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SUMMARY 

To make this report useful for UNICEF country offices, the below step-by-step summary has 

been developed to help UNICEF personnel consider how renewable energy solutions may be 

incorporated into their country programs. 

Step 1:  Define the UNICEF Program Need/Challenge that will be solved using renewable 

energy 

UNICEF is focused on improving the lot of children and youth throughout the world and has 

programs in health, HIV and AIDs, water, sanitation and hygiene, education, nutrition, child 

protection and social inclusion. There is no particular mandate for UNICEF to do work in the 

renewable energy field but lack of access to energy may pose a significant barrier to solving 

problems faced by children in the different sectors in which UNICEF operates. Furthermore, 

burning of fuels or collection of firewood can be dangerous to children, impact their health and 

education. They also generate greenhouse gases resulting in climate change. While lack of 

access to clean energy may be a factor in addressing a UNICEF need/challenge, the technology 

by itself is not the solution. It needs to be embedded in a complete end-to-end solution that 

addresses issues like financing, last mile distribution, supportive government policies, etc. It is 

therefore necessary for a UNICEF country office to identify the children’s needs, consistent with 

UNICEF’s Strategic Plan [1], which the renewable energy technology can help to solve and then 

develop a complete end-to-end solution.  

UNICEF’s Strategic Plan prioritizes improving children’s health and early childhood education. 

One example of how access to renewable energy can be incorporated into addressing children’s 

needs in these two areas is the distribution of solar lanterns as replacements for kerosene 

lamps. Families in many regions of the world use candles and kerosene lamps as the main 

source of lighting in their homes. These are expensive, unhealthy and produce a low quality of 

light. A complete end-to-end solution involves adopting a new cleaner technology which 

provides an improved quality of light (such as a solar lantern), creating a sustainable supply 

chain and distribution model to get this technology out into the field, developing customer 

awareness of the technology, arranging the financing to enable the end user to be able to 

purchase the technology, and having an after-sales support system to repair any units that 

break down in the field. The education and health improvements resulting from this renewable 

energy technology include extending children’s study hours as well as reducing respiratory 

illnesses in children, addressing these two UNICEF strategic goals. Other examples are provided 

on pp. 11-12 of the report.   

Step 2: Is the energy need a thermal need or an electrical need or both? 
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Once the programmatic need/challenge has been defined for which a renewable energy 

technology solution may be considered, the next step is to identify the type of energy need that 

is to be addressed. There are two forms of energy – thermal energy and electrical energy - that 

may be considered for providing solutions to problems facing children. Thermal energy 

applications include using the heat of the sun to cook food (solar cookers) or to grow crops in a 

controlled environment (solar greenhouses). Another application of thermal energy is to 

efficiently burn fuel in an energy efficient cookstove. A high priority in UNICEF’s Strategic Plan is 

to improve child nutrition. Increasing crop yield and growth of more nutritious crops using a 

solar greenhouse technology could be used as one approach to addressing this problem. 

Another UNICEF program, climate change adaptation, could employ more efficient cookstoves 

to reduce the amount of firewood that needs to be collected and burned for cooking food; the 

time spent cooking; and the toxic emissions resulting from inefficient cooking practices. 

Electrical energy applications can provide access to improved health, education, protection, and 

poverty. Technologies such as solar lights can be used to provide outdoor lighting to improve 

security at night. Children’s health can be improved and infant and maternal mortality rates can 

be reduced by providing electricity generated from renewable energy sources for powering 

devices in medical clinics and hospitals. As described earlier, children’s education may be 

improved by providing high quality reading lights to study by at night.  

More information on thermal and electrical energy concepts and applications can be found on 

pp. 9-11 of the report. 

Step 3: Design the renewable energy technology/business model solution to the identified 

need/challenge 

The next step in developing the end-to-end solution is to design the renewable energy solution 

to the identified need/challenge. This should be done in collaboration with local communities 

and partners who can bring in the local contextual knowledge and can help to build locally 

workable solutions. A human-centered, design thinking approach should be used in developing 

the solution. Experts with domain knowledge in developing end-to-end renewable energy 

solutions should be brought in to help develop long term sustainable solutions. All solutions 

should be developed within the framework of UNICEF’s design principles [2]. Some questions 

that must be asked in performing the design are as follows: 

 What is the local interest and desire for a sustainable renewable energy solution to 

meet the UNICEF-related need/challenge? 

 What is the context for the solution (based on a human-centered design thinking 

approach)? 

 How will the project be financed? 
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 What is the capacity in the local communities to pay for the systems? Or will they be 

supported through grant/government funding? 

 What is the mechanism for making installment payments? For example, can payments 

be made by mobile phone?  

 What is the sustainable business model to ensure long term sustainability? 

 Are there open source solutions available?  

 How is lacking energy access currently impacting the communities? 

 Where is sustainable energy required to enable UNICEF current/future programs to 
succeed (e.g. Power for water)? 

 Are there already existing Micro-Credit schemes / PAYG options for energy services in 
country? 

 How much money is UNICEF spending on unsustainable energy provisions (e.g. Diesel 
for generators in clinics, powering of boreholes, etc.) - perhaps a cost/benefit analysis 
should be carried out? 

 What private sector/Civil Society Organizations/NGOs are on the ground and working in 
this area? 

 How can a complete end-to-end solution be developed? 

Step 4: Review existing technologies that relate to the type of energy need 

A number of technologies already exist that can address some of the energy needs depending 

on the type of energy required.  A summary table of major renewable energy companies, their 

products and geographic regions of operation is presented in Annexe 1 with more extensive 

descriptions of these technologies presented in section 4 of the report. The UNICEF country 

program officers can review this compendium of information to see if a technology already 

exists that can meet the needs of their programs.  

Step 5: Establish partnerships with organizations based on the energy needs 

UNICEF country officers in collaboration with local communities can develop a very good 

understanding of the program needs/challenges and contextual framework for solutions 

around the defined needs/challenges. On the other hand, UNICEF in general, lacks expertise in 

the area of renewable energy and oftentimes does not have the in-house expertise to evaluate 

and/or design technologies/business models related to renewable energy project 

implementation. It is therefore important to establish partnerships with other NGO’s, 

companies and academics who do have the expertise to guide project development and 

implementation.  A list of potential project financers is given in Annexe 2. A table of renewable 

energy project partners including NGO and some academic partners (with whom UNICEF has 

previously worked) with expertise in the renewable energy sector is provided in Annexe 3.   
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Step 6: Design the Supply Chain/Distribution model for implementing the solutions in the 

field. 

In designing the supply chain/distribution models for getting the solutions implemented in the 

field, a number of questions must be asked: 

 Are the community members aware/educated about the technology? 

 Are the community members accepting of the technology or are there some cultural 

barriers to accepting the renewable energy solutions? 

 Are the products manufactured locally or imported? What are the tariff structures on 

renewable energy products if they need to be imported? 

 How is the technology distributed to the customers? Are agents used? If so, how are 

agents selected, trained and remunerated? What is the level of trust with the proposed 

agents? What are proposed security and insurance set ups for products? 

 What is the reputation of potential suppliers, as well as their history and background in 

conducting similar projects? 

 What are the prospects for establishing small businesses/enterprises around the 

technology-based solutions?  

 How is after-sales service going to be provided?  

 What education/training programs are going to be developed to support the 

implementation of the end-to-end solution? For example, technicians may need to be 

trained to maintain/repair systems in the field.  

 What are the plans for monitoring and evaluating the impact of the renewable energy-

based solutions vis-à-vis the UNICEF identified need/challenge?  

 

An example of how a UNICEF Country Office has developed a solution following the above steps 

is provided below to illustrate the approach.  
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EXAMPLE END-TO-END RENEWABLE ENERGY SOLUTION TO A UNICEF COUNTRY 

OFFICE NEED 

UNICEF Burundi Innovation Lab  

Step 1: Identified UNICEF Need/Program: Poor quality and high cost of lighting using kerosene lamps 

in households in Burundi. This affects children’s health (respiratory issues with children) and 

children’s education - inability to study at night because of poor quality of light. 

     Step 2: Electrical energy need is identified 

Step 3: Interviews with community members (human-centered design thinking) showed a strong 

desire for improving the quality of light available in households and reducing their expenses on 

kerosene fuel. Since the community members typically earn less than $2/day, the solution must be 

very low cost. If low cost LED lighting can be provided with a financing scheme, the money presently 

being spent on kerosene can instead be used to pay for an LED lamp (sustainable business model). 

There are almost no open-source solutions available in the market.  

Step 4: Small solar lanterns and headlamps offer potential renewable energy solutions. 

Step 5: A partnership was established with Rhys Marsh  (an investment professional in financing 

electric power projects especially in distributed renewable energy systems) to develop the business 

model and implementation approach. A partnership was established with a village Community 

Savings and Loan institution to finance the purchase of the LED headlamps and a pedal power 

generator to recharge the lights.  

Step 6: The Community Savings and Loan institutions were educated about the LED lights and the 

pedal power generator. A community member was identified as an entrepreneur who would provide 

the LED light recharging services. He would receive a loan from the Community Savings and Loan 

association and repay it through his income earned from recharging the community members’ LED 

headlamps.  

While the above steps are shown in a linear order, the actual development of solutions may not follow 

this simple, linear path. In looking at developing a complete end-to-end renewable energy solution to a 

UNICEF need/challenge, the overall ecosystem has to be viewed (including people, infrastructure, 

resources, etc.) and pieces of the complete system-level puzzle outlined in the above steps need to be 

assembled and integrated. This may be done using a different flow path to that described above and it 

will almost certainly need iterations of some of the steps. Nevertheless, all of the pieces described 

above must be included in the analysis to achieve a complete and successful solution.  

A summary set of Tables including a Table of Technologies, a Table of End-to-End Business Models and a 

Table of Supply Chain/Distribution Models is included in Annexes 6-8.  

All of the items described in the above summary are discussed in depth in the full report.  
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RENEWABLE ENERGY MARKET RESEARCH REPORT 

1.  INTRODUCTION 

Energy comes in many different forms and is a basic necessity for living. In its thermal form energy can 

be used to cook food while in its electrical form it may be used to power devices such as lights and 

mobile phones. About 1 billion people in the world do not have access to electricity and 40% of the 

world’s population relies on biomass for their household energy needs [3].  Half of the 1 billion people 

who do not have access to electricity live in sub-Saharan Africa, where girls are more likely to die from 

breathing the fumes and smoke from indoor cooking fires than from malaria or malnutrition [4].  And, in 

many regions, the lack of electricity and modern energy services can hamper healthcare and educational 

services. 30% of health centers and over one third of primary schools in Africa have to function with no 

electricity at all [5]. The lack of access to these services impacts children’s education and the health of 

mothers and children.  

Many innovative and cost-effective technology solutions are being developed and deployed worldwide 

to address these energy deficits. For example, there are many small solar lanterns available 

commercially throughout the world at very reasonable prices (< $11) [6]. While the per unit electricity 

price is relatively high as compared to conventional grid-generated electricity, they are displacing more 

expensive sources of light, primarily provided by kerosene lamps, that produce a lower quality of light 

and fumes that impair children’s breathing. These lights are bright enough for children to study by at 

night and so extends the time for which they can do homework. There are different financing models for 

these units, such as pay as you go or micro-financing, which provide flexibility for families to purchase 

these systems using installment payments made over a reasonable period of time.  

An important consideration in developing energy solutions for those without access to energy is their 

environmental impact. The increase in the number of energy users around the world following the path 

laid by developed countries where energy generation was driven by burning of fossil fuels has caused 

the accumulation of dangerous levels of greenhouse gases in the atmosphere and consequent serious 

climate degradation. Fortunately, many of the new energy technologies are based on renewable energy 

sources allowing for a more sustainable growth of energy systems in emerging economies as compared 

to the OECD countries.  

This report presents the existing and emerging renewable energy solutions for low resource settings, the 

challenges and barriers faced by companies and organizations expanding energy solutions to rural 

communities in the developing world, approaches and business models that have been developed to 

provide long-term sustainable solutions in these communities, and an estimate of the size, distribution 

and segmentation of the markets for renewable energy solutions. Since this project is being performed 

for UNICEF, the report particularly focuses on how renewable energy access solutions offer the potential 

to dramatically improve the lives of the world’s children.  
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2. BASIC ENERGY BACKGROUND 

As indicated in the introduction, energy is needed for many purposes. Figure 1 shows some of the basic 

household energy needs1. They include thermal energy for heating and cooking food and electrical 

energy for powering devices such as lights, phones, computers, etc. The power/energy needs for 

cooking and heating are much higher than for powering electronic devices. One hot-plate on an electric 

stove, for example, typically consumes 500-1,000 Watts of power. On the other hand, a laptop 

computer only requires 50-100 Watts of power to run and cell phones and LED lights require only a few 

Watts of power. This is a very important concept to understand since the scale of energy solutions has 

to match the energy needs for the application. So the idea of putting solar panels on the roof of a village 

hut and using the panels to cook food on an electric stove is not a technologically appropriate solution 

to meeting the cooking needs of a rural community member.  

   

Figure 1. Energy Requirements for heating and electricity applications (Courtesy: Christa Roth) 

It is also important to understand what is meant by the term “renewable energy”. In using this term we 

mean that the energy is being used at a rate that is similar to the rate at which it is being replenished. 

Fossil fuels such as coal and oil take millions of years to be produced but are consumed very quickly. 

These are therefore non-renewable energy sources. On the other hand, wind, solar, hydropower, and 

geothermal energy are being used at the rate that they are being produced and are therefore 

considered renewable energy sources.  

An important aspect of energy sources is the energy density of the fuel. Liquid fuels, such as petroleum, 

diesel, gasoline, etc.  have a very high energy density  e.g. 36 MJ of energy is stored in 1 liter of diesel 

fuel (see Fig. 2). That’s why a 1,000 kg automobile can travel 30 miles or more fueled only by a single 

gallon of gasoline or diesel fuel. The same amount of energy is stored in about 2.5 kg of firewood. By 

                                                           
1 While the figure shows thermal energy is “Vital for Survival” and electrical energy is for “Quality of 
life”, sometimes electrical uses, such as powering vaccine refrigerators can be considered “Vital for 
survival”. 



10 

comparison, about 12 car batteries would be required to store the same amount of energy as 1 liter of 

diesel fuel. That’s why it takes so many batteries to run an electric car relative to the volume/mass of 

petrol.  

As mentioned in the introduction, another important factor in considering energy alternatives is the 

cleanliness of the fuel. Burning carbon-based fuels, such as petroleum-based fuels, generates carbon 

dioxide, a greenhouse gas. Many of the renewable energy technologies do not emit greenhouse gases 

and are therefore better for the environment than combustion of carbon-based fuels.  

                

 Figure 2. Equivalent Energy Content of Different Fuels (diesel oil, firewood and electricity) 

                 (Courtesy: Christa Roth) 

One final aspect of energy systems that needs to be paid attention to is energy efficiency. The cheapest 

form of energy is the energy saved or not used. In considering energy system solutions, increasing the 

energy efficiency of the system and reducing system losses provides better solutions than inefficient, 

lossy systems.  

3. ACCESS TO ENERGY AND ITS IMPACT ON CHILDREN 

Figure 3 shows access to electricity in different regions of the world. As presented in the Introduction, 

the largest population in the world that lacks access to electricity is sub-Saharan Africa. Electricity is an  

 

Figure 3. Access to electricity in different regions of the world [3] 

enabling technology. For example, with lighting available at night, people can extend their work hours 

for domestic garment production using sewing machines. This results in higher productivity and 

increased income for families better enabling them to provide for themselves. 
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Within the context of the seven outcomes presented in UNICEF’s Strategic Plan [1], renewable energy 

technologies can help build solutions to address many of the priority areas.  

In addressing the strategic priority of improving children’s education, for example, the availability of low 

cost, high lumen output solar lights for home use can result in extended hours for children to perform 

homework and in extremely hot environments powering of fans can provide a more comfortable 

learning environment for children. When electricity is available at schools, lighting in the classroom 

allows children to see the blackboard better. Computers and telecommunications equipment and 

mobile phones can be powered, allowing children to learn computer skills and obtain access to 

resources available on the Internet. This can all substantially improve the quality of education that 

children are able to receive and increase their employability prospects.  

In addressing the strategic priority of improving children’s health, the availability of electricity allows 

health centers to extend their hours of operation. This means that operations and baby deliveries can be 

performed at night. Doctor and nurse teams can be assembled by using communication devices to bring 

together the teams of health care practitioners. This has led to significant reduction in infant and 

maternal mortality rate in regions where electricity has become available [7].  By providing electricity for 

vaccine refrigeration, the cold chain for vaccine storage may be strengthened. This can result in 

improved immunization programs for children resulting in less disease and better health.  

In the strategic priority area of child protection, the availability of outdoor lighting can provide improved 

security for children as they move outdoors at night. Outdoor street lighting can also allow small kiosks 

and stands to extend their hours of operation, and do so in a safer environment than in the absence of 

street lighting. This again can increase family income enabling families to improve their standards of 

living.  

People in rural and remote regions generally acquire improved access to energy in three ways: 1) 

through use of isolated devices and systems for power generation at the household level, and for 

heating and cooking; 2) through community-level mini-grid systems; and 3) through grid-based 

electrification, where the grid is extended beyond urban and peri-urban areas. This report focuses only 

on the first two approaches.  

4.  RENEWABLE ENERGY TECHNOLOGIES 

4.1 Thermal Energy Technologies 

Thermal energy is used primarily to cook food and to heat homes in some colder climates, e.g. Mongolia 

in the winter. Most of the inhabitants in rural parts of the developing world use firewood with energy 

inefficient cookstoves for cooking meals. They also burn firewood to provide household lighting and to 

provide heating. This results in several problems including deforestation of the land, a large amount of 

time that primarily women and children spend collecting firewood, and a significant amount of smoke in 

the home resulting in respiratory problems and various other health problems such as cardiovascular 

disease, eye infections in mothers and children and low birth weight for infants. 
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4.1.1 Cookstoves 

Figure 4 shows the different types of fuels that may be used for cooking. While there is discussion of 

moving up an energy ladder as communities increase their incomes, moving from solid biomass fuels to 

liquid fuels, LPG and electricity, a World Health Organization study concluded that solid biomass fuels 

(firewood and charcoal) are going to continue to be used by about 2 billion people in the world for the 

foreseeable future (see Fig. 5). The regional distribution of use of solid fuels vs. non-solid fuels is shown 

in Fig. 6. It can be seen that SE Asia, Africa and the Western Pacific countries have a dominant use of 

solid fuels for cooking and this has not changed significantly over the last 30 years. This is also not 

expected to change significantly over the next thirty years and so it should be assumed that there is 

going to be continued reliance on solid fuels into the foreseeable future. As a result, women spend 

many hours in the day collecting firewood thus limiting the time that they are able to be engaged in 

other more productive activities in support of their families and children. In order to mitigate the effects 

on climate change and deforestation due to the burning of solid fuels, it is important that these fuels be 

burned more efficiently, and practices are employed to ensure that the environments through which 

such burning is taking place is informed (e.g. outdoor, accounting for ventilation, use of dry wood, etc.).  

 

     Figure 4. Fuels used for cooking purposes (Courtesy: Christa Roth) 
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Figure 5.  Number of people worldwide using solid and non-solid fuels for cooking between 1980  

                  and 2010 [8] 

                  

                       

         Figure 6.  Regional distribution of populations using solid fuels and non-solid fuels between 1980  

                           and 2010 [8] 
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More efficient cookstoves which consume firewood more efficiently are available on the market. These 

cookstoves use a much more tailored surrounding for the cooking pots to better retain the heat and 

have a more efficient combustion process due to their design. This approach results in a more than ten-

fold decrease in the amount of firewood that must be burned compared to cooking on an open fire (see 

Fig. 7). An institutional cookstove being used to cook porridge to feed pupils in Malawi is shown in Fig. 8.                            

          

Figure 7. Reduced firewood usage for efficient institutional cookstoves compared to cooking on an open    

                 fire (Courtesy: Christa Roth) 

 

    Figure 8.  Using Energy Efficient Cookstoves to prepare porridge for pupils at a school in Malawi 

       (Courtesy: Christa Roth) 
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4.1.2 Solar Cookers 

Solar cookers come in several different forms. The first type of solar cooker comprises a parabolic dish 

which concentrates the sunlight onto the focal point of the parabolic reflector (see Fig. 9a). The second 

type, often referred to as a solar oven or box oven, comprises mirrors that focus the sunlight into a box 

in which the cooking vessel is located (see Fig. 9b). The third type of solar cooker is a linear parabolic 

reflective concentrator that concentrates sunlight onto a linear region and the cooking vessel is located 

along this linear region (see Fig. 9c). Photographs of these three technologies are shown in Fig. 9.  

 

a)  b)   

  

                                         c)   

Figure 9. Different types of solar cookers – a) Parabolic Dish Cooker, b) Solar Box Oven, and         

                 c) Linear Parabolic Reflector cooker 

The parabolic dish cooker may be used for cooking rice and beans, a staple in many countries. The rice 

and beans are contained with water in the pot and the cooking takes place slowly over a period of a few 

hours. The box oven type of cooker is more commonly used for baking purposes. Cakes, for example, 

may be baked in such an oven. The linear parabolic reflector may also be used to boil rice or prepare 

soups and offers the advantage over the parabolic dish cooker that it does not have to be adjusted as 

the sun moves. These types of cookers range in price from $50-$200 depending on the construction 

materials used to manufacture these products. 
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While these different technologies allow high enough temperatures to be reached for cooking, and 

these units consume no fuel, experience in the field has not been positive for regular use of these types 

of cookers. The problems that arise are that the sun is not always available at the time that the cooking 

is to be done. They require direct sunlight to operate and in regions where there may be periods of 

cloudy skies during the day, or afternoon thundershowers, the solar cookers cannot operate. 

Furthermore, there is no easy way to control the cooking temperature of solar cookers/ovens and so 

this limits the type of cooking that may be done with these units. In a few cases, where water needs to 

be boiled for cooking, as in Nepal, these cookers have proven viable, but in most cases they have not 

gained much acceptance and are not expected to be widely used for applications in rural parts of the 

developing world.  

4.1.3 Biogas Technologies 

Biogas, usually in the form of methane, is produced when human, animal or agricultural wastes are 

broken down by bacteria. The waste can be stored in a biodigester where the bacteria can break down 

the material and generate useful gas for cooking. The gas may be piped to a cookstove where it may be 

combusted to provide heat for cooking. Such bio-digester systems are widely deployed in rural regions 

of India and China [9].  

Another approach is using high temperature pyrolysis of firewood to generate biogas that is then 

burned for cooking. These so-called micro-gasifiers are relatively new to the market and are still 

developing. They can be used with camping-type cookstoves and are more efficient and enable much 

cleaner burning than conventional wood-burning stoves. The gasifiers can also produce charcoal as a by-

product of cooking. This charcoal can be further burned in another cookstove (see Fig. 10).  This 

approach also stands to revolutionize the way charcoal is produced and used in the future. “Gasifier 

cookstoves also have great potential to create downstream value chains through further use of char in 

agriculture, sanitation, water filtration, etc.” [8]. These approaches offer the potential to improve the 

health of children through improved sanitation and better water quality.   

              
                                       Figure 10. Biomass Gasifier Stoves [8] 
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A challenge that has been found in Sub-Saharan Africa is for people to accept the use of animal and 

particularly human waste for cooking applications. While animal dung is commonly used for providing 

cooking fuel in several countries, particularly in India, it is still not culturally accepted in Sub-Saharan 

Africa.  

4.1.4 Solar Greenhouses 

The availability of adequate nutrition for children can be very dependent on crop yield from farms. 

Greenhouses offer the opportunity to grow more nutritious foods with a higher yield than is available 

using traditional farming techniques. Greenhouses allow the micro-climate of the crop-raising 

environment to be controlled allowing for lower crop irrigation requirements and increased crop yield. 

Most large greenhouses sold in sub-Saharan Africa are purchased by commercial farmers and range in 

price from $3,000 in East Africa to $6,000 in West Africa. Recently, Khanjan Mehta and his collaborators 

at Pennsylvania State University have developed high quality, low cost greenhouses whose materials 

cost ~$200 [10]. These greenhouses are being distributed in parts of Sub-Saharan Africa through various 

distribution channels including for-profit companies, international NGO’s and governmental 

organizations [10]. As Mehta states in [10], “When used correctly, and by timing the market, 

greenhouses can increase annual yields by ten-times while reducing water consumption by 30% to 70%, 

as compared to open air farming.” Yet there are many challenges along the entire food value chain in 

getting these affordable greenhouses to deliver on their promise. Cultural issues in understanding how 

to correctly use the greenhouses, technical skills to manufacture the greenhouses, supply chain issues in 

getting the imported glazing material into the countries, etc. are all impeding the uptake of these units. 

Nevertheless, 200 units have been sold in 2015 with another 250 units expected to be sold in 2016 [10]. 

This technology does offer the prospect to improve food security in sub-Saharan Africa.  

4.2  Renewable Electricity Generation 

There has been a dramatic increase in the availability of renewable energy technologies for electricity 

generation in rural areas. These technologies include solar-based devices and systems, small-scale wind 

power generators, biomass electricity generators, and pico and micro-hydroelectric generation systems.  

A major advantage of solar electric systems is that the solar resource is widely distributed, whereas wind 

and hydroelectric are limited to certain geographical regions. A map of the availability of solar energy 

around the world is shown in Figure 11. As can be seen, the regions in sub-Saharan Africa, Latin America, 

the Middle East and developing Asia have an annual average solar energy of 1,300-2,500 kWh/m2. 

Assuming a 15% solar panel conversion efficiency there is enough energy falling on a square meter area 

to power ten 10W solar-powered lamps for 5-10 hours/day depending on location.  
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Figure 11. World wide availability of solar energy [11] 

4.2.1  LED Lights 

The scaling up of production of LED lights and lithium ion batteries and their subsequent cost reduction 

has led to the availability of a large variety of small solar-powered headlamps, lanterns and flashlights. 

Stand-alone lighting systems—including solar lanterns, flash-lights, and battery-powered LED devices—

have begun to proliferate, especially in sub-Saharan Africa [3]. These units are typically a few Watts in 

power consumption and are used by individuals.  

Two of the largest manufacturers/distributors of solar-powered lights are D.Light [6] and Greenlight 

Planet [12]. Both companies offer low cost, high quality solar lanterns as well as units that can both 

provide light and charge mobile phones.  Green Light Planet is now operating in 40 countries and has 

sold 4 million solar lights and D.Light is operating in 62 countries and has sold over 11 million units.  

Product segments in this space include task lights that retail for ~$10 and portable phone charging 

lanterns that retail for $30-40. Small rugged, LED headlamps charged by a pedal charger are being 

produced by Nuru Power of South Africa and Rwanda [13]. 54 of the pedal chargers have been 

purchased by UNICEF’s Burundi Innovation Lab at a cost of $275 each and about 5,000 of the lights have 

also been purchased at a price of $5 each.  

Other products include lights that have both solar recharging and hand cranking capabilities. UNICEF 

supplies products of this type to its country offices from two companies – one based in South Africa and 

one based in the UK [14].  

Another model developed by the IEEE Smart Village team is to have a central, trailer-based solar 

recharging station to recharge solar lights of community members, many lights at a time [15]. 
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There are many benefits of LED lights as regards children. Traditionally candles and kerosene lamps have 

been used to provide lighting in rural communities. These emit fumes which cause respiratory problems 

in children. Kerosene lighting offers very low lumen output compared to LED lights. This allows children 

to extend the hours that they can do homework, improving their education. The cost of lighting is much 

lower with LED lights than with kerosene lamps and so families can save money which can be used to 

help pay for children’s education. Finally, LED lights can increase safety of children, particularly girls, as 

they go out to use latrines at night.  

4.2.2 Solar Electric Systems  

The price of solar panels has also dropped dramatically over the last few years as the thickness of silicon 

wafers used in manufacturing solar cells has dropped and manufacturing has scaled up substantially 

[16]. There has been a shakeout in the industry that has led to only the most competitive companies 

remaining in business. This has resulted in the availability of small solar home systems (SHS) (in the 10-

100W scale) at significantly reduced prices compared to just a few years ago.  

A typical solar home system comprises a 60-100W solar panel, a charge controller, a 12V battery, three 

LED lights and a radio. The entire system is based on dc power.  

One of the most successful SHS programs has been carried out in Bangladesh, where more than 3 million 

systems were operational at the end of May 2014 (with 65,000 units being sold every month), serving 13 

million beneficiaries, or 9% of the total population [17].  

A South African company, Specialized Solar Systems (SSS), has developed a line of dc appliances 

including fans, refrigerators, DVD players, and TV’s [18]. By working with the original equipment 

manufacturers (OEMs) and cross-licensing their dc designs for OEM use of these appliances in the 

recreational dc markets in developed countries, SSS has been able to develop dc appliance technology 

that is cost-competitive with ac appliances. Other companies, such as Solageo [19], also produce dc 

appliances at costs competitive with ac appliances.  

These solar home systems offer the opportunity to have children be able to learn about the world 

through educational TV shows and educational DVDs. 

Larger solar electric systems (~ a few 100 Watts) can be used in medical clinics to provide lighting for 

performing medical procedures, such as baby deliveries, at night. They can also be used to power 

computers for storing patient health record information, providing doctors/nurses medical and 

pharmaceutical information, powering medical devices (such as ultrasound machines), powering 

refrigerators used for vaccine storage, etc.  

Solar electric systems of appropriate scale can also be used in schools and libraries to power projectors, 

computers, DVD players, lights, etc. which can dramatically improve the educational environment for 

children.  

Another use of solar electric systems is to pump water. This is not a new technology and has been 

implemented for many years. While solar pumping systems have been used with drilled boreholes to 
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provide clean water to communities, a recent development is combining the solar pumping systems 

with efficient drip irrigation systems. These allow more efficient use of water for raising crops, reducing 

water consumption by up to 80 % in Africa with crop yield gains of as much as 100% [3]. The 

Infrastructure Company Limited in Bangladesh distributed 160MW of off-grid solar pumps in 2014 to 

replace 18,700 diesel-powered irrigation pumps [3]. 

4.2.3   Wind Energy Technologies 

Wind technology has also been growing rapidly throughout the world, with some countries, such as 

Denmark and Nicaragua, generating over 50% of their electricity at times by wind power. However, these 

wind systems tend to be large (>1MW) units with large (>50m diameter) blades and high (~50m) hub 

heights. These wind systems are usually tied to the nation’s electricity grid.  

Small scale wind generators (in some cases manufactured locally) have been deployed in some remote 

rural areas. They have been used to provide power to charge batteries to support small community mini-

grids or individual homes or to provide power for telecommunication systems. Some examples of of low 

cost wind turbines are the Biro Air Turbine, Rutland 910-4, and the Totem Power Prototype SD-1 [20]. A 

company founded just a few years ago, Fairwind, has developed a very interesting approach in which the 

blades for the wind turbine can be made from plastic bottles using just a knife and scissors [3]. The 

company claims that cell phone batteries may be recharged in 2 hours at 5.55 m/s wind speeds [21]. The 

hub height of this small wind turbine will usually be less than 10m. The corresponding wind speed at an 

80 m hub height (assuming farmland with some windbreaks more than 1 km apart) would be 8.06 m/s. 

This level of wind speed is typically not available in most of sub-Saharan Africa and Asia other than some 

coastal regions (see wind resource maps in Fig. 12). Since the power output of a wind turbine goes down 

as the cube of the wind speed, the time required to charge a mobile phone would correspondingly 

increase. Also, the small scale wind generators require maintenance and oftentimes the skills in the 

remote communities are not available to maintain the systems.  

4.2.4    Small Scale Hydroelectric Technologies 

Micro- and pico-hydroelectric power generating stations ranging between 1kW and 100kW can be 

deployed in areas where there is significant availability of water (head and flow). Such systems have been 

adopted in many countries, providing local communities with affordable electricity. There is mixed success 

with these systems. For example, in the Ifugao province of the Philippines, there is not a single small scale 

microhydroelectric system that is currently working properly. On the other hand, if systems are well 

designed and constructed, they can operate reliably for many years. Nepal had installed more than 2,700 

micro- and pico-hydro systems by the end of 2013, with a total capacity of more than 45 MW [23]. Many 

of the components were locally manufactured, installed and maintained. The skill set to install and 

maintain these systems is not available widely in sub-Saharan Africa. Nevertheless, microhydroelectric 

systems can be used to generate power continuously (unlike wind and solar that provide intermittent 

output) and can serve villages and communities with consistent and reliable power through a micro- or 

mini-grid. The electricity generated in these micro/mini grids can provide power to hospitals, schools and 

homes giving access to children and families to health care and educational services.  
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          a)   

                         b)  

              Figure 12   Wind resource map of a) the African Continent and b) Asia at 80 m hub height [22] 

4.2.5    Biomass Electricity Generation 

Increasingly, biomass and biogas systems are being used to supply electricity. To fuel engine-powered 

generators, people in a rising number of countries are using vegetable oils from palm, coconut, jatropha, 

and other sources to displace diesel. In Thailand, biodiesel for electricity generation is being produced 

on a small scale from used cooking oil [24]. In Cambodia, India, Vietnam, and elsewhere, biogas 

produced from dry wood, weeds, and rice husks is used increasingly to fuel engines, driving generator 

sets to supply electricity to mini-grids [25]. One company commercializing this technology in India is 

Husk Power [26]. They provide electricity to power lights to 200,000 people in 300 tiny farming villages 
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in the state of Bihar. Each village has a generator that is powered by rice husks, an agricultural waste 

product [27]. 

The technology is relatively mature with different methods of desulphurization successfully established 

and combustion motors tolerant to biogas that have proven their durability are available in the market. 

Sufficient know-how for planning and constructing reliable biogas power plants is also available. [27] 

Some specialized high quality components for biogas power plants must be acquired from industrialized 

countries, such as Germany. Most of the commercially run biogas power plants in developing countries 

are of medium size and are installed in industrial contexts, primarily using organic waste material from 

agro-industrial production processes such as cow, pig and chicken manure, slaughterhouse waste, or 

residues from sisal and coffee processing [27]. However, the economic viability of these plants in 

developing countries is questionable. The payback period is generally very long (6-9 years or more) and 

all plants in developing countries presently rely on government subsidies to operate.  

4.2.6    Thermoelectric Generators 

Thermoelectric generators convert heat directly into electricity using solid state energy conversion 

devices. When combined with efficient cookstoves, such devices may be used to generate electricity for 

driving fans to improve combustion efficiency. The electricity may also be used to recharge mobile 

phones. These devices are becoming cost-competitive and a number of models were field tested in 2014 

in a number of countries including Haiti, India, Malawi, Nepal and Nicaragua [3].  

4.2.7  Community-Based Micro-Grids 

Where the population density warrants it, community-based microgrids based on renewable energy 

technologies may be the most cost-effective approach to supplying electricity to communities. A dc solar 

microgrid approach has been developed by Earthspark International in Haiti [28]. Similar dc solar micro-

grids are being developed and implemented in Sub-Saharan Africa by Specialized Solar Systems [18]. Yet 

these systems must be well designed. Battery problems, lack of synchronization of generators, and 

moldy solar panels are some of the problems that have been found in systems set up in Malaysia [29]. 

Nevertheless, larger companies are now entering this field, including GE and ABB. Furthermore, new 

technologies are being developed. For example, Earthspark International has developed a low-cost 

meter that can be used for monitoring power consumption by individual households connected to the 

microgrid. Specialized Solar Systems is employing zinc flow batteries into their microgrids rather than 

traditional deep cycle lead acid batteries. These batteries tend to perform better and degrade less 

compared to the deep cycle lead acid batteries in microgrid applications.  

There are several other renewable energy technologies, such as geothermal energy, which have been 

deployed in several developing countries. However, these technologies require very specific 

geographical conditions to operate and tend to be large scale, grid-tied systems. These technologies are 

not included in this report because of their limited applicability to rural electrification programs.  

5. RENEWABLE ENERGY MARKET SIZES BY TECHNOLOGY, REGION AND 

SEGMENT 
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As presented in the introduction, about 1 billion people do not have access to electricity and more than 

half of that population lives in Sub-Saharan Africa. As shown in Table 1, the rural electrification rate in 

sub-Saharan Africa is at 17% overall but in some countries, such as Burundi, Chad, Burkina Faso, 

Democratic Republic of Congo and the Central African Republic, the rural electrification rate is only 1-2% 

(see Annexe 4).  The total population in Sub-Saharan Africa with no access to electricity is 634 million. Of 

this number, 526 million live in rural communities.  

Table 2 shows that the number of people relying on traditional biomass (such as firewood, animal dung, 

etc.) for cooking is 2.7 billion worldwide. This population is more geographically distributed compared to 

the population without access to electricity. In sub-Saharan Africa, 753 million people rely on traditional 

biomass for cooking while the numbers for Asia and Latin America are 1,895 million and 65 million 

respectively [30].  

Income distributions may be segmented into four categories as described in the Pew Research Center 

report [31]. These four segments are labeled as poor (<$2 per day), low income ($2.01-$10 per day), 

middle income ($10.01-$20 per day), upper middle income ($20.01-$50 per day) and high income (>$50 

per day). 15 per cent of the world’s population lives on under $2 per day (as of 2011) and 56% of the 

world’s population is described as low income (see Fig. 13). It is a fair assumption that most of the low 

income and poor populations live in rural communities (although a significant number will also be urban 

poor). We can use this information as one means of segmenting the market size for distributed 

renewable energy products. Using this approach, the market size for individual solar lights is 

approximately $1 billion. The market size for solar home systems or similarly priced distributed 

renewable energy products may be closer to $200 million, based on the population that falls into the 

non-electrified rural population that also earns between $2.01 and $10 per day. The regional 

distribution of these markets are 53% for sub-Saharan Africa, about 20% for developing Asia, about 2% 

for Latin America and about 1.5% for the Middle East. 

Another approach to determining market size is to consider the number of households that use 

kerosene for lighting. Presently, 250 million off-grid households consume around 25 billion liters of 

kerosene per year and spend more than $30 billion on kerosene and candles [32].  The potential savings 

that may accrue by using a solar lantern for both providing lighting and mobile phone charging are 

shown in Fig. 14 [32]. Replacing one kerosene lamp with a solar light with mobile phone recharging 

capability and at a mobile phone cost of recharging at $0.25 can result in a saving of $60 in just one 

year!   
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 SOURCE: IEA, WORLD ENERGY OUTLOOK 
2015 

      

ELECTRICITY ACCESS IN 2013 - REGIONAL AGGREGATES 

REGION Population 
without 

electricity  
 

millions 

Electrification 
rate 

 
% 

Urban 
electrification 

rate 
% 

Rural 
electrification 

rate 
% 

DEVELOPING COUNTRIES 1,200 78% 92% 67% 

 AFRICA 635 43% 68% 26% 

 NORTH AFRICA 1 99% 100% 99% 

 SUB-SAHARAN AFRICA 634 32% 59% 17% 

DEVELOPING ASIA 526 86% 96% 78% 

CHINA 1 100% 100% 100% 

INDIA 237 81% 96% 74% 

LATIN AMERICA 22 95% 98% 85% 

MIDDLE EAST 17 92% 98% 79% 

TRANSITION ECONOMIES & 
OECD 

1 100% 100% 100% 

WORLD 1,201 83% 95% 70% 

Table 1. Electricity Access by Region (as of 2013) [30] 

SOURCE: IEA, WORLD ENERGY OUTLOOK 2015   

TABLE: POPULATION RELYING ON TRADITIONAL USE OF BIOMASS FOR COOKING IN 2013 

REGION Population relying on 
traditional use of biomass 

 
millions 

Percentage of population relying on 
traditional use of biomass 

% 

DEVELOPING 
COUNTRIES 

2,722 50% 

 AFRICA 754 68% 

 NORTH AFRICA 1 0% 

 SUB-SAHARAN 
AFRICA 

753 80% 

DEVELOPING ASIA 1,895 51% 

CHINA 450 33% 

INDIA 841 67% 

LATIN AMERICA 65 14% 

BRAZIL 8 4% 

MIDDLE EAST 8 4% 
WORLD 2,722 38% 

                

 

Table 2. Population Relying on Traditional Biomass Fuel for Cooking by Region (2013) [30] 
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Figure 13. Global Income Distribution [31] 

     

Figure 14. Example of Solar Power Lighting Savings [32] 
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As families save money on kerosene expenses, they can use those savings to upgrade to a small solar 

home system. In reviewing peoples’ aspirations beyond single area lighting, it was found that people 

would like to move up the energy ladder to small solar home systems incorporating multiple lights as 

well as mobile phone charging and then to systems incorporating a small TV or radio (see Fig. 15). The 

market size for these smaller solar home systems could then reach down into the lowest income 

segment because of the savings on kerosene fuel.  

                             

Figure 15. Moving up the energy ladder [32] 

5. RENEWABLE ENERGY MARKET CHALLENGES AND SOLUTION INNOVATIONS 

There are many common challenges that companies in the renewable energy technologies industry face 

in developing markets for their products in low resource, distributed, rural settings.  The five main 

challenges universally faced by companies are: 

1) Raising customer awareness and acceptance of the renewable energy technology 

2) Last mile distribution 

3) Providing after-sales service, technical support and building customer loyalty 

4) Financing, Investment and Sustainable Business Models 

5) Country’s renewable energy regulatory environment 

6.1  Raising Customer Awareness and Acceptance of Renewable Energy Technologies 

6.1.1  LED Lighting 
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Customer awareness varies from country to country and by region within some countries. In Bihar state 

in India, 90% of villagers are aware of solar lighting as are about 80-90% of villagers in Kenya. However, 

in many other countries, there is still a large population of people who are not aware of solar lighting. In 

regions where awareness is high, many small solar companies have recently been started competing for 

customers in the marketplace. 

Initially, Greenlight Planet tried to sell their products through kiosks in India and found that they were 

not selling. The problem was that the potential customers were not educated about solar lighting and 

the kiosks were only open during the day and so the products’ attributes could not be demonstrated 

effectively. They shifted to an approach of having trusted local agents, such as teachers, employed after 

their day work, to go to community members’ houses in the evenings to demonstrate the units. This 

approach worked much more effectively and led to them breaking into the market. A network of such 

trained agents was established for a growing number of communities and their sales have 

correspondingly grown. A similar approach to using trained agents for selling products has been 

developed by D.Light.  

An approach being used by Amy Wickham in Zimbabwe is to use schools to teach children and families 

about renewable energy [33]. Similar renewable energy educational programs for school children have 

been developed in several other countries as well.  

In Burundi, UNICEF has partnered with Community Savings and Loan Associations to both educate 

community members about the benefits of LED lighting and to provide financing to community 

entrepreneurs to purchase pedal power generators for recharging LED lights.  

6.1.2   Solar Cookers, Efficient Cookstoves and Biomass/Biogas Stoves 

Solar cookers seem to offer many benefits over burning charcoal or firewood in that no fuel is required 

other than sunlight. However, these devices have been slow to gain market acceptance. An education 

program in Totogalpa, Nicaragua conducted by Grupo Fenix has successfully informed community 

members how to locally produce solar cookers and how to use them for preparing certain dishes for 

which these devices work well [34]. Similarly, the benefits of clean cookstoves and biomass/biogas 

stoves need to be demonstrated to rural community members. A successful campaign by GIZ in Malawi 

and South Africa has seen an increased uptake of efficient cookstoves [8]. On the other hand, the 

suggestion of using biomass from human and/or animal waste has proven to be less tractable in 

Zimbabwe [35]. Indeed, surveys of community members in several rural districts indicated abhorrence 

at the idea of using biogas from human/animal waste for cooking. Some misconceptions were conveyed 

in surveys as follows [35]: 

• “It spreads diseases “  

•  “Cooking with human waste???????” 

• “My heart will not be free if I were to cook using biogas” 
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Clearly, education and lack of customer awareness is a significant barrier to the deployment of biogas 

cookers in these communities.  

6.2  Last Mile Distribution 

Last mile distribution is a major challenge in getting products to market in developing countries. A large 

investment of time, money and effort is required to cultivate this part of the market development and 

investment companies do not typically want to invest the necessary resources for this activity. 

Two innovative distribution models have been developed by UNICEF’s Burundi Innovation Lab and by 

Egg Energy Company. As described previously in this report, UNICEF Burundi’s Innovation Lab has been 

partnering with Community Savings and Loan associations to provide the education and financing of the 

Nuru Power pedal chargers and LED lights [36]. On the other hand, Egg Energy has been working with 

Dairy Cooperatives to distribute products. They are also exploring partnerships with other farming 

cooperatives, such as coffee cooperatives, to support last mile distribution [37].  

Total is using their chain of gas stations in sub-Saharan Africa as another model for distributing 

renewable energy systems [38]. 

In Central America, Tecnosol is locating offices in towns in developing countries for distributing 

renewable energy products out to rural communities. For example, in Nicaragua, there are offices in 

many towns around the country. The branch offices maintain a small stock of parts for replacing 

defective components and for display to customers. However, when systems are ordered, the parts are 

shipped from the company’s warehouse located at the company’s headquarter in Managua [39]. In 

several countries in Central America, such as El Salvador, Tecnosol has a monopoly position in 

distributing renewable energy products since most of the country is electrified resulting in a relatively 

small market size for renewable energy products.  

Organizations such as Sunny Money in Kenya (a division of the UK Charity Solar Aid) focus on the 

distribution and financing part of the supply chain to distribute products from companies like Greenlight 

Planet and D.Light.  

6.3  Customer Trust 

Providing after-sales support to systems in rural communities is a significant challenge, especially for 

low-cost products. Building brand loyalty, however, is becoming more important since many low cost, 

low quality products are infiltrating the market. For example, there are knock offs of Green Light 

Planet’s popular Sunking Pro model entering the Indian market [40]. These poor quality products from 

China have the potential to spoil the brand reputation of Greenlight Planet. To counter this perception, 

investment has to be made in customer brand loyalty development and consumer education. This tends 

to be expensive and the distribution model used by Greenlight Planet by trusted members of the 

community can counteract this trend to some extent.  

As systems get more complex, solar home systems for example, the potential for system failure 

increases. As systems fail, they must be troubleshot to identify the cause of the failure (e.g. a failed 
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system component). This must be followed by repair of the system. Having trained technicians in the 

field is important but may not be cost-effective unless there are many systems in a region that require 

maintenance. Education of technicians also requires a significant investment and eats into the profits of 

a company.  

6.4 Financing, Investment and Sustainable Business Models 

Investment in renewable energy in the developing world exceeded investment in the developed world 

in 2014 [41]. The growth was dominated by remarkable growth in China, which added 35GW of new 

renewable power generating capacity on its own – more than the 2014 clean energy deployment in the 

US, UK, and France combined! There were also significant investments in large scale solar and wind 

projects in India, Brazil and South Africa. Furthermore, at least 164 countries have set renewable energy 

targets. And countries representing more than 90% of the global economy took the remarkable step of 

submitting pledges to reduce greenhouse gas emissions ahead of the COP21 climate summit in Paris 

[42].  

 

Traditionally electricity used to be provided to communities by government-owned utilities. However, 

this picture has changed with public-private partnership organizations providing the electricity to 

consumers, even in developing countries. There are two major programs providing financing to 

renewable energy projects in Sub-Saharan Africa. The first is the Obama Administration’s Power Africa 

program which is investing $ 7 billion between 2013 and 2018 to increase renewable energy generation 

and double access to electricity [43]. This program is a collaboration between the US government 

(through the US Agency for International Development), African governments and the private sectors in 

African countries. The second major program is the UN Sustainable Energy for All program that is based 

on three pillars – 1) increasing the deployment of renewable energy, 2) providing access to energy to all, 

and 3) increasing energy efficiency [44]. These major programs are on top of other donor agencies and 

the World Bank and regional development banks also providing funds to implement renewable energy 

programs.  

Nevertheless, despite these investment promises, accessing the financing can be very challenging in the 

rural electrification context. Some technological solutions have been developed for remote control and 

monitoring of renewable energy systems. Pay-as-you-go schemes through scratch cards or mobile 

phone payments are becoming more popular and allow an avenue for financing small scale renewable 

energy systems [45-48]. They also support remote monitoring of systems which provide notification of 

when systems are failing and in need of repair.  

The long term sustainability of renewable energy projects requires consideration of appropriate 

business models. According to Elkington and Hartigan, there are three types of business models used by 

social entrepreneurs [49]. The first is a non-profit model in which the enterprise relies completely on 

grant funding from organizations such as Foundations and governments. We Care Solar which provides 

solar electric systems for medical clinics around the world is a good example of this type of non-profit 

corporation [7]. The second model is a for-profit model in which the company has found a way of 

making a profit. In the field of renewable energy in developing world markets, profit margins tend to be 
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very low. Thus for-profit companies can only raise sufficient investor funding by scaling to large volumes 

of sales. These companies are usually invested by social (or impact) investors rather than traditional 

venture capitalists. These investors expect lower rates of return to traditional venture capital investors 

but expect significant social impact as a result of their investments.  Both D.Light and Greenlight Planet 

fall into this category. The third model is a hybrid profit-non-profit enterprise. In this case, a company 

has a traditional for-profit arm that makes profits through traditional businesses and then invests money 

from the for-profit arm into the non-profit arm to support the socially-oriented enterprise. A good 

example of this type of company is Specialized Solar Systems. The company has a for-profit enterprise 

working in traditional electrification projects. The profits from this activity support their work in rural 

electrification. 

6.5  Government Policies in Support of Renewable Energy 

Off-grid electrification in rural areas employing distributed renewable energy technologies are being 

supported by government incentives and policies. Clean cooking programs are also supported through 

such policies but to a much lesser extent. Brazil, China, India and South Africa are leaders in developing 

large-scale, off-grid renewable energy programs that are addressing both the issues of energy access 

and sustainability [50]. The most widely used policy tools are based on encouraging market forces to 

commercialize technologies and spur market development. However, financial incentives such as low 

interest rate loans, grants, and tax incentives have also been used to support distributed renewable 

energy market development.   

Tariffs on imported renewable energy products can severely hamper the incorporation of renewable 

energy technologies into the marketplace in developing countries. By waiving import duties on 

renewable energy technologies, governments can stimulate the development of renewable energy 

markets in their countries. Another issue with the rise in low quality products flooding markets is the 

need for development and enforcement of standards for renewable energy products. By only allowing 

the import of products that meet established standards will the low quality products be excluded from 

emerging renewable energy markets.  

6. CONCLUSIONS 

About one billion people worldwide do not have access to electricity with over half of these people 

residing in sub-Saharan Africa. About two billion people worldwide rely on solid biomass fuel for their 

cooking needs. The lack of electricity impacts the health, education, and security of children. However, 

the picture is changing due to a number of factors. New innovative renewable energy technologies 

available at affordable prices with contextually appropriate payment schemes have been developed and 

are being distributed in the developing world. Government incentive programs in support of renewable 

energy and international financing for renewable energy product distribution are also fostering an 

environment for increased penetration of renewable energy products into rural, distributed markets in 

the developing world. This report has provided details on the renewable energy technologies that are 

available and are entering the marketplace. It has also described some of the challenges faced in 

development of these markets and innovative approaches to overcoming these challenges.  
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Recommendations for UNICEF: 

Based on the findings from the interviews with UNICEF staff, corporate players in the field, investors, 

and academic scholars, there are a number of ways that UNICEF within the scope of its strategic plan 

can incorporate renewable energy technologies into its programs. These are summarized next. 

1) Innovate Solutions incorporating efficient and renewable energy technologies to address 

UNICEF Challenges 

UNICEF has launched the Innovation Fund to develop and scale solutions to UNICEF’s major 

challenges. Whether the issue is nutrition, education, health, WASH, etc. there are opportunities 

to incorporate new efficient and renewable energy technology solutions to addressing these 

problems. UNICEF can work with its technology partners, academic partners, and worldwide 

Innovation Labs to support the development and testing of energy efficient products for use in 

the different sectors in which UNICEF works.  

 

There are already technologies which are quite mature and do not need further innovation 

development investment from UNICEF. These include: 

 low cost solar lanterns, with and without mobile phone recharge capability 

 solar panel technologies 

 battery technologies 

 some energy efficient DC or AC appliances, including fans, TVs, and radios. 

              On the other hand, there are opportunities where UNICEF Innovation fund investment would  

              make sense to develop solutions that are open source and scalable. These include: 

 open source software for remote lock/unlock of solar home systems 

 low cost, portable solar electric systems for medical clinics, schools, etc. and open 

source software to control these devices 

 small-scale, low cost, open source biogas digesters for cooking for individual families 

 open source remote monitoring systems for devices and systems 

 new energy efficient DC appliances, including refrigerators and medical devices (such as 

ultrasound monitors, wearable or smart phone-based health monitoring devices, etc.) 

 

Two examples of innovations presently being developed using UNICEF Innovation funding that 

fit into the second bullet above are a portable, solar-powered, energy efficient classroom in a 

box being developed at the Copenhagen Innovation Lab and a low cost micro-computer 

(Raspberry Pi)-based educational device being developed in the Beirut Innovation Lab.  

 

By using more energy efficient devices, the energy requirements for a solution are reduced and 

the overall system cost for the solution can be reduced. Of course, within the spirit of UNICEF’s 
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Digital Innovation Principles and to support scaling of solutions, open source solutions should 

always be explored.  

 

2) Use the scale of UNICEF to work with governments and donors to fund renewable energy 

projects worldwide. 

As stated at the beginning of the report, the scale of the problem of energy access is huge. And 

the lack of energy access is a major impediment to implementing UNICEF programs addressing 

the challenges outlined in the UNICEF Strategic Plan. UNICEF has a very wide global reach 

operating in 135 countries and can use its worldwide presence to influence governments and 

donor agencies to invest in providing energy access to communities all over the world. In 

particular, most of the people who have limited access to energy live in rural communities, and 

have little hope of having the national electric grids extended into those regions. UNICEF can 

advocate for government policies to support the development of off-grid systems to provide 

energy access to these rural communities. The biggest impact is going to be made in Sub-

Saharan Africa; recall that half of the world’s population lacking access to electricity is located in 

this region. UNICEF can pilot renewable energy demonstration projects for schools and for 

individual homes to provide healthier and more comfortable environments for children to study. 

Similarly, UNICEF can do similar projects in the WASH and health sectors for health clinics to 

improve maternal and infant health outcomes. Through these programs, UNICEF can 

demonstrate to governments the viability and impact of employing renewable energy 

technologies and sustainable business models. UNICEF can then work with governments to help 

them develop policies and programs to scale up such demonstration projects.  

 

3) Educate children and youth in the areas of renewable energy system design, implementation 

and maintenance. 

There are tremendous opportunities for capacity building for designing, implementing and 

maintaining renewable energy systems. With UNICEF’s mandate to improve the quality of 

education of children and youth, renewable energy can be a focus area for UNICEF programs. A 

curriculum on renewable energy education (perhaps modeled on the Barefoot College model) 

could be developed by UNICEF and implemented worldwide. 

 

4) Use the scale of UNICEF to work with governments to implement policies that support 

renewable energy projects worldwide. 

As described in section 6.5, government policies can greatly influence the success of renewable 

energy projects, particularly in developing countries. UNICEF with its global presence can work 

with governments to help guide policies that are friendly to expansion of renewable energy 

applications. Removing subsidies for electricity in rural communities, removing import tariffs on 

renewable energy products, providing regulations requiring quality product standards to be met 

and implementing educational programs around renewable energy can all support the 

development of a robust renewable energy market in developing countries.  

 

5) Assist with Last Mile Distribution Efforts 
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As described in section 6.2, last mile distribution is one of the biggest challenges for renewable 

energy system implementation. With its presence in many rural and off-grid areas of countries, 

there is the potential for UNICEF to use its strong reputation as a trustworthy organization to 

support last mile distribution efforts. These include helping to structure financing relationships, 

assisting in building sustainable business models and collaboratively developing solutions with 

local communities. 

 

6) Help to Scale Solutions 

With its large global presence, UNICEF has the opportunity to examine solutions being 

developed for particular local challenges and evaluate their potential for global scalability. 

Through its Innovation headquarters in New York, its Innovation Center in Nairobi, as well as by 

convening gatherings of its international corporate, academic, and Innovation Lab partners 

(such as the First International Children and Youth Innovation Summit held in Helsinki in 

November 2015) best practices may be shared and, where possible, solutions scaled up.  
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ANNEXES  

 

Annex 1: Table of Major Renewable Energy Technology Companies, their products and          
geographic regions of operation 

Major Renewable Energy Technology Companies and their 
Products  

Geographic Region of Operation 

Azuri Technologies  "Pay as you Go" solar lighting  Africa 

Barefoot Power Solar lighting and power products India 

BBOXX  Manufactures, distributes, finances 
solar off-grid systems  

Kenya, Rwanda and Uganda 

Bergey Wind Power Small scale wind turbines and 
microgrids 

World wide 

d.light  Solar lighting and power products  Africa, Asia and Latin America 

Earthspark International Solar Microgrids Haiti 

Egg Energy Innovations in last mile distribution 
of  renewable energy systems 

Africa 

Envirofit Clean, efficient, cookstoves Worldwide 

Fenix International  “Pay as you Go” to own solar 
lighting and energy solutions with 
last mile distribution, finance and 
marketing.  

East Africa 

Greenlight Planet Solar lighting and power products India, Africa, and Latin America 

Grameen Shakti Solar home systems, biogas 
digesters, and clean cookstoves 

Bangladesh 

Husk Power Systems Biogas-powered mini grids using 
rice husks 

India 

IEEE Smart Village Community-level solar lighting 
systems 

Africa, India, Haiti 

Liberian Energy Network  Solar lamps, phone chargers in 
Liberia  

Liberia 

Little Sun  Solar lamps  Africa, Latin America, Asia, Middle 
East 

Mobisol  SHS Systems using mobile payment  Kenya, Tanzania and Rwanda 

m-Kopa SHS Systems using mobile payment Kenya, Uganda, and Tanzania 

Nuru Energy LED lights and pedal power 
recharging units 

East Africa and India 

Off-Grid Electric  Sells renewable energy using 
mobile payments  

Tanzania, Rwanda 

Power Gen Renewable 
Energy  

Micro-grid installer  East Africa 

Schneider Electric  Global electricity equipment 
manufacturing and distribution  

Worldwide 

Shenzhen Puxin 
Technology Co., Ltd.  

Biogas plants and digesters Africa, East Asia and Eastern Europe 

Simgas Biogas digesters and cookstoves East Africa 
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Annex 2: Table of Project Financers   

Project Financer Role Regions of Operation 

Acumen  Debt and equity investments in social ventures Worldwide 

Bamboo Finance  Private equity firm investing in low income 
emerging markets  

India, Africa, and Latin 
America 

Beyond Capital Fund  Impact Investor  India and East Africa 

Calvert Foundation  Impact Investor Worldwide 

Capricorn Investment 
Group (includes Skoll 
Foundation) 

Investments in off grid and mini-grid 
electrification systems 

Worldwide 

Eleos Foundation  Early stage capital and advisory support for 
entrepreneurs  

East Africa, India, Liberia, 
Andean South America, 
Central America 

Gray Ghost Ventures  Impact Investor, including microfinance  India, Africa 

Halloran Philanthropies Impact Investor Worldwide 

Imprint Capital (acquired 
by Goldman Sachs) 

Impact Investment Advisors  Worldwide  

Invested Development  Impact Investment Fund Manager  India, Africa 

Khosla Impact  Impact Investors in for-profit enterprises in 
low resource settings  

Worldwide 

Kiva  Microloan lender for low resource settings  Worldwide 

LGT Venture 
Philanthropy  

Impact Investor  India, China, Philippines, 
South America, South 
Africa, Rwanda, Liberia 

Low Carbon Enterprise 
Fund  

Finance for renewable energy and clean 
cookstoves  

Worldwide 

Persistent Energy 
Partners  

Investment bank that invests in, incubates and 
builds businesses providing distributed 
renewable energy to off-grid customers.  

Sub-Saharan Africa 

ResponSability 
Investments AG  

One of the world’s leading asset managers in 
the field of development investments 

Worldwide 

Sun Funder  Off-grid Solar project financing  Africa 

Tony Elumelu 
Foundation  

Impact investments, entrepreneur 
development  

Africa 

 

Simpa Networks  "Pay as you Go" solar home 
systems 

India 

Solar Sister   Women entrepreneurs selling 
energy devices  

Africa 

Specialized Solar Systems Solar mini grids in Africa Africa 

Tecnosol Distributor of renewable energy 
systems and products 

Central America 

We Care Solar Portable solar electric systems for 
medical clinics 

Africa, Asia and Latin America 
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Annex 3: Table of Potential Renewable Energy Project Partners   
 

Non-Profit Sector 

Name of organization Description 

ADB - Asian Development Bank (including Energy 
for All program) 

Multilateral finance institution that supports 
development projects in the Asia-Pacific region. 

African Development Bank  Multilateral finance institution that supports 
development projects in Africa. 

Alliance for Rural Electrification  Industry association for off-grid energy sector  

Bloomberg New Energy Finance  Renewable energy market information  

Earthspark International Solar mini-grid design and implementation 

Embark  Coaching and mentoring of clean energy 
entrepreneurs 

Energy Access Practitioners Network  Global platform bringing energy service providers 
and stakeholders from 170 countries to support 
the delivery of clean, reliable, and affordable 
decentralized energy (as a part of the UN 
Sustainable Energy for All program) 

Engineering for Change Library of Technology Solutions 

Food and Agriculture Organization of the United 
Nations 

Food Security and hunger reduction 

GBEP - Global Bioenergy Program  Intergovernmental org. - policy and capacity 
building  

Global Alliance for Clean Cookstoves  Public-private partnership hosted by the UN 
Foundation to promote clean and efficient 
household cooking solutions 

Global Off-Grid Lighting Assoc.  Industry association created from "Lighting 
Africa" initiative  

Global Village Energy Partnership (GVEP) 
International 

Supports development of small and medium size 
businesses in developing countries for energy 
related projects  

Institute of Electrical and Electronic Engineers 
(IEEE) 

Humanitarian technologies and technical 
expertise 

Inter-American Development Bank  Multilateral finance institution that supports 
development projects in Latin America  

International Renewable Energy Agency (IRENA)  Intergovernmental organization that supports 
governments to develop policies to grow 
renewable energy  

Lighting Africa  Spun off by World Bank/IFC  

Oxfam NGO with education and health programs 

Practical Action NGO with energy access focus 

REEP, Renewable Energy and Energy Efficiency 
Partnership  

Partnership to catalyze clean energy in developing 
countries  

REN 21  Renewable energy policy network  



40 

Rockefeller Foundation  Supporting mini-grids in India that can be 
replicable for Africa  

Shell Foundation  Charity founded by Shell Oil Co. Group  

SNV Netherlands Development Org.  Not for profit international development 
organization  

United Nations Foundation  UN-linked charity  

UNDP - UN Development Program  UNDP - UN Development Program  

UN - Energy  UN - Energy  

UNEP - UN Environment Program  UNEP - UN Environment Program  

Venture Well Funding for College/University Programs to teach 
US students to develop entrepreneurial ventures 
(including international development projects) 

World Bank  World Bank 

 

Academic Partners  

(This is a sample of universities that have worked with UNICEF and is not meant to be a 

complete listing of potential academic partners). 

University Name Program/Center Contact Information 

Cambridge University Center for Sustainable 
Development 

    Dr. Richard Fenner, Director 
          raf37@cam.ac.uk  

Free University of Brussels Monitoring and evaluation 
expertise 

        http://www.ulb.ac.be/  

Makerere University, 
Kampala, Uganda 

USAID funded programs https://www.usaid.gov/hesn/fact-
sheets/makerere-university-
resilientafrica-network-ran  

Massachusetts Institute of 
Technology 

International Development 
Innovation Network 

       Amy Smith, Director    
      http://www.idin.org/  

New York University International 
Telecommunications 
program 

       Benedetta Pientella 
Benedetta.piantella@nyu.edu 
  

Pennsylvania State 
University 

Humanitarian Engineering 
and Social 
Entrepreneurship program 

        Khanjan Mehta, Director 
      khanjan@engr.psu.edu  

University of California, 
Berkeley 

Development Impact Lab        http://dil.berkeley.edu/  

Universidad Politecnica de 
Madrid (UPM) 

Innovation and Technology 
for Development Centre 

       Carlos Mataix, Director 
     http://www.itd.upm.es/ 

University of Zimbabwe Institute of Environmental 
Studies 

        www.ies.ac.zw/ 

Villanova University Master’s in Sustainable 
Engineering  program 

      Dr. Pritpal (“Pali”) Singh 
pritpal.singh@villanova.edu  

 

mailto:raf37@cam.ac.uk
http://www.ulb.ac.be/
https://www.usaid.gov/hesn/fact-sheets/makerere-university-resilientafrica-network-ran
https://www.usaid.gov/hesn/fact-sheets/makerere-university-resilientafrica-network-ran
https://www.usaid.gov/hesn/fact-sheets/makerere-university-resilientafrica-network-ran
http://www.idin.org/
mailto:Benedetta.piantella@nyu.edu
mailto:khanjan@engr.psu.edu
http://dil.berkeley.edu/
http://www.itd.upm.es/
http://www.ies.ac.zw/
mailto:pritpal.singh@villanova.edu
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Annex 4. Electrification Rate by Region and Country 

a) Africa 

SOURCE: IEA, WORLD ENERGY 
OUTLOOK 2015 

      

ELECTRICITY ACCESS IN AFRICA - 2013 

REGION Population 
without 

electricity  
millions 

National 
electrification 

rate 
% 

Urban 
electrification 

rate 
% 

Rural 
electrification 

rate 
% 

 AFRICA 635 43% 68% 26% 

 SUB-SAHARAN AFRICA 634 32% 59% 17% 

ANGOLA 15 30% 46% 18% 

BENIN 7 29% 57% 9% 

BOTSWANA 1 66% 75% 54% 

BURKINA FASO 14 17% 56% 1% 

BURUNDI 10 5% 28% 2% 

CAMEROON 10 55% 88% 17% 

CABO VERDE 0 94% 100% 84% 

CENTRAL AFRICAN 
REPUBLIC 

5 3% 5% 1% 

CHAD 12 4% 14% 1% 

COMOROS 0 69% 89% 62% 

CONGO 3 42% 62% 5% 

CÔTE D'IVOIRE 15 26% 42% 8% 

DEMOCRATIC 
REPUBLIC OF CONGO 

61 9% 19% 2% 

DJIBOUTI 0 50% 61% 14% 

EQUATORIAL GUINEA 0 66% 93% 48% 

ERITREA 4 32% 86% 17% 

ETHIOPIA 71 24% 85% 10% 

GABON 0 89% 97% 38% 

GAMBIA 1 36% 60% 2% 

GHANA 7 72% 92% 50% 

GUINEA 9 26% 53% 11% 

GUINEA-BISSAU 1 21% 37% 6% 

KENYA 35 20% 60% 7% 

LESOTHO 2 17% 43% 8% 

LIBERIA 4 10% 17% 3% 
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MADAGASCAR 20 15% 37% 4% 

MALAWI 15 9% 32% 4% 

MALI 11 26% 53% 9% 

MAURITANIA 3 28% 47% 2% 

MAURITIUS 0 100% 100% 100% 

MOZAMBIQUE 16 39% 66% 27% 

NAMIBIA 2 32% 50% 17% 

NIGER 15 15% 62% 4% 

NIGERIA 96 45% 55% 37% 

RÉUNION 0 99% 100% 87% 

RWANDA 9 21% 67% 5% 

SAO TOME AND 
PRINCIPE 

0 59% 70% 40% 

SENEGAL 6 55% 90% 28% 

SEYCHELLES 0 97% 97% 97% 

SIERRA LEONE 6 5% 11% 1% 

SOMALIA 9 15% 33% 4% 

SOUTH AFRICA 8 85% 90% 77% 

SOUTH SUDAN 11 1% 4% 0% 

SUDAN 25 35% 63% 21% 

SWAZILAND 1 27% 40% 24% 

TANZANIA 37 24% 71% 4% 

TOGO 5 27% 35% 21% 

UGANDA 32 15% 55% 7% 

ZAMBIA 11 26% 45% 14% 

ZIMBABWE 9 40% 80% 21% 

 

b) Developing Asia 

SOURCE: IEA, WORLD ENERGY 
OUTLOOK 2015 

      

ELECTRICITY ACCESS IN DEVELOPING ASIA - 2013 

REGION Population 
without 

electricity  
millions 

National 
electrification 

rate 
% 

Urban 
electrification 

rate 
% 

Rural 
electrification 

rate 
% 

CHINA 1 100% 100% 100% 

INDIA 237 81% 96% 74% 

SOUTHEAST ASIA 120 81% 94% 69% 

BRUNEI 0 100% 100% 99% 

CAMBODIA 10 34% 97% 18% 

INDONESIA 49 81% 94% 66% 
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LAOS 1 87% 97% 82% 

MALAYSIA 0 100% 100% 99% 

MYANMAR 36 32% 60% 18% 

PHILIPPINES 21 79% 94% 67% 

SINGAPORE 0 100% 100% 100% 

THAILAND 1 99% 100% 98% 

VIETNAM 3 97% 99% 96% 

REST OF DEVELOPING 
ASIA 

168 65% 86% 53% 

BANGLADESH 60 62% 90% 48% 

DPR KOREA 18 26% 36% 11% 

MONGOLIA 0 90% 98% 73% 

NEPAL 7 76% 97% 72% 

PAKISTAN 50 73% 91% 62% 

SRI LANKA 1 94% 99% 93% 

OTHER ASIA 31 28% 74% 12% 

DEVELOPING ASIA 526 86% 96% 78% 

 

c) Latin America 

SOURCE: IEA, WORLD ENERGY 
OUTLOOK 2015 

      

ELECTRICITY ACCESS IN LATIN AMERICA - 2013 

REGION Population 
without 

electricity  
millions 

National 
electrification 

rate 
% 

Urban 
electrification 

rate 
% 

Rural 
electrification 

rate 
% 

ARGENTINA 2 96% 99% 66% 

BOLIVIA 1 88% 96% 74% 

BRAZIL 1 100% 100% 97% 

COLOMBIA 1 98% 100% 90% 

COSTA RICA 0 100% 100% 98% 

CUBA 0 98% 100% 93% 

DOMINICAN REPUBLIC 0 97% 99% 91% 

ECUADOR 1 97% 99% 94% 

EL SALVADOR 0 94% 98% 86% 

GUATEMALA 2 90% 97% 81% 

HAITI 7 29% 44% 8% 

HONDURAS 1 89% 97% 80% 

JAMAICA 0 93% 98% 87% 

NICARAGUA 1 76% 92% 54% 

PANAMA 0 91% 98% 78% 

PARAGUAY 0 99% 100% 98% 

PERU 3 90% 96% 70% 
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TRINIDAD AND 
TOBAGO 

0 97% 99% 96% 

URUGUAY 0 99% 100% 94% 

VENEZUELA 0 100% 100% 99% 

OTHER LATIN AMERICA  0 91% 94% 88% 

LATIN AMERICA 22 95% 98% 85% 

 

d) Middle East 

SOURCE: IEA, WORLD ENERGY 
OUTLOOK 2015 

      

ELECTRICITY ACCESS IN THE MIDDLE EAST - 2013 

REGION Population 
without 

electricity  
millions 

National 
electrification 

rate 
% 

Urban 
electrification 

rate 
% 

Rural 
electrification 

rate 
% 

BAHRAIN 0 100% 100% 100% 

IRAN 1 99% 100% 95% 

IRAQ 1 98% 100% 95% 

JORDAN 0 100% 100% 100% 

KUWAIT 0 100% 100% 100% 

LEBANON 0 100% 100% 99% 

OMAN 0 98% 100% 93% 

QATAR 0 100% 100% 111% 

SAUDI ARABIA 0 99% 100% 98% 

SYRIA 2 93% 100% 84% 

UNITED ARAB 
EMIRATES 

0 100% 100% 100% 

YEMEN 13 46% 72% 32% 

MIDDLE EAST 17 92% 98% 79% 
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Annex 5. Population Relying on Traditional use of Biomass for Cooking by Region and Country 

a) Africa 

SOURCE: IEA, WORLD ENERGY OUTLOOK 2015   

TRADITIONAL USE OF BIOMASS FOR COOKING IN AFRICA - 2013 

REGION Population relying on 
traditional use of biomass 

millions 

Percentage of population relying 
on traditional use of biomass 

% 

 AFRICA 754 68% 

 SUB-SAHARAN AFRICA 753 80% 

ANGOLA 12 54% 

BENIN 10 94% 

BOTSWANA 1 37% 

BURKINA FASO 16 95% 

BURUNDI 10 98% 

CAMEROON 17 78% 

CABO VERDE 0 31% 

CENTRAL AFRICAN 
REPUBLIC 

5 97% 

CHAD 12 95% 

COMOROS 1 74% 

CONGO 3 74% 

CÔTE D'IVOIRE 16 81% 

DEMOCRATIC REPUBLIC OF 
CONGO 

64 95% 

DJIBOUTI 0 16% 

EQUATORIAL GUINEA 0 44% 

ERITREA 4 63% 

ETHIOPIA 89 95% 

GABON 0 20% 

GAMBIA 2 95% 

GHANA 21 83% 

GUINEA 12 98% 

GUINEA-BISSAU 2 98% 

KENYA 37 84% 

LESOTHO 1 62% 

LIBERIA 4 98% 

MADAGASCAR 23 98% 

MALAWI 16 97% 

MALI 15 98% 

MAURITANIA 2 57% 
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MAURITIUS 0 0% 

MOZAMBIQUE 25 96% 

NAMIBIA 1 54% 

NIGER 17 97% 

NIGERIA 122 70% 

RÉUNION 0 10% 

RWANDA 12 98% 

SAO TOME AND PRINCIPE 0 71% 

SENEGAL 9 61% 

SEYCHELLES 0 0% 

SIERRA LEONE 6 98% 

SOMALIA 10 95% 

SOUTH AFRICA 6 11% 

SOUTH SUDAN 11 98% 

SUDAN 27 70% 

SWAZILAND 1 61% 

TANZANIA 47 96% 

TOGO 7 95% 

UGANDA 37 98% 

ZAMBIA 12 82% 

ZIMBABWE 10 71% 

 NORTH AFRICA 1 0% 

ALGERIA 0 0% 

EGYPT 0 0% 

LIBYA 0 0% 

MOROCCO 1 2% 

TUNISIA 0 0% 

 

 

 

 

 

 

 

 



47 

b) Developing Asia 

SOURCE: IEA, WORLD ENERGY OUTLOOK 2015   

TRADITIONAL USE OF BIOMASS FOR COOKING IN DEVELOPING ASIA - 2013 

REGION Population relying on traditional 
use of biomass 

millions 

Percentage of population relying 
on traditional use of biomass 

% 

CHINA 450 33% 

INDIA 841 67% 

SOUTHEST ASIA 276 45% 

BRUNEI 0 0% 

CAMBODIA 13 88% 

INDONESIA 98 39% 

LAOS 4 65% 

MALAYSIA 0 0% 

MYANMAR 49 93% 

PHILIPPINES 53 54% 

SINGAPORE 0 0% 

THAILAND 15 23% 

VIETNAM 42 47% 

REST OF DEVELOPING ASIA 328 72% 

BANGLADESH 140 89% 

DPR KOREA 12 47% 

MONGOLIA 2 63% 

NEPAL 22 80% 

PAKISTAN 105 58% 

SRI LANKA 15 74% 

OTHER ASIA 32 75% 

DEVELOPING ASIA 1,895 51% 
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c) Latin America 

SOURCE: IEA, WORLD ENERGY OUTLOOK 2015   

TRADITIONAL USE OF BIOMASS FOR COOKING IN LATIN AMERICA - 2013 

REGION Population relying on traditional 
use of biomass 

millions 

Percentage of population relying 
on traditional use of biomass 

% 

ARGENTINA 0 0% 

BOLIVIA 2 23% 

BRAZIL 10 5% 

COLOMBIA 7 14% 

COSTA RICA 0 5% 

CUBA 1 7% 

DOMINICAN REPUBLIC 1 9% 

ECUADOR 1 3% 

EL SALVADOR 1 19% 

GUATEMALA 10 64% 

HAITI 9 92% 

HONDURAS 4 50% 

JAMAICA 0 11% 

NICARAGUA 3 53% 

PANAMA 1 15% 

PARAGUAY 3 42% 

PERU 10 34% 

TRINIDAD AND 
TOBAGO 

0 0% 

URUGUAY 0 0% 

VENEZUELA 1 2% 

OTHER LATIN AMERICA 0 5% 

LATIN AMERICA 65 14% 
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d) Middle East 

SOURCE: IEA, WORLD ENERGY OUTLOOK 2015   

TRADITIONAL USE OF BIOMASS FOR COOKING IN THE MIDDLE EAST - 2013 

REGION Population relying on traditional 
use of biomass 

millions 

Percentage of population relying 
on traditional use of biomass 

% 

BAHRAIN 0 0% 

IRAN 0 0% 

IRAQ 0 1% 

JORDAN 0 0% 

KUWAIT 0 0% 

LEBANON 0 0% 

OMAN 0 2% 

QATAR 0 0% 

SAUDI ARABIA 0 0% 

SYRIA 0 0% 

UNITED ARAB 
EMIRATES 

0 0% 

YEMEN 8 32% 

MIDDLE EAST 8 4% 
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Annex 6. Table of Technologies 

 

1 Define the 
need  

2. Existing 
solutions & 
brief 
characterization 

Capacity or scale 
(watts, or individual 
/community) 

Pro’s and con’s 
of this solution  

Potential end-
to-end 
business 
models  

Geographical 
extension - 
where available 
- where more 
potential to 
grow - where 
not viable 

Technology & 
market trends - 
what are the likely 
trends in 3-5 years 

Thermal 
energy 

Health: 
Heating, 
cooking, 
boiling water 
to create safe 
drinking water 

Energy efficient 
cookstoves 

Individual and 
community scales 
available 

Pros: Reduces 
fuel use by 1/3; 
substantial 
reduction in 
smoke;  
Cons: 
Purchases need 
to be financed 

Home models 
can be 
purchased from 
kiosks and 
stores;  
 
Institutional 
models can be 
purchased 
through NGO’s 
and 
government 
agencies.  

Available in 
every region; 

Growing 
availability of 
models in different 
regional markets; 
 
technology 
development  using 
local resources is 
an opportunity in 
the next few years; 

Solar cookers Individual and 
community scales 
available 

Pros: No fuel 
required; no 
smoke or 
emissions; 
Cons: Purchase 
generally 
requires 
financing; 
cannot be used 

Solar cookers 
may be locally 
manufactured 
and/or 
purchased in 
stores; 
Financing is 
generally 
required; 

Solar cookers 
may be used 
anywhere 
where the food 
needs to be 
baked or boiled; 
needs a reliable 
source of direct 
sunlight; 
cooking times 

There is potential 
for building 
thermal storage 
into solar cookers. 
However, this 
would increase the 
price but also 
provide more 
flexibility. 
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in rainy 
conditions;  

can be longer 
than with 
firewood or 
charcoal. 

Biogas cookers Family and 
community scales 
available 

Pros: Offers 
good 
opportunity to 
use human, 
animal and 
agricultural 
waste; 
prevents such 
waste from 
contaminating 
water supply; 
clean burning 
so It reduces 
smoke;  
Cons: need 
sufficient 
supply of waste 
for use; need 
cultural 
acceptance of 
the technology; 

Systems may 
be purchased 
by 
communities or 
individuals; 
financing will 
be required for 
systems; a 
supply of waste 
needs to be 
included in the 
supply chain;  

Widely used in 
India and China; 
main 
opportunities 
for such systems 
are in Africa and 
Latin America. 

Low cost materials 
are being 
developed and 
deployed for biogas 
systems; larger 
scale systems 
provide some 
economies of scale 
but require a 
significant supply 
of waste; 

Nutrition; 
improved crop 
yield, growing 
different more 
nutritious 
crops. 

Solar 
Greenhouses 

Larger greenhouses 
are used by 
commercial farmers 
and cost >$1,000; 
smaller, low cost 
ones are available 
through commercial 

Pros: can be 
used without 
any fuel; offer 
controlled 
climate for 
growing crops 
(thereby 

Local 
entrepreneurs 
manufacture 
and sell 
greenhouses as 
well as educate 
farmers on 

May be used 
anywhere in the 
world; some 
large scale 
greenhouses 
already being 
used by 

Increased uptake of 
these technologies 
will require more 
education on the 
best crops to grow 
and resolving 
supply chain issues 
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pathways developed 
by Penn State Univ. 
(in the US) and cost 
~$300. 

increasing 
yield); different 
types of crops 
of higher 
nutritional 
value may be 
grown; 
Cons: 
education on 
effectively 
using solar 
greenhouses 
required; there 
may be supply 
chain 
challenges in 
getting 
materials for 
low cost 
greenhouses 
into countries;  

how best to 
use them. 
 
Financing will 
be required for 
these 
greenhouse; 

commercial 
farmers (e.g. for 
growing roses in 
Kenya). 
 
However, not 
widely used yet 
for smaller scale 
farmers; 

for importing 
materials to 
manufacture the 
greenhouses in 
country.   

Electric 
solar 

Education: 
children doing 
homework at 
night; 
Using school 
buildings for 
after school 
activities, 
lessons for 
youth, etc. 

Solar LED lights ~ 10 Watts Pros: High 
quality of light; 
clean source of 
light; low cost 
(~$5-$10); no 
recurring fuel 
cost (unlike 
kerosene 
lamps); durable 
and long-
lasting; no 
fumes from 

Direct cash 
payments or 
mobile phone 
payments;  

Becoming quite 
ubiquitous; 
available in 
most countries 
and all regions; 

Opportunities for 
expansion in sub-
Saharan Africa 
countries, 
particularly where 
access to grid 
electricity is 
particularly low; 
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burning fuel 
(means 
reduced 
respiratory 
problems); 
 
Cons: financing 
may be 
required for 
people earning 
< $1-2 per day 

Health: 
Powering 
devices in 
medical 
clinics/hospita
ls, including 
refrigeration 
for vaccine 
storage, lights 
for operating 
at night and 
mobile 
phones to 
assemble 
medical teams 
and 
computers for 
patient data 
entry and 
access;  
 
 

Solar electric 
systems 

Three categories: 
solar LED light plus 
USB mobile phone 
chargers (~$50); 
small solar home 
systems – few LED 
lights, and mobile 
phone charger 
(~$150); larger solar 
home systems (solar 
panels, LED lights, 
refrigerator, fan, TV, 
batteries)  (~$1,000) 

Pros: Can 
provide access 
to electricity in 
remote 
communities; 
may be used in 
homes, 
schools, 
medical clinics, 
small 
businesses, 
etc.; are 
cheaper and 
more reliable 
than other 
forms of 
mobile phone 
charging; allow 
for increased 
evening activity 
including 
socializing and 

Microfinance; 
pay as you go 
models; scratch 
cards; mobile 
phone 
payments; 
sales agents; 
partnerships 
with rural 
cooperatives 
(e.g. farmers 
cooperatives) 

Already 
available in 
some parts of 
India, Latin 
America and 
sub-Saharan 
Africa. Need to 
expand further 
into sub-
Saharan African 
countries with 
low levels of 
grid access; 

New lower cost 
energy efficient DC 
appliances are 
coming into the 
market; this will 
mean that a DC to 
AC inverter will not 
be needed thereby 
lowering the cost 
of systems; these 
are starting to 
become available 
in the market-place 
enabling lower cost 
solutions. 
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Protection: 
Security for 
children going 
out at night 
and for 
storeowners 
operating 
their 
businesses at 
night; 
charging 
mobile 
phones; 
 
Education: 
Powering 
computers 
and projectors 
in a school, 
providing 
lighting to 
study by at 
night, 
providing 
lighting to 
operate 
schools at 
night;  
 
Nutrition: 
Powering 
water 

businesses; 
increased 
outdoor 
security; can be 
used for 
vaccine storage 
or cooling 
drinks; Cons: 
can be 
relatively 
expensive for 
larger systems; 
some low 
quality systems 
are entering 
the 
marketplace – 
this could 
reduce 
confidence in 
solar products 
if they fail 
quickly.  
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pumping 
systems to 
irrigate crops 
and for 
livestock 
watering; 

Health: 
Powering 
hospitals and 
medical 
clinics; 
 
Education: 
Powering 
schools; 
providing 
power to 
entire villages 
so children 
can study, use 
computers, 
etc. 
 
Protection: 
Street lighting 
at night and 
for operating 
small 
businesses 
safely at night; 

Community-
based micro-
grids 

Systems ~ few kW 
(serve a village or 
community rather 
than an individual 
home/school/ 
clinic);  

Pros: Can bring 
access to 
electricity to 
remote 
regions; 
metered so 
that customers 
pay according 
to electricity 
consumption; 
system costs 
amortized over 
community; 
Cons: systems 
are expensive 
($10,000-
$50,000); 
require 
professional 
installation and 
maintenance;  

System 
financing from 
development 
banks or other 
donor agencies 
required; since 
electricity is 
metered, 
payment is 
made for 
electricity used; 
sufficient 
revenue must 
be generated 
to cover system 
operation and 
maintenance 
expenses; 

Microgrids have 
been 
implemented in 
many countries, 
in Haiti, Latin 
America, South 
Asia and parts 
of sub-Saharan 
Africa; there is a 
large 
opportunity for 
wider 
implementation 
in sub-Saharan 
Africa, and 
island nations.  

Low cost meters 
have been 
developed by 
Earthspark 
International and 
may be deployed in 
new systems; 
energy efficient DC 
appliances and new 
battery 
technologies (such 
as zinc flow 
batteries) offer 
new options in 
microgrids; 

Electric 
wind 

Health: 
Powering 

Small-scale wind 
generators 

< 1kW to a few 10’s 
of kW; may be used 

Pros: can 
provide access 

Systems would 
need to be 

Some areas of 
sub-Saharan 

Lower cost turbines 
are emerging but 
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devices in 
medical 
clinics/hospita
ls, and 
complete 
medical clinics 
for larger 
systems;  
 
Protection: 
Security for 
children going 
out at night 
and for 
storeowners 
operating 
their 
businesses at 
night; 
charging 
mobile 
phones; 
 
Education: 
Powering 
computers 
and projectors 
in a school, 
providing 
lighting to 
study by at 
night, 
providing 

to power single 
home or a small 
community; 

to electricity in 
remote 
communities; 
Cons: limited 
geographical 
areas where 
the technology 
is viable; 
moving parts 
require 
maintenance; 
trained 
maintenance 
technicians 
needed; 
relatively 
expensive. 

financed by 
donor agencies 
or 
development 
banks; 

Africa, Latin 
America, and 
Asia could 
employ wind 
power, 
particularly 
coastal regions. 

the cost of the 
generators is still 
the factor that 
limits the cost of 
these technologies; 
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lighting to 
operate 
schools at 
night;  
 
Nutrition: 
Powering 
water 
pumping 
systems to 
irrigate crops 
and for 
livestock 
watering; 

Thermo-
electric 

Health: 
Vaccine 
transport and 
storage; 
;powering fans 
for removing 
fumes and 
improving 
combustion 
efficiency in 
cookstoves 
(using the 
heat from the 
cookstove).  
 
Education/ 
Protection: 
electricity 
generated 

H e 
Thermoelectric 

fans and 

refrigerators 

~10-100 Watts 
 

Pros: Clean, 

efficient, no 

moving parts; 

can be used for 

cooling and 

heating and 

electricity 

generation; 

Cons: Still 

relatively 

expensive; 

 

 

Systems would 
need to be 
financed; 
getting 
products into 
the country 
without tariffs 
would be 
important.  

Still in its 
infancy; field 
testing and pilot 
projects in Haiti, 
India, Malawi, 
Nepal and 
Nicaragua. 

Costs are falling 
and with more 
experience in the 
field, these devices 
could emerge as 
very useful, 
durable devices 
since they do not 
have any moving 
parts. 
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may be used 
to charge LED 
lights/mobile 
phones. 

Biomass 
electricity 
generators 

Health: 
providing 
power to a 
hospital or 
medical clinic. 
Nutrition: 
providing 
power for 
agro-
processing 

Community 
scale systems; 1-
10’s kW 
generators; 

Pros: use 
agricultural waste 
and crops that 
cannot be digested 
(e.g. jatropha); can 
be used with 
conventional engine 
generator sets with 
some modifications;  
Cons: economics are 
still not very 
favorable. 

Entrepreneurs 
can grow crops 
to create 
biofuels; 

Can be used 
from a variety 
of crops and 
agricultural 
waste; 
presently 
plants exist in 
India, China, 
Thailand, 
Cambodia, 
Vietnam, and 
Haiti; room for 
growth in 
Africa and Latin 
America.  

Various sources 
of fuels are 
being developed 
but the long 
term economics 
and land use 
issues need to 
be considered. 

More field 

deployment of 

biomass electricity 

generators will lead 

to improvements in 

technology in the 

next few years. 
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Annex 7. Table of End-to-End Business Models 
 

Business 
model 

Financing options Revenue 
models 

Mechanisms for 
installment payment 
to consider 

Open source 
solutions to 
consider 

Example business 

Non-profit 
model 

Grants: foundations, 
governments, development 
banks; crowd funding; 

 No repayment required  Community micro-grid 
system operator (mini-
utility) 

For-profit Impact investors; development 
banks; crowd funding; 
community savings and loan 
associations; microfinance 
institutions 

Income 
stream from 
energy use; 
system 
maintenance 
contracts; 

Cash payments, mobile 
phone payments, 
scratch cards, 
microfinance 
repayments, 
community savings and 
loan association 
repayments;  

 Solar light and solar 
home system business 

Hybrid For-profit companies Regular 
design and 
consulting 
business;  

Same as for-profit 
above 

 Utility power system 
design and consulting 
business (e.g. Specialized 
Solar Systems) 
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Annex 8. Table of Supply Chain/Distribution Models 
 

Renewable 
Energy 
Technology 

Customer 
Awarenes
s 

Cultural 
Barriers to 
Adoption 

Government 
Policy/Regulations 
- Barriers and Support 

Local 
Manufacturing 
Capacity 

Distribution Model  Supply Chain    
 Issues 

Efficient 
Cookstoves 

In some 
countries 
but not in 
others 

Generally, no 
cultural barriers;  

Generally few 
government regulations 
for this technology; 

Commonly 
manufactured 
locally 

Smaller units 
distributed through 
supermarkets (e.g. 
Nakumatt in Kenya); 
larger units typically 
distributed by NGO’s   

  None 

Solar LED 
lights 

Widely 
aware in 
many 
countries 
of the 
world 

No cultural 
barriers to 
adoption 

Some countries have 
tariffs on imported 
renewable energy 
products 

Almost none 
(except China 
and India) 

Generally sold by for-
profit companies 
through distributors. 
partners or a network 
of sales agents 

 None 

Solar Home 
Systems 

Known in 
some 
countries 
but not in 
parts of 
sub-
Saharan 
Africa, 
India, 
China and 
Latin 
America 

No cultural 
barriers to 
adoption 

Some countries have 
tariffs on imported 
renewable energy 
products; 
 
Subsidized electricity 
rates (such as in India) 
can make the 
penetration of solar 
products more difficult; 

Generally none 
(except China 
and India) 

Generally sold by for-
profit companies 
through a network of 
sales agents or 
partners 

  None 
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