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1.0 CURRENT STATE  
 

1.1 ELECTRIFICATION RATES  
 

In 2014, 1.065 billion people in rural areas did not have access to electricity, including 280 million from 
India, 117 million from South-East Asia, and 483 million from Sub-Saharan Africa. Due to the widely 
dispersed nature of these populations, connecting rural areas to a national electricity grid is unaffordable 
for many countries. As a result, rural areas in those regions tend to have very low electrification rates 
(67% in India, 65% in South-East Asia and 16% in Sub-Saharan Africa) compared to elsewhere in the 
world. While India, Indonesia, Ethiopia and Nigeria have the greatest number of people living in rural 
areas without access to electricity, countries, such as Bangladesh, Rwanda and Burundi, have the 
highest rates of unelectrified rural population per squared km (see Appendix 1 for a full list of countries 
and their data on electrification rates). Table 1 shows the population density of areas around the world 
with rural populations lacking access to electricity.  
 
Table 1: Population without access to electricity in rural areas per square kilometre 12 

 
(Data aggregated from World Bank and World Energy Outlook databases.) 

 

Despite all the projected financial support from the public and private investors, 879 million people living 
in rural areas will still lack access to electricity in 2030.3 While the number people of living in unelectrified 
rural areas in developing Asia and India is expected to decrease by 44%, the rural population in Sub-
                                                        
1 http://www.worldenergyoutlook.org/resources/energydevelopment/energyaccessdatabase/ 
2 http://data.worldbank.org/indicator/AG.LND.TOTL.K2 
3 http://www.worldenergyoutlook.org/africa/ 
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Saharan Africa without electricity is expected to increase by 11% and reach 538 million by 2030. This 
growth is mainly attributed to the inability of government and the private sector to accommodate the 
electricity needs of a growing population. Table 2 shows the number of people without access to 
electricity by region in parts of Africa, Asia, Latin America, and the Middle East. The disparity in electricity 
access between Sub-Saharan Africa and the rest of the world is noteworthy (see Appendix 2 for a 
comparison of the historical rates of electricity generation per capita for the different regions). 
 
Table 2: Number of people without access to electricity by region (million) 

 
(adapted from “Energy For All”)4 

 

1.2 FUNDING NEEDED TO ACHIEVE UNIVERSAL ENERGY 
ACCESS BY 2030 

 

In the Energy for All report, it is argued that the goal of achieving universal energy access by 2030 will 

require an annual investment of $48 billion (see Table 3).5 This number takes into account extending both 

urban and rural electrification through on-grid, mini-grid and isolated off-grid solutions. According to the 

Africa Energy Outlook report (2011), it is expected that $14 billion will be invested annually, leaving a 

financial gap of $34 billion per year of which $12.2 billion is needed for mini-grids and $7.4 billion for off-

                                                        
4http://www.worldenergyoutlook.org/media/weowebsite/energydevelopment/weo2011_energy_for_all.pdf 
5http://www.worldenergyoutlook.org/media/weowebsite/energydevelopment/weo2011_energy_for_all.pdf` 
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grid electrification.6 Universal access to electricity will not be achieved until 2080, unless the financial gap 

closes.7  

 

Table 3:  Necessary average annual investment  

 
(extracted from “Energy For All”)89 

 

1.3 PRESENT ENERGY ALTERNATIVES AND THEIR 
CONSEQUENCES 

 

For lack of better alternatives, Africa’s rural households have to use firewood, charcoal, kerosene and 

candles to heat and light their homes (see Appendices 3 and 4 for country specific information). These 

energy sources create serious health hazards as they are the major cause of indoor air pollution, which 

disproportionately affects women and children who spend the most amount of time indoors. With over 727 

million people relying on solid biomass for cooking, household air pollution causes over 600,000 annual 

deaths (this number is expected to reach 800,000 by 2030). The poorest families suffer the most since 

                                                        
6 http://www.worldenergyoutlook.org/publications/weo-2011/ 
7 http://www.africaprogresspanel.org/publications/policy-papers/2015-africa-progress-report/ 
8http://www.worldenergyoutlook.org/media/weowebsite/energydevelopment/weo2011_energy_for_all.pdf 
9 The “Energy for All Case” is a hypothetical scenario that assumes universal access to electricity will be 

achieved by 2030. The “New Policies Scenario” projects investments based on current and historical 

data. 
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their homes usually lack chimneys and the cheapest energy fuels usually produce the most amount of 

smoke.10 

 

1.4 LACK OF ELECTRICITY REINFORCES THE POVERTY TRAP 
 

Lacking access to electricity is expensive and families end up paying between ten and a hundred times 

more per KWh than if they were connected to a national grid. This happens partly because available 

energy sources, such as batteries, candles, and charcoal are highly inefficient and expensive. If those 

living in poor rural households had access to cheaper and more efficient energy sources, they could 

significantly reduce the portion of their income spent on energy and use freed-up resources to invest in 

other benefits such as healthcare or education. Currently, the poorest groups spend 13% of their incomes 

on energy. In Uganda, for example, the poorest 20% of the population spend three times as much money 

on energy as a proportion of their income compared to richest 20%.11 In unelectrified rural areas, 

kerosene is the most popular source of fuel for lighting. It is also 150 times more expensive per unit of 

energy compared to the least efficient incandescent light bulb.  

 

Table 4: Comparison of the relative cost of electricity per kWh for Africa’s poor 

 
(extracted from Africa Progress Report, 2015)12 

                                                        
10 http://www.africaprogresspanel.org/publications/policy-papers/2015-africa-progress-report/ 
11 http://www.africaprogresspanel.org/publications/policy-papers/2015-africa-progress-report/ 
12 http://www.africaprogresspanel.org/publications/policy-papers/2015-africa-progress-report/ 
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1.5 WHY MINI-GRIDS? 
 

On-grid electrification costs less per MWh than mini-grid and off-grid electricity because of economies of 

scale (see Appendix 5 for cost comparison), yet it can only reach about 30% of the rural areas. Extending 

existing national electricity grids to the remaining 70% is too costly and energy inefficient. Table 5 shows 

that extending grid lines for 3 km or more to the rural districts is more expensive than building a local mini-

grid or finding other off-grid solutions. As such, mini and off-grid technology offer more cost-effective 

solutions for bringing electricity to rural areas, since there are no transmission line or distribution costs 

 

Table 5: Indicative levelized costs of electricity for on-grid, mini-grid and off-grid technologies in 
Sub-Saharan Africa, 2012  

  
(extracted from World Energy Outlook)13 

 

In rural areas, mini-grids tend to generate renewable energy at much lower costs compared to current 

fossil-fuel off-grid alternatives. Currently, 45.5% of rural electricity is being provided by mini-grids and 

24.5% by off-grid technology. Of the additional electricity necessary to close the universal energy gap by 

2030, 36% is expected to be generated by mini-grids and 20% by off-grid technology. In 2014, the market 

for mini-grids tripled in size worldwide, reaching a capacity of 12,031 MW. Asia Pacific and North America 

dominate the market, represent 47% and 44%, respectively, of the global capacity, correspondingly, while 

the Middle East and Africa together account only for 1% of the mini-grid market.14  

 

 

 

                                                        
13 http://www.worldenergyoutlook.org/africa/ 
14 http://www.navigantresearch.com/research/microgrid-deployment-tracker-2q15 
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2.0 THE CASE FOR RENEWABLE ENERGY 
 

Compared to on-grid electrification--63% of which will be generated from fossil fuels--more than 93% of 

the energy from mini and off-grid solutions is expected to be generated by renewable sources in 2030 (for 

detailed energy distribution by source see Table 6). This difference is partly attributable to lower costs of 

renewable energy sources for mini and off-grids compared to small-scale fossil fuel alternatives, such as 

diesel or gasoline generators. While renewable energy is more cost-effective over the long-term, it 

requires significant upfront investment, which is a barrier for low-income households. Generators, on the 

other hand, require a relatively small investment upfront but have high on-going fuel costs.  

 

Table 6: Additional electricity generation by grid solution and fuel type as predicted in Energy for 
All Case, 2030 

 
(extracted from World Energy Outlook)15  

 

2.1 COST COMPARISON: FOSSIL FUEL VS. ALTERNATIVE 
ENERGY SOURCES 

 

Alternative energy sources are increasingly becoming more cost-competitive than traditional sources (see 

Table 7 for a levelized cost comparison of different energy sources). In the last 5 years, solar PV and 

wind energy experienced a 78% and 58% price reduction respectively, resulting in energy costs as low as 

$60/MWh for solar and $37/MWh for wind in 2014. With the increasing volatility of oil and gas prices, 

using renewable energy becomes a better long-term solution that especially benefits poor households 

that cannot afford fluctuations in price. Residents living in unelectrified rural areas usually rely on diesel 

generators for power generation, which costs somewhere between $297 and $332 per MWh. Solar and 

                                                        
15 http://www.worldenergyoutlook.org/resources/energydevelopment/energyaccessdatabase/ 
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wind plants, on the other hand, generate energy at much more affordable rates. Appendix 6 shows 

detailed high and low ends for levelized cost of energy components (capital costs, fixed and variable 

operations and maintenance, fuel cost) of different energy sources.  

 

Table 7: Levelized cost of energy comparison (in 2014) 

 
(extracted from Lazard’s Levelized Cost of Energy Analysis)16 

 

Within the next 10 years, wind, solar PV, and concentrated solar power (CSP) energy costs are expected 

to fall significantly, whereas energy costs of more mature renewable sources, such as hydropower, 

biomass combustion, and conventional geothermal energy, are expected to remain relatively stable and 

to experience much smaller cost reductions. Therefore, solar and wind mini-grids can be expected to 

become even more prevalent in the next decade and have the potential to be scaled more rapidly. By 

2025 energy generated from offshore wind and CSP will become cost competitive with major fossil fuel 

alternatives, allowing companies to tap into their previously untouched energy potential. At the same time, 

the cost of generating energy from onshore wind and solar-PV grids will be equivalent to the least 

expensive fossil fuel electricity costs. Table 8 provides a detailed comparison of the cost of the different 

energy sources as they were in 2014 and as they are predicted to be in 2025.  

 
 
 
 
 
 

                                                        
16https://www.seia.org/sites/default/files/resources/Levelized%20Cost%20of%20Energy%20-

%20Version%208.0.pdf#overlay-context=research-resources/lazards-levelized-cost-energy-analysis-v80 
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Table 8: Levelized cost of electricity (LCOE) ranges by renewable power generation technology, 
2014 and 2025 

 
(extracted from “Renewable Power Generation Costs in 2014”)1718 

 

If the cost of renewable energy continues to fall, by 2040 renewables will account for almost 60% of newly 

installed capacity (9,786 GW). Key factors include improved financing, technological innovation, and 

acquired experience will lead to a fall in wind and solar costs by an average of 32% and 48% 

respectively. According to a Bloomberg report, over the next 25 years, an estimated USD $3.7 trillion will 

be invested in solar technology that will account for more than a third of the global energy capacity 

additions. Developing countries will be investing around USD $370bn annually to meet the growing 

electricity demand spurred by economic and population growth thereby increasing energy capacity by 287 

GW per year. Overall, it is predicted that developing countries will establish 7,460 GW of energy capacity 

(of which 50% would be renewable)--this is three times more than the new capacity growth predicted for 

the developed world over the same period. The Asia-Pacific region will account for more than half of all 

                                                        
17 http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=36&CatID=141&SubcatID=494 
18 Energy source acronyms used in the table are as follows: CSP - concentrated solar power, PTC - 

parabolic trough collectors, ST - solar tower, BFB - bubbling fluidised bed, CFB - circulating fluidised bed, 

AD - anaerobic digestion. 
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new generating capacity. Table 9 shows the predicted change in global installed capacity from 2012 to 

2040. 19 

 

Table 9: Global installed capacity in 2012 and projected 2040 capacity and additions 

 
(extracted from New Energy Outlook, 2015)20 

 

Due to high residential and commercial electricity prices, small-scale rooftop solar will become an 

affordable energy alternative, especially for those who are not connected to existing grid networks. In the 

Middle East and Africa, 40% of new solar capacity will come from small-scale systems: mini-grids and off-

grid technology. In the next 25 years, rooftop solar will experience significant price reductions, eventually 

costing even less than electricity from the grid. By 2040, with $2.2 trillion invested, small-scale solar 

systems will account for 13% of total generated electricity. Table 10 shows projected investments by 

energy sector.  

 

Table 10: Estimated global investments in new energy capacity 

 
(extracted from New Energy Outlook, 2015)21 

                                                        
19 http://www.bloomberg.com/company/new-energy-outlook/ 
20 http://www.bloomberg.com/company/new-energy-outlook/ 
21 http://www.bloomberg.com/company/new-energy-outlook/ 



Sauder S3i | Mini-Grids | Albina Gibadullina | 12  
 

2.2 INSTALLED CAPACITY AND RENEWABLE ENERGY 
POTENTIAL 

 

Over the last five years, the aggregate installed capacity of solar PV, CSP and wind plants has more than 

doubled. Since 2009, worldwide solar PV capacity has grown at an annual rate of 51%, quadrupling in 

size by the end of 2014. Table 11 shows the historical installed power plant capacity rates for solar PV, 

CSP and wind in regions of Sub-Saharan Africa (excluding South Africa), India, and South-East Asia. 

While India, South-East Asia and Sub-Saharan Africa together account for less than 2% of total solar PV 

capacity, these regions have experienced significant growth since 2009. For example, from 2009 to 2014, 

India increased its solar PV capacity by more than 250 times, growing from 12 MW to 3,059 MW. India 

has also experienced substantial increases in CSP installed capacity, going from 6 MW to 231 MW in just 

two years and now accounting for 5% of the global CSP capacity. It has been estimated that India’s solar 

energy potential is about 750,000 MW, meaning that they are currently generating less than 1/200 of what 

is possible. Decentralized solar power plants will play an important role in bringing electricity to the 280 

million people currently living in India’s unelectrified rural areas. 

 

Table 11: Installed power plant capacity by geographical region 22 

 
 

In the last five years, Sub-Saharan Africa (excluding South Africa) has been growing its solar PV capacity 

at a rate of 32% per year (reaching 346 MW in 2014, which is only 0.20% of installed capacity worldwide) 

                                                        
22 http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=36&CatID=141&SubcatID=604 
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and its wind capacity at an annual rate of 59% (reaching 257 MW in 2014, which is 0.07% of installed 

capacity worldwide). As in India, Sub-Saharan Africa has large untapped renewable energy reserves. The 

International Renewable Energy Agency (IRENA) argues that by 2050, 75% of Africa’s energy capacity 

will come from renewable sources (in 2009 it was 17%) and that total installed capacity for renewable 

energy will be 800 GW, whereas solar PV will account for 31% (245 GW), wind for 30% (242 GW) and 

hydropower 19% (149 GW).23  

 

2.3 TYPES OF MINI-GRIDS 
 

Mini-grids rely on a variety of renewable energy sources including solar, wind, hydro, biogas, and other 

hybrid models. Solar mini-grids tend to dominate the market both in India and Sub-Saharan Africa, 

followed by wind and hydro plants. Many of the companies specialize in one type of energy for power 

plants. For example, Mera Gao Power24 (India) and Specialized Solar Systems25 (South Africa) only focus 

on solar energy. While other companies, such as Standard Microgrid26 (Sub-Saharan Africa) and IT 

Power27 (India), consider themselves technology agnostic and base their energy plants on the local 

factors (geographical, technical, economic, and cultural). 

 

Hybrid mini-grids are also common. Sunlabob,28 which operates in South-East Asia and Sub-Saharan 

Africa, installs village hybrid grids (VHG). Since VHGs use a combination of solar, hydro, batteries, 

generator and wind resources, they are considered to be more reliable for generating energy 24 hours a 

day. Senegal is known for taking a leading role in implementing hybrid power plants--currently 25 hybrid 

plants operate in the country and they have plans to build an additional 50.29   

 

 

 

 

 

 

 

                                                        
23 https://www.irena.org/DocumentDownloads/Publications/Africa_renewable_future.pdf 
24 http://meragaopower.com/ 
25 http://www.specializedsolarsystems.co.za/ 
26 www.standardmicrogrid.com  
27 http://www.itpower.co.in/sector/off-grid-systems/ 
28 http://www.sunlabob.com/ 
29 http://www.magenta-global.com.sg/africa-mini-grids-summit-2014/ 
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3.0 TECHNOLOGICAL INNOVATIONS 
 

3.1 SMART ENERGY 
 

The most significant technological improvement in mini-grids has been the implementation of smart 

energy technologies such as smart-meters (devices for electric consumption), smart-grids (electricity 

delivery systems, which use computer-based remote control and automation) and cloud-based software. 

Efforts to reduce carbon emissions, the transition to decentralized electrification, increased customer 

agency (desire to control electricity usage), and greater availability of data and better tools for its analysis 

have resulted in what’s called the “energy cloud.” The deployment of cloud-based technologies specific to 

the energy sector (thus the term “energy cloud”), has transformed the generation, storage, and 

consumption of energy. According to a Navigant Research white paper, the energy cloud has enabled the 

sector to shift “from one-way power flow to a dynamic network of networks supporting two-way energy 

flows at the periphery of the grid.”30  Table 12 outlines the evolution of the energy infrastructure. 

 

Table 12: The Energy Cloud Evolution from Centralized and Distributed Generation 
 

 
(extracted from The Energy Cloud report, 2014)31 

                                                        
30 https://www.navigantresearch.com/research/the-energy-cloud 
31 https://www.navigantresearch.com/research/the-energy-cloud 
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Smart meters benefit both the energy producers and their consumers. Being able to monitor and control 

mini-grid systems from a distance means that energy companies have access to up-to-date information 

on energy usage. It also enables them to collect payments and to prevent theft by remotely cutting off 

power when there is a break in payments. This drastically simplifies a company's operations, allowing 

them to scale and manage more locations without necessarily increasing human capital or infrastructure. 

Moreover, customers benefit from better awareness of how much energy they are using and how much it 

costs them. In the developing world, smart energy technology usually provides users an option to make 

mobile payments. This has proven to be extremely valuable in rural areas, as collecting payments face-

to-face from hundreds of separate districts is very resource intensive.  

 

In the next 10 years, smart meters will have an increasing presence in energy markets worldwide and be 

especially dominant in North America, Europe, and Asia Pacific. Latin America, Middle East and Africa, 

on the other hand, will need to be more pro-active in order to benefit from current technological 

advancements. Table 13 shows the projected smart meter penetration rates by geographic region.  

 

Table 13: Smart metre penetration as a percentage of all electric metres by region, 2013 - 2023 

 
(extracted from The Energy Cloud report, 2014)32 

 

 

                                                        
32 https://www.navigantresearch.com/research/the-energy-cloud 
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3.2 EXAMPLES OF COMPANIES 
 

A number of companies in the mini-grid sector employ smart energy technology (Gram Power, Devergy, 

Power Gen, PowerHive, Naturetech Infrastructure, and Steam Co are among them). Gram Power and 

PowerHive, whose technologies are described below, have the most sophisticated smart energy 

solutions.  

 

Gram Power33 is one of the leading smart energy companies, specializing in mini-grids. Its product line 

includes smart meters, smart grids and smart energy monitors providing a variety of services as follows. 

 

● Theft detection informs the grid operator when power is being stolen with an option to remotely 

turn off supply in that area. 

● Load limit and scheduling helps to smooth out energy generation and consumption to prevent 

system overloads.  

● Variable pricing allows for an automatic shift to a different price when the energy source changes.  

● Remote monitoring enables better transparency and control because the entire infrastructure 

online. 

● With a well-built mobile infrastructure, prepaid or postpaid mobile payments are extremely 

convenient for consumers. They also ease the process of payment collection, decreasing the 

chances of default for energy providers. 

● End users have access to current information on their energy consumption.  

 

PowerHive,34 a Berkeley-based company, brings electrification to Eastern Africa (Ethiopia, Ghana, Kenya, 

Liberia, Nigeria, and Tanzania) using its cloud-based technology (Honeycomb), a smart-meter (Asali), 

and site selection and customer identification software (SWARM).  

 

● Honeycomb is a cloud-based platform that automates account management tasks, remotely 

monitors and controls mini-grid operations, and runs real-time data analytics. Honeycomb 

performs the following functions: 

○ Account management: providing mobile payment and enquiry services for customers and 

remotely connecting (disconnecting) customers’ electricity. 

○ Flexible tariffs and pricing: supporting dynamic pricing and a variety of flexible tariff 

structures. 

○ Load balancing: managing fluctuations in consumption. 

                                                        
33 http://www.grampower.com 
34 http://www.powerhive.com/ 
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○ Performance monitoring: collecting on-going performance data. 

○ Field support: accessing customer account data, maintaining alerts, and providing other 

vital system information. 

○ Data analysis: providing access to an array of data analysis and visualization tools, 

displaying consumption patterns, credit information, financial performance. 

 

● Asali is a smart meter system suitable for serving small groups of customers. It uses the 
Honeycomb platform, which enables changing of customer’s parameters remotely. Asali performs 
the following functions:   

○ Accurately metering power usage, from very small to large. 
○ Continuously streaming equipment performance and energy consumption data to 

Honeycomb through wireless communication hardware, while receiving credit balance 
and pricing data, load balancing and prioritization commands. 

○ Theft detection and prevention. 
● SWARM is a software tool that remotely identifies potential customers and site locations over 

broad regions. It performs the following functions: 
○ Analyzes financial, technical, and geospatial data.  
○ Calculates optimal mini-grid locations and estimated system size, resulting in a prioritized 

list of the most viable sites.  
○ Streamlines data for the customer acquisition process, saving time and lowering project 

development costs. 
 

4.0 OWNERSHIP AND PAYMENT STRUCTURES  
 

In most cases, mini-grids powered by renewables are superior to fossil-fuel based small-scale 

alternatives, as they are cheaper, create fewer health and environmental hazards and are considered 

sustainable energy sources over the long haul. Additionally, Sub-Saharan Africa, India and South-East 

Asia have untapped renewable energy potential, which could light-up rural regions currently not 

connected to a national grid.  

 

One might wonder why decentralized renewable electrification hasn’t become more mainstream. The 

missing piece of the puzzle might have something to do with high up-front capital costs necessary to build 

a renewable mini-grid. Table 14 shows a comparison of life-time costs of solar PV projects versus diesel 

generated electricity. As the table shows, initial costs for solar energy have a low fixed rate (the cost 

associated with operation and maintenance) and high but sporadic one-time costs associated with capital 

investment, and repair expenses arising later on. Diesel, on the other hand, has high but constant fuel 

costs with small spikes in capital investment and repair expenses. 
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Table 14: Comparison of lifetime costs of PV project and diesel generator 35 

 
 

 
                                      (extracted from Africa’s Renewable Future report)36 

 

While total accumulated costs for solar PV are less than those for a diesel plant, unequal cost distribution 

for renewable energy plants creates significant barriers to switching to more sustainable energy sources. 

Low-income families living in rural areas in the developing world usually do not have a constant source of 

income, which prevents them from being able to save money and invest (as a community)  in a renewable 

power plant, even though they would save over the long haul.  Energy companies specializing in mini-

grids come up with creative ways to make their products affordable for people whose incomes are at the 

bottom of the pyramid. Three of the most common payment and ownership structures are outlined below. 

 

 

 
                                                        
35 https://www.irena.org/DocumentDownloads/Publications/Africa_renewable_future.pdf 
36https://www.irena.org/DocumentDownloads/Publications/Africa_renewable_future.pdf 
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4.1 PAY-AS-YOU-GO (OR ENERGY AS A SERVICE) 
 

Companies, like PowerGen37 or Devergy,38 install mini-grids in rural villages while fully owning them. 

Customers pre-pay for the service using a mobile payment system. There are no monthly fees or upfront 

investments as customers only pay for the consumed energy. The cost per energy unit is lower than the 

cost of kerosene lighting, dry-cell batteries, or charging the phone.  

 

4.2 COMMUNITY-OWNERSHIP 
 

For those who are skeptical of pay per use models, organizations such as MLINDA,39 use a community-

based model. Community members can take out a low-interest loan to purchase a shared solar mini-grid. 

MLINDA has established a partnership with the National Bank for Agriculture and Rural Development to 

offer:  

‘… a new financial instrument that lends capital to a “Joint Liability Group” (JLG).  

The same tool has previously been available to groups of farmers, but this is the first time it 

has been applied more widely. The loan allows people to buy the solar installations instead of 

relying on pay-as-you-go schemes. Within 5 years, the loan is paid off and the solar installations 

are fully owned’.40 

Since solar energy has low operation and maintenance costs and no fuel costs, after the first 5 years 

residents have access to a cheap and sustainable energy source. The Energy for Development Network41 

uses a similar model; they facilitate the creation of energy cooperatives for the solar plants they install 

providing employment and sources of additional revenue to the community.   

 

4.3 LOCAL VENDOR MODEL  
 

After installing a local mini-grid, Gram Power42 finds vendors in each community to pre-purchase power in 

the form of energy credits from the company at a bulk rate, which the vendor then resells to local 

residents at a higher price.  Naturetech Infrastructure43 hires a local “Recharge Agent” who is in charge of 

                                                        
37 http://powergen-renewable-energy.com 
38 http://www.devergy.com 
39 http://www.mlinda.org/projects/democratising-energy-supply/ 
40 http://www.mlinda.org/projects/democratising-energy-supply/ 
41 http://www.energyfordevelopment.net/current-projects/ 
42 http://www.grampower.com 
43 http://naturetechinfra.com/ 
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depositing money with Naturetech and getting the energy credit limit using mobile payment technology. 

Customers purchase credits from the agent in a face-to-face transaction and the agent, in turn, transfers 

energy credits to the customer’s energy meter. This model would work in areas where residents do not 

own mobile phones and need an agent to facilitate the transaction.  

 

5.0 PARTICIPATORY DEVELOPMENT  
Participatory development is the process of involving beneficiaries in the projects aimed to help them. 

Members of the local community work with energy providers, for example, to establish a project’s 

objectives and the related implementation. If executed well, participatory development ensures the 

sustainability and success of a project by beginning with local inputs. On-going dialogue between the 

different stakeholders leads to sharing of knowledge and experience, and results in better decision 

making. Although participatory development comes at an additional cost in both money and time, 

investing resources in understanding the needs of local residents is crucial to a project’s success.  

5.1 SUGGESTIONS FOR ORGANIZATIONS 

Organizations, especially for-profit ones, need to be cautious about not taking implicit or explicit 

advantage of vulnerable communities that do not have better alternatives than the offered transactions. 

This awareness should result in fair pricing models, which will maximize value for both the company and 

its consumers. Additionally, energy providers need to be transparent about the technology, its lifetime 

use, maintenance, and the incremental energy costs. This will help to eliminate any potential information 

asymmetries thus empowering consumers through better informed decision-making.  

Since changing energy consumption requires significant behavioural modification, local communities 

need to aware of upcoming changes and willing to “be involved in all the steps of the project, from initial 

financing operations to start-up and operation and maintenance procedures”.44 Energy plants usually 

require on-going maintenance and companies should have an established way to either provide 

centralized maintenance or train local technicians and provide them with necessary spare parts. For 

instance, Powerhive45 and Specialized Solar Systems46 both provide on-site training for local technicians. 

Communities should be encouraged to take an active role in deciding the best way to maintain and 

operate its power plants.  

                                                        
44http://ec.europa.eu/energy/intelligent/projects/sites/iee-

projects/files/projects/documents/microgrids_final_report.pdf 
45 http://www.powerhive.com/ 
46 http://specializedsolarsystems.co.za/ 
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MLINDA47 is an organization that puts strong emphasis on community engagement. With a focus on long-

term values instead of short-term attitudes, it targets “individual behaviour as well as systemic change in 

business and finance”48 Ongoing dialogue between energy contractors and community ensures that 

everyone’s voices are heard. Its mini-grids are community owned and the company emphasizes shared 

environmental stewardship with its consumers and partners.  

5.2 LIMITATIONS OF PARTICIPATORY DEVELOPMENT 

While participatory development is considered to be a progressive framework for empowering 

marginalized communities, it has its limitations.  For one, it is not effective in dealing with structural 

inequalities embedded in the society, such as gender, class, caste and age norms. For example, if an 

organization encourages voluntary engagement societal norms may allow only privileged members to 

participate. Participatory development also frequently fails to involve females, as they are not “used to 

public speaking due to their structural subordination. Even when they do participate, it is usually 

“‘nominal’, ‘passive’ or ‘activity-specific’ participation where women simply listen or are instructed to carry 

out an activity determined by their menfolk”.49 Since females in the developing world tend to be directly 

involved with the majority of energy consumption activities, such as heating and cooking, proactively 

seeking their input on electrifying their houses will provide valuable insights to companies and help 

eliminate structural gender inequalities in the rural communities. 

 

 

6.0 RECENT AND POTENTIAL INVESTMENTS 
 

According to Navigant Research, global investments in the mini-grid market are expected to exceed USD 

$155 billion by 2023, growing from USD $1.8 billion in 2014 to USD $9.6 billion in 2023. This exponential 

growth in investors’ appetite is partly attributable to the emergence of new financially-sustainable 

business models. At the heart of this change lies the development of mini-grid optimization through smart 

inverters, smart grids and other means. 

Dramatic change is occurring in the microgrid50 market, as the economic value that these 

systems bring to the overall power grid becomes more and more apparent. We expect the 

technologies that enable these systems to play key roles in the expansion of the microgrid sector 

                                                        
47 http://www.mlinda.org/projects/democratising-energy-supply/ 
48 http://www.mlinda.org/what-we-do/ 
49 http://onlinelibrary.wiley.com/doi/10.1111/j.1749-8198.2007.00038.x/abstract 
50 Term microgrid is equivalent to mini-grid 
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to encompass additional technologies and services related to smart buildings, demand response, 

distribution and substation automation, and smart meters.51 

 

In April, 2015 The Rockefeller Foundation made a commitment to invest USD $75 million in mini-grids to 

electrify 1,000 rural villages in India in the next three years. The Smart Power for Rural Development 

initiative will start in Bihar and Uttar Pradesh where rural electrification rates are less than 10 percent. The 

Rockefeller Foundation is partnering with small scale energy-service companies, such as Omnigrid 

Micropower Company Power and Desi Power.52 In June, 2015 Softbank (Japan)53 and Foxconn 

(Taiwan)54 announced plans to jointly invest USD $20 billion in solar energy projects in India, building 20 

GW of additional capacity.55  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        
51 http://www.energyandcapital.com/articles/microgrid-investing/3545 
52 http://www.rockefellerfoundation.org/our-work/initiatives/smart-power-for-rural-development/ 
53 http://www.softbank.jp/en/ 
54 http://www.foxconn.com/ 
55 http://www.bbc.com/news/world-asia-india-33234987 
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7.0 RECOMMENDATIONS  
7.1 FUNDS 
7.1.1 EQUITY INVESTMENTS 

Name Bamboo Energy Fund - Solar for All 

Link http://www.bamboofinance.com/funds/global-energy-fund/ 

Based in Luxembourg 

Plans to operate in Sub-Saharan Africa, South and South-East Asia  

Business model 

Invest in solar energy companies (75% growth stage and 25% early stage) with 

proven business models and the potential to be scalable and/or replicable  

Objective Achieve measurable positive impact and attractive financial instruments  

Financial information:  

Financial instruments Equity and quasi equity instruments (target investment size - USD $5 - 7 million) 

Target fund size USD $100 million 

Incentive and fees 

8% hurdle rate with catch-up, 20% carried interest. 2% management fees, fund 

set-up fee of up to 1% 

Exit strategies In most cases trade sale, exceptionally IPO or management buy out 

Investments:  

Previous investments in the 
field 

Greenlight Planet (2012), Orb Energy (2012), Husk Power Systems (2012), 

BBOXX (2015) 

Product categories for 
potential investees 

Household (lanterns for lighting and mobile phone charging, solar home systems 

for general appliances), business solutions in off-grid areas (solar-based water 

pumps, water irrigation and purification systems, solar based ATMs), isolated 

grids (energy service companies, mini-grids) 

Impact:  

Targets and assessments 

Impact focus throughout investment cycle (from due diligence to exit). Assess 

impact thesis, review ESG practices, select (IRIS) metrics to track and report 

quarterly on investees’ impact, submit to third party GIIRS assessment 

Potential impact 

Fund investments are expected to lead to 210 MW installed solar capacity and to 

offset more than 3.35 million tons of CO2 

 

(information extracted from Bamboo’s internal presentation) 
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7.1.2 DEBT INVESTMENTS 

Name SunFunder 

Link http://sunfunder.com/ 

Based in San Francisco and Tanzania 

Operates in East Africa (Kenya, Tanzania, Uganda, Rwanda) and India. 

Business model 

Aggregating capital through the Solar Empowerment Fund and providing short-

term inventory and loans to leading solar energy companies. Mediator between 

the energy companies and the investors. 

Financial instruments 

Offering loan facilities from $75,000 to $2 million, with individual disbursements 

ranging $30,000 to $500,000.  

Mission/values/vision Unlocking capital for solar off-grid energy in emerging markets 

Size:  

Summary 

$2 million of solar projects, 16 solar companies in 6 countries, zero percent 

default. Founded in 2013. 

Current companies-clients 

Boma Safi, Solar Now, GCS, Sunny Money, Fenix Intl, Small Solution, MGP, 

BBOXX, Arti Energy, Greenlight Planet, Offgrid Electric, Ensol, One Degree 

Solar, Hybrid, Zam Solar 

Current investors 

Ceniarth, Deutsche Bank, Iberdrola, Treehouse Investments, Stichting Doen, 

Impact Assets, Stiefel Family Foundation, Baldwin Brothers, and others 

Impact:  

# of people affected 250,000 people 

Potential scalability Goal to deploy $1 billion into solar projects around the world by 2020 
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7.2 COMPANIES 
 

Name Husk Power Systems 

Pros High impact and scalability, focused on rural electrification, focus on mini-grids  

Cons Lack of information on payment models and ownership structure 

Link http://www.huskpowersystems.com/ 

Based in India 

Operates in India 

Business model Selling mini-grids to the end users 

Mission/values/vision 

Rural empowerment enterprise. It focuses on inclusive rural development on the 

backbone of electric power. 

Technology:  

Mini-Grid and its capacity 25-50 KW, serving up to 400 households 

Sustainability and Safety Saved 9,244,800 litres of kerosene displaced 

Pricing/affordability/paymen

t process:  

Pay rates and potential cost 

savings for consumers $50 per household per year in savings 

Impact:  

# of people affected 200,000 people, 300 villages, employing 350 people in India 

Focus on the rural areas Yes 

Potential scalability 

Striving to touch more than 10 million lives over the next five years, in rural areas 

across the world, often at the bottom of society's priorities. 
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Name Gram Power 

Pros Smart energy technology, high impact and scalability, affordable prepaid energy 

Cons Lack of information on energy plants 

Link http://www.grampower.com 

Based in India 

Operates in India 

Business model Selling mini-grids to the end users 

Size:  

Number of employees 14 

Technology:  

Mini-Grid and its capacity Yes 

Source of energy (wind, 

solar, etc) Solar 

Smart/Not-Smart/Semi-

Smart 

Smart meter (theft detection, load limit and scheduling, variable pricing, remote 

monitoring) + Smart Grid + Smart Energy Monitor 

Pricing/affordability/paymen

t process:  

Pay rates and potential cost 

savings for consumers Less than 30% cost of grid extension 

Pay structure  Flexible Prepaid Payment 

Ownership possibility Not available 

Mobile payments Available 

Impact:  

# of people affected 19 villages reached, 200000 people impacted 

Potential scalability 30 villages in pipeline 

Distribution channels:  

Partners Berkley, USAID, REC, MNRE 
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Name PowerHive 

Pros 

Smart energy, innovative process for site selection, affordable pay-as-you-go 

payments 

Cons Lack of information on power plants 

Link http://www.powerhive.com/ 

Based in Berkeley, CA 

Operates in Ethiopia, Ghana, Kenya, Liberia, Nigeria, and Tanzania 

Business model 

Technological partner for project developers, utilities, government agencies and 

other organizations that require scalable, profitable electricity solutions in 

underserved or off-grid areas. 

Business 

services/processes 

Market feasibility study, site identification and selection, turn-key pilot 

deployments, design services, customer acquisition, procurement and logistics, 

on-site training 

Mission/values/vision 

Provide access to productive, affordable, and reliable mini-grid 

electricity for millions of rural homes and businesses around the globe 

Size:  

Number of employees 19 

Year founded 2011 

Technology:  

Mini-Grid and its capacity Proprietary technology platform and business model  

Smart/Not-Smart/Semi-

Smart 

Honeycomb (cloud-based software platform), Asali (smart-metre); SWARM 

(software which streamlines project development by enabling rapid mini-grid site 

selection and customer identification) 

Pricing  

Pay structure  Prepaid energy as a service system 

Mobile payments Available 

Impact:  

# of people affected The pilot projects reached more than 1,500 people  

Potential scalability Plans to offer electricity to more than 200,000 homes 

Investors First Solar invested in 2015 

Contact email hello@powerhive.com 
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Name: MLINDA 

Pros 

Focus on community involvement, high impact, social justice framework 

of systemic changes well applied, qualified team, interesting financial 

model - community loans with a full ownership in 5 years, early stage 

company 

Cons 

Focus on rural areas of West Bengal, India - scalability concerns to 

other parts 

Link http://www.mlinda.org/projects/democratising-energy-supply/ 

Based in India 

Operates in India 

Business model 

Working in rural areas of West Bengal to introduce an affordable, 

community-owned solar energy system. The scheme gives people 

access to low-interest loans to buy a shared solar mini-grid. The model 

combines group ownership, access to mainstream finance and shared 

environmental stewardship. 

Mission/values/vision 

Rethinking production through systemic change in companies and 

institutions, and changing consumption by transforming individual 

behaviour. 

Size:  

Number of employees 8 

Year founded 2013 

Technology:  

Mini-Grid and its capacity 225W mini-grids serving 7-10 households 

Source of energy (wind, solar, etc) Solar 

Sustainability and Safety Saved 340 tonnes of CO2 emissions 

Pricing/affordability/payment 

process:  

Pay structure  

Community-based model. In partnership with the National Bank for 

Agriculture and Rural Development (NABARD), the scheme gives 

people access to low-interest loans, to buy a shared solar mini-grid. 

Community-owned facilities make sense for people who are rightly 

skeptical about pay-per-use models. 
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Ownership possibility 

Working with NABARD to pilot a new financial instrument that lends 

capital to a ‘Joint Liability Group’ (JLG). The same tool has previously 

been available to groups of farmers, but this is the first time it has been 

applied more widely. The loan allows people to buy the solar 

installations instead of relying on pay-as-you-go schemes. Within 5 

years, the loan is paid off and the solar installations are fully owned. 

Impact:  

# of people affected 1460 households, 300 shops and 6 schools 

Focus on the rural areas Yes 

Potential scalability 

147,000 homes, 50 schools and 50,000 small shops by 2018. Objective 

to provide 4.2 megawatts of solar energy by installing 17,300 

community-owned solar 225W mini-grids. Each mini-grid will be shared 

by 7 to 10 households.. 

Distribution channels:  

Community connections 

Using the contacts from the solar energy project as a way into the wider 

community, encouraging people to set up groups to raise awareness of 

climate change and promote new behaviours. 

Partners MNRE, NABARD, TERI 
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Name: Energy for Development Network 

Pros 

Co-op model, high impact, well established partnerships with local 

organizations and academic institutions, strong focus on community 

involvement 

Cons 

Lack of information on scalability (5 projects up-to-date), slow growth 

(possibly because of the lack of resources) 

Link http://www.energyfordevelopment.net/current-projects/ 

Based in UK 

Operates in Kenya, Cameroon, Uganda 

Business model 

Providing electrical services such as lighting and refrigeration to rural 

communities that do not have access to the national electricity network. 

The installation is modular and is therefore easily replicable in other 

locations. 

Mission/values/vision 

Our goal is sustainable and replicable electrification in rural East Africa, 

since reliable and affordable sources of energy are fundamental not 

only for wellbeing, but also for economic growth and poverty reduction. 

Size:  

Year founded 2009 

Technology:  

Mini-Grid and its capacity 

Community operated electrical installation, 13.5 kW photovoltaic solar 

plants 

Pricing/affordability/payment 

process:  

Ownership possibility 

Solar plants are operated and maintained by the local co-operative, 

creating employment and providing economic revenue as well as social 

and humanitarian benefits to the local population. 

Impact:  

# of people affected 

3000 local people and 40 businesses in Kitonyoni, Kenya. 1500 local 

people, school, health center and up to 60 businesses in Oloika, Kenya. 

3 more villages in the pipeline 

Focus on the rural areas Yes 

Distribution channels:  
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Community connections 

Engaging the local community in determining their needs, aspirations 

and goals and assess the social, economic and cultural context of the 

community to identify the most appropriate system. 

Partners 

GVEP International; IT Power; African Institute for Development Policy; 

Alliance for Rural Electrification; East African Energy Technology 

Development Network; Eduardo Mondlane University; EUREC Agency; 

International Energy Agency; Jomo Kenyatta University; Makerere 

University; Norwegian Agency for Development; The World Bank; 

University of Dar es Salaam, University of Ghana; University of Nairobi; 

Utilicom Limited 
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8.0 APPENDICES 
8.1 APPENDIX 1: RURAL ELECTRIFICATION RATES BY 

COUNTRY  
 

 
(Data aggregated from World Bank and World Energy Outlook databases.) 5657 

 

                                                        
56 http://www.worldenergyoutlook.org/resources/energydevelopment/energyaccessdatabase/ 
57 http://data.worldbank.org/indicator/AG.LND.TOTL.K2 
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(Data aggregated from World Bank and World Energy Outlook databases.) 5859 

 
 
 

                                                        
58 http://www.worldenergyoutlook.org/resources/energydevelopment/energyaccessdatabase/ 
59 http://data.worldbank.org/indicator/AG.LND.TOTL.K2 
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8.2 APPENDIX 2: ECONOMIC GROWTH IS NOT TRANSLATING 
INTO UNIVERSAL ELECTRICITY GENERATION 

 
(extracted from Africa Progress Report 2015 )60 

 

 

8.3 APPENDIX 3: RURAL HOUSEHOLD FUEL USE PATTERNS 
 

                                                        
60 http://www.africaprogresspanel.org/publications/policy-papers/2015-africa-progress-report/ 
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(extracted from Africa Progress Report 2015 )61 

 

8.4 APPENDIX 4: HOUSEHOLD LIGHTING: DEVICES AND FUEL 
SOURCES (PERCENT) 

 
(extracted from Africa Progress Report 2015 )62 

                                                        
61 http://www.africaprogresspanel.org/publications/policy-papers/2015-africa-progress-report/ 
62 http://www.africaprogresspanel.org/publications/policy-papers/2015-africa-progress-report/ 
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8.5 APPENDIX 5: INDICATIVE LEVELIZED COSTS OF 
ELECTRICITY FOR ON-GRID AND OFF-GRID 
TECHNOLOGIES IN SUB-SAHARAN AFRICA, 2012 

 
(extracted from World Energy Outlook)63 

 

8.6 APPENDIX 6: HIGH AND LOW END FOR LEVELIZED COST 
OF ENERGY COMPONENTS (CAPITAL COSTS, FIXED AND 
VARIABLE OPERATIONS AND MAINTENANCE, FUEL COST) 

 

                                                        
63 http://www.iea.org/bookshop/477-World_Energy_Outlook_2014 
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(extracted from Lazard’s Levelized Cost of Energy Analysis)64 

 
(extracted from Lazard’s Levelized Cost of Energy Analysis)65  

                                                        
64https://www.seia.org/sites/default/files/resources/Levelized%20Cost%20of%20Energy%20-

%20Version%208.0.pdf#overlay-context=research-resources/lazards-levelized-cost-energy-analysis-v80 
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65https://www.seia.org/sites/default/files/resources/Levelized%20Cost%20of%20Energy%20-

%20Version%208.0.pdf#overlay-context=research-resources/lazards-levelized-cost-energy-analysis-v80 


