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In a country like the United States, where telephones, electricity, and internet are ubiquitous to the vast 

majority of its citizens, it’s hard to appreciate what life would be like without them.  In Sub-Saharan 

Africa, however, this is reality for millions of people.   

That region of the world has some of the lowest levels of infrastructure investment in the world. Due to 

high upfront costs both in labor and materials, many African nations lack basic infrastructure, such as 

roads, electricity, water,  sewage, telephone, and internet. Yet across urban-rural and rich-poor divides, 

mobile phones are overcoming these obstacles and 

giving new possibilities to the people. During two 

recent stays in Ghana, Africa, I observed these 

particularly dramatic effects in rural communities, 

where mobile phones truly represent the first modern 

telecommunications infrastructure of any kind, and 

where impoverished communities yearn for many 

other modern amenities such as electrical lights, TVs, 

and cell phone chargers. 

Although Ghana has successfully achieved one of the 

highest electrification rates in Sub-Saharan Africa 

(72%) (Aker, 2010), the rural villages I visited do not 

expect to be connected to the grid in the foreseeable 

future, yet they still try to stay connected to the world 

with mobile phones.   People are so reliant on this 

that men and children walk miles to reach the nearest 

town with electricity just to give their batteries a full 

charge. Other communities charge dozens of cell phones at one time, hooking them into daisy chains of 

power strips powered by a single generator provided by a mobile phone company. They pour their hard-

earned money into cell phone air and charging time, leaving little behind in the community to build their 

own precious infrastructure. 

During my return to Ghana this summer as part of University of Rochester’s (UR’s) National Science 

Foundation-funded IGERT program on Distributed Renewable Energy, a team of seven graduate 

students and I hoped to address this very problem from multiple angles: technically, socially, and 

economically. We designed and taught a program that would inspire youth to make a lasting impact on 
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the electricity needs of rural and urban Ghana 

by training them on the science, business, and 

the practical nature of solar energy. 

To meet our objectives, we planned and 

taught a Practical Solar Energy Workshop at 

Takoradi Technical Institute’s (TTI’s) “Fab 

Lab,” the first of the Ultra-Modern Digital 

Fabrication Laboratories established by MIT in 

Africa. During this Solar Panel Assembly 

Training, fifty students from many schools 

around Takoradi were invited to learn how to 

build solar panels and cell phone chargers 

from scratch utilizing hundreds of silicon cells 

donated by Evergreen Solar, a now obsolete U.S. solar cell manufacturer. Our program in Ghana 

culminated with a visit to a nearby off-grid village in order to install the panels and re-establish a 

connection between the youth of Takoradi and the underprivileged community that has been lobbying 

for electricity for years.  

During our stay in Takoradi, we found a couple small shops around the market that sold solar panels, but 

none of the students in class knew anyone that actually owned one. Priced at over 500 Cedis per panel, 

the panels were too expensive for a working-class Ghanaian to afford, especially when families need to 

budget in order to be able to prepay for electricity which runs a few lights in their home at night. 

However, after learning about levelized cost of energy (LCOE) during one of our lectures, students began 

to see the value in solar energy and were able to justify the high up-front costs because over time, the 

cost per Watt is very competitive with the market price of electricity.  

Even at the best technical institute in the city, most students had 

never actually held a solar cell before. Throughout the country, 

information is conveyed on the chalkboard, with memorization and 

quiz grades taking precedence over creativity and practical 

application. Nevertheless, these teenage students at the TTI were 

excited by opportunities to create and design, and were therefore 

bursting with anticipation and excitement when we informed them 

that they would all be creating solar panels in their own lab and 

installing them as a microgrid system that very week. 

To our delight, the students were eager to learn the techniques 

required to assemble the solar panels and chargers in the lab. Every 

step of the way, they were proud of their work, smiling and asking 

for photos to be taken to document their progress. Teachers 

informed us that the students’ excitement about this task was unlike 

any other project they could run in lab, and that it left a lasting 
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personal impact on many students. I can’t count how many 

times I was asked by students if they could take home some 

extra solar cells to make cell phone chargers for their 

families. They truly enjoyed making the chargers on their 

own, and saw the value it could bring their families and 

communities – just what we were hoping for. 

We complemented the time in the lab with lectures and 

demos on relevant science education. OSA’s (The Optical 

Society of America) Optics Suitcase enabled us to easily teach 

about light and the solar spectrum. The students appreciated 

the hands-on demos, manipulating the Rainbow Peepholes 

and polarizers to see color with their own eyes, and learning 

the range of wavelengths that is present in the solar 

spectrum. In another demo, students marveled at the colors 

of a thin film coating created by dipping a black sheet of 

paper in a pool of water with a thin layer of clear nail polish 

on top. They were reminded that every silicon solar cell has a 

thin film antireflection coating on it, which gives it the blue 

color and increases the cell’s efficiency.  

After three days’ hard work in the lab and in classrooms, we all boarded a bus and traveled to the 

nearby off-grid village, Bomba. We were greeted with a traditional welcoming ceremony, where the 

village’s chief received us in a great hall open to the outdoors, and we presented the public with our 

intentions. To ensure sustainability of the Solar PV system, we asked the community for some 

volunteers to maintain the system over a period of time. A few 

members stepped forward, agreeing to manage the three 64W 

solar panels that we would mount on their rooftops that day. 

The students and teachers from TTI and the Creativity Group 

members at Kwame Nkrumah University of Science and 

Technology (KNUST) in Kumasi, Ghana then helped install and 

test the panels, teaching the community representatives about 

charge converters and describing the necessity of an inverter, 

promising that the students would be back to complete the 

installation and maintain the solar panels in the future. The 

students felt a sense of achievement after seeing the mounted 

panels read over 18V – just what we’d hoped for – and talked 

with the community members about how they would use the 

electricity to power a few lights and battery chargers in the 

homes. The relationship established that day would allow for 

additional mobile phone chargers to be delivered to the 
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community over the upcoming 

months, which would meet the 

demand of the mobile phone users in 

the village.  

Throughout our stay, we witnessed 

first-hand how mobile phones have 

allowed Ghana to effectively leapfrog 

the landline, letting the country 

bypass the investment required to 

provide telephone wires to every 

community and home in the country. 

Similarly, solar and other renewable energy technologies can enable the country to leapfrog over 

country-wide electrical transmission lines that connect to every household. With the installation of solar 

panels and other renewables in remote communities, microgrids are suitable and sustainable options 

for electricity, particularly in rural settings like Bomba. Microgrids take significantly less capital 

investment, and therefore make the energy cost-competitive and affordable to people who are living off 

of mere dollars per day. They can be installed 

immediately by educated community members or 

professionals, rather than waiting years for the 

government of Ghana to extend the grid. 

Microgrids and solar panels can be a source of 

revenue for any community member that invests 

in the technology to begin with, keeping the 

money within the growing community. Most 

importantly, the demand certainly exists, since 

85% of Ghanaian adults (24.6 million people) own 

cell phones and rely on electricity to charge them (Frost & Sullivan, 2012) and many remote 

communities still lack access to the electrical grid. It is our hope that our first installation at Bomba with 

the students of TTI and KNUST will inspire the youth and communities to continue pursuing solar energy 

options for electricity in Ghana.  

The team of IGERT students from UR already has plans to return to Ghana to help establish a long-term 

sustainable program to train students how to create cell phone chargers and distribute them throughout 

the urban and rural communities. The intention is for subsequent cohorts of IGERT students to revisit 

TTI in order to hold similar workshops, transferring the education and leadership of the program to the 

TTI teachers and KNUST students over the years so that the program can be continued even after the 

conclusion of UR’s IGERT program. Through this work, we hope the students’ panels and chargers can 

help meet the electricity demands in and around Takoradi, and that their knowledge can be directed to 

help address the continuing energy and infrastructure needs of the country for years to come.   

Excitement ensues after the students receive their certificates of completion. 
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