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Introduction 
and background

The Regional Initiative to Promote Small-Scale Renewable Energy Applications in 
Rural Areas of the Arab Region (REGEND) aims to improve the livelihood, economic 
benefits, gender equality and social inclusion of Arab rural communities particularly 
marginalized groups, by addressing energy poverty, water scarcity and vulnerability 
to climate change and other natural resource challenges. This will be achieved 
through using appropriate small-scale renewable energy technologies (RETs) for 
productive activities, entrepreneurial development and women’s empowerment, 
with the with emphasis on job creation and developing robust value chains in a 
nexus approach to encourage a sustainable economy. 

The Arab region is a large and diverse region that shares a rich geography known 
for its natural resource wealth as well as its climate vulnerability. It has much to 
gain from considering the linkages between water, energy and food security as it 
strives to achieve progress on the SDGs. 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.
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1 Small-scale renewable energy 
technologies for rural areas
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Small-scale renewable energy technologies  
for rural areas1

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. 

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

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

Solar
energy

Marine
energy

Hydropower Geothermal
energy

Bioenergy

Source: sun Source:
waves, tides

Source: water Source: earth Source:
biomass, waste

Wind
energy

Source: wind

Figure 1.  Renewable energy categories
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A.  Solar energy
Energy harnessed directly from the sun can be converted into electrical or thermal energy. The two 
categories of technologies that harness solar energy are solar photovoltaics and solar thermal. 

 

1. 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.

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.  

 

2. 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.

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-
businesses 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. 



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

7

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.

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:

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 meters depths.

D. Hydropower energy
Hydropower is energy derived from flowing water, like in rivers and canals using turbines. This power can be 
converted into rotational mechanical power or electricity using a hydropower energy system. Hydropower 
plants come in two basic configurations: with dams and reservoirs, or without. 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 
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available energy in moving water. 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.

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

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. For example, agricultural plants can be used to produce 
liquid biofuels such as ethanol and biodiesel. Bio-alcohol is produced by the 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 
the 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. 

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.
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Figure 2. Solar PV panel

Figure 5. Turbulent hydropower innovation

Figure 3.  Small-scale wind turbine

Figure 4. Pilot tidal energy turbine

Figure 6. Climeon® geothermal plant Figure 7. 15 kW modular Biogas systems



10

2 Matching small-scale renewable 
energy technologies and 
applications in rural areas 
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Matching small-scale renewable
Energy technologies 
and applications in rural areas2

RETs that are implemented for rural people should meet their energy requirements while raising their 
economic productivity and thereby contributing to a sustainable improvement of their living conditions. 
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 Water-Energy-Food (WEF) 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 agri-food 
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. 
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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.

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.

Economic  
considerations 

CAPITAL EXPENDITURE (CAPEX): these 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 CAPEX and OPEX 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.
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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. 

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.

Environmental  
considerations 

BENEFITS TO THE ENVIRONMENT: consider the value of 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).

WEF 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. 
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B. Methodology for mapping renewable  
     energy types and technologies
Technology selection will specifically depend on the location and conditions of the actual project under 
consideration, however, a general walkthrough of the procedure is provided below. The selection and 
assessment should be further supported by benchmarking against similar executed projects regionally and 
worldwide. 

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 the below table, followed by examples 
of small-scale renewable energy technologies successfully deployed worldwide.

IDENTIFY AND SELECT RE
SOURCES

$1

IDENTIFY PROJECT NEEDS 

$2

MAP RE TYPES AND
TECHNOLOGIES

$3

EVALUATE MAPPED
OPTIONS

$4

• Identify main RE types
  available

• Quantify the availability of
  each RE type and
  screen out unviable
  sources

• Select RE type options,
  e.g. single source or
  hybrid

• Understand the
  applications required at
  the rural site

• Determine the energy
  requirements of the
  applications

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

• List suitable RETs
  based on previous
  steps

• Technical feasibility
• Costs/economics
• Environmental and
  social impact

• Compare evaluated
  mapped options and
  select overall optimum

Figure 19.  The recommended process for selecting renewable energy technologies
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 Renewable energy type
and technologies
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Solar
Concentrated solar power 
(CSP)  

PV panels         

Solar dryers 

Solar disinfection (SODIS) 

Flat plate collectors (FTC) 

Evacuated tube collectors 
(ETC) 

Solar thermal cooling 
systems




Solar electrical cooling 
systems 

Solar (thermal) collector 
for heating  

Wind power
Wind turbine/generators     

Windmill (wind mechanical 
pump)  

Solar and wind hybrid
Windmill and PV panels   

Wind turbine and PV 
panels     



Solar and biomass hybrid
Power and heat coupled 
system 

Biomass
Biofueled power generator 

Power and heat coupled 
systems  

Biofuel (ethanol/biodies-
el) stoves 

Biodigester to produce 
biogas 


   

Fuel wood and green 
residue   

Biomass fuel briquettes    

Improved cooking stoves   

Geothermal
Geothermal generator   

Hydro
Hydropower plant/turbine  

Marine (ocean)
Marine turbine 

Table 3.  Renewable energy sources, main technologies, examples of applications
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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. Rural communities are 
usually dispersed across wide areas, thus the use of RETs, which are decentralized in nature, can provide 
affordable, off-grid electrification.

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.

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 photovoltaic arrays, combustion engines running on biogas, 
and marine or geothermal turbines. Combinations of RETs might be more attractive as it would make the 
supply more reliable and robust.

Mini-grids are anticipated to provide electricity to almost 500 million people by 2030 and help close the 
energy access gap. 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 deployed on their own.

Electricity would provide considerable flexibility as well as improvement in productivity and quality of life 
such as improvement to education and the health of the population. This would enable the introduction of 
modern communications tools (Internet, cell phones, 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.

The capital costs will vary greatly depending on the renewable energy type and project conditions and might 
require subsidies. 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. 

The deployment of the mini-grids can be approached several ways, such as:

•  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.
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•  A village may have ownership with a co-operative 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.

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

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. 

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

A. Water pumping for irrigation

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.

Traditionally, women and children in rural communities are responsible for water collection. Easier and 
closer access to water could also mean reduced risk and exposure to safety concerns when compared to 
fetching water on foot from distant sources.

A proper pumping management and awareness are needed to avoid over-pumping of aquifers.

(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. DC pumps boast higher efficiency due to the lack of an inverter while AC 
pumps are better suited for higher power applications.

The exponential drop in the cost of PV panels, 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.
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(ii) Wind-powered pumping

Renewable energy type: wind (wind turbines)

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.

(iii) Wind-mechanical pumping

Renewable energy type: wind; windmill

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.

Figure 20.  (a) PV windmill integrated water pump; (b) PV water pumping
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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.

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. Drying food cleanly and cheaply increases its shelf life and thus its value, which in turn 
will benefit the family income and food security.

(i) Biomass-fuelled 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.

(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).
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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.

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 has been used often 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.

Figure 22.  Modular solar dryer
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Figure 23.  Proposed solar hydroponics project in Qatar

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.

Traditionally, milling has been done by wind, water or animal drawn mills. More recently, diesel engines and 
electric power have been used. 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.

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.

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.

Eco-friendly refrigerants should be considered to avoid ozone depletion from conventional types. 
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(i) Solar refrigeration

Renewable energy type: solar; PV or thermal

At present, there are several solar cooling RETs and some are technically mature, but they are not yet 
competitive with the global cooling market.

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. A unit 
powered by bottled gas or kerosene can require 0.5 to 1.4 litres of fuel per day.

• Solar PV refrigerators: although some designs are commercially available, solar PV type is still relatively 
expensive and is mostly used for medical refrigeration. 

• Solar thermal refrigerators: different design concepts for solar thermal collectors to drive refrigeration 
cycles have been developed and tested with few being commercially viable. The cooling effect of 
evaporation is a simple method and has been successfully applied to reduce crop losses in some 
regions. Here, the conventional compressor is replaced with the absorption refrigeration cycle. The 
chemicals used in both absorption and adsorption are more environmentally friendly.  
 
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. 

(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. 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.
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Box 3: Small-scale biomass gas plant in 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 economical 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.

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

F. 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.

(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.
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G. Cooling and refrigeration

Access to low-cost cooling will facilitate greater productive activity within households during the hot, 
dry summers in the Arab region. 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.

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.

(ii) Evaporation cooling

Renewable energy type: solar; thermal

This is a simple, low-cost method of cooling products that communities have traditionally employed. It is 
another form of solar thermal cooling. Thermal heat causes the water retained around the cooling chamber 
to evaporate. The evaporation 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°.

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. As an 
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example, tomatoes with a shelf life of two days can be stored for up to three weeks using the evaporative 
cooler.

These coolers are low cost, can be manufactured locally, and support local industry and entrepreneurship. 
Local production can be especially geared 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.

H. 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. 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. They are 
designed to reduce exposure to indoor air pollution and improve combustion efficiency, which is increased 

Figure 29.  (a) Schematic; (b) Picture of a solar evaporation cooling system

(a) (b)
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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. 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. 

Pre-processing the fuel by drying and cutting or chipping can increase efficiency whilst supplementing 
fuel supply with sustainable options such as biomass briquettes, can help alleviate pressure on firewood 
sources. Biomass briquettes can be produced from agricultural wastes, forestry residues and animal dung. 
It would also provide another value chain that can be developed as an income-generating activity.

(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 liquified petroleum gas stove without producing soot. A durable model of this 
stove can be manufactured locally with a life expectancy of more than 10 years.

(iii) Biogas stoves

Renewable energy type: biomass; biogas (methane) as fuel 

Biogas stoves are similar to liquified 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.
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(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. 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. 

The cost of the solar cookers depends on locally 
available material and where the project is located. 
It can be as low as $5-$10 for simple solar cookers 
(e.g., panel or cardboard box) or between $40 
(solid box) and $55 (pArabolic type).

In addition to mitigating the damage from burning 
traditional fuels, solar cookers will also mitigate 
the associated deforestation and desertification.

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.

I. 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. 

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).

Powered appliances would make household chores more efficient and less time consuming. This 
would allow individuals to pursue other income generating activities, education and socialization. 
This could prove especially beneficial to women and children. A fan can be used for cooling 

Figure 32.  PArabolic solar cooker
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the indoor space in summer months. Modern communication tools can also be used, such as 
televisions, laptops and cell phones 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: 

•  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.

•  Operating electrical tools to provide services 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. They 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.

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.

(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.

A small SHS unit can typically operate several 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.

A significant portion of the SHS cost can be attributed to the type of battery selected. 
Environment impact of the battery type should be considered especially in terms of safe disposal. 
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In rural settings, the efficiency of 
the appliances that will run on the 
SHS can significantly impact the 
economic feasibility of the project.

(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.

Capital costs for off-grid systems, 
including batteries for storage, 
can range between $4,160 and 
$5,430 per kilowatt. Similar to 
SHS, super-efficient appliances 
should be considered. Efforts have 

Figure 33.  Schematic of solar home systems

1   Wind power turbine

2   Safety diodes

3   Power generation control

4   Circuit breaker

5   Resistance

6   Battery

7   Inverter

8   Load

Figure 36.  Schematic of a wind powered home systembeen made to adapt small turbine 
technology to the technical and 
market requirements of developing 
countries to enable and support local 
manufacturing, which would support 
local entrepreneurship.
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(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. 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. 
The electricity production can be random 
depending on seasonal rains, and heavy rains 
might make it difficult to operate.

Pico hydropower equipment is  small and 
compact and can easily be transported to 
remote sites.

A pico turbine consists of a hydraulic turbine or propeller and a 220V single phase alternator 
with a permanent magnet. 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. 

A carefully designed pico turbine scheme can have a lower cost per kilowatt compared to solar or 
wind. Training the community on installing and operating as well as awareness of electrical safety 
and hazards are key for successful execution.

Figure 37.  1 kW pico turbine
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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. 

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



34

4. LIGHTING

Many rural households rely on kerosene to light lanterns, which is inefficient and causes health problems, 
indoor pollution and safety risk. It does not provide sufficient illumination for night-time activities and is 
relatively expensive.

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. 

J. Domestic use

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

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. 

K. Streetlamps

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

Individually powered streetlamps

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

Photovoltaics 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 6W to over 120W.

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

Renewable energy type: solar (thermal)

Solar water heating systems are well-established technologies that have been used for decades. 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. 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

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. Depending on its construction, the solar collector can also provide 
hot air for domestic heating.

Solar collectors with thermosiphons systems are simple, highly efficient and self-controlling. They do not 
require electricity, pump or controllers. 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.
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B. Disinfection

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°, however, the method is also 
effective at lower water temperatures, as 
UVA rays kill and eliminate harmful germs, 
such as bacteria, viruses and parasites. 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.

Figure 41.  SODIS application in Indonesia
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 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 desalina-
tioncc

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 contin-
uous 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 de-
signed 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 gener-
atorh,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 hydro-

power plant in the small village in Mali 
with a donated turbine-generator.

Agriculture,  
household

Table 4. Examples of small-scale renewable energy technologies successfully deployed worldwide
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3 Recommendations
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Recommendations3
Seeking water-energy-food nexus opportunities along with reduced greenhouse gas emissions, climate 
change mitigation and pollution reduction will bring environmental benefits and will support the overall 
health of the community.

Directing time saved from using RETs towards educational and learning opportunities will bring social 
benefits, especially for women.

Using digital channels, such as social media, complemented by local workshops, hands-on training sessions, 
study tours and fairs will increase knowledge and awareness amongst rural communities.

Ensuring sustainability of RET-related projects during and after the completion of the pilots requires building 
the technical capacity of the local institutions on installing and maintaining renewable energy systems.

Women should be 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.

Focusing on collaboration and coordination between the various project stakeholders, facilitated by local, 
regional and international organizations, is a key factor in supporting the deployment of small-scale RETs in 
rural areas. 
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