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1.4 billion people around the world 
lack access to electricity and rural 
electrification in East Africa is the 
lowest in the world at a mere 16% 
(International Energy Agency (IEA), 
2014). Access to affordable and 
reliable energy is a fundamental 
driver of economic growth and 
social development. Micro and small 
businesses need electricity to operate 
and sustain their livelihoods; retail 
shop owners require refrigerators to 
store and sell cold food and drinks 
and barbershop owners need electric 
shavers to shave customers’ hair.  

In the summer of 2016, our team 
conducted a total of 87 in-depth 
interviews and 55 surveys in the 
eastern and southwestern regions of 
Uganda. In addition, we interviewed 
nine solar companies working in 
Uganda, Rwanda, and Kenya. 

We developed five research questions 
centered around cultural attitudes 
towards different sources of energy 

and access, consumers’ decision 
making processes, current energy 
usage, and desired product attributes. 
We used these questions as a guide 
in creating our research tools: 
interview and observation guides, 
surveys, and card sort decks. Research 
predominantly took place in off-grid 
trading centers within 9-78 km from 
the nearest urban center. 

In the summer of 2016, our team conducted 
a total of 87 in-depth interviews and 55 
surveys in the eastern and southwestern 
regions of Uganda. In addition, we 
interviewed nine solar companies working in 
Uganda, Rwanda, and Kenya. 

Executive 
Summary



1. Very few generators are being used 
by micro and small businesses

2. Current solar per capita usage is 
under 875 watts

3. Micro businesses are extremely 
risk averse

4. End-user financing issues are a 
barrier to energy access 

5. There is a gap in the availability of 
high quality larger solar systems

6. End-users all want the same 
appliances
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Upon moving to a new location, our team 
noticed a lack of new information coming from 
respondents, which both confirmed our initial 
findings and limited our ability to explore 
new ideas. In response, we created a new 
interview guide for Stage 2 centered around four 
components: 1) solar use in off-grid areas, 2) 
interest in all-in-one small business starter kits, 
3) interest in selling and buying power, and 4) 
marketing and consumer education challenges 
and potential solutions. 

This new interview guide and the addition of a 
card-sorting tool resulted in five key findings in 
Stage 2:

The primary research went through two stages. Stage 1 focused on 
micro and small businesses’ energy usage of both generator and 
solar products in on- and off-grid locations. Stage 2 focused solely 
on solar usage in off-grid areas using open-ended questions to 
gather consumer feedback on ideas for potential energy solutions. 

Stage 1 resulted in six key findings:

1. Financing remains a key issue

2. End-users are interested in buying 
and selling power

3. End-users are interested in 
purchasing all-in-one solar systems

4. Radio and company representatives 
are the most trusted sources of 
information

5. There is a gap in the availability of 
income-earning solar products

Please note our findings are based on the 
interviews we conducted and may not be 
generalizable to the larger population at this 
time. Ara Energy is continuing our research 
through feasibility studies and further secondary 
research. We believe this research can play a 
role in shaping the way our team and existing 
companies can fill the gaps around income 
generating solar products for off-grid micro 
businesses. 
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Only with such an understanding can we determine if Ara Energy can provide solutions. 
IDEO’s Human Centered Design Field Guide and methodology heavily influenced our 
approach and our resulting research tools. We believe that in order to have the potential 
to have lasting impact, and be part of addressing the global challenge of access to 
energy, it is imperative that end consumers not only participate in the creation of any 
solution, but are also consulted during every stage of the research process. 

Electrification is a critical piece for international development and enhancing the quality 
of life for low income people globally. Approximately 621 million people in sub-Saharan 
Africa lack access to electricity (IEA, 2014). We chose to focus specifically on East Africa 
because the rural electrification rate in this region is the lowest in the world at 16%. 
Comparatively, the global average in developing countries is 64% (IEA, 2014). Within East 
Africa, the four countries of Uganda, Kenya, Rwanda, and Tanzania have less than 10% 
rural electrification and less than 75% urban electrification (IEA, 2014). Ugandans without 
access to electricity comprise more than 80% of the national population, amounting to 
approximately 31 million people. Urban citizens in Uganda access at a rate of 55% while 
rural citizens access at a rate of only 7%. Additionally, studies estimate that there are 
39 million micro, small, and medium enterprises (MSMEs) in sub-Saharan Africa (World 
Bank Group, 2011). Many of these businesses require access to energy in order to 
operate, but are located in off-grid areas. These statistics helped us make the decision 
to base our field work in Uganda. This decision was further supported by the discovery 
that there are fewer solar companies working in Uganda than in neighboring countries. 

Ara Energy 
focused on: 

Understanding the needs 
and problems of end 
consumers

Businesses that require 
access to energy in order 
to operate, but are located 
in off-grid areas

Understanding the energy 
needs of off-grid micro and 
small businesses in East 
Africa

Overview
Ara Energy was formed as a collaborative research team through Colorado State 
University’s Global, Social, and Sustainable Enterprise (GSSE) MBA program with 
the purpose of focusing on global issues that surround access to energy. The team 
was formed on the principle that in order to address the global problems around 
energy access, our approach would have to be based on understanding the needs 
and problems of the end consumers. 

Country Informal Micro Very Small Small Medium

Sub-Saharan 
Africa 27,673,258 8,629,020 958,780 2,306,399 630,162 

Uganda 1,046,316 126,632 14,070 6,871 498 

Kenya 1,272,425 897,462 99,718 26,811 7,218 

Rwanda 180,182 15,120 1,680 33,600 192 

Table 1. IFC Enterprise Data
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The combination of very low 
electrification rates and a significant 
number of micro, small, and medium 
enterprises in East Africa informed our 
focus for both our secondary research 
phase, completed in January - May 
2016, and our field research phase, 
completed in May - July 2016. That 
research focus is understanding the 
energy needs of off-grid micro and 
small businesses in East Africa. 

We strived to learn about their already 
known, yet unfulfilled, energy needs. 
We also sought to identify the latent 
needs that hinder the capacities for 
small business owners to increase 
productivity and income. The 
secondary research phase allowed 
us to further define our research to 
energy access for productive use. 

We focused on the question of 
how increased access to energy 
can help off-grid micro business 
owners expand productivity and 
increase their livelihoods. We defined 
productive use as the role that 
electricity plays to operate appliances 
that have a direct effect on the 
income of a micro business owner. 
Such appliances range from lights to 
hair shavers to refrigerators, among 
many other possible devices. 

How can increased access to energy 
help off-grid micro business owners 
expand productivity and increase 
their livelihoods?

[Opposite page] Source: World Bank 
Group Finances. IFC Enterprise 
Finance Gap Database - Raw Data 
2011. Web. March 10, 2016.  
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We based our field research on four progressive, 
fundamental themes that provided the foundation 
for our questions: 

•	 Individual	/	Family

•	 Community

•	 Attitude	towards

•	 Behavior

•	 Perceived	benefits	and	activities

Culture towards energy & access

•	 Income

•	 Alternative	evaluation	criteria:	price,	quality,	brand,	etc.

Consumer Decision Making

•	 Profiles	(segment)	→	on-grid,	off-grid,	no-access,	etc.

•	 Potential	Users

Energy Use

•	 Features

•	 Benefits

Product Use

Culture

Consumer Decision Making

Energy Use

Product Use
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By understanding the cultural perceptions around energy access followed by 
the consumer decision making process and current energy use, we could begin 
to discover what gaps were present and what possible products could begin to 
meet unfulfilled needs and provide solutions. We created five research questions 
around these themes:

Question 1: Addresses Culture and 
Product Use
How is energy access perceived in cultural terms 
(prestige, education, income, etc.)? By cultural insiders?  
By cultural outsiders? 

Question 2: Addresses Consumer 
Decision Making
What are reasonable upper and lower bounds for 
theoretical high, middle, low, and very low (BoP) income 
groups for homes and MSMEs? How can we use these 
to infer further segmentation within benefit-based (we 
assume MSME type, usage profile) segments? 

Question 3: Addresses Consumer 
Decision Making and Energy Use
What is the average energy usage profile of each 
off-grid MSME type, and how might that inform their 
benefits sought in purchasing a new product? 

Question 4: Addresses Energy Use
4a. Identifying latent needs: What additional productive 
opportunities would users have if they could increase 
energy above their current level of access? 

4b. Highlighting known needs: How do off-grid homes 
and MSMEs perceive higher energy needs/wants than 
they can currently access?

Question 5: Addresses Product Use
5a. What are the most important/appealing product 
design requirements desired by generator users and 
solar users? Attributes include: fuel savings, ability to 
sell energy to neighbors, connection to solar and/or 
generator.

5b. Do off-grid homes/MSMEs have a general 
preference for their source of power generation?

5c. What do current generator and solar users like and 
dislike about their current product? 

These five research questions helped us create 
the research tools we used in the field. We used a 
combination of observation, in-depth interviews, 
surveys, expert interviews, and card sorting decks to 
obtain data. We structured our tools by focusing on 
each tier of the inverted pyramid, starting with culture 
and working our way towards specific product use. 
The interviews began with broader questions that 
became more specific as we spoke with the business 
owners. Each question was consciously worded so 
that it gave the interviewee the opportunity to provide 
information at the level of detail that he or she was 
most comfortable. Our surveys were designed to gather 
data on the usage of generators and solar systems with 
the aim of learning how often and for what purposes 
each business owner used their system. 

Furthermore, we conducted expert interviews to gain 
insights from companies that have already established 
a presence in the field of energy access, as well as to 
learn about the challenges and gaps that they see after 
years of experience. 

Lastly, in the second stage of our field research, we 
introduced two sets of card decks that focused on 
learning 1) how micro business owners prioritize and 
rank appliances that can be used for income generation 
and 2) what sources of information they both rely on 
and trust. We viewed each document as an evolving 
tool and this focus resulted in fine tuning the interview 
questions and surveys. We revised our tools three 
times during Stage 1, while being cognizant that each 
revision needed consistency so we could aggregate and 
analyze our data. We used the data we gathered during 
Stage 1 and our original research questions to create 
the tools for Stage 2, allowing us to further refine the 
information that we obtained.         
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The focus of our research also evolved from the 
data that we gathered. The initial emphasis we 
took during the secondary research phase in the 
spring of 2016 was primarily on petrol and diesel 
generators, with a secondary concentration on 
solar systems. This was because we had the 
hypothesis that micro and small businesses in 
East Africa relied heavily on generators for power 
generation. 

Support for this hypothesis was obtained by 
the fact that sub-Saharan Africa’s economy 
is growing, with the GDP expected to rise to 
an average of 4.4% and 4.8% in 2016 and 2017, 
respectively. This growth is increasing the 
demand for electricity in the region and is a 
major driver for generators and mini-grids (full 
citation in footnote). Alongside our concentration 
on generators, our secondary research further 

informed a list of potential customer pains that 
we needed to test in the field: 

1. Inefficient usage of expensive fuels (kerosene, 
petrol, or diesel)

2. Blackouts limit productivity and night activities

3. No access to the grid means darkness and, 
therefore, little to no activity after sunset

4. Shorter business hours equates to less income

5. High capital costs to acquire electricity and high 
ongoing costs for alternative sources

6. Boredom (lack of access to entertainment)

Our time in the field began by testing these assumptions. We quickly discovered a lack of 
generators in Uganda and a plethora of solar systems. Our research confirmed that generators 
are not as widely used as we had expected. As a result, we shifted our research to focus on 
solar systems and solar usage of micro business owners and the ensuing customer pains.  

Figure 1
Map of locations visited in Uganda

Langniss, O., Energie, L., Lecoufle, D., Gmbh, F., & Kg, C. (n.d.). 
Rural Electrification with Renewable Energies in East Africa Rural 
Electrification in with Renewable Energies in East Africa, 1–12.
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These villages had populations of approximately 200 to 1,000 people and were mostly 
off-grid. We visited a few on-grid villages early on so we could compare usage and 
determine whether there were more generators being used during power outages 
where grid access was available. This information tested the hypothesis of whether 
blackouts limit productivity and night activities. All the villages were accessible by dirt 
roads; however, the roads were badly maintained. While other infrastructure in these 
villages proved very limited, mobile phone service was widely available provided by 
MTN or Airtel telecom companies. The homes surrounding the villages were mostly 
huts made of mud with thatched roofs. The trading center buildings were slightly 
more sophisticated and often made of brick with either tin or thatched roofs. The 
trading centers had a central main road that went through the village. Small shops 
and businesses were located on either side of the road for a couple hundred meters. 
In the Jinja area, villages were located approximately 20-50 kilometers from the urban 
center of Jinja. In the Kabale area, certain villages were located across Lake Bunyonyi 
and best accessed by boat and then foot trail. Other villages we visited were located 
approximately 45 kilometers from the urban center of Kabale.      

We completed 
43 in-depth 
interviews and 
55 surveys in 17 
distinct villages. 
Our key findings: 

Very few generators are 
being used by micro and 
small businesses

Current solar per capita 
usage is under 875 watts

Micro businesses are 
extremely risk averse

End-user financing issues 
are a barrier to energy 
access 

There is a gap in the 
availability of high quality 
larger solar systems

End-users all want the 
same appliances

Field Research Stage 1
We began Stage 1 of field research in the eastern part of Uganda. We based 
ourselves in the town of Jinja and drove to off-grid villages. We then continued 
using Stage 1 research tools for a short amount of time when we moved to our 
second main location in southwestern Uganda. Here we based in the town of 
Kabale and either drove or took boats across Lake Bunyonyi to off-grid villages. 

Figure 2. Map of Villages visited near Jinja Figure 3. Map of Villages visited near Kabale



13Ara Energy Field Report Alyse Daunis and Alana Heath

During Stage 1, our target interviewees 
were micro and small business owners 
who currently used either a generator 
or a solar system. We did not interview 
home users because of our focus on 
productive use; we wanted to learn 
from business owners who already 
accessed some amount of electricity 
to operate their business and earn 
income. 

We spoke with a range of businesses. 
The primary types included barber 
shops, retail shops, video halls, 
and tailors. We also spoke with bar 
owners, drug stores, stationary shops, 
phone charging shops, and millers. 
Of the businesses we interviewed, 
29 owners agreed to provide their 
daily revenue data. The majority 
daily earned revenue was under UGX 
100,000, or USD $29.  A small number 
of businesses earned between UGX 
100,000 and 300,000, or USD $29 and 
$89, and only two owners earned up to 
UGX 500,000, or $148 daily. 

These villages had populations of 
approximately 200 to 1,000 people 
and were mostly off-grid. 

Figure 4. Using a conversion rate of 
UGX 3,380 per USD $1

UGX 0-100,000 / USD $0-29
UGX 100,000-300,000 / USD $30-89
UGX 300,000-500,000 / USD $90-148

Daily Earned Revenue of 
Micro Businesses  

23

4
2
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Type of businesses: Videohall, barbershop, and sells power to 
his neighbor

Hours of operation: 7 days a week, 10:00-22:00

Daily income: UGX 8,000-100,000 (approx. USD $2.40 - $29)

Current system: Solar comprised of two 120 watt panels and 
one 200 amp lead acid battery

Cost of current system: Panels: UGX 480,000 (approx. USD 
$142); Battery: UGX 750,000 (approx. USD $222)

Appliances: Lights, 2 TVs, DVD Player, Speakers, Stereo, Shavers

Repairs: Repaired his solar system once in two years

Preferred method of payment for large purchases: Cash, 
because there is less pressure than purchasing through a 
savings group.

Stage 1: Customer Profile

Welding enabled him to save money to buy a generator 
and return to his village. After he got the generator, his 
life improved because he started his own business. This 
is his seventh year of operation. Ivan switched from using 
his generator to using solar two years ago, and life is 
even better now with solar than it was with the generator 
because he is saving UGX 280,000 (USD $83) per month 
on fuel. The generator caused an issue because when his 
videohall only had a few customers he would still have 
to run it and spend the same amount of money on fuel 
as when he had a lot of customers. He switched to solar 
because of the significant savings he would have on fuel 
expenses every month.

Ivan said that he liked his generator because it was 
portable and good for emergencies. Ivan also explained, 
however, that the fuel costs were too high. He had built a 
special device that reduced the smoke and noise to levels 
that no longer affected him. Now that he has experience 
with solar, he prefers it over the generator for multiple 
reasons. Foremost, because it is cheaper and does not 

have power surges, like the grid, that can damage his 
appliances. It also can be turned on at any time.  

He is currently selling electricity at a daily rate of UGX 300 
(approx. USD $0.09) to his neighbor to power lights and a 
TV. If he could increase his solar capacity, he would add 
a fridge and another TV screen for his videohall as well 
as sell power to more neighbors. There is high interest in 
buying power from him. In order to sell more, he would 
need to be able to regulate the neighbors’ usage because 
neighbors might try to power too many devices, limiting 
his own usage. Such an event would impact his two 
businesses, both of which rely on electricity.

Ivan’s ideal system would still be solar, but one that can 
power all the appliances he both owns and wants to 
own. His ‘dream’ system could power a popcorn machine, 
fridge, welding machine, a music system, another TV, a 
music video library, as well as sell to more neighbors as 
long as they buy their own cable.

Ivan was an orphan and life was hard. He was scared of the lake so he didn’t fish, 
which is the main occupation in his home village located outside of Jinja. As soon 
as the opportunity arose, he moved to Kampala and worked as a welder. 
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Our key findings from Stage 1 played an important role in the refinement of 
our research tools and our progression into Stage 2. Our data informed six key 
findings that supported our team’s focus on off-grid areas and the subsequent 
emphasis on solar technology after discovering the absence of generators.

The few generators we found resulted in the following takeaways: 

•	 On-grid generators are not used every day, but rather only for emergency/back-up purposes

•	 Generators on average were sized at approximately 2.8 kW

•	 Eight interviewees had purposefully switched from using a generator to using solar

•	 86% of businesses we interviewed in off-grid areas already used solar (60 out of 70 interviewees)

Key Findings

Very few generators are being used by micro and small businesses

We found that there were very few generators being used in the off-grid areas near both Jinja and Kabale. 
Interviewees said that the challenges from using generators were significant and 78% of interviewees stated 
that generators are expensive to operate. There are two main operating expenses: 

1. Cost of fuel: petrol and diesel are priced higher in Uganda than in surrounding countries and prices are 
even higher in rural areas

2. High frequency of repairs: generators required repairs on a regular basis

Business 
Activity

How often do you 
repair/maintain 
the generator?

How frequently do 
you purchase fuel?

How many liters do 
you buy each time 
you purchase fuel?

How much do you 
spend per liter of 
fuel? 

Printing, 
Copying, 
Internet Use

Every 3 months  No response 5 No response

Video hall Weekly Daily 20 UGX 4,000

Bar Every 6 months Daily 2 UGX 3,200

Stationary Every 3 months 2-3 times/week 3 No response

Video hall Every 6 months As needed 5 UGX 4,000

Video hall Biweekly Daily 1.5 UGX 3,500

Table 2. Generator User Survey Responses
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The majority of businesses we interviewed (86%) were 
already using solar. Additionally, we found 25 out of 39 
respondents stated that solar is their preferred source 
of electricity compared to generators or grid access. It is 
worth noting, however, that 17 of 34 respondents stated 
that they would use the grid if it became available. Some 
said they would use both solar and the grid while a few 
others said they would switch completely. 

Furthermore, an interesting finding was that the micro 
business owners currently using solar tend to purchase 
systems in individual components over time instead 
of buying a full system in the same purchase and at 
the same time. The rationale is twofold. First, because 
of the belief that this method is less expensive, and 
second, there are very few full system options currently 
available on the market. These ad-hoc solar systems 
provide electricity that ranges from 25 watts all the way 
up to 875 watts through a combination of different sized 
solar panels paired with different numbers and sizes 
of batteries. These systems were wired together in a 
“do-it-yourself” fashion, but according to the owners, this 
technique provided satisfactory results.

Current solar per capita usage is under 875 watts   

Figure 5

Generator
Solar
Grid

25

6
2

Preferred Sources of 
Electricity

Micro business owners are extremely risk averse and respondents generally stated a preference to 
work in the same popular and tried-and-true businesses, which include barbershops, video halls, 
and retail shops. This seems to be the result of a lack of exposure to other profitable enterprises 
and carries the risk of markets for local services being quickly saturated as development occurs 
and entrepreneurs follow the ‘copycat’ mentality and open already vetted businesses.

Micro businesses are extremely risk averse

Ad-Hoc Solar System Sizes
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0-49     50-99   100-199  200-299  300-599     600      800+

Figure 6

Financing was flagged as a key challenge by both 
consumers and experts we interviewed. Consumers stated 
a preference to pay for large purchases in cash. Further 
evidence of this preference was seen from the fact that 
villagers would save their money until they had enough 
to purchase an individual component and then go buy 
that piece. Villagers would follow this method of saving 
and paying in cash for each component until the system 
was complete. Villagers’ second preference was to pay via 
mobile money and, moreover, we found villagers showed 
an initial reluctance to take on credit. From our research, 
we think there may be a knowledge gap for consumers 
around the uses and benefits of credit. A disconnect may 
exist because companies we interviewed offer installments 
via mobile money, without a cash option, and this may 
lead to a segment of potential customers being overlooked 
because of their stated preference of paying with cash.  

End-user financing issues is a barrier to energy access

Figure 7. Survey Respondents’ Preferred 
Method of Payment for Large Purchases

Preferred Payment Method

Cash
Mobile Money

2612
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Panels and Wattage Panel Brand Total Watts Battery Size

1x 75w, 1x 40w Bach Solar, Lightwave Solar 115 1x 100 Amps

1x 100w, 1x 60w, 1x 40w Green Power and ABM 200 1x 75, 1x 70, 1x 50 Amps

2x 100w Sunshine Solar 200 1x 150 Amps

2x 120w Storm 240 1x 200 Amps

3x 100w Sunshine Solar 300 1x 150 Amps

5x 120w Unknown 600 1x 200 Amps

5x 120w, 2x 100w, 1x75w Ase 875 6x 200 Amps

Additionally, a split exists in the solar technology industry between providing in-house financing for solar 
products and partnering with an institution to provide external financing for solar products. It is unclear at this 
time which method is most successful with advantages and disadvantages for both options. Some challenges 
mentioned in expert interviews included:

•	 Difficulties exist when trying to do everything in-house instead of partnering with specialized companies, 
particularly around offering end-user financing

•	 Upfront costs for solar technology remain quite high for end-users

•	 Low literacy levels are a barrier for end-users to fully understand financing terms

Confirmed Gap: High quality larger solar system availability
During our secondary research, we had found a lack 
of 100+ watt solar systems currently available on the 
market and this gap was confirmed during our time in 
the field. As mentioned before, micro business owners 
create their own ad-hoc solar systems in order to 
meet their energy needs. Three major problems exist 
with the “do-it-yourself” method of gaining access to 
more electricity. First, the systems are not efficient 
because they pair different sized solar panels with 
different sizes and numbers of batteries. Second, this 
method is devoid of any kind of sales service before 
the purchases to advise on the best combination of 
components. Furthermore, there is no one to advise 
on either financing options during the purchase or 
on installation assistance, maintenance, and repairs 
after the purchase. Third, the East African market is 
quickly becoming saturated with poor quality solar 
technology and consumers do not have the knowledge 
or expertise to distinguish these from higher quality 

products. Purchasing decisions are often simply made 
by price, the lower the better. The prevalence of these 
ad-hoc solar systems surprised us, and we determined 
a significant reason that people create solar arrays 
themselves is because of the lack of availability of full 
systems providing 100+ watts. 

Of the nine companies we interviewed, the currently 
available larger systems range from 40W to 300W. 
However, the 100+ watt systems have not penetrated 
the markets in Uganda and are not promoted in the 
areas we interviewed. These systems also operate on 
the lower watt level when compared to the ad-hoc 
200-875 watt systems that people create themselves. 

Table 3. Example of Survey Respondents’ ad-hoc Solar Systems 
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Across the board, the micro business owners we 
interviewed all want TVs and refrigerators. 

Due to the high interest in refrigerators, we decided 
to ask some specific questions related to this 
appliance. Of micro business owners we surveyed 
about refrigerators, all of them stated that the main 
purpose would be to sell cold drinks, two said they 
would also use it for fruit, and one said he would 
use it for fish if there was a partition to contain the 
smell. 

Additionally, we asked eight people which they would 
prefer between a DC solar-powered fridge and an 
AC powered fridge with an inverter. Most preferred 
the DC solar-powered option. We realize this is not 
a statistically significant number of responses, but 
found it interesting nonetheless. 

End-users all want the same appliances

What would you do with more power? Responses

Total Responses 65

Buy and use a Fridge 33

Buy and use a TV* 33

Open a barbershop 20

Phone charging 15

Increase Lighting 13

Use a computer 6

Table 4. Responses to “Desired Actions if Energy Access Increased”

* TVs highly correlated with barbershops wanting to 
entertain their customers.

Our expert interviews provided further insight into the spectrum of appliances. Some solar companies have begun 
to offer specialized appliances, but the initial uptake seems to be small, and the solar systems that are currently 
offered cannot power the appliances that people are actually using. From the expert interviews, we heard the following 
comments around challenges in the appliance space: 

Figure 8. Refrigerator Power Source Preference

Solar-powered fridge (12v, 24VDC)
AC-powered fridge (requires inverter)

2

Refrigerator Preference

6

•	 In general, there is a lack of options for DC appliances

•	 Price is an issue because specialized fridges are double 
the price of regular AC fridges

•	 Appliances need to be made available alongside larger 
solar systems

•	 In addition to appliances, there is a huge need for 
companies to help create the business models to use the 
appliances

Because of these comments, and the stated demand we 
saw in the field from micro business owners, we have begun 
to research the appliance sector to further our knowledge 
around this key finding.
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The similarity in respondents’ answers to interview questions was quantitatively 
useful, but prohibited depth and creativity. Unsure how best to proceed, we asked 
our team mentor and Director of the Global, Social, and Sustainable Enterprise MBA 
Program, Paul Hudnut, for advice. His comment was insightful: “As entrepreneurs, 
changing the questions you are asking as you are in search mode is important. As 
researchers, it makes it harder to get solid data.” 

With this in mind, we decided to revamp our research tools by adding a card sort 
deck and creating a new interview guide. These new tools allowed us to explore 
ideas, while continuing to ask only the most critical questions from our original tools.

The new interview guide built upon the original, but focused entirely on four 
themes. First, we transitioned from a focus on generator and solar usage in both 
on- and off-grid areas, to focus solely on off-grid micro businesses’ solar use. This 
change was due to the low amount of generators we found in off-grid locations 
and the vast potential and penetration of solar. Second, we incorporated questions 
and card sorting to vet the idea of all-in-one small business starter kits because 
of our interest in productive use. Card sorting is a research method that enables 
respondents to rank a deck of photos in order of preference. Third, we added more 
in-depth and open-ended questions regarding micro businesses’ and homes’ interest 
in selling and buying power. Lastly, our team added card sorting and questions 
regarding marketing and consumer education because of the poor quality of 
information for solar users that we discovered during Stage 1.

“As entrepreneurs, 
changing the 
questions you are 
asking as you are 
in search mode 
is important. As 
researchers, it 
makes it harder to 
get solid data.” 

Paul Hudnut, Director of 
the Global, Social, and 
Sustainable Enterprise MBA 
Program

Progression into Stage 2
It is challenging to balance the two roles of a student research team and 
entrepreneurs. When our team arrived in the second location, the southwestern 
region of Uganda, we quickly found that our current research tools were 
insufficient to produce valuable information. 
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The location primarily consists of hard-to-reach off-grid villages with populations of 
approximately 100 to 400 people. Goods and services are transported via small boats, 
canoes, or motorcycles, and occasionally, cars or trucks. 

Due to the lack of infrastructure and small winding roads, locals live in isolation and 
make the long (9-78 kilometers) and costly trip to Kabale town less frequently than 
Stage 1 respondents located in the eastern region of Uganda. With the necessity to 
sustain themselves in an isolated location, a vast majority, if not all, of respondents in 
Stage 2 were smallholder farmers. However, a majority of respondents’ time is spent 
running one or more of the micro enterprises we saw in Stage 1, such as retail shops, 
barbershops, and tailors. In addition, we observed a new type of micro enterprise in 
the southwestern region: car battery charging stations.

We discontinued the use of surveys in Stage 2 for the alternative of allowing more 
time for thought-provoking interviews. The Stage 2 interview guide incorporated 
several questions containing the phrases “what do you think about…” and “what do 
you like and dislike about…” in order to get the respondents to share their ideas and 
needs. Additionally, we added card sorting as a research tool to give interviewees an 
opportunity to rank marketing and small business kit preferences. Human-centered 
design best practices heavily influenced this stage of research; consumers are 
considered the experts and are asked to participate in the ideation process.

We completed 
44 in-depth 
interviews in 14 
distinct villages 
and 1 urban town.
Our key findings: 

Financing remains a key 
issue

End-users are interested in 
buying and selling power

End-users are interested in 
purchasing all-in-one solar 
systems

Radio and company 
representatives are the 
most trusted sources of 
information

There is a gap in 
the availability of 
income-earning solar 
products

Field Research Stage 2
Stage 2 of our research took place in the southwestern region of Uganda in and 
near the town of Kabale, Lake Bunyonyi, and the surrounding area. The region 
is known as the “Switzerland of Africa” due to its mountainous terrain and high 
elevation of 6,400 feet. 
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Type of businesses: Battery charging and 
retail shop

Source of electricity: Grid

Number of customers per day: 30-35

Electricity bill (cost of running the 
business): UGX 60,000/month ($17.75 USD) 

Stage 2: Customer Profile

In order to reduce disruption to his business 
activities, he owns a car battery that he charges 
in town so he can power his lights and small 
appliances during blackouts.  

After several years of running his retail shop, 
Miles was struggling to make ends meet due to 
the increasing amount of large retail shops and 
supermarkets in town. He decided he needed 
to start another business to supplement his 
income. After several conversations with the 
man who charged his battery, Miles made 
a trip to Kampala to get a charger made for 
himself. He was officially in the battery charging 
business. 

He now receives around 30 to 35 customers 
a day. Most of which are off-grid villagers 
whose only access to power is their battery. 

He currently bills a fixed rate for charging batteries, 
ranging from UGX 1,000 to 3,000 (USD $0.30 to 
$0.89) based on the size of battery. He also sells 
used batteries to customers — a small sized 
battery costing UGX 50,000 (USD $14.80) and large 
sized battery costing UGX 80,000 (USD $23.67). He 
charges customers’ batteries until they are hot 
to the touch, which is his way of knowing if the 
battery is fully charged or not. He realizes this is 
not ideal; customers occasionally complain about 
their battery not being fully charged. When asked 
about the idea of a metering device, he stated that 
he thinks metering would benefit the business but 
is concerned that customers may prefer the current 
fixed rates. Miles thinks that a solar powered battery 
charger is a good idea, especially because of the 
high costs he pays for the grid (UGX 60,000, USD 
$17.75, per month), as well as the difficulties power 
outages provide.

Miles comes from a village near the town of Kabale. He opened a retail shop that 
he runs on a daily basis to earn an income to support his family. Miles feels lucky 
to have access to the grid but is frustrated by the large number of power outages, 
sometimes occurring up to 3 or 4 times a week. 
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Our key findings from Stage 2 dictate how our team moves forward in the 
research process. Stage 2 tools were created afresh due to the team’s new focus 
on off-grid solar users, small business kits, selling/buying power, and marketing 
and consumer education. The data in this stage informed five key findings 
that further supported our team’s interest in productive solar use for micro 
businesses in off-grid areas. 

Key Findings

Financing remains a key issue

Financing remains a key issue for micro businesses to 
access large systems and expensive products. Cash 
continued to be the preferred method of payment, 
partially due to a lack of installment options presently 
available. 19 of 25 interviewees were interested in 
making a large purchase in installments, under the right 
conditions, if the option was available. Respondents 
expressed several concerns when discussing 
installments: 

End-users are interested in buying and 
selling power

We found that a substantial amount of respondents 
were interested in selling, sharing, or buying power. 
83%, 55 of 67 respondents, expressed an interest in 
selling or sharing power, while 4 businesses were 
already selling power. Two methods exist for selling 
power: 1) charging portable car batteries, or 2) 
connecting a neighbor to power via a wire. “Via a wire” 
is a phrase our team used to describe a business 
selling power to one or more neighbors by connecting 
residential power lines to a central control battery 
box and stringing them over to nearby homes or 
businesses. A majority of observed wires powered 
single light bulbs; a small number of wires powered 
TVs. 

We asked 25 micro businesses about their preferred 
method for selling power: 14 preferred battery charging 
and 9 preferred selling via wire. Moreover, more than 
half of respondents were interested in metering 
capability to ease power sharing and selling.

Figure 9. Expressed Interest in Buying Power

Interested

Maybe but has concerns 

Not Interested

60.7%

14.3%

25%
Micro Businesses’ 
Interest in Buying Power

1. High interest rate costs and timing of payments

2. Duration of credit terms and conditions around 
payment failures 

3. Number of installments, size of installments, and 
overall duration

4. Method of making payments and amount per payment

Moreover, respondents stated that the ideal financing 
period should be based on total cost: the higher 
the cost, the longer the payment period. Several 
respondents mentioned that a product’s income 
generation potential would be a further incentive to 
purchase using installments. 
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25 interviewees were asked about their thoughts and 
concerns about charging batteries. 20 of these 25 
respondents were very interested in charging batteries 
and shared five strengths:

In Stage 2, we focused on homes’ demand for buying 
power from neighbors, as we noticed that fewer off-grid 
households than micro businesses access electricity. 
Unsurprisingly, when we asked homes if they want access 
to power, “no” was never the answer. However, it was not 
possible to determine if the 27 households interviewed 
are financially capable of actually purchasing electricity 
without knowing household income — a metric we were 
unable gather. 

We asked households which method they would prefer 
to use to buy electricity: 13 preferred receiving power 
via wire, while 14 preferred charging a battery. Moreover, 
we asked households what devices they would like to 
power if they had access. This question was added due 
to micro businesses’ concerns regarding the amount of 
power buyers may use. As shown in Table 5, lights and 
TVs were the most desired appliances for homes. Lights 
use minimal electricity, and thus, could be more easily 
powered by battery or a neighbor’s system via wire than 
the remaining appliances. More information is needed to 
determine how large a charging system would need to be 
in order to power multiple homes or businesses with a 
variety of appliances. 

Additional information is also necessary to determine 
how small a charging system can be and still generate 
an attractive profit for the seller. Furthermore, no clear 
delineation exists of the threshold between customers’ 
willingness to continue buying power versus purchasing 
their own system for generation after the initial 
purchase.

What devices do you want to power? Responses

Total Responses 27 

Lights 15

TV 10

phone charging 9

Iron 8

Fridge 5

Radio/Woofer 4

Cooker 3

Table 5. Responses to “Devices that Homes Want to Power”

Note: Respondents were able to choose more than one response

1. There are many people who already own batteries in 
the region

2. Battery charging has more earning potential than 
selling via wires

3. There are people with batteries located where wires 
will not reach

4. The seller can control when he or she chooses to sell

5. Battery charging forces sales interaction and 
immediate payment

When asked about concerns of charging batteries, three 
themes were found: 1) people complain of batteries not 
being fully charged, 2) many people do not want to or 
cannot afford to buy a battery, 3) weather consisting of 
rain and cloud coverage could make charging batteries 
via solar power difficult.

Similarly, we asked 24 micro businesses about their 
thoughts and concerns for selling power via wire: 
14 respondents liked the idea, 6 did not, and 4 were 
unsure. The micro businesses expressed the following 
concerns about selling power via wire: 1) necessity 
to be available often in order to provide service to 
customers, 2) noncustomers could steal power from 
wires without paying, 3) it could lead to conflicts if 
payments are not received or power is not working 
properly, 4) people, often children, destroy connection 
wires.

Respondents also mentioned several strengths for 
selling or sharing power via wire. First, selling via wire 
was considered more profitable than charging batteries 
because the seller can generate a consistent income on 
a monthly or weekly basis. Second, the ability to meter 
energy usage, when selling via wire, was highly valued 
due to its ability to assist in determining a fair price 
that both parties can agree upon.

We not only sought to find out micro businesses’ 
interest in selling power, but similarly endeavored to 
better understand the demand for buying power. In 
Stage 1, 17 out of 28 micro businesses expressed an 
interest in buying power from neighbors (Figure 9). 
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Over the course of our research, we heard several 
complaints from micro business owners about the 
unreliability of solar products and untrustworthiness 
of information provided by manufacturers and 
distributors. When asked what influences their 
purchasing decisions for solar systems, many micro 
business owners said they only buy German made solar 
panels because of fear of purchasing a counterfeit 
product. We heard stories of people buying wood that 
was painted to look like solar panels, as well as people 

Radio and company representatives are the most trusted sources of information

buying poor quality home systems for triple the 
average price. 

Using card sorting, interviewees ranked what sources 
of information they trust from most to least. Company 
representatives and radio were the highest ranking 
sources (highest perceived trustworthiness), with 
average scores of 4.41 and 4.17, respectively (Table 7). 
Company representatives with knowledge about the 
solar product he or she sells produced comparatively 

Kit Name Total 
Votes

Avg 
Score

Battery Charging 24 8.3

Video Hall 20 8.3

Barbershop 17 7.5

Tailor with electric sewing machine 16 7.4

Retail (lights, fridge) 17 7.2

Flat iron 16 6.1

Laptop (music burning, internet 
cafe) 15 5.1

Stationery/printing 15 4.9

Popcorn machine 12 4.8

Irrigation/Pumping 13 4.5

Table 6. Ranking of All-in-One Solar Small Business Kits

End-user interest in purchasing all-in-one solar systems

As described in Stage 1, and what we continued to 
find in Stage 2, many micro business owners purchase 
systems piecemeal - that is, in components over time. 
This is due to the belief that buying this way is less 
expensive and due to the lack of large (100+ watt) 
all-in-one systems available. Due to this occurrence, we 
explored the idea of an all-in-one solar small business 
starter kit that would include a battery, solar panel, 
and additional key items one would need to start a 
specific business. 

We asked micro businesses various questions regarding 
their interest in all-in-one solar kits, as well as used 
card sorting for respondents to rank various photos 
of small business kits in order from highest to lowest. 
After the ranking, we asked respondents to describe 
why they ranked in that order, if a kit they wanted 
was missing in the photo list, and if there are pieces 
of a kit missing in one of the photos. At this point, 
respondents’ expressed foreseeable concerns for 
purchasing an all-in-one kit: high price, poor durability, 
untrustworthiness of sales company, lack of product 
use and information, and inability to receive repairs. 
These concerns must be addressed for consumers 
to adopt all-in-one solar small business starter kit 
systems.

During this process, we found unanimous interest in 
all-in-one solar kits, most especially ones that enable 
an entrepreneur to start a new business. Battery 
charging and video hall kits ranked the highest, 
followed closely by barbershop, tailor, and retail 
kits (Table 6). We believe this is due to consumers 
perceiving these types of businesses, with the 
exception of battery charging, as low risk and their 
popularity in rural areas. In Uganda, battery charging 

businesses are far less common than the other highly 
ranked businesses. Thus, its high ranking was less 
expected and may have been influenced by interview 
questions and information given related to selling power. 

One concern for companies interested in creating such 
kits is that one village can only sustain a few of each 
common business type before the challenge of saturation 
occurs. With that being said, more research is needed 
to determine various types of small businesses that are 
currently uncommon, but have potential to generate 
substantial income for entrepreneurs. 
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high perceived trustworthiness. Most interviewees 
purchased their ad-hoc solar system from general 
electronic shops or salesmen who do not have 
substantial knowledge of the solar products they 
distribute. We believe this is a major factor in causing 
the influx of poorly created ad-hoc systems, as well 
as counterfeit and other poor quality systems. Solar 
companies designing high quality systems is not 
enough to penetrate the market; well trained company 
representatives are needed to sell to, support, and 
educate customers in order to gain consumers’ 
trust. Our research indicates that such trust directly 
translates into higher sales and market penetration for 
products.

Consumers also considered radio and product 
demonstrations trustworthy sources of information. 
Radios penetrate rural and urban areas more than 
any other media source in Uganda and are used for 
both information gaining and entertainment. Several 
interviewees stated that they learned about solar and 
other products from the radio. Consumers described 
product demonstrations as a good way for people 
to learn how to use products and to test products 
before purchasing. It is also worth mentioning that 
interviewees rely heavily on word of mouth and 
information from family and friends for decision 
making, but do not always consider this information to 
be trustworthy.

Source Total 
Votes

Average 
Score

Company Representative 22 4.41

Radio 24 4.17

Product Demonstration 21 3.95

Television 20 3.95

Community/Friends 18 3.61

Signpost/Billboard 20 2.60

Table 7. Ranking of the Trustworthiness of Information Sources 

During our time in the field, we did not come across 
a solar product that was designed specifically for 
the micro entrepreneur in mind. Only two of the nine 
prominent solar companies we interviewed target 
small and micro businesses. A vast majority of solar 
companies in East Africa target Bottom of the Pyramid 
households and design systems primarily to provide 
light while some systems can charge phones and a 
few can power a small TV. The largest system sold by a 
company we interviewed is 300 watts, with the average 

Gap: Availability of income-earning solar products

size below 100 watts. Lights provide many benefits 
to both households and businesses; however, solar 
products that specifically target entrepreneurs’ needs 
is a gap currently unfilled in the East African market. 
Our respondents dream of owning all-in-one systems 
that can power all they need to run their businesses. 
This gap not only informed our focus on selling power 
and solar small business starter kits, but continues to 
inform our movement forward.
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We believe that collaborating with like-minded entities is important in order to create 
and provide solutions that will have the most potential to fulfill the needs of micro 
and small business owners. 

Ara Energy’s next steps require coordination with individuals and companies who 
share our values and mission. Our mission is to facilitate access to reliable clean 
energy sources for businesses in East Africa. We believe clean energy access will 
provide communities an environmentally sustainable platform to greater economic 
and social prosperity. We are pursuing partnerships that will offer value to all 
participants; especially micro and small business owners around the world. 

Over the next few months, we will be generating and iterating business models based 
on our secondary and field research. We will continue to engage with both current 
and prospective partners and explore the opportunities that these partnerships 
could make possible. If an attractive business opportunity presents itself, we hope to 
explore the option of going forward with a pilot phase. We look forward to pursuing 
this work and we are keen to see what our research will achieve. 

Our mission is to 
facilitate access 
to reliable clean 
energy sources for 
businesses in East 
Africa.
We believe clean 
energy access will 
provide communities 
an environmentally 
sustainable platform to 
greater economic and 
social prosperity.

Looking Forward
Ara Energy is now building on these key findings and using the field data gathered 
during Stage 1 and 2 to inform our direction as we move forward. We think that 
this research can play a role in shaping the way our team and existing companies 
can fill the gaps around income generating solar products. 

A special thanks to Hashim Mutanje, Morgan DeFoort and Factor[E] Ventures, 
Paul Hudnut and the Global, Social, and Sustainable Enterprise MBA Program 
at Colorado State University, and the companies we interviewed for this 
research.
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Alyse is a social entrepreneur with 
six years experience in international 
development. She is dedicated to the 
research, development, and distribution 
of life-improving products in developing 
countries. Her interest in solar energy 
blossomed in 2013 when Alyse co-founded 
a social enterprise distributing solar lamps 
and clean cookstoves in rural Uganda. 
She assisted her Ugandan co-founder 
with the pilot and initial launch of the 
company before pursuing her MBA in 
Global Social & Sustainable Enterprise 
full time at Colorado State University. 

Past work experience includes: working 
with a nonprofit focusing on sanitation, 
income generation, and education for 
youth in Uganda, as well as a nonprofit 
training young women in Tanzania to be 
leaders. Alyse sees the vast potential 
for renewable energy to increase the 
livelihoods of East Africans and is 
excited to continue her research on 
energy access as co-founder of Ara 
Energy. She enjoys cooking, traveling, 
hiking, camping, and snowboarding.

Research Team Biographies

Alyse Daunis
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Brett graduated in the top 100% of his class 
after four grueling years at the University 
of Colorado at Boulder and received 
his bachelors of science in aerospace 
engineering.  Unwilling to actually put his 
degree to direct use, he took a job in the 
manufacturing industry with a small plastics 
injection molder in Denver, CO.  Over the next 
nine years, he ranged from one department 
to another, cadging on to whomever would 
let him, learning what they had to teach, and 
moving to the next.  He gained experience 
in engineering, quality, sales, design for 
manufacture, and operations (among others) 
and really began to understand about how 

the business functioned as a whole.  
After some time (too long, really), Brett 
realized that all of the projects for which 
he felt the most passion involved some 
aspect of sustainability.  Armed with 
this new epiphany, he quit his job intent 
on finding something that would allow 
him to work toward sustainability every 
day.  In Colorado State University’s GSSE 
MBA program, Brett has polished his 
business acumen into a business savvy 
and still hold fast to the roots of social 
and environmental responsibility and 
stewardship. 

Alana’s passion revolves around renewable 
energy and microfinance. Her work started 
in education for underprivileged children in 
northern India and then shifted to project 
development focusing on renewable energy 
while obtaining her B.A. at Georgetown 
University. In 2012, she founded Alta Solar, a 
rural electrification nonprofit that provides 
a practical solar lighting option for the 
poorest residents of the remote region of 
Ladakh, India.  The pilot phase rolled out 
in September 2013 and she continues to 
manage and oversee all of Alta’s activities. 
Simultaneously, she worked in Washington, 
D.C. for a fund manager that invests in 

microfinance institutions globally and 
on a team creating a strategy to open up 
the U.S. microfinance sector to increase 
access to finance for domestic micro 
and small businesses. Alana continues 
her focus on global issues surrounding 
access to energy as a co-founder of 
Ara Energy, a team created as part 
of the Global, Social and Sustainable 
Enterprise MBA Program at Colorado 
State University. She loves working on 
energy issues, corresponding with her 
old students in Ladakh as they grow up, 
downhill skiing, reading, and cooking.  

Ali graduated from the University of 
Bahrain with a Bachelor’s degree in 
Accounting. While in university he became 
one of the founding members of the 
national chapter of AIESEC, an international 
not-for-profit organization that provides 
young people with leadership development 
and cross-cultural exchange experiences 
across the globe. After graduation 
he continued on as president of the 
organization where he became interested 
in sustainable development, education 
and social entrepreneurship. Since then he 
has worked with a government entity on 
the design and development of multiple 

national projects focused on human 
capital development and private sector 
growth. His experience also includes 
business consulting with KPMG, auditing 
and talent management. As part of the 
Global, Social and Sustainable Enterprise 
MBA Ali became a co-founder of Ara 
Energy and is very excited about the 
research into energy access in East 
Africa and beyond, which relates to the 
biggest issue he believes is facing the 
world right now: climate change. 

Ali Mohamed

Brett Ellison

Alana Heath
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Our mission is to facilitate 
access to reliable clean 
energy sources for businesses 
in East Africa. We believe 
clean energy access will 
provide communities an 
environmentally sustainable 
platform to greater economic 
and social prosperity.
— Ara Energy team
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