to the 
availability and steady supply of water and energy.4 What is common throughout the Arab region is that rural areas endure the most from 

Introduction



Small-Scale Renewable Energy Technological Solutions  in the Arab Region: Operational Toolkit  

9

insufficient access to water, energy, and food which affects livelihoods, income generation, and development potential. Hence, the promotion and adoption 
of RETs and 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.

Equally important, RETs and their application in rural areas introduce various gender empowerment opportunities as they offer significant improvements to 
women’s quality of life through reduced costs, saved time, reduced indoor air pollution, better lighting, and more opportunities to develop and grow income-
generating nexus activities in productive sectors. These activities positively contribute towards expanding value chains in rural economies which results in 
improved education, healthcare, livelihoods, and enhanced welfare for rural communities as a whole. In addition, training and building the capacity of women on 
renewable energy systems’ installation and maintenance as well as business skills and access to finance help create jobs, generate income, and ease social and 
gender norms that have stood as a barrier to liberating women from their traditional roles and to the expansion of RETs in rural areas. Therefore, linking gender 
and renewable energy in rural settings presents an opportunity where women stand to benefit on many levels while new channels and mediums are created for 
renewable energy promotion and adoption.

Objectives and methodology
This report will be the basis for one of the outputs of REGEND project which is the development of a toolkit for best practices related to technological solutions 
and applications of small-scale renewable energy applications in the Arab region.

The primary objective of the toolkit is to identify small-scale RET solutions that would aid marginalized communities and support socio-economic development 
in rural areas. This in turn will help increase awareness and encourage investment and adoption of appropriate small-scale RETs and applications that support 
social and entrepreneurial benefits, gender equality, poverty reduction and job creation and address vulnerability to water scarcity, food security, energy 
poverty and climate change impact on rural communities in the Arab region. Emphasis is made on enhancing the understanding of the implementation and 
effectiveness of the decentralized small-scale RETs for providing required energy services to support the resilience of Arab rural population. The technologies 
and solutions identified will undergo a screening process and methodology that incorporates water-energy-food nexus frameworks and gender mainstreaming 
concepts. The focus will be made on the technologies that are more accessible and appropriate for marginalized communities and that can empower local 
productive activities and micro- and small enterprises, especially those that have potential for women entrepreneurs.

The selection of a suitable technology in this toolkit is generally recognized as an inclusive technology and application that is small-scale, energy efficient,  
labour intensive, environmentally friendly and locally controlled. Moreover, emphasis, where possible, is placed on technologies that have a higher chance of 
supporting women’s gender empowerment in rural areas in the Arab region. Some of the main characteristics of the promoted technologies include their  
fit-for-purposiveness and suitability to the conditions where they will be deployed, their costs of acquisition and operation as well as their maintenance needs.

The report will cover case studies on implemented RETs that had an impact on rural communities across the world with specific attention to the gender  
aspects and challenges faced and more specifically the business model used. 

The report will also highlight best-fit knowledge and awareness raising channels and strategies for small-scale RETs in the Arab region to present  
the available tools and methods, for the community and the policymakers, to promote the adoption of small-scale RETs especially in marginal communities.

Finally, conclusions will summarize the key points from the report and the recommendations will focus on maximizing the value from the proposed  
RETs to benefit rural communities in the Arab region and to ensure sustainability of the projects supported.
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• Renewable energy is the energy 

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

• Renewable energy sources 
include solar, wind, marine 
(ocean), hydropower, 
geothermal and bioenergy. 

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

1 Small-Scale Renewable Energy 
Technologies for Rural Areas
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In this 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. Renewable energy sources include solar, wind, marine (ocean), hydropower, geothermal and bioenergy (figure 1). 

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 figure 1 and detailed in the following subsections.

Figure 1.  Renewable energy categories

Solar
energy

Marine
energy

Hydropower Geothermal
energy

Bioenergy

Source: Sun Source: Waves, tides Source: Water Source: Earth
Source:

Biomass, waste

Wind
energy

Source: Wind

Source:  European Court of Auditors, “Special Report no 05: Renewable energy for sustainable rural development: significant potential synergies, but 
mostly unrealised,” 2018. Available at www.eca.europa.eu/Lists/ECADocuments/SR18_05/SR_Renewable_Energy_EN.pdf.
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A.  Solar energy
Energy harnessed directly from the sun can be converted into electrical or thermal energy.5 The two categories of technologies that harness 

solar energy are solar photovoltaics and solar thermal.

Photovoltaics 

Photovoltaics (PVs), also called solar cells, generate direct current electricity (DC) from sunlight by using semiconductors and can be utilized 

to power small electronics such as calculators and road signs. The resulting electricity can be stored in batteries for night/cloudy time use. 

When coupled with an inverter, which converts DC to alternating current electricity (AC), PVs can also be utilized to power homes/farms and 

large commercial businesses. The cost of manufacturing solar panels has plummeted dramatically during the last years, making them not only 

affordable but in many cases the cheapest form of electricity.6 Solar panels are manufactured in different sizes with power capacity ranging 

from a few watts to over 300 watts; they can produce DC in the range of 12-60 volts and can be used for charging electrical lanterns, laptops, 

etc. Solar panels also come with two types of warranties: a performance warranty which guarantees 90 per cent production for the first 10 years 

and 80 per cent for up to 25 years and a product warranty which covers manufacturer defects and equipment failure for 10-12 years and up to  

25 years for some manufacturers. Furthermore, the only regular maintenance required for solar panel is cleaning with distilled water to 

maximize performance and output. These warranties, coupled with the simplicity of regular maintenance, ensure the efficient and sustainable 

system operation, reliability and performance of PVs over their entire life cycle. 

Mobile solar systems based on PV technology are starting to gain popularity, however, they are still too costly and meant mainly for specific 

customers such as armed forces for deployment in remote locations or outdoor event organizers. They are based on foldable PV panels mounted 

on trucks, together with the necessary inverters and batteries. 

Solar thermal 

Solar Thermal is a technology that utilizes the heat energy from the sunrays for heating or electricity production. Active and passive systems are 

two types of solar thermal technologies. Active systems require moving parts like pumps or fans to circulate heat-carrying fluids while passive 

systems have no mechanical components and rely on design features only to provide the energy by capturing the heat.7

Examples of 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. Solar water heaters for residential and small-

business use are made of a collector to capture the heat from the sunrays, a tank to store the hot water, and other components such as fittings, 

hoses, and valves. Collectors usually come with a 10-year warranty whereas the remaining components come with a three-year warranty.
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Figure 2.  Examples of solar systems

a. PV b. concentrated solar power

Source:  Albawaba, “Iran to construct 3000 new small scale solar plants in 
rural areas,” Tehran Times, 19 January 2019. Available at www.albawaba.com/
business/iran-construct-3000-new-small-scale-solar-plants-rural-areas-1240630.

Source:  Water Saving for Concentrated Solar Panels (WASCOP), 
“Home,” 2020. Available at https://wascop.eu/.

Figure 3.  Small-scale wind turbine

Source:  M. Allen, “New blades and generators for more efficient small wind 
turbines,” phys.org, 17 January 2017. Available at https://phys.org/news/2017-01-
blades-efficient-small-turbines.html.

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.8

A small-scale wind turbine fixed on a post or light tower, such as the 
one shown in figure 3, can supply a household with enough electricity 
year-round (around 0.3 kWh/d), provided that there is enough wind 
to drive the turbine and there is a battery to store the energy. Under 
these conditions, a small-scale wind turbine could power some basic 
devices such as a couple of fluorescent lamps and a television for 
approximately four hours per day.

Lately, the wind energy sector is seeing a big drive towards what is 
called airborne wind energy. This is based on turbines mounted on 
flying devices such as tethered drones that will generate electricity at 
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much higher altitudes where the wind resources are more important. However, this technology still not fully commercialized due to the challenges 
related to bringing the energy down to the ground with the resulting complexity and cost. A lot of research is ongoing in this area and airborne 
wind energy is expected to have a bright future in terms of increased wind resources and reduced costs. 

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 the following:9

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

Tidal energy: In this case, a barrage or turbine is 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 meter depths.10

D.  Hydropower energy
Hydropower is energy derived from flowing water, like in rivers and canals using turbines.11  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. To meet peak 
demand, the facilities with a large reservoir can store water over short or long periods where the change in elevation (or fall) from one point to another, called 
the head, and the volume of the water flow determine the amount of available energy in moving water.12 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 5 shows examples of hydropower systems.

The size of hydroelectric power systems can vary from a few hundred watts to thousands of megawatts. Table 1 highlights the different classifications 
according to the power generation capacity of hydropower energy systems:

Micro and mini hydropower plants are widely utilized for rural electrification where user households are provided limited power such as 50 W, 100 W and 200 W. 
The power can also be used for various end-use applications such as hauling, saw milling, battery charging and other small agricultural or industrial uses.

Figure 4.  Pilot tidal energy turbine at Raz Blanchard, 
France

Source:  REVE online magazine, “Marine energy: Alstom chosen to equip pilot 
tidal energy farm at Raz Blanchard in France,” Spanish Wind Energy Association, 
3 December 2014. Available at www.evwind.es/2014/12/03/marine-energy-
alstom-chosen-to-equip-pilot-tidal-energy-farm-at-raz-blanchard-in-france.
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Figure 5.  (a) Galičnik small hydropower plant; (b) Turbulent hydropower innovation

Source:  PCC SE, “Galičnik small hydropower plant,” 2020. Available at 
 www.pcc.eu/en/galicnik-small-hydropower-plant/.

Source:  Turbulent , “Past Projects, Donihue, Chile,” 2018. Available at  
www.turbulent.be/projects.

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.13 For electricity 
generation, medium or high temperature resources are needed, 
which are usually located close to tectonically active regions. 
Geothermal technologies are used for district heating, geothermal 
heat pumps, greenhouses etc.14

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.  

Table 1. Hydropower classification according to the 
output power

Classification Output power range

Pico hydro <1 kW

Micro hydro 1 kW-100 kW

Mini hydro 100 kW-1 MW

Small hydro 1-10 MW

Large hydro >10 MW
Source:  A. V. Rojas, F. M. Schmitt and L. Aguilar, "Guidelines on renewable 
energy technologies for women in rural and informal urban areas," Energia, 
IUCN , 2012. Available at https://portals.iucn.org/union/sites/union/files/doc/
guidelines_on_renewable_energy_technologies_for_women_in_rural_and_
informal_urban_areas.pdf.

Figure 6.  Climeon geothermal plant

Source:  Climeon, “Geothermal heat power,” 2020. Available at  
https://climeon.com/geothermal-plants.
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For example, agricultural plants can be used to produce 
liquid biofuels such as ethanol and biodiesel. Bio-alcohol 
is produced by fermentation of sugars and starches from 
edible agricultural feedstock rich in carbohydrates, such 
as sugar canes, sugar beets, grains, molasses, wheat, and 
potato or fruit waste. Currently, it is also possible to produce 
bio-alcohol by fermentation of cellulose from non-edible 
sources such as trees, wood, grass and straw. On the other 
hand, Biodiesel can be produced by the transesterification 
of vegetable oils or animal fats such as jatropha, sunflower, 
soybean, cotton, palm oil, rapeseed, mustard, hemp, algae 
and recycled cooking oils. Bio-alcohol can power an electrical 
generator or feed a biofuel stove for cooking purposes.

Alternatively, wet wastes like manure are well suited to 
produce biogas via anaerobic digestion, which can be 
combusted to generate electricity and heat or further 
processed into a transport fuel, such as biomethane. 

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.15

Figure 7.  15 kW modular Biogas systems by Community 
Power Corporation

Source: BioEnergy International, “Small Modular Biomass Systems,” National 
Renewable Energy Laboratory (NREL), United States Department of Energy, 
December 2002. Available at www.nrel.gov/docs/fy03osti/33257.pdf.
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2 Renewable Energy Potential

in the Arab Region
• As of 2017, renewable energy 

accounted for around 10 per cent of 
the Arab region’s energy mix.

• Hydropower remains the most 
important renewable energy source  
in the Arab region after solid biofuel.

• Solar energy and wind energy are the 
next largest renewable energy source 
in the Arab region.

• The Arab region’s renewable  
energy potential is high,  
particularly for wind and  
solar projects. 
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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 plentiful 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 Arab 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 to certain types of renewable energy than others. It is important to keep this in mind when 

considering potential renewable energy projects. 

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), as seen in figure 8. 

This shows favorable natural conditions for renewable energy development, yet there is much room for progress in using these resources.16 

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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Figure 8.  Solar resources potential in the Arab region

Source: SolarGIS, “Global Solar Atlas version 2.0.” Available at https://globalsolaratlas.info/map.

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), the 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.

As in the case of solar energy, wind atlases exist for most countries and project developers use them. Most Arab Least Developed 
Countries (LDCs) have very good wind resources and should be able to take advantage of small-scale low-cost wind turbines that are 
available in the market to support rural areas. These would cover a good part if not all of their power requirements and help them 
improve their health and safety and create small businesses to earn a better living.
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Figure 9.  Wind resources potential in the Arab region
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Source: DTU Wind Energy, “”Global Wind Atlas 3.0”, interactive map,” World Bank Group, ESMAP, Vortex, 2019. Available at https://globalwindatlas.info/.

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. One example of these solutions (which is worth considering 
although it is not fully commercialized yet) is the HydroWing technology.17 This cost-effective, scalable tidal energy technology is based on a novel 
concept that reduces operation and maintenance considerably by incorporating modularity, redundancy and simplicity into the design.

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.18 
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. 
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Some new technologies are being developed for energy 
generation in rivers and canals with slow currents, such 
as the Waterotor, which is based on a turbine that can 
harvest green energy in water currents as slow as  
3.2 km/h.19 Rural communities living close to water 
streams could use these technologies to access to 
electricity and develop income-generating activities.

E.  Geothermal energy
Soil and water underground contain a vast reservoir of 
thermal energy. Geothermal heating systems recover this 
energy and convert it to heat that can be beneficial in 
greenhouses and other buildings. Most of the interesting 
areas for geothermal energy are located in seismic-
activity regions, but also other areas could be utilized. 
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 and that are currently being tested in 
developing countries.20

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. In Algeria, 
for example, dozens of 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 further 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 visitors, some 
of whom come from all over the country and beyond.

Figure 10.  Jezzine waterfall, Lebanon

Source: Lebanon Traveller, “5 Epic waterfalls in Lebanon to visit this spring,” 
30 March 2019. Available at www.lebanontraveler.com/en/magazine/5-
waterfalls-lebanon/.

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

Source: A. Richter, “Tunisia increasing output and export of geothermally grown 
tomoatoes to European and Gulf countries,” Think GeoEnergy, 18 June 2018. 
Available at www.thinkgeoenergy.com/tunisia-increasing-output-and-export-of-
geothermally-grown-tomatoes-to-european-and-gulf-countries/.
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Figure 12.  Natural hot waters in Hammam Maskhoutine, 
Algeria

Source: Wikipedia, “Hammam Maskhoutine,” 24 September 2020. Available at 
https://en.wikipedia.org/wiki/Hammam_Maskhoutine.

Figure 13.  Banana agricultural waste, Egypt

 
Source: M. Motafa and N. Uddin, “Experimental Analysis of Compressed Earth 
Block (CEB) with banana fibres resisting flexural and compression forces,” Case 
Studies in Construction Materials, December 2016, vol. 5, pp. 53-63.

F.  Biomass energy
Traditionally, biomass energy has been widely used for domestic purposes in rural areas of the Arab region, especially in Egypt, Jordan, 
Mauritania, the Sudan and Yemen.21 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.22

The Arab region is well-poised for biomass energy development, with its rich biomass resources in the form of municipal solid waste, crop 
residues and agro-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.23

G.  Current status of the Arab region
The SGD 7 report24 provides extensive details regarding the current status of electricity access and renewable energy in the Arab 
region. This section highlights the key findings from the report that are opportunities for renewable energy deployment in the region. 
The SGD 7 report should be referred to for further details.

1.  Electricity access in the Arab region

The general electrification in the Arab region is considerable with 92.5 per cent of the population having access in 2018 (figure 14). The remaining 
7.5 per cent equates to a population of 30 million people without formal access to electricity. The target under SGD 7 is to achieve universal 
electricity access by year 2030, and the Arab region has the opportunity to deploy renewable and sustainable technologies to reach this target.
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Figure 14.  Electrification rates in the Arab region, 2000-2018 (percentage)
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The predominant deficits in access are in the Arab LDCs, namely 

Mauritania, the Sudan and Yemen. In addition, Libya and the 

Syrian Arab Republic have seen a decrease in the share of the 

population with electricity access in recent years due to war 

and the resulting damage to the power infrastructure. Table 

2 provides a breakdown, by country, of the largest pockets of 

populations without access to electricity. 

As noted in the SGD 7 report,25 the study did not encapsulate 

disenfranchised populations due to political conflicts 

and instability. The Office of the United Nations High 

Commissioner for Refugees registered 7 million refugees and  

11 million internally displaced persons, the majority of whom are from Iraq, Libya, the Syrian Arab Republic and Yemen.26

2.  Demographics of the regions with deficient electricity access 

The trend of populations without electricity access over time for different Arab subregions is provided in figure 15. Both the Maghreb 

and Mashreq have a small consistent population without access. The major access deficits are within the Arab LDCs with the deficit 

trend following the global trend.

Table 2. Population without access to electricity in the 
Arab region, 2018

Country Population without access 
to electricity (millions)

Sudan 16.86

Yemen 6.13

Mauritania 2.44

Libya 2.2
Source: World Bank’s World Development Indicators, 2020 and United 
Nations Economic and Social Commission for Western Asia calculations. 
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Figure 15.  Evolution of electrification access deficit, 2005-2017
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a. The energy deficit is concentrated in rural areas

Within the Arab LDCs more than 80 per cent of urban populations have access to electricity (figure 16). However, there is a stark 
difference in rural setting. Rural populations in Mauritania access below 1 per cent compared to 48 per cent in the Sudan and  
67 per cent in Yemen. These rural populations could greatly benefit from RETs.

It should be noted that the lack of electricity access affects a major portion of the populations in the Arab LDCs. Almost half of the 
population of Mauritania is rural, as are two thirds of the population of the Sudan and Yemen.27 The lack of electricity infrastructure 
and remote dispersed settlements in rural areas can be well suited to the deployment of small renewable technologies. 

Figure 16.  Electricity access for rural and urban populations in selected countries, 2018
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b.  Factors leading to limited access to electricity

The following factors have contributed to deficiency and limited access to electricity:

i.  Affordability of electricity 

Access to electricity is linked to per capita income levels and electricity pricing within the countries. In Mauritania, the extremely 
low-income levels in rural areas have led to a lack of investment in infrastructure as household are not expected to be able to afford 
electricity from the grid no matter how low the price. The Sudan and Yemen have relatively low electricity costs when compared 
to global levels, however they also have very low income per capita and a high number of households without access. The low, 
subsidized electricity costs have meant limited investments in grid expansions or increase in generation capacity. 

ii.  Disruptions due to conflict and political instability

Portions of the Arab region have seen a regression in the population with access to electricity. Conflict has resulted in damage to 
the national power supply infrastructures in Iraq, Libya, the State of Palestine, the Syrian Arab Republic and Yemen. Libya and the 
Syrian Arab Republic, in particular, have seen a significant decline in access indicating large scale destruction that may take years to 
recover from. The displacement of populations internally and as refugees as a result are living in camps with limited or no electricity 
access. Neighbouring countries are also impacted, and the influx of refugees has strained their electricity supply capacity and 
reduced the reliability and quality of service. Jordan and Lebanon are hosting 660,000 and 945,000 refugees respectively.28

iii.  Unreliable access and disruption in electricity supply

Even with the high levels of access to electricity across the Arab region overall, there are significant discrepancies in the quality and reliability 
of the services. Aside from conflict-related issues highlighted earlier, chronic long-term underinvestment and poor maintenance of the 
power supply infrastructure and insufficient generating and transmission capacities are contributing factors. The effects have not only 
impacted households but businesses and the public sector. World Bank survey data showed that 50 per cent of businesses in the Middle East 
and North Africa experienced some interruption in electricity service.29 Some of the main countries impacted are the ones also impacted by 
conflict, namely Iraq, Jordan, Lebanon, Libya, the State of Palestine, the Syrian Arab Republic and Yemen, but also the Arab LDCs and Egypt.30

3.  Current installed renewable energy capacity

The majority of Arab countries rely primarily on non-renewable energy sources (figure 17). In the Maghreb and Mashreq regions, 
renewables are around 10 per cent or less of total energy consumption. In 2017, Egypt, Morocco and the Sudan accounted for around 
80 per cent of the total renewable energy consumption of the Arab region with solid biofuels accounting for a large portion.31

Solid biofuels are used predominantly in homes for cooking and heating (82 per cent) while the balance (18 per cent) is used for electricity 
generation.32 There is limited penetration of modern renewable technologies (figure 18) that provide cleaner heating and cooking options.
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Figure 17.  Share of renewable energy sources in the overall energy consumption for the Arab countries, 2017 (percentage)
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Figure 18.  Renewable energy (excluding solid biofuel) share in final energy consumption, 2017 (percentage)
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1
3 Matching Small-Scale Renewable 

Energy Technologies and Applications 
in Rural Areas 

• Renewable energy technologies 
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.

• Proven renewable energy 
technologies can serve various 
applications such as: electricity 
generation, lighting, agriculture,  
water management,  
and domestic use.
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Renewable energy technologies 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. In selecting RETs, it is 
important to consider improving the quality of life of the whole household, as well as work within the household and community that 
is usually done by women. Environmental impacts and reduction of carbon emissions should also be accounted for. 

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 solutions for rural applications. 

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
RETs that will be promoted should meet the energy requirements of the rural population to raise economic productivity and thereby 
contribute to a sustainable improvement to their quality of life. The feasibility of a particular technology should be assessed on its 
technical suitability, economic considerations, environmental considerations and social impact. 

1.  Technical suitability

Fit-for-purpose: The technology must provide sufficient power generation with a secure, consistent energy supply. Performance 
and operational flexibility should meet the technical requirements of the project or application. Also, there should be clear key 
performance indicators for implementation and maintenance (e.g., installed capacity vs. useful output). Technical maturity of the 
technology should also be considered.
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Usability: Factors to consider include capacity-building required, acreage needed for installation; ease of installation and operation/
maintenance; warranties offered; health, safety and environment aspects for personnel and sourcing of spare parts.

Compliance: The technology must meet local, national standards and laws, permit and licences, as required.

2.  Economic considerations 

Capital expenditure: The are costs to buy equipment and other assets, provide training and other upfront costs to execute the 
technology. The technology vendors can support cost estimates with quotes.

Operating expenditure (OPEX): Other costs for operation include salaries, maintenance, rent, utilities, consumables, etc. Vendors can 
be approached to assist in estimations.

The overall life cycle cost: This cost can be estimated by combining the total capital expenditure and operating expenditure over the 
lifetime of the technology including recycling, deinstallation, and disposal costs. 

Economic productivity: RETs should improve economic productivity, and this measure can be used to calculate the rate of return on 
investments in renewable energy.

Benchmarking: Compare the costs of executed projects with similar technologies in other countries or regions. This would be 
particularly useful in providing baseline cost estimates where a detailed breakdown is not possible.

Economies of scale: Consider scaling at community or regional levels to optimize costs and returns.

3.  Environmental considerations 
Benefits to the environment: Consider the value of as reduction in carbon emissions to comply with climate change policies.

Adverse effects: Consider adverse effects and the means of minimizing them (e.g., land use, ecology, waste streams).

Water-energy-food nexus: Assess the benefits, adverse effects, and mitigations for spill-over effects of RET into the water, food and 
energy sectors on implementation. Also assess the link and inter-dependency between the three sectors. 

4.  Social impact at regional, community and household levels

Local resourcing: Consider the impact in terms of maximizing local economic growth through entrepreneurship development, job 
creation and contracting local companies and resources. 
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Politics: Consider local and regional politics (bureaucracy, conflicts, etc.). Engage the community and understand barriers to and 

support for RET adoption.

Culture: Be sensitive to the impact of RETs on cultural norms and customs. There is the potential to transform gender expectations 

and support women’s empowerment. 

Individual and community health and other factors: Assess the benefits and adverse effects and identify the means of minimizing 

negative factors.

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. The selection and assessment should be further 

supported by benchmarking against similar executed projects regionally and worldwide.

1.  Determine viable renewable energy types available: Determine specific project conditions (e.g., terrain, location, seasonality). 

Identify all available renewable energy sources at the rural site of application. Determine if there will be only one source 

of energy or if hybrid sources can be utilized. Develop each source or hybrid source as individual options. Quantify the 

availability of each option by assessing factors such as:

• Solar: the solar irradiation (kW/m2/day) with seasonality; 

• Wind: optimum wind speeds and range with seasonality;

• Hydro: accessible water streams/sources and the available head, etc.

2.  Identify applications and energy requirements: Determine key areas of applications for RETs at the site and quantify energy 

requirements for the applications. Consider scaling at different levels – household, community, or regional. 

3.  Map renewable energy sources to applications required: Identify the possible options of RETs by matching each renewable 

energy source to the applications required (refer to table 3). Consider whether a common electricity generation with  

mini-grid or individually powered applications would be more viable.

4.  Evaluate renewable energy type and technology options: Use the assessment criteria outlined in section  3.A. and select the 

overall optimum option that best meets all criteria.

This process is further described in figure 19.
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Figure 19.  The recommended process for selecting renewable energy technologies
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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 

technologies to their applications is provided in table 3. Detailed descriptions of commonly used existing small-scale RETs for various 

applications are also included. 

1.  Electricity generation

Renewable energy types: Solar, wind, geothermal, hydropower, marine and hybrid combinations of these.

In rural, remote areas with limited infrastructure, extensions of the electrical grid or even provisions for fossil fuels can be difficult 

and are often exacerbated by difficult terrain.33 Rural communities are usually dispersed across wide areas, thus the use of RETs, 

which are decentralized in nature, can provide affordable, off-grid electrification.34

The selection of a renewable energy type would depend on its availability at the project site. The electricity generated can then be 

used to directly support all the applications required for the rural area. A minimum threshold capacity should be considered to make 

it cost effective, and scaling to a community or multi-community level might be a more viable option.
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Table 3.  Renewable energy sources, main technologies, examples of applications

Renewable energy type and technologies

Application
Power Agriculture Domestic Lighting Water

El
ec

tr
ic

ity
 g

en
er

at
io

n

Pu
m

pi
ng

 fo
r i

rr
ig

at
io

n

Dr
ye

rs

Hy
dr

op
on

ic
s

Gr
ai

n 
m

illi
ng

In
du

st
ria

l r
ef

rig
er

at
io

n

He
at

in
g

 C
oo

lin
g 

an
d 

re
fr

ig
er

at
io

n

Co
ok

in
g

Po
w

er
in

g 
ap

pl
ia

nc
es

Do
m

es
tic

St
re

et
 o

r f
ar

m

He
at

in
g

Di
si

nf
ec

tio
n

De
sa

lin
at

io
n

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 
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Mini-grids are relatively small networks used to supply low voltage electricity to a village or multiple communities. They are usually supplied from 
a single power generation station. Technologies can include micro hydropower plants, wind turbines, solar PV arrays, combustion engines running 
on biogas, and marine or geothermal turbines.35 Combinations of RETs might be more attractive as it would make the supply more reliable and 
robust.

Previously considered niche solutions, mini-grids are anticipated to provide electricity to almost 500 million people by 2030 and help close 
the energy access gap.36 The combination of lower costs, better quality of service and supporting policies have made it a scalable option to 
complement grid extensions or to be deployment on their own.

Electricity would provide considerable flexibility as well as improvement in productivity and quality of life. Education and the health of the 
population would be improved by providing reliable energy to schools and health clinics. This would enable the introduction of modern 
communications tools (Internet, cellphones, television) to support, for example, remote education programmes. Lighting can increase time for 
productive activities after nightfall, especially for women, in areas where it would otherwise have been unsafe.37

As per the World Bank mini-grid design manual,38 there are three criteria to be fulfilled at the start of the project in order to have a successful 
implementation of mini-grids:

• Widespread interest in the community to access electricity and the ability for a sufficiently large percentage of the community to cover at 
least the recurring operational costs, if not a significant portion of the capital costs;

• Identification of a well-established and suitably qualified entity that is initiating the request for electrification and will take major responsibility 
for managing and operating the project once it is running;

• A renewable energy source in quantities and at the times needed.

The capital costs will vary greatly depending on the renewable energy type and project conditions. In many cases, the costs can exceed the 
investment capacity of the communities where the project will be implemented and would need to be financed and/or subsidized.39 The most 
expensive items for the mini-grid are typically poles and cables. Consideration should be given to maximizing local resources for manufacturing 
(e.g., poles), commercial sourcing of components and employing the local community for construction whenever possible.40 A World Bank report 
considered life cycle costs and comparisons between mini-grids and individual home electrification.41

The deployment of the mini-grids can be approached several ways. In the long term, assignment of ownership and well-defined responsibilities 
would be needed for successful operation. The common approaches are as follows:42

• A private entrepreneur (e.g., one community member who can invest) may take the major part in capital costs and take over the operation/
maintenance on completion of the project;

• A village may have ownership with a cooperative structure. The continuity of the organizational structure and long-term commitment will be 
required;

• Through a government-private sector partnership, the capital costs are subsidized by the government and private entities are awarded 
concession areas where they offer affordable services for a reasonable profit. The businesses benefit from economies of scale. The mini-grid 
implementations can be incorporated into the national electrification strategies and policy framework.

A tariff scheme can be considered; however, this will require careful communication and consultation with the community. The schemes would 
have to balance end-user consumption patterns, the financial sustainability of the project and the ability of the community to pay.43
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Box 1.  Modular geothermal generators in Indonesia

A small-scale geothermal power plant developed  
specifically for remote communities, called MiniGeo  
system, was installed in Haruku, a small island  
in the Eastern part of Indonesia to replace  
diesel generators. 

MiniGeo is a small, modular geothermal power plant  
the size of a shipping container, designed to generate  
between 100 kW and 1 MW of electricity per unit for  
remote communities like Indonesia which has a huge  
geothermal resource close to the surface in its many volcanic islands. A gradient of 50°C/km is enough to make the system 
viable. The island of Haruku has a dormant volcano and 1.5 MW of generators are used to provide electricity for its inhabitants.  
The project provided sustainable energy that was used to improve quality of life in production of clean drinking water, 
refrigeration, and allowing for internet connection.

At about over $0.50/kWh for diesel generators and $0.3/kWh for PV-battery systems, they are more expensive than power 
from an electricity grid. In this case, the MiniGeo system is a very competitive power source, with a cost estimated to 
between $0.10–$0.20/kWh depending on geology and the size of the installation.

Source: University of Twente, “Off-grid renewable electricity production with MiniGeo,” 24 May 2016. Available at  

www.utwente.nl/en/news/2016/5/314145/off-grid-renewable-electricity-production-with-minigeo.

Community awareness, participation and training through all project phases would be required for successful implementation and adoption. Early 

awareness-raising, especially about the work involved in operating the system (e.g., daily charging of the biodigester), will be needed to prevent 

any disillusionment with the system or abandonment of the technology.44

The RETs can be considered to reduce the equivalent energy use from fossil fuels and thus help mitigate climate change, but the environmental 

impact from land use or disruption to the ecosystem should also be considered. The mini-grid can be considered emissions-free, however there 

can be environmental impacts from the network installation and network losses.45 The distribution layout can be planned on existing walking or 

other access paths to reduce impact on untouched areas.46

Consideration should also be given to promoting highly efficient appliances. Super-efficient appliances can reduce the cost of providing off-grid 

electricity by as much as 50 per cent.47 Conventional appliances are not designed for off-grid networks. They draw too much energy to be useful 

or economical and may even cause load shedding or outages, undermining the gains from the energy supply investment.48

Service providers incur some risk given the uncertainty as to when the national grid will reach the application area. Reducing this uncertainty is 

vital to the planning, long-term viability and cost recovery of mini-grids. If this is considered and planned for ahead of time, then interconnection 

along with possible compensation mechanisms for the service providers (e.g., selling power back to the grid) can help alleviate the risks.49
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Box 2.  Land installed marine powered energy  
transformer (LIMPET) in Scotlanda

A tidal wave based transformer was developed by the  
Scottish firm Voith Hydro Wavegen and installed in 2000  
on the Hebridean island of Islay of the western coast of  
Scotland. It uses waves to generate power, or rather,  
uses the air displaced by waves. It consists of a cement 
 box set at the shoreline where the waves rush in from  
underneath. Air is pushed out of the box through the top,  
where it turns the turbines, and pulled back in as the  
water subsides.

Wavegen reports “The performance has been optimized  
for annual average wave intensities of between 15 and  
25 kW/m. The water column feeds a pair of  
counter-rotating turbines, each of which drives a 250 kW  
generator, giving a nameplate rating of 500 kW”. No  
information was available on cost of the system or  
savings realized. The Islay test plant has been providing  
electricity to the island community, and the company  
has larger scale commercial units in the works. LIMPET  
has the benefit of being relatively inconspicuous,  
compared to other generating facilities. You wouldn’t  
know it was there until you were practically walking on top of it.

Source: J. A. Hitz, “LIMPET: Land Installed Marine Powered Energy Transformer,” State of the Planet, Earth Institute, Columbia University, 19 May 2010. 

Available at https://blogs.ei.columbia.edu/2010/05/19/limpet-land-installed-marine-powered-energy-transformer/.

a. Wisions of Sustainability, “Food Issues: Renewable energy for food preparation and processing,” Wuppertal Institute for Climate, Environment and 

Energy, 2011. Available at https://seors.unfccc.int/applications/seors/attachments/get_attachment?code=B0UN4J54IJMJP0TBPM7VDZWDSZICQMUF.

2.  Agriculture

In many rural communities, agriculture is the primary source of livelihood and food security. Supporting technologies that improve 
crop yield would greatly improve the quality of life and economic productivity of the area. RETs can open up new innovation 
opportunities to develop stand-alone solutions for areas lacking access to energy infrastructure.50

a.  Water pumping for irrigation

Pumping would generally improve quality of life by increasing access to convenient water sources. Traditionally, women and children in rural 
communities are responsible for water collection. Easier and closer access could also mean reduced risk and exposure to safety concerns when 
compared to fetching water on foot from distant sources.
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Renewable energy for water pumping would have a positive impact on the energy-water nexus. It would help remote communities gain access to 
water for other applications, including those linked to their livelihoods and farming applications, other than irrigation, which would increase their 
income.

Nevertheless, there is controversy around the use of RETs for water pumping as it sometimes results in increased over-pumping of aquifers. This 
can only be addressed through proper pumping-limiting devices, regulations and awareness raising campaigns. Some RETs to consider for water 
pumping are described below. 

i.  Solar-powered pumping

Renewable energy type: Solar (PV cells) 

When properly sized and installed, PV water pumps are reliable and require minimal maintenance. The size and cost of a PV water pumping system 
depends on the pumping depth, water demand and system purchase and installation costs. 

Solar PV panels can power a DC or AC pump. DC motors can be directly powered by the PV panels without the need for an inverter, while AC motors 
require an inverter. The selection between DC and AC pumps depends on the groundwater level and the water source, but in general, DC pumps 
boast higher efficiency due to the lack of an inverter while AC pumps are better suited for higher power applications. 

Solar PV water pumping systems can also be coupled with battery storage to enable pumping operations during night-time hours. The exponential 
drop in the cost of PV panels, which are the main component of solar PV pumping systems, made these systems very affordable. Hence, solar 
PV water pumping systems are a cost-effective solution for remote livestock water supply, domestic drinking water supply, pond aeration and 
agricultural irrigation systems.

ii.  Wind-powered pumping

Renewable energy type: Wind (wind turbines)

Electrical wind turbines convert the energy of the wind into DC or AC electricity which can then power a DC or an AC motor to pump water.  
AC wind turbines can also be coupled with an inverter and batteries to store the energy in the batteries for pumping when wind speeds are not 
high enough. AC wind turbines can also be used to power various applications such as lighting and other low-power appliances. Pumps operated 
using electrical wind turbines have twice the efficiency of windmills and are more cost-effective than pumps powered using diesel fuel, PV 
technology, or traditional windmills. In fact, wind turbines designed optimally can reach efficiencies slightly above 40 per cent.51

iii.  Wind-mechanical pumping

Renewable energy type: Wind (windmill)

Windmills, also called wind mechanical water pumps, convert wind energy into rotational mechanical energy to drive a mechanical water pump. 
When the force exerted by the wind is strong enough to enable the wind pump crank to lift the weight of the pump rods, the piston and the water 
in it, the pump starts operating and pumps water. Modern versions can pump water from depths of several hundred meters and can operate 
effectively at very low wind speeds. However, windmills can require high maintenance due to the number of moving parts and tend to have a low 
efficiency compared to wind turbines or PV systems. In some cases, they are coupled with PV panels to improve the overall efficiency.
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Figure 20.  (a) PV windmill integrated water pump; (b) PV water pumping

Source:  A. Chel and G. Kaushnik, “Renewable energy for sustainable agriculture,” Agronomy Sust. Developm., 1 April 2011, no. 31, pp. 91–118. Available at 
https://doi.org/10.1051/agro/2010029.

b.  Yield improvement – dryers

For centuries, crops and food have been preserved through drying by laying them under direct sunshine. This is still frequently 
done in rural communities. However, food items are exposed to insects, dust, and moisture and drying depends on good weather 
conditions.52

Modern drying applications are a more efficient and hygienic alternative and they have greater economic productivity. Adequate and 
controlled drying improves quality of the food by better preserving the flavour, texture and colour.53  Drying food cleanly and cheaply 
increases its shelf life and thus its value, which in turn will benefit the family income and food security.

Dryers can also provide job opportunities for rural communities. In instances where women use the dryers to generate income while 
also attending to family obligations, the dryers can be installed close to their homes to increase their productivity and output.

Various RETs are available that can be selected based on the optimum renewable energy type for the project.

i.  Biomass fueled cabinet dryers

Renewable energy type: Biomass; biofuel or biogas 

Biomass-fuelled cabinet dryers are constructed using bricks or metallic components and consist of a biomass heater, a drying 
chamber and a chimney. Biofuel or biogas provides the thermal energy needed to dry the products. It is possible to construct dryers 
with a wide range of capacities depending on user requirements especially since these dryers can be considered as an alternative 
to steam dryers, solar dryers and electrical dryers. In fact, biomass drying is more efficient than solar drying as it significantly 
increases the drying rate and reduces the required drying time.54
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Figure 21.  (a) Schematic of a biomass fueled dryer; (b) picture of fabricated dryer
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Source:  M. Harlapur, “Cabinet dryer interegated with biomass,” International Journal of Innovative and Emerging Research in Engineering, 2016, vol. 3,  
no. 7, pp. 44-49. Available at www.ijiere.com/FinalPaper/FinalPaperCABINET%20DRIER%20INTEGRATED%20WITH%20BIOMASS171070.pdf.

ii.  Solar dryer

Renewable energy type: Solar (thermal)

Based on natural air convection, solar dryers use free solar 
energy to dry agro-products. Some commonly used dryers 
are the cabinet dryer (a cabinet with shelves for trays), rack 
dryer (a portable rack), and tunnel dryer (horizontal sections 
of racks divided as energy collectors and drying racks).

Food can be dried cleanly using hot air from an already 
existing solar collector on the roof which warms up air in a 
duct system. The hot air needs to be conducted using a small 
electric blower system through the duct which circulates the 
air back into the drying box. This constantly circulating hot air 
dries the food effectively.

Figure 22.  Modular solar dryer

Source:  Indiamart, “Modular Solar Dryer,” 2020. Available at  
www.indiamart.com/proddetail/modular-solar-dryer-16509760155.html.
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c.  Yield improvement – hydroponics
Hydroponics is the practice of producing food without soil, using a different material to support the roots that are placed within a 
nutrient-rich water. It is often combined with indoor farming techniques and controlled-environment agriculture technology, where 
all environmental factors can be artificially managed.

At a small scale, hydroponics is often used to grow fodder in arid areas to provide proper food for animals in order to improve the 
quality of their meat and milk. Most applications described here create direct and indirect employment, such as packaging of food 
and wrapping of handicrafts, driving, selling, and so on.

Solar powered hydroponics

Renewable energy type: Solar (PV)

These facilities utilize artificial control of light, environmental control (humidity, temperature, gases, etc.) and fertigation. The plants are grown in 
a nutrient-rich basin of water where this method lowers the requirement of water and also saves considerable space and soil.

Some farms use techniques similar to greenhouses, where natural sunlight can be augmented with artificial lighting and metal reflectors. 
Artificial lighting can be provided by solar energy panels. This is a great example of an energy-water-food nexus application.

d.  Grain milling
One of the most common post-harvest activities is to mill and grind grains to produce flour as well as pressing for oils. Considerable 
time and resources are spent by rural families, especially women, in either transporting crops to nearby mills or milling at home by 
hand to prepare daily food staples. Edible plant oils have a high nutritional value as well as commodity price at local markets.55

Figure 23.  Proposed solar hydroponics project in Qatar

Source:  T. Laylin, “OAXIS: solar-powered hydroponic food belt proposed for the Arabian Peninsula,” 21 August 2014. Available at  
www.greenprophet.com/2014/08/oaxis-solar-powered-hydroponic-food-belt-proposed-for-the-arabian-peninsula/.



Small-Scale Renewable Energy Technological Solutions  in the Arab Region: Operational Toolkit  

41

Traditionally, milling has been done by wind, water or animal drawn mills. More recently, diesel engines and electric power have been used.56 
Combining modern advanced techniques with RETs can provide greater efficiency and productivity to this ancient craft. Applications should be 
assessed on project-by-project basis.

Adapting conventional mills to run on renewable energy, such as solar PV or wind turbines, may be an efficient alternative to hand or animal 
drawn milling in home settings. Diesel engines can be modified to be run on plant oil or biogas; however, implications on the food-energy-nexus 
would have to also be taken into account.

Use of RETs for milling and practical executions thus far are scarce and limited to a small number of enthusiastic organizations. Developing 
mature technology with greater, widespread use will take more research and pilot projects.57

e.  Industrial refrigeration

Refrigeration using RETs would provide considerable income generating opportunities for rural communities. It would support food and crop preservation 
but also the development of other cottage industries such as dairy products, fish, meat and flower storage, and ice sales. It would support the health of the 
communities by enabling clinics to refrigerate vaccines, medicines and blood for transfusions in areas that have no or unreliable supply of electricity.58

The environmental impact of the selected RET will depend on the material, type of refrigerant, and disposal at the end-of-life.59  Eco-friendly, modern 
refrigerants should be considered to avoid ozone depletion from conventional types. 

i.  Solar refrigeration

Renewable energy type: Solar; PV or thermal

Off-grid solar refrigeration would be an attractive option in areas 
with unreliable or no access to electricity but with stable, high 
levels of solar radiation, such as the Arab region. At present, there 
are several solar cooling RETs and some are technically mature, 
but they are not yet competitive with the global cooling market.60

Capital costs vary depending on the technology but they can 
range between $1,200 (simple cabinet) to more than $7,000 for 
a complete system. By comparison, a conventional kerosene-
burning unit can range from $650 to $1,300. However, solar 
refrigeration is competitive when the life cycle cost is considered, 
including savings on operating costs by avoiding the regular 
purchase and transport of the fuel, especially in remote areas that 
are difficult to access. A unit powered by bottled gas or kerosene 
can require 0.5 to 1.4 litres of fuel per day.61

Solar powered refrigeration can mitigate carbon dioxide 
emissions of a conventional fossil fuel sourced system, 
including both combustion and transportation to site. 

Figure 24.  Schematic of a solar PV refrigeration system

Source:  Wisions of Sustainability, “Solar Refrigeration,” Wuppertal Institute 
of Climate, Environment, and Energy, 2020. Available at www.wisions.net/
technologyradar/technology/solar-refrigeration/need:food-issues.
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.  Solar PV refrigerators

Although some designs are commercially available, solar PV is still 
relatively expensive and is mostly used for medical refrigeration. 
A schematic of a typical design is shown in figure 24. The PV 
system powers a conventional refrigeration system. Intermittent 
sunlight would make it difficult to provide reliable cooling, 
but this is usually managed by integrating a battery bank and 
charging controller. The patented “Solarchill-technology” can be 
considered as an alternative to the battery storage system.62

.  Solar thermal refrigerators

Different design concepts for solar thermal collectors to drive 
refrigeration cycles have been developed and tested with few 
being commercially viable. It is only possible to use this technique 
in dry, hot climates; and so there may be an opportunity to use this 
technology in the Arab region. The cooling effect of evaporation is 
a simple method and has been successfully applied to reduce crop 
losses in some regions.63

A schematic of the process is shown in figure 25. Here, the conventional compressor is replaced with the absorption refrigeration cycle.  
The chemicals used in both absorption and adsorption are more  
environmentally friendly. They do not come into contact with air and 
can easily and safely be disposed of at the end-of-life of the appliance.

ii.  Biogas refrigeration

Renewable energy type: Biomass; biogas

Biogas refrigeration works on a similar principal to the solar 
thermal system, however, the heat source for the absorption 
cycle is a biogas burner. There is currently a lack of refrigerators 
designed specifically to run on biogas; however commercial 
absorption refrigeration systems running on fossil fuels can be 
modified to run on biogas instead. The quantity of biogas will 
vary based on the ambient temperature, however on average 
for every 100 litres of refrigeration volume would require 2,000 
litres of biogas per day. For comparison, a household refrigerator 
consumes 3,000 litres a day.64

A schematic of the process is shown in figure 26.

Figure 26.  Schematic of a biogas refrigeration system

Source:  Wisions of Sustainability, “Solar Refrigeration,” Wuppertal Institute 
of Climate, Environment, and Energy, 2020. Available at www.wisions.net/
technologyradar/technology/solar-refrigeration/need:food-issues.

Figure 25.  Schematic of a solar thermal refrigeration system

Source:  Wisions of Sustainability, “Solar Refrigeration,” Wuppertal Institute 
of Climate, Environment, and Energy, 2020. Available at www.wisions.net/
technologyradar/technology/solar-refrigeration/need:food-issues.
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Box 3.  Small-scale biomass gas plant in a dairy  
farm in Sweden

Emåmejeriet (Emå) Dairy is a local producer of milk and dairy  
products in Hultsfred, Sweden. The plant is owned and run by  
the farmers themselves. They have a strong local and  
environmental profile with their slogan ‘Milk from your area’.  
The milk is collected from local farms, which reduces transport  
carbon emissions and costs.

They have installed a gasification plant where the locally-sourced  
wood (biofuel) is converted into heat and electricity. Switching  
from an oil-based heating system to a gasification plant was  
partly motivated by a tax-relief scheme offered to manufacturers  
like the dairy, but also to meet consumer’s growing environmental expectations and to find a practical solution to replace  
the outdated existing heating system.

By replacing the old oil boiler with a micro-scale power plant, Emå dairy became virtually self-sufficient in heat and produces enough electricity to 
cover about 20 per cent of its needs. The plant combines gasification and combustion as a highly efficient heat for the boiler and power source using 
local wood chips. The plant generates 40-45 kW of electricity and 100 kW heat.

The availability of dry fuel is a continual challenge in the region. So the Emå installation includes a combined dryer and fuel storage facility which 
deals with the challenge of always having enough dry fuel in stock to keep the plant operating optimally. The dryer is an efficient and economic 
solution with a built-in ventilation connection for low-temperature waste heat, which makes it easy to use low-grade heat for drying. The total cost 
of the initial investment is expected to take 8-10 years to pay back.

The project was built and demonstrated as part of the project Small Scale CHP LIFE+ (2014-2018).

Source: European Resource Efficiency Knowledge (EREK) Centre , “Good practice: Small-scale biomass gas plant in Swedish dairy,” European Union (EU), 2018. 

Available at www.resourceefficient.eu/en/good-practice/small-scale-biomass-gas-plant-swedish-dairy.

3.  Domestic use

Introducing RETs for domestic use would benefit household-level quality of life, provide additional income generating avenues and 
improve the productivity of day-to-day activities. 

a.  Heating

Low-cost heating, especially in countries with cold winters, improves the health of rural communities. This can enable home-based 
paid work to be carried out all year round, such as making artisanal souvenirs/handicrafts for tourists or food-based businesses. 
Where applicable, they can also run guest houses and eco-lounges for tourists throughout the year.
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i.  Solar collector

Renewable energy type: Solar (thermal and PV)

Solar collectors offer an effective solution for domestic heating. The 
solar collector is installed on the roof or at the side of the house where 
it warms up cold air coming through a pipe system. The hot air is then 
conducted back into the rooms using a small electric blower system. 
The constantly circulating warm air heats up the house quite effectively.

ii.  Power and heat coupled systems for heating

Renewable energy type: Solar (thermal) with biofuel generator

Where an electricity generator powered by biofuels or biogas is already 
in operation, this can be used to provide domestic heating. The heat 
generated by the system can be transferred through an insulated 
water-filled tube system into a nearby home. Warm water pipes from 
the generator carry the warm water around the walls of the home, which 
warm the air in the rooms. The cold water is recycled back to the generator where it is warmed up again.

b.  Cooling and refrigeration

Access to low-cost cooling will facilitate greater productive 
activity within households during the hot, dry summers in the 
Arab region. Countries in the Arab region face some of the 
harshest summer conditions in the world. It would help farming 
communities, particularly women, to produce and increase the 
shelf life of dairy and other food products that can be sold to 
nearby markets. Mobile solar coolers can facilitate safe transport 
of dairy products to markets.

Domestic cooling will also support better health outcomes 
by avoiding heat-related illness, especially among vulnerable 
population (children, older people, those who are sick). 

i.  Solar cooling systems

Renewable energy type: Solar (thermal and PV)

Solar cooling systems can be classified into two main categories 
based on the energy used to drive them: solar thermal cooling 
systems and solar electric cooling systems using PV cells.65

Figure 27.  Solar air heating system

Source:  Wikipeida.org, “Solar Air Heat,” 7 July 2009. Available at  
https://en.wikipedia.org/wiki/File:Solar_Air_Heat_Collector.JPG.

Figure 28.  Solar PV-based cooling

Source:  Odditymall, “This Solar Powered Cooler/Fridge Requires No Ice,” 
2019. Available at https://odditymall.com/solar-powered-cooler-fridge.
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Figure 29.  (a) Schematic; (b) picture of a solar evaporation cooling system

Source:  Wisions of Sustainability, “Solar Refrigeration,” Wuppertal Institute 
of Climate, Environment, and Energy, 2020. Available at www.wisions.net/
technologyradar/technology/solar-refrigeration/need:food-issues.

Source:  K. Gustafsson and H. Simson, “An Experimental Study on an 
Evaporative Cooler for Hot Rural Areas,” KTH School of Industrial Engineering 
and Management, Gothenberg, Sweden, 2016. Available at www.diva-portal.
org/smash/get/diva2:952001/FULLTEXT01.pdf.

In solar thermal cooling systems, the cooling process is driven by solar collectors absorbing solar energy and converting it into thermal energy to drive 
thermal cooling systems such as absorption, adsorption and desiccant cycles. The solar electric cooling systems use electrical energy provided by 
solar PV panels to drive a conventional electric vapor compressor air-conditioning system. Both types of solar cooling systems come in various sizes 
and can be used in industrial and domestic refrigeration and air-conditioning processes with up to 95 per cent savings in electricity.66

ii.  Evaporation cooling

Renewable energy type: Solar (thermal)

This a simple, low-cost method of cooling products that communities have traditionally employed. This is another form of solar thermal cooling. Thermal 
heat causes the water retained around the cooling chamber to evaporate. The water evaporation in turn draws energy from the air inside the chamber, 
cooling it down. The efficiency is dependent on the ambient air temperature and humidity and it is very suitable for the dry, hot climates of the Arab region. 
The products can be cooled down to between 10° and 25°.67

As shown in figure 29, the basic design consists of a clay storage pot inset into a larger pot with the evaporative media (e.g., wetted sand, wool) in the 
space between the pots. This design is also known as the “Zeer-pot”. These coolers are not suitable for large quantities of food or long periods of times. 
However, they can increase durability of the food or product by five- or tenfold and thus they are ideal for domestic use.68 As an example, tomatoes with a 
shelf life of two days can be stored for up to three weeks using the evaporative cooler.69

These coolers are low cost, can be manufactured locally, and support local industry and entrepreneurship. Local production can be 
geared specifically towards women to provide them with an income source. For example, the Al-Fashir Women Pottery Association in 
the Sudan made and sold over 50 of these coolers in 2007 at a unit price of $20.70
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c.  Cooking

Many rural communities in the Arab region rely on traditional cooking stoves that directly burn solid biomass fuels, such 
as firewood or animal dung. These fuels have low combustion efficiency and high levels of associated indoor air pollution 
from improper ventilation. The open combustion flame is a fire hazard. In these settings, the resulting health consequences 
disproportionally impact women and children. As the ovens are typically at floor level, they are also a potential safety 
hazard for children. Furthermore, fuel wood collected unsustainably, or even illegally in some cases, can contribute to 
deforestation.71 RETs can help address these issues.

i.  Improved cookstoves

Renewable energy type: Solid biomass; biofuels (firewood, agricultural waste, dung), biofuel briquettes

Improved cookstoves are among the most simple, inexpensive and widely used technologies that can be introduce to a community. They are 
designed to reduce exposure to indoor air pollution and improve combustion efficiency. Combustion efficiency is increased through improved 
air flow, insulation and other aspects of design. Improved cookstoves also have better safety features. Chimneys are included to channel smoke 
outside. 

Typically, any dry organic matter can be used as fuel, such as leaves, twigs or animal dung.72 The performances of the stove depends on the 
properties of the fuel, such as physical characteristics (moisture content, size, density), energy content and chemical composition. The cookstove 
design should be optimized for the fuel that is most available on site.73 Therefore, the types and quality of fuel should also be considered.

• Pre-processing the fuel by drying and cutting or chipping can increase efficiency;

• Supplementing fuel supply with sustainable options can help alleviate pressure on firewood sources. Animal dung might be 
a pre-existing source; however, availability can be insufficient to solely rely on. Biomass briquettes can be produced from 
agricultural wastes, forestry residues and animal dung.74 
It would also provide another value chain that can be 
developed in rural areas as an income-generating activity.

Improved cookstoves can be locally manufactured and sold or 
constructed depending on the selected design. Further economic 
growth can be supported through locally sourced construction, 
labour, manufacturing, maintenance and repair. This was the case 
in Eritrea where a modified design of the traditional “mogogo” clay 
stove was used.75 In the Lao People’s Democratic Republic, local 
fabricators were engaged to manufacture improved cookstoves 
which kept costs low. A quick feedback loop with the local 
community led to design improvements and adaptations.76

The community will benefit by saving time spent on cooking, and 
possibly fuel gathering, and they will have the ability to spend that 
time on other productive activities. They will also enjoy better health 
from the reduced indoor air pollution.

Figure 30.  Example of an improved cooking stove

Source:  The Daily Star, “Idcol to help develop market for improved cooking 
stoves,” 17 April 2018. Available at www.thedailystar.net/business/idcol-help-
develop-market-improved-cooking-stoves-1563607.
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ii.  Biofuel stoves

Renewable energy type: Biomass; biofuels (bio-alcohol,  
i.e., ethanol)

These metallic stoves use biofuels, such as combustible  
bio-alcohol (ethanol) produced locally from the fermentation of green 
biomass. Ethanol is a safer, less polluting fuel, and it is cheaper than 
kerosene. The stove comes with a spill-proof fuel canister that holds 
enough fuel to meet the daily needs of an average family, and it burns 
as hot as a liquefied petroleum gas (LPG) stove without producing 
soot. A durable model of this stove can be manufactured locally with 
a life expectancy of more than 10 years.77

iii.  Biogas stoves

Renewable Energy type: Biomass; biogas (methane) as fuel 

Biogas stoves are similar to liquefied petroleum gas stoves, however, the gas used to power these stoves comes directly from a nearby biodigester. The 
biogas (mostly methane) produced by the biodigester is transported through pipes to the actual stove. The pressure from the fermentation chamber 
forces the gas directly from the reservoir at the biodigester to the kitchen stove so no gas cylinder is needed.78

iv.  Solar cookers

Renewable energy type: Solar (concentrated solar power)

A solar cooker is a device which concentrates sunlight to cook food or purify 
water. Solar cookers are used for outdoor cooking. This method is most 
practical for users living in a climate which is generally dry and sunny for 
periods of up to at least six months, as is the case for most the Arab region. 
However, it is not possible to use it as a stand-alone system as they can only 
be used when the sun is shining, which does not coincide with all mealtimes. 
Experts therefore recommend that it be used as part of any integrated 
cooking system in combination with other RETs (e.g., improved cookstoves 
or biogas stoves).79

The cost of the solar cookers depends on locally available material and the 
project’s location. The productions are usually small-scale and may need 
parts to be imported which would increase the costs. Some  
high-level economics are:80 

Figure 31.  Biofuel stove model

Source:  World Bioenergy Association, “Clean and Efficient Bioenergy 
Cookstoves,” July 2016. Available at https://worldbioenergy.org/uploads/
Factsheet%20-%20Cookstoves.pdf.

Figure 32.  Parabolic solar cooker

Source:  Indiamart, “Parabolic Solar Cooker,” 2020. Available at  
www.indiamart.com/proddetail/parabolic-solar-cooker-19650050397.html.
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• Simple solar cookers (e.g., panel or cardboard box) cost about $5-$10 (2009);

• Solid box solar cookers start at $40 (2010) for the cheapest design;

• Parabolic solar cookers start at $55 (2010) for the cheapest design;

• The payback period depends on the amount of fuel replaced and whether the fuel was bought or collected for free. In locales where fuel was bought the 
payback for a parabolic solar cooker can be 1.3-4.8 years. Most households use the money saved to buy more food.

Solar cookers on their own do not produce any environmental pollution and in turn also mitigate the damage from burning traditional fuels.  
They will also mitigate the associated deforestation and desertification from reducing reliance on wood for fuel.81

Similar to improved cookstoves, the community will benefit from saving time on cooking and fuel collection for other productive activities along 
with improvement in the indoor air quality. Gaining acceptance for solar cookers could be challenging if cooking outdoors is not usually practised. 
It can also be uncomfortable being exposed to the sun, wind, and dust for extended times. Uptake could be encouraged by adapting solar cookers 
in such a way to align with local cooking habits as much as possible.82

d.  Powering appliances

Providing electricity with RETs for domestic use would have significant impact on the health, quality of life and productivity of a household. School 
and health clinic buildings can also be powered to better serve the community. RETs make it possible to bring electricity to areas that are not 
connected to the central grids and might not have access to it anytime in the near future.83

Renewable energies could eliminate the need for candles or kerosene lamps and provide higher quality lighting for reading. Fire risk 
is reduced and the indoor air quality would be improved by cleaner cooking technologies, thus preventing associated illnesses. Other 
health benefits with more efficient appliances would also follow (e.g., better dietary choices, boiling water and milk would be more 
affordable or more likely).84

Powered appliances would make household chores more efficient and less time consuming. This would allow individuals to pursue 
other income generating activities, education, convenience and socialization. This could prove especially beneficial to women and 
children. A fan can be used for cooling the indoor space in summer months. Modern communication tools can also be used, such as 
televisions, laptops and cellphones that could support new niches of economic innovation and entrepreneurship, or enable access 
to remote education programmes and health clinic support. The electricity generated could power appliances to support cottage 
industries. Examples of household income generating activities include food production and services, as described below. 

• Renewable energy can enable the production of dairy and agro-products and preparation for sale. Appliances such as mixers, 
shakers, boilers, kneaders, labelling, and packaging machines could then be used to improve productivity. Appliances for cooling 
and safe storage of dairy products such as fridges, cooling tanks and air conditioners could also be used;

• Services supported by renewable energy could include operating electrical tools to provide services to community such as 
sewing, carpentry, welding or handicrafts.

Small off-grid solutions consist of low-capacity generation (tens to hundreds of Watts) that can satisfy basic household demand or 
the needs of a small business.85 Similar to mini-grids, off-grid solutions perform better with highly efficient appliances to optimize 
performance and cost of the RETs. The technologies include the solar home systems (SHSs), small wind turbine, pico-hydropower, 
and hybrids of these.
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Training and apprenticeship programmes for installing and 
maintaining these systems can also be considered. It will increase 
employment protentional and will also be vital to keep them running.86

i.  Solar home systems

Renewable energy type: Solar (PV)

Solar panels to provide electricity can be placed on roofs or walls of homes 
to maximize sunshine exposure during the day. Other devices needed to 
support the PV cells, called the Balance of System, consists of a DC-AC 
inverter, controller, batteries and a charge controller along with wires and 
structural elements for mounting and sun-tracking systems.87 Figure 33 
shows an SHS schematic.

A small SHS unit can typically operate several conventional appliances such 
a few lights, radio, a simple television and a small fan. The size of the SHS will 
determine the number of ‘light-hours’ or ‘television-hours’ available.88

Estimated costs from Berkeley Labs89  for SHSs (or pico solar system) are 
shown in figure 34. These estimated are provided only as a snapshot of 
breakdown and cost ranges. Representative cost estimates for projects 
should be sought from vendors and manufactures.

A significant portion of the SHS cost can be attributed to the type of 
battery selected. Environment impact of the battery type should also 
be considered especially in terms of safe disposal. 

In rural settings, the efficiency of the appliances that will run on the SHS 
can significantly impact the economic feasibility of the project.90 The capital 
costs can be minimized by sourcing super-efficient appliances91  (figure 35). 

ii.  Small wind turbines 

Renewable energy type: Wind

If local conditions permit, an alternative to solar panels could be wind turbines. Along with the wind turbine, equipment to optimize wind use, 
protection from extreme winds and energy storage (i.e., battery) will be needed, as shown in figure 36. 

Capital costs for off-grid systems, including batteries for storage, can range between $4,160 and $5,430 per kilowatt92. Similar to SHS,  
super-efficient appliances should be considered. Efforts have been made to adapt small turbine technology to the technical and market 
requirements of developing countries to enable and support local manufacturing,93 which would support local entrepreneurship.

Figure 33.  Schematic of solar home systems

Source: A. Göras and C. Mohajer, “Impacts of solar energy projects in rural 
areas - a case study in Kenya,” Department of Energy and Environment, Division 
of Energy Technology, Chalmers University of Technology, 2016. Available at 
https://odr.chalmers.se/bitstream/20.500.12380/241704/1/241704.pdf

Figure 34.  Estimated costs for SHSs, 2017

Light source

2009 - CFL and lead acid battery

2014 - CFL and lithium battery

2009 - LED and lead acid battery

2012 - LED and NiMH battery

2014 - LED and lithium battery

2017 projection - LED and lithium battery

Battery PV Balance of system

Source: A. e. a. Phadke, “Powering a home with just 25W of Solar PV: Super-
efficient appliances can enable exanded off-grid energy service using small 
solar power systems,” Ernest Orlando Lawrence Berkeley National Laboratory, 
Schatz Energy Research Center, Energy and Resources Group, University of 
California, Berkeley, 20 April 2015. Available at  
https://eta-publications.lbl.gov/sites/default/files/lbnl-175726.pdf
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Figure 36.  Schematic of a wind powered home system

1   Wind power turbine

2   Safety diodes

3   Power generation control

4   Circuit breaker

5   Resistance

6   Battery

7   Inverter

8   Load

Source:  Wisions of Sustainability, “Access to Electricity: Technological options 
for community-based solutions,” Wuppertal Institute for Climate, Environment, 
and Energy, 2010. Available at https://epub.wupperinst.org/frontdoor/deliver/
index/docId/3589/file/3589_Access_Electricity.pdf

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.  

Available at https://mirror.unhabitat.org/downloads/docs/7803_32704_WISIONS%20PRESENTATION.pdf.

Figure 35.  Cost comparison of SHS running standard vs. 
super-efficient appliances
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Source:  A. e. a. Phadke, “Powering a home with just 25W of Solar PV: Super-
efficient appliances can enable exanded off-grid energy service using small 
solar power systems,” Ernest Orlando Lawrence Berkeley National Laboratory, 
Schatz Energy Research Center, Energy and Resources Group, University of 
California, Berkeley, 20 April 2015. Available at https://eta-publications.lbl.gov/
sites/default/files/lbnl-175726.pdf
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Box 5.   Small hydropower case study Sarhad Rural Support Programme – overall small-scale hydropower portfolio in Pakistan

Based on learning from local and regional experiences, Sarhad Rural Support Programme (SRSP), piloted two  
small-scale hydropower (SHP) projects in Chitral District, Khyber Pakhtunkhwa, Pakistan. The project 
manufactured the technology locally to produce 80 kW of clean and renewable energy to benefit at least 1,000  
rural community members. In the following years SRSP improved technical aspects to enhance the efficiency of  
SHPs developed in its programme areas. As a result, as of October 2019, SRSP initiated a further 353 SHP projects  
that collectively produce 33 MW of electricity to benefit 928,000 people in selected districts.

For 90 per cent of the households in the project area, the SHPs implemented by SRSP provide the first ever access to  
electricity – with huge practical implications for the lives of the beneficiaries. The overall quality of life is significantly improved. An obvious and immediate change 
in many homes is that the electric light replaced the dim and dirty kerosene lamp or pine-torch, allowing women to work from home. Children study better at night, 
which in turn improves their attendance and performance at school. Meanwhile labour-saving electric appliances, such as washing machines, cut the drudgery of 
housework and wood-burning stoves are replaced with cleaner and quicker electric versions. Communications is improved  
with power for phone-charging at home and families are able to keep in touch, and access to infotainment which provides  
a window on a wider world, reducing the isolation of remote villages.

Environmentally, the SHPs have made a remarkable contribution in providing renewable, clean and sustainable  
energy to the local population in the programme areas, which in turn has reduced the usage of fossil fuels and  
the pressure on precious forests. The first portfolio of 165 units with a combined capacity of 21.3 MW has been  
a major contributor in the reduction of carbon dioxide emissions by 66,000 tons/year.

Similarly, these 165 units have reduced the amount annually spent on kerosene oil from $3.4 million to $0.3 million  
which is a huge economic benefit to the local population.

Source: United Nations Industrial Development Organization (UNIDO), “World Small Power Hydropower, Report 19, Case Studies,” 2019. Available at  

www.unido.org/sites/default/files/files/2020-02/WSHPDR%202019%20Case%20Studies.pdf. 

iii.  Hybrid of solar PV panels and wind turbines on homes

Renewable energy type: Solar (PV), wind turbines

A hybrid approach between solar PV panels and wind turbines can also be considered if local conditions permit to provide a more 
flexible and robust energy source.

iv.  Pico hydropower

Renewable energy type: Hydropower

Pico hydropower can be considered at locations with rugged terrains and close access to continuously running streams or 
watercourses.94 Only small water flows are required for pico hydropower and small streams or springs are enough and should ideally 
be within a 1km radius of the site.95 The electricity production can be random depending on seasonal rains, and heavy rains might 
make it difficult to operate. An example of a field installation is shown in figure 37.
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Pico hydropower equipment is small and compact and can easily be 
transported to remote sites. As per Électriciens Sans Frontières, a 
pico turbine consists of a hydraulic turbine or propeller and a 220V 
single phase alternator with a permanent magnet.96

There are three types of turbines that can be selected based on site 
conditions:

• Run-of-the-river, Kaplan, turbine (vertical) – minimum diversion 
to waterflow;

• Francis turbine (horizontal);

• Pelton waterwheel (seated) for high heads. 

Correct sizing of the pico turbine, voltage limiter, and lines is required 
to optimize the performance.97 A carefully designed pico turbine 
scheme can have a lower cost per kilowatt compared to solar or wind.98 Training the community on installing and operating as well as awareness 
of electrical safety and hazards are key for successful execution.99

4.  Lighting

Many rural households rely on kerosene to light lanterns which is inefficient and causes health problems, indoor pollution and safety risks. It does 
not provide sufficient illumination for nighttime activities and is relatively expensive. RETs for lighting would allow for activities to be carried out 
into the night, improving quality of life, productivity and safety.

The benefits of solar lanterns are not only limited to household applications. Many rural women entrepreneurs sell solar lanterns to nearby 
communities, as well as provide the minimal maintenance services following proper training, which provides them with additional income.

The International Finance Corporation Lighting Asia/India programme100 determined women are the driving force to promote off-grid lighting and 
RET programmes encouraging community uptake. This was a two-tier programme that first raised awareness about the features and benefits of 
solar lighting. This was done through mobile fairs, training for retailers and promotional media recognizing women as primary key to RET adoption 
in homes. The second tier was to build a cohort of women entrepreneurs from local women self-help groups to work with a local distributor and 
act as sales and service agents to educate households. The women would serve as marketing, sales and after-sale agents. The programme 
further facilitated local collaboration with other local self-help groups to grow the supply and distribution network. In 2016, the programme had 
hired 250 women at $35 per month and planned to grow to 20,000 in the next four years.101  The women network accounts for 30 per cent of sales 
and have become a crucial part of the retail sales model. 

The programme not only facilitates a source of income and savings in fuel costs but also builds women’s confidence and brings them respect 
within the community. 

a.  Domestic use

Electricity generated at a small scale from the energy sources presented in the previous chapter can be used to power high efficiency lighting devices.

Figure 37.  1 kW pico turbine

Source:  G. Descotte, “Pico hydro turbines got electricity in rural areas,” The 
Journal of Field Actions - Field Actions Science Reports, 2016, Special Issue 15, 
pp. 26-33.
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i.  Solar lantern

Renewable energy type: Solar (PV)

The solar lantern consists of a portable electronic lantern and a PV panel that converts solar energy into electrical energy. They are used in areas with a 
limited or no supply of electricity and they often replace fuel-based kerosene lamps. 

b.  Streetlamps

RET-powered lighting enables productive time in rural communities to extend after dark by lighting outdoor areas such as streets and farms. Better 
nighttime visibility will also promote the safety of the community, especially women, so they can move safely while working. 

i.  Individually powered streetlamps

Renewable energy type: Solar (PV), wind turbines, or wind turbine/PV hybrid

PVs have been used to design solar lamps for streets and farms. The system consists of a lamp, a PV panel, a charge controller, a 
storage battery and a lamp-pole (hollow metal or wood). Similarly, small wind turbines have also been used instead of PV panels for 
the same purpose. In some cases, hybrid solar and wind power are also used to maximise renewable energy use beyond daylight 
hours with minimum storage. The main cost is related to the installation and there are minimal maintenance costs. Solar and/or wind 
streetlamps running on light emitting diodes (LEDs) have a long lifespan and minimize the need for changing lamps. 

Solar and/or wind powered streetlamps are available in various sizes ranging from 6 W to over 120 W with the number of hours of 
light provided depending on the size of the PV panels/wind turbines and the enclosed batteries. 

Figure 38. Solar, wind/solar hybrid and wind streetlamps

Source:  P. Flood, “How to Solar LED street 
lightswork?,” US Green Technology, 10 May 2018. 
Available at usgreentechnology.com/how-do-solar-
led-street-lights-work.

Source:  Sunmaster Solar Light Manufacturer, 
“Solar Wind Street Light,” 2019. Available at  
www.solarlightsmanufacturer.com/solar-wind-
street-light/.

Source:  M. J. Duffy, “Small wind turbines mounted 
to existing structures,” Thesis, Georgia Institute 
of Technology, May 2010. Available at www.
aerodyndesign.com/SMALL_WIND_TURBINE/
Michael_Duffy_Thesis_Small_Wind_Turbines_
Mounted_to_Existing_Structures_04-15-10.pdf.
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5.  Water

Water heating and disinfection are essential needs to improve health and quality of life for a community.

a.  Heating

Having access to low cost and readily available hot water, especially in areas with cold winters, improves the family’s health and 
hygiene. Having access to hot water without needing to burn any fuel or consume any electricity will result in savings to the 
household which can be used to improve their livelihood and/or to invest in or expand income-generating activities.

Hot water is also essential for many commercial activities such as agriculture, industry, and service sectors. Hot water is needed for 
cooking and cleaning in restaurants, product preparation and cleaning of equipment (e.g., dairy, agro-products). In cases with local 
tourism, hot water would be needed for the guest’s comfort and hygiene. 

i.  Solar thermal collectors

Renewable energy type: Solar (thermal)

Solar water heating systems are well-established technologies that have been used for decades.102 They consist of solar thermal 
collectors, an insulated water storage tank and a circulation loop. Thermosiphon systems can circulate water via gravity and 
convection. This avoids the use of pumps and associated costs and maintenance, thus it is better suited to rural applications. Two 
types of thermosiphon systems are used in solar water heating systems, flat plate collectors and evacuated tube collectors, as 
described below. Both systems are usually mounted on the roof of the house or building for maximum sunshine exposure.

Figure 39. (a) Schematic of a typical flat plate collector; (b) and evacuated tube collector

Source:  okorder.com, PHNIX flat plate solar thermal collectors with Germany 
absorber, 2020. Available at www.okorder.com/p/phnix-flat-plate-solar-thermal-
collectors-with-germany-absorber_670689.html.

Source:  Indiamart, “Solar Water Heater With ETC (Evacuated Tube Collector), 
Capacity: 200 - 300 Lpd And More Than 500 Lpd,” 2020. Available at www.
indiamart.com/proddetail/solar-water-heater-with-etc-evacuated-tube-
collector-16557904055.html.
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• Flat plate collectors consist of a weatherproofed, insulated 
box covered with glass to reduce heat loss and containing 
a metal absorber sheet, painted black for maximum 
absorption of solar radiation, with built-in pipes placed in 
the path of sunlight. Solar energy heats the water in the 
pipes causing it to circulate through the system by natural 
convection. The water is then passed to the storage tank 
located above the collector;103

• Evacuated tube collectors consist of several pipes in 
parallel rows that are connected at the top to the storage 
tank. The tubes consist of a vacuum with a pipe running 
through the middle containing the working fluid. The water 
moves up and down and along through the series of pipes 
to exit the system at a significantly higher temperature.

Generally, the flat plate collector system would be better suited 
for domestic water heating in Arab countries. Not only are they  
cheaper, but they can provide heat at temperatures of up to 80°C, which  
is sufficient for water heating applications.104 Depending on its construction, the solar collector can also provide hot air for domestic 
heating as shown in figure 40.

Solar collectors with thermosiphons systems are simple, highly efficient and self-controlling. They do not require electricity, pumps 
or controllers.105 Their application is well suited to the Arab region because of the high solar irradiation rates. Cost would depend on 
demand, availability of different system sizes, and their ability to afford it.106

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/.

Figure 40.  Roof-mounted solar water heating system

Source:  AlphaZee Systems, “Solar Water Heater-How does it works?,” 
medium.com, 25 April 2018. Available at https://medium.com/@alphazee17/
solar-water-heater-how-does-it-works-cb0d0cc78968.
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b.  Disinfection

i.  Solar water disinfection 

Renewable energy type: Solar; thermal with ultraviolet A (UVA) 
exposure 

A water sterilization system, solar water disinfection (SODIS) is 
a simple and low-cost technology used to provide safe drinking 
water. It works through the synergy of the heat/temperature 
of the Sun’s rays and UVA radiation to disinfect contaminated 
drinking water. The process takes approximately six hours 
when the water is placed in clean and transparent polyethylene 
plastic bottles under sunlight. Ideally, the water should heat up 
to 50°C, however, the method is also effective at lower water 
temperatures, as UVA rays kill and eliminate harmful germs, such 
as bacteria, viruses and parasites.107 The contaminated water 
must not be too turbid otherwise it has to be filtered through a 
piece of clean cloth before being poured into the SODIS bottle.108

Using solar energy to disinfect water is a potential income source for 
rural men and women, particularly those who must remain at home 
to look after their children. 

Figure 41.  SODIS application in Indonesia

Source:  A. V. Rojas, F. M. Schmitt and L. Aguilar, “Guidelines on renewable 
energy technologies for women in rural and informal urban areas,” Energia, 
IUCN , 2012. Available at https://portals.iucn.org/union/sites/union/files/doc/
guidelines_on_renewable_energy_technologies_for_women_in_rural_and_
informal_urban_areas.pdf.
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1
4 Potential Benefits of Small-Scale  

Renewable Energy Technologies
Common benefits of adapting renewable 
energy technologies for applications in 
rural areas include:

• Technical considerations;

• Economic considerations such as 
increased economic productivity and 
growth potential;

• Environmental considerations such 
as the Water–Energy–Food nexus, 
climate change mitigation, and 
preventing/reducing pollution;

• Social impacts such as 
improving health and education, 
entrepreneurship and business 
development, and gender issues.
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Specific RET application benefits were discussed individually in the previous section. Common benefits of adapting RETs for 

applications in rural areas are highlighted here.

A.  Technical considerations
There has been considerable investment, progress and technical maturity in RETs particularly in solar PV, micro-hydropower and 

wind turbines. Lessons learned from the implementation of RETs in the Arab region and worldwide will reduce investment costs and 

risks of new endeavours. 

B.  Economic considerations

Increased economic productivity

RETs will increase food and energy security with higher yields from crops by increasing efficiency. With access to local radio services 

and other telecommunication tools resulting from electrification, farmers and fishermen will benefit from weather forecasts and 

growers will have better information on crop prices.

Lighting and heating can increase productivity, time and efficiency of activities.
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Growth potential 

The combination of improved technology, economies of scale and the continuing growth of the renewable energy industry continues 
to bring down the costs of RETs, which in turn has increased cost-competitiveness of renewable solutions for rural applications.

C.  Environmental considerations

Water–Energy–Food nexus

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. RETs can boost water and 
food security by improving accessibility, affordability and safety. RETs for desalination could provide an important resource in arid, 
water-scarce regions and boost both water and food security.

Climate change mitigation

Greenhouse gas emissions are mitigated or reduced by using RETs in place of fossil fuels. 

Reducing the use of firewood as fuel or replacing it with a renewable fuel source will help mitigate overexploitation and 
deforestation of land. In the case of biofuels, when produced on a small scale using native species, its production could have positive 
environmental impacts, such as land restoration/regeneration and forest conservation.

Preventing/reducing pollution

Emissions of toxic and harmful compounds can be reduced by using renewable energy rather than fossil fuel combustion for 
cooking, lighting and heating applications.

Small, off-grid RETs have a small footprint thus their impact on the environment is generally small and localized. 

D.  Social impact

Improving health and education 

RETs will improve the efficiency of otherwise time-consuming manual chores (transporting, harvesting, grinding and processing food). Time that 
is saved can be used on education, income-generating activities and constructive social and political organization and involvement.



Small-Scale Renewable Energy Technological Solutions  in the Arab Region: Operational Toolkit  

61

RETs could reduce some of the physically demanding and potentially health-damaging work such as hauling water over long 
distances.

They would also enable introduction and access to modern information and communications technologies (ICTs). Health care and 
education services are improved with the ability to use electrical devices, such as medical equipment, refrigerators, computers and 
cellphones. These technologies would also enable remote education and health-care support programmes in areas which have had 
limited access to it.

RETs can provide safer and cleaner work environments. 

Entrepreneurship and business development

There are job opportunities in construction, distribution, sales and maintenance directly from RET installation, operation and 
maintenance. Specialty training to install and run RETs self-sufficiently within the community would encourage both the uptake of 
RETs and diffusion in local markets. 

Demand for services associated with RETs can also help generate local economic activity and facilitate innovation to create new 
niche markets and services. The savings in both time and costs can enable the success of other cottage industries, such as small 
crafts (e.g., hairdressers, tailors), skilled workshops (carpentry, metal welding), and agricultural processing facilities (e.g., drying, 
milling, poultry, dairy).109

Access to utilities and applications can boost growth in secondary economic activities such as eco-tourism.

 Gender issues

Better health condition and education as well as small business opportunities can help improve the living conditions for the 
community, especially women, by meeting them where they are. Entrepreneurial activities related to RETs can specifically be geared 
towards women with this goal in mind. 

In urban settlements or unsafe areas, street lighting can improve public safety so members of the community, especially women, 
can travel or work after sunset with less fear of attack.110
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5 Critical Aspects and Potential Adverse 

Impacts of Small-Scale Renewable 
Energy Technologies

Consideration should be given to critical 
aspects and potential adverse effects of 
renewable energy technologies in small-
scale, rural settings such as:

• The technical maturity of some 
applications to make them more cost 
effective;

• The investment barriers in financing 
to ensure people can pay;

• Environmental considerations 
accounting for safe storage and 
operation, recycling, air quality, and 
animal protection;

• Adequate training on installation, 
operation, and maintenance as well 
as community engagement and 
awareness raising.
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Consideration should be given to critical aspects and potential adverse effects of RETs in small-scale, rural settings.

A.  Technical considerations
The technical maturity of some applications, such as solar cooling systems, standalone solar or wind desalination systems, needs to 
be improved to make them more cost effective.

As highlighted individually for RETs, 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. 

B.  Economic considerations
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.

C.  Environmental considerations

Solar PV cells

Solar PVs are usually coupled with batteries to improve versatility in operation. If a car battery is used, during the charging process 
hydrogen is released into the environment. This is not a problem if the battery is located in a well-ventilated room; otherwise there 
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may be a risk of explosion due to high concentrations of gases. Also, acid can leak if the battery is tipped over. These issues can be avoided 
by using other types of batteries, such as lithium batteries. 

Local authorities can run an efficient programme to dispose of and recycle batteries to avoid environmental pollution. The recycling of PV 
panels at the end of their life cycle (25 years or more) is also a concern and should be addressed through a recycling programme or a reuse 
programme where panels can be passed over to other beneficiaries with lower-power demands. 

With solar PV mini-grids, land use and environmental degradation, loss of habitat, and toxic chemicals for cleaning need to be addressed. 

Some studies have noted that birds are disoriented by the reflective surfaces of PVs and there is a risk of collision if birds confuse them 
with water bodies. Some insects are attracted to the reflective surfaces due to the polarised light, and lay eggs there which are unlikely to 
survive. Using a grid-like pattern on the panel along with anti-reflective films can help alleviate these conditions. PV cells should be located 
away from important or sensitive aquatic insect habitats.111

In Morocco, people were cleaning PV cells with drinking water which is a negative case of the water-energy nexus.

Concentrated solar power 

Concentrated solar power has been observed to singe bird wings and cause fatalities in hot and bright desert environments.112

Wind turbines

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.113 Alternative designs to the 
propeller blade, such as vertical axis turbines, can be explored.

If car batteries are coupled with small-scale wind turbines, similar concerns to those of PV systems apply.

Hydropower

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. 

Biofuels

Combustion of biofuels produces greenhouse gas emissions and thus contributes to climate change. 

Biomass fuels used for indoor cooking, when not ventilated properly, can lead to indoor pollution and associated health 
hazards.
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There is a negative effect on the water-energy-food nexus when preference is given to plants grown for biofuels over food 
crops and water and energy resources are used that would have supported the food security of the community. 

Growing the same crop for biofuel every year can lead to a monoculture that can deprive the soil of nutrients that would have 
resulted from crop rotations.114

Geothermal

Geothermal steam may contain hydrogen sulphide gas, which, if not treated adequately, can pose a considerable health and safety 
hazard. It is also a fire hazard.115

Although considerably less than in an equivalent fossil fuel plant, carbon dioxide emissions from geothermal plants contribute 
to climate change. Some studies consider that carbon dioxide emission from geothermal power systems should be considered 
similar to natural emissions from volcanic and geothermal areas and generally account for only a small portion of the total of such 
emissions in the area.116

D.  Social impact
Proper training on installing, maintenance, and general safety is required to avoid health hazards from electricity. Improvised 
systems can be a safety risk. 

Community engagement and awareness is required to prevent disillusionment or abandonment, especially as the work involved in 
operating RETs may exceed expectations.

Lack of an existing organizational structure within the local community may require external interventions or training for the 
operation and maintenance of the system. 
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6 Case Studies of Deployed Small-Scale 

Renewable Energy Technologies
• Mapping renewable energy 

technologies can be approached 
holistically through mini-grids 
or through individually powered 
renewable energy technologies.

• The selection methodology will take 
into account the viable renewable 
energy type, the application and 
energy requirements, and the 
mapping of the type to the application 
while the evaluation methodology 
will cover access, sustainability, 
efficiency, the quality of service, the 
costs, the benefits, and the lessons 
learned.
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Mapping RETs can be approached holistically through mini-grids or through individually powered RETs. Cases studies for both approaches are presented 
according to the methodology in section  3.B, including costs and lessons learned. 

A.  Mini-grid case study
A case study of the Youngsu – Irian Jaya micro-hydropower installation in Indonesia is included as an example of mini-grid application. The case study is 
from the Energy Sector Management Assistance Programme of the United Nations Development Programme and the World Bank. The mini-grid design 
manual and can be referred to for further details.117

1.  Background

Irian Jaya is an island province of Indonesia with isolated population centres. Along with its rugged terrain, it also experiences high annual precipitation. 
Yongsu is a coastal village located in the eastern part of the province that is isolated from the national grid and only accessible via boat or trail. The village 
consists of 150 homes, a clinic, a school, a church and a government office building. 

The village community relies primarily on subsistence farming and fishing. The sources of income for the village include sale of fish as well as coconuts, 
mangos and other crops. On average, a typical household will spend $4.50 monthly on kerosene and lighting. The estimated average income of a household 
is $300 annually ($25 monthly, on average). The lack of amenities makes it difficult to retain government teachers and clinic workers.

Some of the nearby villages had already been electrified and, therefore, there was awareness of electrification and a high level of interest in it in the village. 
As a result, the village representatives submitted a request to the Government in 1993. Subsequently, the village received financial assistance in 1994.

Yongsu village is fairly remote. Materials purchased in Jayapura, Irian Jaya, must be trucked over 100 km to the nearest dock and then sent by boat on a 
three-hour journey to the village. Items purchased in Jayapura are more expensive than they are at their source in Java.

A local non-governmental organization, Yayasan Usaha Sejhatra Indonesia (YUSI), experienced in designing and installing micro-hydropower was already 
set up in the province since 1987. It was established by the World Relief Corporation with funding from the United States Agency for International 
Development. Its facility is equipped to manufacture small water turbines and implement village micro-hydropower systems. YUSI also provides training 
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and direct support for the installed micro-hydropower systems with spare parts and repairs. YUSI is vital to ensuring the sustainability of the village micro-
hydropower systems in the province.

2.  Selection methodology

a.  Determine a viable renewable energy type

Initially a diesel plant was considered but was ruled out because of the high cost of fuel purchase and transport along with the anticipated 
maintenance costs.

Micro-hydropower was considered due to the rugged hilly terrain, high precipitation and successful installations already in place in nearby 
villages. Existing installations provided village leaders in Yongsu with a basic understanding and awareness of micro-hydropower. A drop of 
30 m elevation along a stream within a few hundred metres of the village provided an appropriate source. 

Solar PV was also considered a possible solution for microgrids for island installations in Indonesia.118 However, the pre-existing awareness 
within the community and proven experience in micro-hydropower from the nearby villages would have made it the preferred choice. 

b.  Identify application and energy requirements

The request was for electrification for the whole village. This included 150 homes, a school, church, health clinic, and a government building. 

Because the village had no prior experience with electricity, nearly all the installed consumer load was for lighting. A 40W fluorescent light was 
sufficient to light one home. The health clinic, church, and government building had a more conventional setup with several of the fluorescent 
fixtures. The village road network was lit with 10W fluorescent fixtures mounted on poles. Approximately 24 streetlights were needed. 

The plant provides 24-hour power availability to the community. However, the plant was generally only operated in the evening hours. It was 
only run during the day if there was need for power to run tools (e.g., saw, wood planer).

Any excess power produced by the plant is converted to heat and dissipated in the water leaving the powerhouse. Villagers can use the 
heated water for washing, for example, rather than letting it go to waste. 

c.  Map renewable energy type to application

In this case, the mapping was straightforward, a micro-hydropower was used to power a mini-grid for electrification of the village. 

3.  Evaluate RET options

A fairly rudimentary setup was used. A 12 kW micro-hydropower scheme, using a crossflow turbine fabricated in-country, was constructed 
to supply the mini-grid and provide three-phase power that is transmitted and distributed at 380V/220V. The valve on the generator is set 
to generate any power level up to its design limit. Approximately 1,100 m of single- and three-phase distribution cable required 55 poles that 
were spaced around 20 m apart for the mini-grid.
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a.  Costs

The government provided financial assistance towards the capital costs in 1994 after receiving the request from the village 
leaders. This was with the understanding that the village would provide the necessary labour, local material, and land for  
the project.

After the power station, the poles are usually the most expensive items. However, in this case no costs were associated with the 
poles as they were provided by the village. Local ironwood trees that grew in abundance near the village and naturally preserved 
were utilised. The sand, gravel, and rock needed for installations were also provided by the village. Labour for the construction was 
provided by the village and was on a payment-in-kind basis that further reduced costs. 

The cost of the mini-grid and house wiring averaged $60 per household and the power plant averaged an additional $130 per 
household. 

The capital costs for the installed system (approx. $19,000) was covered by the provincial government. 

The consumer was responsible for purchasing and installation of the house wiring, the 40W light fixture, and an outlet if desired. This 
amounted to approximately $22 per household. YUSI provided electricians to supervise consumer installations.119

A monthly tariff per household (approx. $2.30) was setup to cover the cost of the operator and maintain a reserve fund to procure 
material for any maintenance.120 This is half of what a household would have spent on lighting without electricity and thus provided 
savings.

b.  Benefits

A few innovative villagers created additional income by powering a few incandescent lamps to provide warmth for raising chicks in 
an otherwise damp environment to support small poultry businesses.

Some woodworking tools, especially hand-held wood planers, were used to work rough cut boards into finished lumber to save time 
and effort.

The government clinic installed a small refrigerator to preserve medical supplies. As a result, this improved the health condition of 
the community through access to vaccinations and medications. 

Retention of government staff for clinics and schools improved. Quality lighting at home improved the ability of students to study 
adequately at home thus supporting better educational outcomes.

The power station provided a source for heated water. 

c.  Lessons learned

The village government authority (kepala desa) was responsible for collecting the monthly tariffs. However, this type of accounting 
is not transparent and often resulted in funds disappearing or being used for other things. In Yongsu there was no other alternative 
authority available. 
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An honor system was expected to stop individual households from drawing more than 40W of power from the mini-grid. However, 
in reality, many homes exceeded this limit and eventually the cumulative result was the turbine shutting down whenever its limit 
was exceeded. This would normally occur during the dry season when the turbine was running at lower limits because of the lack 
of water. The kepla desa would then police the households and attempt to enforce the 40W rule which over time led to the village 
adapting its energy usage to the power availability. 

B.  Individual RETs
Similar to the mini-grids, Solar Home System (SHS) concessions case study of individual RET applications in South Africa was 
selected to highlight applications, benefits and lessons learned. This solar PV technology supports domestic lighting, and it powers 
appliances. The sources for the case study include a report made to the World Bank,121  a PriceWaterhouseCoopers socioeconomic 
impact assessment report,122 and a South Africa Energy Centre Report123 which can be referred to for further details.

1.  Background

After the end of the Apartheid, South Africa has made concerted efforts to extend basic services equally to the population especially to 
the rural communities that do not have access to the electricity grid. Approximately 35.7 per cent of the population (19.3 million people) 
of South Africa is located rural areas. A further 33 per cent of the rural population (or about 1.5 million households) do not have access to 
electricity.124
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Rural communities primarily rely on subsistence agriculture, informal economic activities (e.g., day-labour), and small enterprises. Some 
commute to nearby cities to work every day and many rely on pensions and casual labour when it can be found. Typically, a traditional 
chief and / or a council of local community representatives preside over the communities.

Maphephetheni is a rural village where the pilot for the SHS home was conducted in 1996. The homesteads are clusters of mud and thatch 
rondavels situated some distance from each other on hills and in valleys. Primary access to the homesteads is with footpaths. Each 
homestead has a piece of land, some of it arable, and most people keep livestock (chickens and goats). Shared communal gardens are 
maintained near the river. Vehicle access to the village is along access roads that is exceptionally difficult in the summer rainy season 
when already badly eroded roads become impassable. For most of the year, hardy any local taxis and buses provide daily transport.125

In 1999, basic demographic information for Maphephetheni was estimated based on a sample of 20 households. Monthly incomes ranged widely 
from $0 to $333, with an average of $181.126 This translated to about $33 per capita, significantly below the poverty line. There were eight people 
per household on average.127 Biomass is the primary energy source for cooking and heating the homes, along with paraffin and candles for lighting. 

2.  Selection methodology

a.  Determine a viable renewable energy type

Renewable energy is particularly attractive where grid electricity supply is not feasible. The South African government believes in 
most cases renewable energy would provide the least cost energy service. Solar, wind, hydropower, biomass, and geothermal are 
viable and used in varying degrees across the country. 
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The prominence changes from region to region, however solar is the most abundant consistent, and well distributed source across the country. 
The average daily radiation is between 4.5 to 6.5 kWh per square metre. 

To standardize the government approach across the provinces and with the rural communities generally spread over wide areas in dispersed 
homesteads, solar was determined to be the best approach for off-grid domestic needs. 

b.  Identify application and energy requirements

Electricity is most commonly used for lighting and television in rural communities; accounting for almost 80 per cent of the consumption.128 As 
such, the main application for the RET is to provide basic electrical needs of rural homes that include domestic lighting (1 to 3 fixtures) and power 
for basic appliances (typically a television and radio).

Cooking is also a major energy consumption in rural homes. However, this was not part of the scope of this implementation. It should be noted that 
solar cookers, solar water heaters, and water pumps were offered at some service stores or promoted through separate government schemes.

c.  Map renewable energy type to application

RET selected: Solar Home Systems with the following specifications:

• 1 x 95 Wp PV panel;

• 1 x charge controller/distribution board;

• Wiring and outlets for small appliances;

• 1 x 105 ampere hour lead-acid battery;

• 4 x compact fluorescent lights.

Given an annual average of six hours of effective sunlight, the SHS generates about 400 to 500 Wh per day. This allows for the use of a simple 
television for four hours, four hours of quality lighting using high efficiency lights, 10 hours’ use of a portable radio, and the charging of cellphones. 

d.   Government approach for implementation

In 1999, the Government introduced the Solar Home Concessions to reach non-grid areas in the most rural parts of the country where grid-
access would not be available for at least another five years. A rural concession is a public-private partnership in which a private entity is granted 
long term rights to provide electricity services; to install SHS in rural areas with 20-year maintenance period in this case. To ensure the proper 
installation and maintenance the SHS would be installed, maintained and owned by companies who would sell the electricity to the homes as 
a ‘concessionaire’ or ‘fee for service’ programme. The Government subsidized the capital costs (80 per cent) and operations. Municipalities 
contributed to the revenue stream by paying the companies on behalf of the populations that cannot afford it in accordance to South Africa’s free 
basic energy programme. 

After competitive tendering, the concessions were awarded to six private companies. The companies were each given a concession area, selected 
for being the most rural and under-developed in the country, with the aim to install 50,000 SHS within five years for a total of 300,000 units. The 
magnitude made this an attractive venture. Some of the areas already had grid penetration. In that case, the companies worked with the national 
energy provider, Eskom, on an annual basis to identify pockets of populations without grid access.
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The concessionaires generally operated energy stores to provide service for a 50km radius from the store. The stores managed sales 
on credit, installation applications, customer complaints and plan maintenance. The stores would also have mobile technicians on site 
to respond to maintenance calls (approx. one technician per 600 customers). Some concession stores sold other energy items as well 
that included solar lanterns and solar water heaters.

The SHS system falls outside the traditional regulation of the electrical supply system. Regulations are set up through the agreement 
between the Department of Energy and the agreements with the local municipalities that pay grants for free basic energy with the 
concessionaries. Concessionaires are entitled to cover their costs and earn a reasonable profit.

e.  Evaluate RET options

When the social and economic impacts are assessed together, SHS have had an overall positive impact on users. The delivery 
strategy needed to be modified to achieve better results. Success varied across the different concession regions:129

Access: Overall, the total number of SHS installations in each of the concession areas fell well short of the 300,000 goal. So far, 
a 100,000 SHS units have been successfully installed through the concession scheme however only about 60,000 still remain 
operational. 

Quality of service: SHS made a significant improvement to homes without electricity, however fell short of customer expectations for 
electrification. People expected the level of service provided by the grid, even though these homes would not be able to afford the 
grid electricity for all the applications that they would like. 

Sustainability: The concessionaires operate more like a “survivalist enterprise” rather than a commercial enterprise. Only three of 
the six concessions set up in 1999 are still operational in the same format as at the outset. Some are barely making profit at an 
operational level, the returns on investment for the companies has been lower than expected. This is due to the following:

• The Government was unable to provide funding for the 50,000 units in each concession area as promised;

• The roll out of tenders of homes for installations was slow. Instead of quickly rolling out all the 50,000 installations, they were 
batched out in small groups (1,000–3,000 units) which put the companies under strain;

• The process was further slowed down by rolling out the small groups through a bidding process rather than automatically 
awarding the concession. In practice, the concessionaires won the bids because they were usually the only entity with the 
prerequisite capacity and scale in the area;

• Non-payment levels from consumers are also relatively high estimated to be around 30 per cent at any given time.130

Efficiency: The SHS concession system is a lower cost approach then a grid connection. The capital costs of a SHS system is 21 per 
cent of a grid installation, and a saving of 43 per cent in life cycle costs. However, the SHS deliver a third as much energy as a typical 
rural customer would get from the grid, therefore providing less value to the customer. 
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f.  Costs

Capital costs: The solar cells were imported and some of the systems were assembled within the country. The total cost of a SHS unit 
was approximately $538, with the Government subsidizing 80 per cent of the costs. In reality, the subsidy levels were negotiated, and 
the agreed subsidy level became the floor price of what the installation would cost the concessionaire. Essentially the concessionaires 
were encouraged to inflate the capital costs to receive a subsidy equal to the full cost of SHS. Since this project started the cost of PV 
panels has gone down considerably, however, other costs (e.g., labour) have gone up.

Operating costs: The lead-acid battery and other consumables are roughly a third of the initial capital costs and the batteries need to be 
replaced every two years. To finance the operations both in the medium and long-term and remain sustainable, the operators need to earn enough 
income to replace these batteries when needed.

Service fees: The operating and maintenance costs were to be recovered from the fee charged to customers and the grants from the 
municipality for free basic energy service to families otherwise unable to afford it. These fees ranged between $14 to $18 per month (2015). Free 
basic energy was designed to be an important component of the revenue stream of the concessionaires however it has not paid as it should have.

De-installation and recycling: Grid encroachment or non-payment entailed deinstallation of the SHS units, however, only parts of the system 
could be removed. Generally, only the solar panel and some of the electronics can be recovered. About 20 per cent of the value of one installation 
can be recovered and resold by the concessionaire. Some of the items can be resold in second hand or used product markets. There is a 
significant amount of shrinkage and damage to the recoverable items as well. 

g.  Benefits

PriceWaterhouseCoopers conducted a comprehensive study to assess the social and economic benefits of rural electrification with SHS.131

Health and safety: Consumers felt the reduction in the risk of fire and energy-related accidents within homes was a major benefit. This was due 
to solar energy replacing paraffin and candles for lighting. Another benefit most consumers highlighted was that outdoor lighting and being able 
to charge their cellphone made them feel safer. However, a portion of households perceived themselves unsafe at the possibility of having their 
solar panels stolen. 

Educational outcomes: Children in households with electricity can study better from quality lighting and tend to attain higher education then 
households without electricity. The study found that almost 70 per cent of children students were able to study sufficiently at home compared to 
only 25 per cent without electricity. 

Quality of life: Electricity allowed households a higher degree of access to radio, television, mobile phones, and even the Internet (via mobile 
phone). Households with access to electricity are more likely to talk to friends and family in the evening improving their social and mental 
well-being. 

Household income: households with SHS tend to have higher expenditures then those without access to electricity. More income is spent on 
electricity/energy, food, schooling, telecommunication, debt payments overall. They also were found to save more (about $34 compared to 
$18 without electricity). Normally if there is additional income, households without electricity would use 93 per cent of that for food, the most 
important expense. In the case of SHS homes, 56 per cent of the additional income was spent on food and 34 per cent on more electricity. 
Normally a significant increase in income would be expected with access to electricity, however in South Africa there was no significant impact. 
This was because most people were found to live off government grants and the entrepreneurial culture was not as strong as expected. 
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h.  Lessons learned

The approach taken in this project has since moved away from an area-based concession model to a cooperative model (Household Electrification 
Strategy, 2013). Private installers put in the SHS, and a cooperative maintains them and collects the fees.

The main risk identified was that the SHS could be prone to misuse or vandalism because they were under the control of the user while under the 
ownership of the utility. This risk was expected to be mitigated through professional customer care.

The concession scheme could have been better run if an independent agency with resources was set up to focus on the off-grid programme. The 
Department of Energy is a policymaking entity and lacked the technical and commercial expertise to execute the programme.

Had the SHS been scaled as intended with 50,000 installations within five years of the programme, it would have enabled economies of scale for 
the businesses and programme to succeed. 

Non-payment by the customers and free basic energy from municipalities put financial strain on the concessionaires. It would have helped to 
have a record or database of recipients of free basic energy to track and update the municipality for payments.

Concessions close to the grid or with grid encroachment were less successful than the concessions in deep rural areas. As the grid was extended 
into areas where SHS were installed, the customers switched to grid supply, it reduced the recoverable value of the solar home systems to only 
around 20 per cent of the original investment. Integrating the long-term planning for on-grid and off-grid expansion in a structured manner could 
have offset this. 

In all cases, the SHS installations were highly subsidized by the Government. It may have been better in areas with grid encroachment that the 
subsidy was used towards extending the grid. The individual and collective benefits of grid supply are greater than SHS services. However, SHS are 
vital to very remote rural areas which cannot be reached by the grid in the medium term or distant future.

C.  Additional case studies 
A list of additional cases studies has been included in the table below for further reference for different renewable energy sources.
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Table 4. Examples of small-scale renewable energy technologies successfully deployed worldwide

 Renewable energy
technologies

Projects Country Overview Sector

Solar PV microgrida Qi Palawan resort 
project

Philippines
Installed a 40-kW solar PV system equipped with a battery 

capacity of 124 kWh. The system allows the resort to  
generate much of its electricity peak needs.

Eco-tourism

Solar water filtera Clean drinking water 
system

Cambodia
Facilitated the local sale of clean and fresh water at affordable 

prices by establishing water treatment and bottling system.

Agriculture,

household

PV/diesel hybrid systemb ERSEN off-grid solar 
energy programme

Senegal
Installation of a group of mini-grids for electricity  

generation consisting of 5 kWp solar PV array, 10 kVA diesel 
backup generator, and an 800 ampere hour battery bank.

Agriculture, health

Solar PV desalinationcc GivePower mini-grid 
desalination

Kiunga, Mombasa, Kenya
Treat 75,000 l/d of water with reverse osmosis system  

powered by a 50kW PV and 120 kWh Tesla batteries. PV powered 
2x low wattage reverse osmosis for continuous operation.

Agriculture,  
household

Solar home systemsd Temasol Morocco
A successful public-private partnership, utility-based model, 

to provide 24,800 rural homes with electricity for basic needs.
Household

Solar cooling systemse
Innovative solar 

powered milk cooling 
solution

Tunisia

The two-year project began in July 2015 to support the  
assessment of a solar-powered milk cooling systems 

designed to meet the refrigeration needs of small- and 
medium-sized farmers within the rural region

Agriculture,

commercial

Wind turbinesf,g AVATAR-I India
This small wind turbine, with the price of a smartphone and  

listed among the top 20 Cleantech Innovations in India, can power 
the entire home (daily output of 5 kWh at 5.5 m/s wind speed).

Agriculture,

household

Paradise Bay resort Island of Grenada
Installation of wind turbine with total capacity of 80 kW to cover 

more than the entire energy needs of the nine-villa resort.
Eco-tourism

Hydropower generatorh,i Pico hydropower 
microgrid

Laos
1 kW system that requires a small head (around 1.5 m)  

and flow rate (approx. 35 litres per second).

Agriculture,

household

Mali
Installation of a 3 kW small-scale hydropower plant in the 

small village in Mali with a donated turbine-generator.

Agriculture,

household

a.  “South East Asia Case Studies - Microgrid in the Phillipines,” International Renewable Energy Agency (IRENA), January 2018. Available at 
 https://irena.org/-/media/Files/IRENA/Agency/Publication/2018/Jan/IRENA_Southeast_Asia_Case_Studies_2018.pdf.

b.  Africa-EU Renewable Energy Cooperation Programme (RECP), “Mini-Grid Policy Toolkit-Case Study: Senagal,” EU PDF, 2014. Available at  
http://minigridpolicytoolkit.euei-pdf.org/system/files_force/attachments/Mini-Grid%20Policy%20Toolkit%20Case%20Study%20-%20Senegal60ab.pdf?download=1.

c.  J. Haggerty, “A new solar desalination system to address water scarcity,” PV Company, 6 February 2020. Available at  
www.pv-magazine.com/2020/02/06/a-new-solar-desalination-system-to-address-water-scarcity/.

d.  Crossroads Global Hands, “TEMASOL: Providing Energy Access to Remote Rural Households in Morocco,” 2020. Available at  
www.globalhand.org/en/browse/regions/Middle+East/success+story/document/33676.

e.  University of Hohenheim, “Field testing of an innovative solar powered milk cooling solution for the higher efficiency 
of the dairy subsector in Tunisia,” 6 June 2020. Available at www.uni-hohenheim.de/organisation/projekt/
field-testing-of-an-innovative-solar-powered-milk-cooling-solution-for-the-higher-efficiency-of-the-dairy-subsector-in-tunisia.

f.  Avant Garde Innovations, “A small wind turbine,” 2020. Available at https://avantgarde.energy/.
g.  Energy Transition Initiative - Islands, “Energy Snapshot: Grenada,” National Renewable Energy Laboratory (NREL), March 2015. Available at  

www.nrel.gov/docs/fy15osti/62699.pdf.
h.  United Nations Conference on Trade and Development (UNCTAD), “Renewable Energy Technologies for Rural Development,” 2010. Available at  

https://unctad.org/system/files/official-document/dtlstict20094_en.pdf.
i.  United Nations Industrial Development Organization (UNIDO), “Independent Thematic Review: UNIDO Projects for the Promotion of Small Hydro Power for Productive 

Use,” January 2010. Available at www.unido.org/sites/default/files/2010-02/e-book_small-hydro_0.PDF.



Small-Scale Renewable Energy Technological Solutions  in the Arab Region: Operational Toolkit  

77



1
7 Raising Awareness for the Deployment 

of Small-Scale RETs in Rural Contexts
• To optimize the use of small-scale 

renewable energy technologies 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 renewable 
energy technology projects.

•  The campaign can take many forms 
such as: organized workshops, 
hands-on training, house visits, 
demonstration pilot projects, 
study tours, fairs, exhibitions, and 
competitions.
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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 to rural 
communities. The messages should tackle perceptions of RETs in order to motivate and manage expectations at the same time. 
Common digital tools, such as social media and direct advertisement, should be complemented with other forms of outreach, as 
described below. 

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, and show how their lives changed thanks to the new productive activities they embarked on. 

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. Refresher sessions can be 
conducted on a regular basis by local people using the “train the trainer” concept, for example. 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 through word-of-mouth and direct interaction 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 pilot projects: Projects funded by national or international organizations and entities 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. The REGEND project, with funding from the Swedish International Development 
Agency, including this toolkit, is a typical example. 

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. The tours also show how value chains and 
business models for productive activities can be created around RETs in rural settings to reduce poverty, improve livelihoods, develop 
entrepreneurship, and contribute to gender mainstreaming.
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Fairs and exhibitions: Rural populations can see what others have achieved and/or to exhibit their own achievements and products at 

fairs and exhibitions. This helps with sharing success, cross-learning and confidence building as well as generating increased sales 

and revenues and improving their marketing and outreach.

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.

Most of the above can be facilitated with the help of local associations.

ICTs, especially the Internet and wireless-based applications, improve the lives of rural residents in many ways, such as spreading 

good practices, facilitating access to banking services, sharing training resources on RETs, monitoring farms yields, tracking market 

and so on.

Yet much of this potential remains untapped, particularly in the case of women, who play a fundamental role in agricultural 

production but also face a triple divide: digital, rural and gender. They tend to have less access to ICTs, leaving them and their 

families at a disadvantage. The following are some critical factors for success when making ICTs available and accessible to rural 

communities.132

Figure 42. Somali women with their smart phones

Source:  Internationa Fund for Agricultural Development (IFAD), “Radio and mobile phones bring life-changing solutions to rural women,” 6 March 2018. Available at 
www.ifad.org/en/web/latest/story/asset/40215656.
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Adapt content so that it is meaningful for rural communities

While ICTs can deliver large amounts of information, this does not imply effective use of it. Hence, content should be adapted to local 
languages and repackaged to suit formats that meet different information needs. Adapting content to local needs, languages and 
contexts often remains a challenge, but tutorial videos, spoken in simple and clear language, can prove very effective and efficient in 
transferring knowledge and developing skills for a wide band of audiences with varying literacy levels. For women with children, it is 
important to show examples of women with children and share information about how they addressed certain challenges. 

Create a safe environment for sharing and learning

Illiteracy and limited skills in using complex devices to search for information and cultural issues are barriers that prevent some rural 
people from effectively receiving and using information delivered via channels such as social media. For example, illiterate and older 
farmers often have less developed digital skills and are therefore generally less likely to use digital technologies. Local technology 
“champions” can assist in bridging the gap with illiterate people so that simple solutions, such as the abovementioned tutorial videos, 
can benefit illiterate people so that no one is left behind.

Digital literacy in rural institutions and communities should be developed and enhanced, taking into consideration local needs and 
constraints by providing appropriate learning opportunities for men, women, youth and people with disabilities, which will enhance 
individual and collective decision-making skills. Training and empowering local champions will also prove effective in improving digital 
literacy in the community and in turn facilitating the transfer of knowledge and skills. In some cases, it is worth considering having 
women-only digital groups moderated by a woman so that the participants may freely share, especially in contexts where women 
may feel shy in the presence of men group members.

Provide access and tools for sharing

Rural women have less access to devices and systems such as smartphones, laptops, broadband cellular network technology 
and Wi-Fi because of social norms, but also because of limited access in poor and unconnected areas. The price of access to 
these devices can be prohibitively high in some countries. Pricing of broadband or mobile services is a significant barrier for most 
vulnerable groups, such as women, youth, older farmers and people living in the most remote areas. Digital inclusion policies with 
a gender perspective should be promoted to enable men and women to access and use ICTs equally. Local associations could be 
supported to create communal Wi-Fi networks that are open to community members participating in RET-based projects. They can 
also seek to procure cheaper devices (e.g., refurbished second-hand handsets).

Provide the right blend of technologies

Identifying the right mix of technologies that are suited to local needs and contexts is often a challenge, in spite of – or because 
of – the rapid increase in mobile telephone penetration in rural areas. Blended approaches, such as a combination of radio and 
telephone, and locally relevant technologies selected on the basis of in-depth analysis of local needs and existing information 
systems, should be adopted to increase the efficiency of initiatives for ICT in agriculture, for example, and better serve different 
users and contexts.
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8 Conclusion  

and Recommendations
• Small-scale renewable energy technologies 

come with a wide array of benefits. The 
maturity of many renewable energy 
technologies has resulted in lower risk for 
investments that will in turn support economic 
prosperity through increased productivity 
as well as growth in secondary markets and 
entrepreneurship.

• Additional environmental benefits can be 
sought through water-energy-food nexus 
opportunities along with reduced greenhouse 
gas emissions, climate change mitigation and 
pollution reduction that will also support the 
overall health of the community.

• Social benefits would result from improved 
health outcomes and time-saving applications 
of these technologies would open more 
opportunities for education and financial 
security, especially for women.
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REGEND aims to improve the livelihood, economic benefits, gender equality and social inclusion of Arab rural communities, 
particularly for marginalized groups, by addressing energy poverty, water scarcity and vulnerability to climate change and other 
natural resource challenges.

This toolkit is an output of the REGEND initiative and provides best practices related to technological solutions and applications of 
small-scale renewable energy in the Arab region. It emphasizes productive activities that have the potential to empower rural women 
and foster entrepreneurial development within a water-energy-food nexus to encourage sustainability. It includes descriptions 
of all relevant RETs, mapped to appropriate applications. Cases studies and awareness dissemination channels complement the 
descriptions of technologies and applications.

Overall, the Arab region has great renewable energy potential, covering all sources, namely: solar, wind, marine (waves and 
tides), hydropower, geothermal and bioenergy. Those resources vary from one country to another and they are generally quite 
underutilised.

Many RETs have become more affordable in recent years and in some cases more cost competitive than fossil fuel-based 
alternatives. The selection of RETs depends primarily on the location and the renewable energy sources available that can meet the 
energy needs. The technical, economic, environmental and social feasibility will also need to be assessed.

Potential applications of RETs in rural areas can vary. Mini-grids can provide electricity to the community to meet basic need. 
Alternatively, specific technology for targeted activities can be deployed to improve productivity (e.g., agriculture) and/or quality of 
life (e.g., heating, cooling, lighting). Lastly, hybrid combinations of mini-grids and targeted technologies can also be considered when 
deciding how best to meet local needs.

Small-scale RETs come with a wide array of benefits. The maturity of many RETs has resulted in lower risk for investments that will 
in turn support economic prosperity through increased productivity as well as growth in secondary markets and entrepreneurship. 
Additional environmental benefits can be sought through water-energy-food nexus opportunities along with reduced greenhouse 
gas emissions, climate change mitigation and pollution reduction that will also support the overall health of the community. Further 
social benefits would result from improved health outcomes and time-saving applications of these technologies would open more 
opportunities for education and financial security, especially for women.

There are many examples of effective use of small-scale RETs in rural areas, both globally and within the Arab region. Case studies, 
such as the SHS concessions in South Africa, provide insights to the on-the-ground reality in quantifying the benefits to the 
community and highlighting opportunities for improvements for future endeavours through lessons learned. 



Knowledge and awareness raising channels for the deployment of small-scale RETs are increasingly delivered via digital channels, 
such as social media, complemented by local workshops, hands-on training sessions, study tours and fairs. 

It is critical to ensure the sustainability of RET-related projects during and after the completion of the pilots or externally funded 
phases. This is mainly achieved by building the technical capacity of the local institutions (municipalities) and the rural community, 
including women, on installing and maintaining renewable energy systems. Such capacity-building will contribute to improving 
reliability and lead to increased acceptance and adoption of RETs by easing potential effects of rural social norms. This will be even 
more important in the future if women are targeted as RET-based entrepreneurs and given all the support required to succeed, 
directly or via local associations. The support should include access to finance and fit-for-purpose policies.

Another key factor in supporting the deployment of small-scale RETs in rural areas is to focus on collaboration and coordination 
between the various project stakeholders. Collaboration can be facilitated by local, regional and intra-regional organizations 
and can help share learnings, create an economy of scale and build networks that benefit all parties. Coordination will improve 
communication between various ministries and stakeholders involved in rural development and the renewable energy sectors. 
Institutionalizing coordination will align efforts and maximize complementarity in promoting the development and adoption of RETs.

84
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