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Background 

1.5 billion people worldwide lack access to electricity (IEA 2009), severely impeding 
economic development (Zerriffi 2007; Barnes 2007).   Electricity is central to income generating 
activities (for example, small businesses running sewing machines), provision of health services 
(lighting for emergency surgeries at night, refrigeration of vaccines), and educational outcomes 
(allowing students to do homework at night).  In addition, electricity can enhance social 
connectivity  through the shared experiences of television and radio and, increasingly, by 
allowing charging of cellular phones (Jacobson 2007). 

The electricity access problem is most severe in sub-Saharan Africa, where it affects 
about 700 million people, or almost half of the total global population without electricity (IEA 
2009).  Rural/urban disparities in electricity access are typical everywhere but particularly stark 
in sub-Saharan Africa, where the urban electrification rate is 57%, but only 12% of people have 
access to electricity in rural areas (IEA 2009).  Overall electrification rates are particularly low in 
East Africa, as shown for selected countries in Table 1.   
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Country Electrification rate 
in 2008 

Malawi 9% 
Uganda 9% 
Tanzania 12% 
Mozambique 12% 
Kenya 15% 
Ethiopia 15% 

 

Table 1  Overall electrification rates in selected countries in East Africa.  Source: IEA (2009). 

 

Despite the bleak overall picture for electricity access in East Africa, intriguing trends are 
colliding in the region that offer the potential for game-changing improvements in specific 
dimensions of development.  The first trend is the steep rise in cell phone use.  Unlike the case of 
improved cookstoves, whose health benefits relative to smoky traditional stoves seem 
compelling to outsiders but are rarely prioritized by actual users (Slaski and Thurber 2009; 
Shrimali, Slaski, Thurber, and Zerriffi 2011), consumers immediately understand and value the 
connectedness provided by mobile phones.  PESD’s previous research in India for the FSI 
Global Underdevelopment Action Fund showed cell phones becoming “must have” technology 
even at relatively low income levels and in rural areas (see Figure 1).  The even more profound  
game-changing potential of cell phones may be yet to come as “smart phones” penetrate into 
lower income levels and tailor-made “apps” empower consumers in specific emerging markets 
(see Driscoll 2011, discussing the Stanford class taught by Joshua Cohen and Terry Winograd 
that pursued mobile phone app development in Kenya). 

A second trend is the emergence of grassroots businesses using solar power to charge 
mobile phones for local users.  A recent report documents the success of such businesses in 
Uganda and Tanzania (Collings 2011).  Where large amounts of power are needed, solar is 
typically a poor choice for developing country applications because of its high cost relative to 
alternatives like diesel generators (Zerriffi 2010); it has generally succeeded only in specific 
niches where alternatives are unusually expensive, and even there cost recovery has been 
difficult (Shrank 2007).  However, solar can be quite attractive where the electric grid is 
nonexistent, solar resources are good, and power requirements of the chosen application are low.  
Phone charging in East Africa satisfies all of these requirements. 

The third relevant trend is the development of an organic market (i.e. one unsupported by 
subsidies) for household solar modules in Kenya, proving that commercial businesses for low-
power solar in the home can be viable even for customers near the “Bottom of the Pyramid.”  
Jacobson (2007) found that the demand for home solar panels in Kenya has been most 
powerfully driven by the desire to watch television, but that phone charging is now proving 
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similarly compelling.  (Figure 1, for the case of India, echoes this finding that television and cell 
phones are the most popular energy-using appliances.) 

The fourth and final trend of interest is the emergence of enterprises that aim to develop 
and serve markets for both lighting (often replacing dangerous kerosene lamps) and phone 
charging in the home.  Organizations including Barefoot Power, d.light, One Degree Solar, 
Philips, Solux, and SunTransfer offer solar lantern models that also include phone charging 
capability.  Africa in general, and East Africa in particular, has been the focus of most of the 
entrepreneurial efforts around these products, though markets remain at an early stage. 

The explosion of cell phone use and the success of solar-based charging micro-businesses 
(Collings 2011) suggests strong demand for home charging at the right price, and the past 
development of household solar markets in Kenya offers hope that these new businesses 
providing small scale home solar could be viable.  Solar lighting provides significant benefits as 
well, although its demand pull relative to phone charging is yet to be fully characterized.  
(Jacobson (2007), for example, observed that limited energy supplied by solar modules was often 
allocated to television viewing before household lighting.)  For all their promise, these nascent 
businesses to supply household lighting and charging face significant barriers, including lack of 
product awareness, cost hurdles, competition from incumbent charging businesses, and even risk 
of theft.  More generally, they face a characteristic business challenge of serving low-income 
populations: how to build out a distribution network, often in isolated areas with poor 
infrastructure, that cost-effectively delivers products that customers want while also financially 
incentivizing each player in the supply chain. 
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Figure 1  Household ownership of energy-using appliances as a function of location 
(rural/urban) and household income, from previous PESD research in Maharashtra and 
Karnataka states of India (supported by the FSI Global Underdevelopment Action Fund). The 
brown bars indicate fraction of households that do more than half of their cooking with 
“modern” rather than biomass fuels.  

 

Objectives 

PESD’s research on energy services for low-income populations has historically focused 
on identifying institutional and business models that can be successful over the long term.  If the 
market for solar-based phone charging and lighting in the home is able to scale and offer at least 
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modest economic returns, the development dividends could be enormous, but this outcome 
remains far from assured at present.  We propose to apply PESD’s experience in household 
survey methods, econometric modeling, and structured business model evaluation (collectively 
exercised most recently to study the prospects for cookstove businesses in India) to address 
urgent research questions around these nascent solar enterprises in East Africa.  Specifically, we 
aim to: 

1) Model the demographic, social, and distribution/business model factors that predict adoption 
of solar lighting/charging technology by households, in the process gaining more general insights 
into the characteristic technology diffusion “curve” for these kinds of products; 

2) Characterize the impact of this new lighting / charging technology on market incumbents (e.g. 
sellers of kerosene lamps and fuel, or existing phone charging businesses) and their competitive 
response; 

3) Understand what households do with any surplus charging capability (for example, charging 
phones of neighbors) and under what conditions household members might decide to create 
businesses around charging; 

4) Assess the development benefits—including health, safety, educational, social, and 
productive—that accrue to households that obtain solar lanterns and chargers relative to control 
households that remain with existing technologies or do not have access to any equivalent 
services at all; 

5) Identify the most significant challenges in creating a viable long-term business in solar 
lighting and charging, focusing on development of a distribution channel that can scale and is 
financially sustainable; 

6) Apply hedonic modeling techniques to characterize the relative consumer demand for 
different product attributes, including lighting and phone charging. 

To date, more attention has been focused on solar lighting applications than on household 
phone charging, in part because of the possible development benefits of lighting, but our 
intuition from previous research is that the charging may prove to be an even more significant 
driver of demand.  The fact that the two applications are linked in a number of consumer 
products but also offered on a stand-alone basis in other products will enable us to get a clearer 
sense of how the respective lighting and charging markets are likely to evolve.      

 

Methods and Expected Results 

We plan to focus our research on Uganda, where significant inroads have been made into 
the solar lighting and phone charging market by Barefoot Power, one of the leading companies in 



Wolak, Thurber, and Nagavarapu / 31 Oct 2011  6  
 

this space.1

While the household survey will be principally organized around factors that influence 
adoption, we expect that data we collect on the time budgets allocated for various activities—for 
example, homework, cell phone use, and economically-productive activities of various sorts—in 
households that have and have not adopted solar lighting and charging technology will allow us 
to make useful inferences about the development benefits of these new technologies. 

  The first component of our research will be a large household survey (estimated 
sample size between 500 and 1000), with the primary goal of understanding why households 
choose different charging and lighting technologies.  Leveraging connections to a provider of 
solar lighting and charging, we will select our sample to include, in roughly equal measure, 
adopters and non-adopters of solar lighting and charging technologies.  The sample will be 
designed to include variation in all demographic factors that we expect to influence adoption, 
including income, expenditure, occupation, education, family size, age, existing household 
appliances (including any lights, phones, and charging equipment), and rural vs. urban location.  
The survey will collect this demographic data as well as information on other factors that could 
influence the adoption decision, such as: 1) the household’s past and current expenditures of time 
and money on lighting, phone communications, and phone charging (either within the home or 
outside of it); 2) awareness of solar lighting / charging technologies and perceptions about their 
costs and benefits relative to alternatives, including in the areas of health, safety, education, and 
social interaction; and 3) where and from whom (including relatives or neighbors) the household 
receives charging services, or whether the household provides charging services for others.  
Taken together, the data should provide a rich picture of how households trade off different kinds 
of costs: for example, large upfront vs. smaller ongoing expenditures; time costs; reliability costs 
(e.g. accounting for the reduced availability of solar in the rainy season); the risk of theft while a 
solar device is charging during the day; the health and safety risks of incumbent technologies 
like kerosene lamps; and the cost of lost economic opportunity due to inadequate lighting or 
charging capability. 

We plan to link the household survey information with matched data from a major solar 
charging and lighting provider to develop a more complete understanding of adoption drivers as 
well as of the factors determining the short- and long-term viability of businesses selling these 
products.  Combining detailed sales data with the household-level information should enable us 
to make statistical inferences about how distribution and supply chain factors (e.g. distance from 
a household to the nearest dealer, marketing efforts in the area of the household, etc.) affect 
product uptake.  There is an active debate about the merits of different supply chain 
configurations—which include multi-level supply channels, flat channels, or a franchising 
approach—in serving poor populations at scale and in a financially sustainable way (see, for 

                                                           
1 Our external co-investigator, Sriniketh Nagavarapu, has existing connections with Barefoot Power staff in Uganda.  
A student that Dr. Nagavarapu has worked with, Chishio Furukawa, is performing research with Barefoot Power to 
characterize the health benefits of moving to solar lighting from kerosene lamps and the educational dividends from 
providing adequate household lighting. 
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example, Shrimali, Slaski, Thurber, and Zerriffi 2011; Dalberg Global Development Advisors 
2010).  The proposed research should offer a worthwhile contribution to that debate.   

In addition to studying purveyors of home lighting / charging products, we plan to 
interview owners of local phone charging “micro-businesses” that offer an alternative to home 
charging.  Information obtained from interviews with these business owners—including on 
quantifiable measures like price changes over time—will allow us to include the attributes of 
local charging alternatives as an input to the adoption model.  It will also help us understand the 
emerging competitive interactions among providers of charging services as well as between such 
providers and companies selling home charging equipment.  

While growth in cell phone use is probably inevitable, the rate at which it occurs, the 
economic implications for users (charging now takes a significant bite out of budgets in low-
income households), and the prospects for commercial businesses to thrive in providing energy 
for cell phone charging are far from clear.  Also unresolved are the interactions between lighting 
and charging solutions.  For example, will demand for phone charging have spillover benefits for 
lighting, given that the two functions are widely combined in a single product?  Increased 
availability of both lighting and cell phones could have very significant development benefits; 
we hope that this research will further our understanding of these crucial markets at a point in 
time when they are undergoing very rapid change. 

 

Budget for One Year 
 
Support for Stanford Graduate Research Assistant     $25,000 

This FSI/PESD-affiliated graduate student will participate in design of the  
survey and oversee its execution in Uganda 

 
Uganda Travel for FSI/PESD Graduate Research Assistant      $7,000 
 
Survey Partner            $8,000 
(most likely candidate is a university in Kampala) 
 
TOTAL BUDGET FOR ONE YEAR      $40,000 
 
 

References 

Barnes, Douglas F., ed. (2007). The Challenge of Rural Electrification: Strategies for 
Developing Countries. Washington, DC: Resources for the Future. 



Wolak, Thurber, and Nagavarapu / 31 Oct 2011  8  
 

Collings, Simon (2011). “Phone Charging Micro-Businesses in Tanzania and Uganda.” 
GVEP International Report, September, available at 
http://www.gvepinternational.org/sites/default/files/phone_charging_businesses_
report_with_gsma_final_for_web_0.pdf 

 
Dalberg Global Development Advisors (2010). “Solar Lighting for the Base of the 

Pyramid: Overview of an Emerging Market.” October 2010 report for Lighting 
Africa, a joint initiative of the IFC and World Bank.  

 
Driscoll, Sharon (2011). “Designing Liberation Technologies.” Stanford Lawyer 84, 

available at: http://stanfordlawyer.law.stanford.edu/2010/11/designing-
liberation-technologies/ 

 
IEA (2009). 2009 World Energy Outlook. International Energy Agency. 
 
Jacobson, Arne (2007). “Connective Power: Social Electrification and Social Change in 

Kenya.” World Development 35(1). 
 
Prahalad, C. K. (2004). The Fortune at the Bottom of the Pyramid: Eliminating Poverty 

Through Profits. Philadelphia: Wharton School Publishing. 
 
Shrank, Sam (2008). “Another Look at Renewables on India’s Sagar Island.” PESD Working 

Paper #77. 
 
Shrimali, Gireesh, Xander Slaski, Mark C. Thurber, and Hisham Zerriffi (2011). “Improved 

stoves in India: A study of sustainable business models.”  Energy Policy 
doi:10.1016/j.enpol.2011.07.031. 

 
Slaski, Xander and Mark C. Thurber (2009). “Three Key Obstacles to Cookstove 

Adoption (And How to Overcome Them).” Global Village Energy Partnership 
International, December 2010. 

 
Zerriffi, Hisham (2010). “Rural Electrification: Strategies for Distributed Generation.” 

Heidelberg: Springer. 
 
Zerriffi, Hisham (2007). “Making Small Work: Business Models for Electrifying the 

World.” PESD Working Paper #63. 
 
 


	Background
	Budget for One Year

