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EXECUTIVE SUMMARY
Rural education districts in Kenya face severe challenges in providing quality education.
Teachers are young and have less teaching experience. In addition, 20% of them miss
school each day. The student-teacher ratio is very high (50:1~70:1) to add to the lack of
electricity and other necessary infrastructure to provide quality education. This situation
calls for an intervention to elevate the quality of education. Asante Africa Foundation
(AAF) is currently offering several interventions in rural Kenya, and as the next step, it is
trying to use Information and Communication Technology (ICT) to improve education.
This paper recommends a solution for AAF to implement to reach its goal towards quality
education. The recommendation consists of three parts: (1) which ICT devices should they
choose, (2) how to provide electricity to use the ICT devices, and (3) what kind of
operational framework should be deployed.
All the ICT devices discussed in this report are tied with the teaching methodologies they
are going to become a part of. The options include Laptops or Desktops based computer
labs, tablets based classrooms, and laptop plus projector based classrooms. After these
options are extensively discussed, compared and evaluated, “laptops”, “tablets” and
“laptop + projector” are remained for further consideration. In order to provide the
necessary electricity for ICT devices, several portable and stand-alone energy resources are
discussed in this paper. As the conclusion of the discussion, the “Bright box” device and
“solar panels” can be candidates for energy devices. This paper also identifies two kinds
of frameworks carrying out the operations – organic (building own human resources and
processes or contracting with and paying private firms to provide the services) and
inorganic (relying on partnerships with other organizations and their (donated) assistance).
Finally, taking into account several constraints such as budget and total effectiveness of
the education methodology, three potential solutions were considered based on the above
discussed components: (i) tablets + Bright box, (ii) laptops + solar panel, (iii) projector +
laptop computer + solar panel. After a comprehensive analysis of the potential solutions,
“Projector + Laptop, powered by Solar Panels and supported by Organic operational
framework” was recommended for implementation.
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I. INTRODUCTION
Asante Africa Foundation’s work in advancing the access and quality of education in
rural Kenya and Tanzania is beginning to focus on the use of Information and
Communications Technology (ICT’s). To achieve it, they have partnered with several
organizations in an effort to create educational content that can be easily delivered
through ICT’s. Given the nature of environment AAF works in, where resources are
scarce (particularly electricity), the use of ICT’s on a daily basis by teachers and students
can be a difficult thing to attain. This report proposes a series of recommendations—
based on the use of ICT’s, innovative energy resources, and operational framework—that
can be applied in the towns where AAF has been working.
We begin by offering some background about the state of education in the rural
communities AAF is located, followed by some of the alternatives in ICT’s and energy
that can be used there. We also focus on the work that can be done to train and improve
the technical abilities teachers and students can acquire to help sustain the use of these elearning technologies over time. The report finishes with recommendations applicable to
the regions where AAF operates.

II. PROJECT OUTLINE
1. Problem Definition
Rural education districts in Kenya faces severe challenges in the quality of education. In
Narok county, where Asante Africa Foundation has targeted its efforts, 21 out of 100
teachers missed school daily and the average age of a Class 2 teacher was 34 years old,
significantly lower than the national average in 2012. Additionally, many places in the
area do not even have electricity nor the necessary infrastructure to provide a better
education. AAF has been serving to elevate the quality of such education.
To advance the quality of education in Kenya, the government has made the use of
information and communication technologies (ICT) a priority in its national education
strategy. In this context, AAF also has launched an initiative to expand such strategy
and apply it to currently targeted area, and, in the long run, even other rural areas. The
4

goal of this analysis is to help Asante Africa Foundation create ICT solutions to improve
the quality and access of education, in addition to building an environment which
favors an efficient and self-sustaining delivery of the ICTs.

2. Holistic Framework
The team adopted a multi-tier approach to solve the problem we defined. This model
scopes out the task by modularizing it into: Goal, aggregate alternatives, and component
alternatives.
a. Goal
As mentioned above, the goal of the project is to create ICT solutions and build an
environment which favors an efficient and self-sustaining delivery of the ICTs.
b. Components
Since the team decided to approach the task holistically, we identified the key factors
which influence the effective delivery of ICTs in rural Kenya – specifically the villages
with Maasai Mara tribes. The following are the key factors:


ICTs: Choose the necessary basic technologies - laptops, tablets, and projectors
which satisfy the needs of the schools.



Energy: Identify economical and feasible energy solutions required to deliver ICTs
for schools with minimal burden on the schools.



Operational framework: Maximize the utility of the revenue being spent by
adopting the appropriate framework which ensures the best outcomes from ICTs
and energy infrastructure.

c. Component Alternatives
Various

alternatives

are

considered for each of the
above

components

and

evaluated against a specific
set

of

criteria.

These

alternatives, specific to each of the component, are combined (put together) to form
the aggregate alternatives (discussed below).
5

The division into and specific focus on components enables us to perform a
comprehensive, thorough, and attention to detail analysis of various challenges and
possibilities involved in the implementation of each of the components.
d. Aggregate Alternatives
Each of the alternative is a direct
solution to the problem discussed
above. Each of the alternatives
include the three key components
necessary to address the problem
–

ICT

devices,

energy,

and

manpower. Hence, each of the
aggregate alternatives are designed on the basis of the alternatives of the three
components. The aggregate alternatives are evaluated against specific criteria and the
one which best fits the criteria is recommended.
The below diagram represents the holistic framework of designing the aggregate
alternatives to meet the goals. As mentioned above, alternatives are considered at two
levels – component level and aggregate level. An analysis is performed to these
alternatives, based on criteria specific to the component or aggregate level.
The figure below presents the holistic framework used: From resources to meeting the
goal

6

III. COMPONENT ALTERNATIVES
1. Information and Communication Technology
a. Assumptions
There are five major constraints for the usage of ICT devices for teaching in rural
Kenya: (i) no landline of the Internet, (ii) no power line electrifying ICT devices, (iii)
no ICT devices deployed in local schools, (iv) teachers less experienced in educating
students and handling technology, and (v) insufficient number of local teachers. In
particular, the issues of the Internet and the skills of local teachers are significantly
important factors in considering which ICT solution is a best fit for the local reality,
since the effectiveness of most alternatives depends on whether the users can fully
access to the broadband network and incorporate technology into educational practice.
b. Contents of Education
The STEM disciplines – science, technology, engineering, and mathematics – should
be a key element in education, both in developed and developing countries. AAF
currently focuses on supporting education in science and mathematics, and hence an
ICT solution should be able to deliver those disciplines, serving AAF’s vision for
education.

Since math and science materials developed by Khan Academy and

translated into Kiswahili are already available on the Internet, utilizing downloadable
versions of the resources will be the first option in terms of readiness and promptness.
However, Khan Academy’s materials may be less effective in educating local students
than those specially made for Kenya, and therefore making such original materials is
a potential option.1 Since it is assumed the Internet is not available in rural Kenya, the
contents of education will be delivered through recording medium, such as DVD and
USB flash drive.
c. Teaching Method
There are two types of teaching methods, based on the delivery of lessons: unilateral
and bilateral (or interactive). Lecture is an example of the former and discussion
1

E-education, a unique Japanese non-profit organization, presents a good example of making
original materials localized for developing countries, such as Bangladesh, Jordan, Philippines, and
Rwanda. http://eedu.jp/
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between a teacher and students is the latter. Interactive teaching methods are those
encouraging students’ active learning, and successful interactive education is
unambiguously more effective in teaching students than unilateral education. Hence,
interactive teaching methods are often incorporated into ICT education.

When

utilizing interactive teaching methods, teachers are required to handle new
technologies and prepare for their classes more carefully, and to lead and motivate
their students to study actively and sometimes voluntarily and independently.
Consequently, successful interactive education needs highly skilled teachers who have
a sufficient ICT literacy. As described above, the quality of education is relatively poor
and teachers are not equipped with high ICT literacy in the targeted local communities.
Therefore, AAF should place less importance on ICT alternatives which bank on
interaction to begin with, though implementing interactive education in rural Kenya
may be an option for the long-run.
d. ICT Devices2
In terms of the selection of ICT devices, there are two main options: (i) “One-to-Many”,
one computer plus a display device per school, and (ii) “Many-to-Many”, one
computer per student or a certain number of students.
One of the biggest differences is the costs including start-up costs and running costs,
such as maintenance fees and system renewal expenses. “One-to-Many” options
require lower costs for implementation, and it will be a significant advantage,
especially for the long-run, although the options might not be very stimulating and
encouraging for children. Not only the costs, but the implications for teaching are also
very different. While “One-to-Many” options requires only teachers to learn how to
run a device or a set of devices, “Many-to-Many” options require each student to learn
how to work with ICT devices.

In the latter case, students will need to have

opportunities for practice and differentiated instruction in order to effectively utilize
the given devices. In other words, if those opportunities are not sufficiently offered
for students, they might not be able to gain several pedagogical benefits from “Manyto-Many” options: each student can proceed at his or her own pace; can get
2

To come up with better ICT device alternatives, we interviewed Yuki Harada, an officer in the
Ministry of Internal affairs and Communications in Japan. He has a pronounce knowledge about
how ICT devices are used for education in Japan and other countries.
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differentiated feedback, and in research they can pursue his or her own interests. The
comparative analysis to the two options is shown in the following table:
Table 1. One-to-Many v. Many-to-Many

Advantages

One-to-Many (or: One device

Many-to-Many (or: One device

plus one display per school)

per student or multiple students)

+ Lower start-up and running costs

+ More stimulating for students

+ Less (no) need for ICT trainings

+ Open for interactive education

for teachers (students)

+ Greater learning resources and

+ Easier to manage classes for less

opportunities if fully utilized

experienced teachers

+ Pedagogical gains for students

+ Easier to apply existing
experience to education with ICT

Disadvantages – Less stimulating for students

from differentiated instruction
– Higher start-up and running

– Not open for interactive

costs

education

– Higher administrative costs (e.g.

– No possibility of differentiated those for charging all devices)

– More need for ICT trainings for

instruction

both teachers and students

– Limited potential for
innovative learning resources

– More need for skilled and
experienced teachers

We examine the following four ICT devices in more detail: (i) Projector with Laptop or
Desktop computer as a One-to-Many option, and (ii-a) Desktop computer, (ii-b)
Laptop computer, and (ii-c) Tablet computer as Many-to-Many options.
(i) One-to-Many option – Projector with Laptop or Desktop computer
Projectors are a robust ICT device which works with a laptop or desktop computer.
Distributing a set of a projector and a computer to each school is our One-to-Many
option. With a projector and e-materials, such as Khan Academy’s lecture videos, a
teacher can equally and effectively educate his or her students regardless of his or her
own teaching skills and professional experience, though it requires all students to
receive the same material and hence does not permit them to receive instruction
tailored to each of them.
Clearly, a projector is more suitable for unilateral education, but it can also be used
9

for “interacting” education with another supplemental ICT device called Interactive
White Board (IWB)3 – not for interactive education, because education with IWB is
interacting between only one teacher and one student at a time. This ICT device does
not seem very innovative, but it implies that the device is more stable and steady and
becomes obsolete less easily.
Since projectors can be quite power-hungry, securing power sources can be an
infrastructural concern.

Furthermore, bulbs for projectors need to be replaced

periodically and can be expensive, so the costs for the replacement must be
considered.
(ii) Many-to-Many options
Our evaluation assumes the following utilization of desktop computers, laptop
computers or tablets: that a school would have either a “Computer lab room” (if
desktops) or a “Computer cart” (if laptops or tablets) with several student computers
and 1 teacher computer. Classes would rotate through the computer lab room, or the
computer cart would rotate through classrooms. In both cases, students’ access to
the device – how much time, and whether individual or shared – would depend on
the size of the school. In a 300-child school with 60 student computers or tablets, each
student would have sole use of a device for one-fifth of a school day, or partnershared use for two-fifths of a day. If the school day were 5 hours, this would mean
potential individual device use of 60 minutes per school day per student.
These three devices, unlike the One-to-Many option, enable students not only to work
at their own pace through e-materials, such as Khan Academy’s lecture videos and
e-textbooks, but also make use of other learning resources interactively. For example,
the off-line version of Wikipedia would be one of the resources if students are allowed
to search and explore through hyperlinks for their own academic purpose.
These ICT devices differ from each other in the following respects:
(ii-a) Desktop computer
Desktop computers are a relatively robust ICT device with higher performance than

3

IWB is a large display of projecting the image. The image is projected by a projector onto the
board’s surface where users draw pictures and characters using a pen, finger, stylus, or other device.
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laptop and tablet computers, and thus can be more long-lasting than the other two
computers. With scarce resources of electricity in rural Kenya, the power demands
may cause a serious concern because desktop computers can only function if the
needed amount of power is concurrently available.
(ii-b) Laptop computer
Laptop computers are a mobile ICT device with lower performance than desktop
computers but higher than tablets. An important advantage of laptop computers is
that they consume less energy than desktops and can operate without concurrent
power if fully charged.

However, since the batteries wear out, the costs for

renewing them or even computers must be taken into account in the long-run.
(iii-c) Tablet computer
Tablet computers are a mobile and relatively fragile ICT device with the lowest
performance among the three, and therefore are more likely to become obsolete in
technology and performance than desktops and laptops. Since many educational
applications for Android OS and iOS have been and are being developed, the
contents of education can be renewed with relatively reasonable costs. As well as
laptops, tablets have an advantage that they can operate without concurrent power
if fully charged, but the batteries wear out more rapidly than for laptops and cannot
be replaced typically. Thus, the need for renewing devices must be considered even
in the relatively short-run.
e. Criteria for Evaluation
The above ICT devices must be made an evaluation in terms of the following four
criteria: (i) Effectiveness, (ii) Efficiency (or Cost-Effectiveness), (iii) Physical Feasibility,
and (iv) Sustainability.
(i) Effectiveness
Effectiveness is the most important criteria and evaluated in terms of how much an
ICT alternative can achieve the project’s purpose. Since this project’s ultimate goal is
to improve the quality of education and raise the standard of education in rural
Kenya, the ICT alternatives must be evaluated in terms of how much each alternative
11

can improve the quality of education in the targeted area and raise the achievement
level of the local students. More specifically, it is evaluated by how much each ICT
alternative can effectively deliver the content of education to local students, and then
how much each alternative is open for interactive education.
(ii) Efficiency (Cost-Effectiveness)
Both the start-up costs and the running costs of ICT alternatives are key constraints
which must be considered, so efficiency, or cost-effectiveness, of each ICT alternative
should be also taken into account. Basic start-up costs of ICT alternatives depend on
the per-unit price of each alternative device, the number of students covered by one
unit of device, and the class size of a targeted school. Running costs mainly consists
of maintenance fees, periodical system renewal expenses, and electricity costs
including the costs of electricity generators. The costs for supplying electricity is a
key determinant in choosing the best ICT solution and will be discussed in detail later.
(iii) Physical Feasibility
There is no practical value for infeasible options, and less feasible options should be
treated less valuable. Physical feasibility issues in setting up ICT devices may
sometimes, not always, occur when ICT devices are fixed in a classroom. The
feasibility of supplying sufficient electricity is a key constraint in choosing the best
ICT solution, this will also be discussed in detail later, not in this section.
(iv) Sustainability
A sustainable option can be utilized for longer period and save additional costs of
maintaining and updating ICT devices, and sometimes compensating a loss of those
devices.

Hence, more sustainable options have advantages in terms of both

effectiveness and efficiency. Robustness and durability (or fragileness) of each ICT
alternative will be also made evaluations under this criteria.
f. Evaluation of Alternatives
Based on the magnitude of importance of each criterion, effectiveness is assigned 5
points, efficiency is assigned 4 points, other two criteria are assigned 3 points each, so
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total evaluation is out of 15 points. The evaluation under the above criteria, which is
independent of electricity options, is shown as follows:
(i) One-to-Many option
Table 2. Projector with Laptop or Desktop computer [Total Score: 11.5]
Effectiveness

4/5
+ There is no need for instructing students how to use computers
+ Teachers can supervise students more easily since all students
pay attention to one big screen
– This can be “interacting” with IWB but is not open for interactive
use

Efficiency

4/4
+ The price of a projector varies but the lowest start-up costs are
needed
→ e.g. $1,500 for projector + $400 for desktop = $1,900 / school
+ The running costs are lower in spite of expensive bulbs for
projectors
→ e.g. A bulb costs $300 and works for 2,000 hours
+ The administrative costs for device preparation are also lower
– A single device can be more power-hungry than a single
alternative device but less power-hungry than a bunch of them
<Possible options (projector)>
1. Canon LV7290 (215W/h) --- about KES 80,000 = $920
2. Epson EH-TW7200 (350W/h but chargeable) --- about $2,000

Feasibility

1.5/3
+ Only a small space for one projector plus one computer is needed
– This requires a sturdy ceiling if a projector is fixed to it

Sustainability

2/3
+ This is at a lower risk of loss if a projector is fixed to a ceiling
+ The product life cycle is longer (about 5 years)
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(ii) Many-to-Many options
Table 3. Multiple Desktop computer [Total Score: 7]
Effectiveness

2/5
+ This is open for interactive use and more innovative education
methods
+ Teachers can manage the classes more effectively if the Internet
or a local network is made available
– Teachers are required to acquire higher ICT literacy
– There is a need for instructing students how to use computers
and the instruction should be time-consuming
– Differentiated instruction requires teachers higher educational
skills
? The magnitude of effectiveness can be improved if each school
hires a specialist for ICT education

Efficiency

1/4
+ The performance for price is much higher than laptops and
tablets
+ Due to the longer product life cycle, renewal costs will be less
than laptops and tablets
– Relatively high start-up costs are needed
→ e.g. 1 PC per student: $400 × 60 = $24,000 / school
→ e.g. 1 PC shared by 4 students: $400 × 15 = $6,000 / school
– Each desktop consumes 60 to 250W/h, so a bunch of desktops are
very power-hungry
– Higher maintenance fees are required
– The costs for setting up a “Computer lab room” might be needed

Feasibility

1/3
– A large space to accommodate all desktops is needed

Sustainability

3/3
+ This is at a lower risk of loss if each desktop is fixed to a
classroom facility (e.g. a desk fixed to the floor)
+ The product life cycle is longer (about 4 to 5 years)
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Table 4. Multiple Laptop computer [Total Score: 8]
Effectiveness

2/5
+ This is open for interactive use and more innovative education
methods
+ Teachers can manage the classes more effectively if the Internet
or a local network is made available
– Teachers are required to acquire higher ICT literacy
– There is a need for instructing students how to use computers
and the instruction should be time-consuming
– Differentiated instruction requires teachers higher educational
skills
? The magnitude of effectiveness can be improved if each school
hires a specialist for ICT education

Efficiency

2/4
+ / – The performance for price is much higher than tablets but
lower than desktops
+ / – Due to the moderate product life cycle, renewal costs will be
less than tablets but higher than desktops
– Relatively high start-up costs are needed
→ e.g. 1 PC per student: $400 × 60 = $24,000 / school
→ e.g. 1 PC shared by 4 students: $400 × 15 = $6,000 / school
– Each laptop consumes 20 to 50W/h, so the costs for electrifying
devices might be still high
– Higher maintenance fees are required

Feasibility

2/3
– A space to secure laptops is needed

Sustainability

2/3
+ This is at a higher risk of loss due to the mobility and the
fragileness
+ / – The product life cycle is moderate (about 3 to 4 years)

Table 5. Multiple Tablets [Total Score: 10]
Effectiveness

3.5/5
+ This can be used as an e-textbook with pictures, movies, sounds,
15

etc.
+ This is open for interactive use and more innovative education
methods
+ Teachers can manage the classes more effectively if the Internet
or a local network is made available
– Teachers are required to acquire higher ICT literacy
– There is a need for instructing students how to use computers
and the instruction should be time-consuming
– Differentiated instruction requires teachers higher educational
skills
? The magnitude of effectiveness can be improved if each school
hires a specialist for ICT education
Efficiency

3/4
+ Relatively low start-up costs are needed
→ e.g. 1 tablet per student: $230 × 60 = $13,800 / school
→ e.g. 1 tablet shared by 2 students: $230 × 30 = $6,900 / school
+ / – The performance for price is much lower than desktops and
laptops
– Due to the shortest product life cycle, renewal costs will be
higher than desktops and laptops
– Each tablet consumes less energy and is chargeable, but
administrative costs for charging devices cannot be ignored
– Higher maintenance fees are required
<Possible options>
1. Tecno Phantom Pad mini, 7.0 inch Android tablet (Dec 2013)
--- about KES 19,000 = $220
2. Tecno Phantom Pad, 8.0 inch Android tablet (Jul 2013)
--- about KES 20,000 = $230

Feasibility

2.5/3
– A relatively small space to secure tablets is needed

Sustainability

1/3
– This is at the higher risk of loss due to the mobility and the
fragileness
– The product life cycle is the shortest (about 2 to 3 years)
16

In terms of the above four criteria – effectiveness, efficiency, physical feasibility, and
sustainability – the One-to-Many or a projector plus a computer option is well balanced
– effective, sustainable and feasible. However, if the teachers are well trained in using
the ICT devices and the class size is smaller, the many-to-many options, primarily the
tablet, followed by the laptops, would be more effective than the one-to-many options.

2. Energy Infrastructure
a. Energy Alternatives
Many of the schools that AAF works with do not have regular, or any, power source.
Consequently, any plan for ICTs must include a self-sufficient source of energy. In this
sense, solar power is a reliable and easily available source of power that has been used
for years in Africa, especially in rural communities.
Solar energy sources have been in the market for more than 30 years, so the level of
simplicity, affordability, and innovation they have achieved make it a user-friendly
option. Furthermore, this form of power comes as the only cost-effective possibility
other than human power (e.g. bicycle generators) or publicly provided electricity
(which is unreliable at best, given the described environment).
Options discussed below include a photovoltaics stand-alone device (fixed solar
panels), and several portable devices, some with alternative sources of power to
supplement solar energy (such as wall connection and bicycle generator adaptors).
Additionally, portable solar devices also come with a battery that serves as an ancillary
source of power in case solar energy is not available at the time.
(i) Portable grid- and battery-based devices
(i-a) Ready Set
This small grid-based device can provide up to 75 watts of power through the use
of expandable solar panels. It can also be charged using a bicycle generator, a wall
adapter or a USB charger. Like any solar-based device, it includes a lead-acid battery
that can be used as an alternative power source when solar energy is not available;
it can store up to 54watts. The device can be charged in 6 to 8 hours with direct full
17

sunlight, or from the grid (power outlet) in 4 to 6 hours.
Figure 1. ReadySet

Relevance:
The device is ideal for small devices, including tablets and cellphones. For laptops,
it can charge most of them, but charging a laptop will more quickly deplete the
ReadySet’s stored energy than if just used for smaller devices.
Cost:
The basic kit costs $200 and it is sold in the US, Uganda, and Tanzania. It includes a
15 watt solar panel, the ReadySet battery enclosed in the device, a 24 watt electric
plug, a 1.5 or 3 watt rechargeable LED light, and a universal USB charger that
charges up to four devices at a time. It is distributed by Fenix International, a
company specialized in renewable energy solutions, with offices in Silicon Valley
and East Africa. One can add more panels for additional cost.
Desirable features:
 Made from resistant plastic: it was especially designed to be used in rural Africa,
so it can endure high temperatures and overloads.
 Devices can be connected and charged while the box is charging.
 Four option for ports: two 12V Car Lighter Adapter and two 5V USB.
 Portable—weighs 11.7 pounds and is about the size of a shoe box.
 If a laptop needs to be charged, the client will have to buy two Laptop car lighter
power adapters, which can cost about $9 dollars.
Renewability:
The battery used is tailored for high cycle life. It is expected to supply more than
18

700 charge/discharge cycles (54 watts). It is easily available in the US.
(i-b) Brightbox
This device uses a portable solar panel to charge gadgets and common light bulbs.
It includes a 12 V battery that can be easily replaced by any local motorbike or car
battery. The device has been backed by international organizations such as the
United Nations, the World Bank, the International Finance Corporation, and was
recently sponsored by The Coca-Cola Company.
Figure 2. Brightbox

Relevance:
It can charge smartphones, mi-fi routers, and tablets.
Cost:
The basic kit costs $100 dollars. It includes the device with a built-in battery, a
waterproof solar panel with a 32 ft long cable, USB cable to charge popular phones
and tablets, a cable to charge commonly available radios in Africa, and ultra-long
cables. It is distributed by One Degree Solar, a company based in the US, Kenya, and
Hong Kong.
Desirable features:
 It was designed and tested to be used in Kenya.
 Six different ports: 2 USB and 4 for light bulbs.
 The company provides free support via SMS, phone (local in Kenya), and email.
(i-c) Mobisol, Prepaid Energy
Mobisol is a solar-based portable device that incorporates the use of a pay-as-you-go,
19

or prepaid, system for its usage. It can provide up to 200 W 4 of energy through the
use of a lead-acid battery.
Figure 3. Mobisol

Relevance:
It can power multiple light bulbs and devices like laptops, a refrigerator, a television,
or 10 smartphones at the same time. Since its creation in 2010, Mobisol has installed
300 units in two pilot projects in Tanzania and Kenya, which confirmed the success
and replicability of their business model.
Cost:
The package includes a mobile banking service that uses Kenya’s leading mobile
money company, M-Pesa, through a 36-month installment plan; it is usually paid
using SMS. The price of a Mobisol device and service is the cumulative amount
returned over the three-year period via monthly instalments. Such payments are
based on customers’ previous traditional energy source spending behaviors. The
device comes with several LED light bulbs, a portable lantern, a mobile phone
charger, and a charger to connect other AC devices.
Desirable features:
 The service includes a service package for three years, including free maintenance.
 All technical data on usage is collected by the company, which helps with the
company’s free maintenance service.

4

Also available in 30, 80, and 120 W.
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Renewability:
The company will provide free maintenance for three years while the device is still
being paid.
(ii) Photovoltaics stand-alone devices – Solar Panel System
A solar panel system provides as much electricity as desired as long as the
appropriate number of panels are installed. Although it needs a first major
investment (equipment and installation costs), it can last for many years and doesn’t
require a lot of maintenance. The recent increase in demand and availability of energy
based on solar panels have boosted competition, causing prices to go down. In this
sense, there are many available companies that can provide these services with
different quality and price measures, which can only be an advantage for AAF.
Relevance:
Charges as many devices as needed depending on budget constraints. It can be a
power source for numerous ICT devices, all of them at the same time.
Desirable features:
A solar panel system consists of four major components. Although the panels are the
main—and most well-known—components of the system, other pieces of equipment
need also to be considered when buying and installing this energy source. These
other components are: battery, battery inverter, and charge controller. The battery is
what allows to store the solar energy to be used when nothing is being produced in
the system (like at night). The inverter works as a power adapter, since it is what
transforms the solar energy into a usable form, from DC (direct current) to AC
(alternating current) energy, and what changes the voltage. Finally, the controller is
what prevents electrical overloads and battery discharge, so it can be seen as a
security device for the solar battery storage system described before, given that it
keeps them safe and maximizes their life expectancy.
Figure 4 demonstrates how a typical solar panel system works with all its
components.
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Figure 4. Solar Panel System

Source: http://www.alternative-energy-news.info/

Renewability:
The expected lifespan of the equipment varies by device, with the solar panels having
a life expectancy of 20-25 years, the batteries of 8 years, and the inverter and controller,
the cheapest components, are expected to last about 4 years. For more information
about the expected costs and maintenance care of such devices, please refer to
Appendix 1.
Costs:
To generate an estimate of 960 W for a day of school, the approximate cost would be
of $3,500 dollars. This would tantamount to power 8 laptop computers for 6 hours a
day. The following table shows a cost decomposition provided by the Kenyan-based
company Go-solar systems.5

5

One of the leading and longest serving solar provider companies in the East Africa region.
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Table 6. Estimated Costs for Solar Panel Installation*
Description

Quantity

Cost per unit

Total Cost

Macro solar panels (120 W each)

8

$137.50

$1,100.00

Universal power sealed solar batteries

4

$322.50

$1,290.00

Intelligent inverter

1

$220.00

$220.00

Controller

1

$85.00

$85.00

Accessories

1

$115.00

$115.00

Installation

1

$115.00

$115.00

Transportation fees

1

$115.00

$115.00

Sub Total
16% Tax
Total

$3,040.00
$486.00
$3,526.00

* All numbers have been converted from Kenyan Shillings to US Dollars (86.80 KSH per 1 USD).

b. Criteria for Evaluation
The three portable devices together with the solar panel system, should be evaluated
according to the following criteria: (i) Effectiveness, (ii) Efficiency (Cost-effectiveness),
(iii) Sustainability, and (iv) Feasibility.
(i) Effectiveness
This condition ensures that the device meets the purpose it was set to do. For the
energy devices, they must ultimately be able to reliably and constantly charge the
ICT equipment that will be recommended without overloading or causing any other
potentially harmful situations for the user. All of this should be evaluated considering
the rural Africa as the location.
(ii) Efficiency (Cost-Effectiveness)
Because the ICT device will be paired with a source of power, a strong focus in
affordability will need to be placed in both of them given a limited budget and
resources. The cost per student, class size, and maintenance costs will also need to be
taken into account.

23

(iii) Sustainability
The recommended energy alternatives must be able to function correctly and as long
as possible in the schools’ rural settings, taking into account the maintenance that will
be given to it. It can also be seen as a way to evaluate the durability of the energy
device. Because of transaction costs (like transportation, sealing partnerships, finding
proper technical support) associated with each alternative, this criteria will be helpful
to evaluate them.
(iv) Feasibility
The energy source to be recommended should be viable in its implementation. Taking
into account factors like the physical and political environment the energy device will
be used in, transaction costs, renewability, and forecasted effectiveness, the device
should be able to be successfully used.
c. Evaluation of Alternatives
(i) Portable grid- and battery-based devices
Table 7. ReadySet [Total Score: 9]
Effectiveness 3/5
+ Among small ICT devices, it can charge up to a laptop
+ Number of solar panels can be adjusted (eg. for charging tablets
v. laptops)
– Battery can be easily depleted if constantly used to charge a
laptop
– Charges only one laptop or tablet at a time
Efficiency

2/4
+ Low maintenance costs
– The price of $200 per device is prohibitive given the number of
students we are considering: 60 ICTs per school. Assuming one
device per three ICTs: 60 / 3 = 20, so:
→ $200 × 20 = $4,000 / school

Sustainability

2/3
+ Portable
+ Made of resistant materials
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+ Low maintenance cost—only the battery needs to be changed
– Battery can be easily depleted if constantly used to charge a
laptop
– It is unlikely to find the battery locally
Feasibility

2/3
+ If used with a low number of students, it is a very viable option
+ Innovative and user-friendly; prone to gain acceptance among
students and teachers
+ User-friendly
– Restricted to work with small ICTs
– If used with a laptop, it is recommended to use one ReadySet per
laptop.

Table 8. Brightbox [Total Score: 12.5]
Effectiveness

4/5
+ Can charge up to two tablets at the same time
– Cannot charge laptops

Efficiency

3.5/4
+ Low maintenance costs
+ The replacement battery is cheap
– The price of $100 per device can prohibitive given the number of
students we are considering: 60 ICTs per school. Assuming one
device per four ICTs: 60 / 4= 15, so:
→ $100 × 15 = $1,500 / school

Sustainability

3/3
+ Portable
+ Made of resistant materials
+ Low maintenance cost—only the battery needs to be changed
+ Replacement battery can be easily found in rural Africa

Feasibility

2/3
+ Ideal for charging tablets and light bulbs, even at the same time
+ User-friendly
+ Can be used with a larger number of ICT devices (instead of just
one Brightbox per tablet)
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+ Innovative and user-friendly; prone to gain acceptance among
students and teachers
– Not ideal if large ICTs want to be used
Table 9. Mobisol [Total Score: 11]
Effectiveness

5/5
+ Can charge ICTs of many dimensions and energy requirements

Efficiency

1.5/4
+ Only pay what you need
+ The replacement battery is cheap
– High transaction costs: if AAF wants to directly finance the
energy device, it is more burdensome to have a person that can
send every week a SMS to renew the service
– Only available in 36-month installment plans
– Payments will vary depending on the school, making it more
difficult for AAF to monitor costs per school or even classroom

Sustainability

2.5/3
+ Made of resistant materials
+ Low maintenance cost—only the battery needs to be changed
+ Includes three years of free maintenance
– Replacement battery can only be found in Europe or the US

Feasibility

2/3
+ Supports a wide variety of ICT devices
+ Can charge many devices at the same time
+ Innovative
– Requires burdensome transactions (SMS text every week)
– Needs to be installed in the house or building

(ii) Photovoltaics stand-alone devices
Table 10. Solar Panel System [Total Score: 14.1]
Effectiveness

5/5
+ Can charge any electronic device
– An appropriate number of solar panels needs to be installed for
the system to charge more powerful—and numerous—ICT devices
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Efficiency

3.5/4
+ The most expensive parts of the system—solar panels and
battery—have a longer lifespan
+ Service usually includes installation costs and transportation of
materials to the school
– Costly: about $3,500 for 8 laptop computers to work 6 hours a day

Sustainability 2.8/3
+ Large life expectancy of solar panels and batteries
+ Made of resistant materials
+ Low maintenance cost
– Inverters and controllers will need to be replaced within a shorter
lifespan
Feasibility

2.8/3
+ Supports any kind of device or machine that needs an energy
source
+ Can charge many devices at the same time
+ Innovative and user-friendly; prone to gain acceptance among
students and teachers
– Needs someone qualified to install the equipment

After evaluating the four alternatives while considering ICT devices and their
requirements, a solar panel system comes as the best option to provide the energy
requirements needed in the schools within the AAF network. However, if a portable
device is needed as a way to diminish the upfront costs a solar panel system has, then
the Brightbox is also a viable and effective alternative, only if tablets are to be
implemented in the schools.

3. Operational Framework
a. Objective
It is essential to develop appropriate operational framework to best project the full
potential of ICT and energy practices. Operational framework is expected to achieve
the following objectives:
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Maintenance: Energy and ICT, for which Asante Africa deploys need human
capital who could maintain them throughout the program. Often, interventions in
developing countries evolve ineffective as stakeholders lose motivation to take
complete advantage of the resources as the program proceeds.



Accountability: To ensure that the teachers deliver the content regularly relying
on ICTs, it is necessary to create accountability in the way services are delivered.



Sustainability: It is necessary to make people of the community a part of the
solution to the problem to make it self-reliant and sustaining. For this, it is
necessary to build partnerships and leverage many segments of the society to solve
the problem.

b. Services Delivered
The following are the services to be carried out by the operational framework:
Training the teachers: Since the schools AAF would be working with are located in
rural Kenya, it assumed that the teachers of the school are computer illiterate. It is
necessary to identify the importance of training the teachers in not just using the ICT
devices, but also make them proficient in using the devices as an effective teaching aid.
Maintaining ICT and energy sources: Usage of technology is prone to interruptions
due to technical failures. Also, the users of these technologies could be misguided due
to their inexperience in using these technologies. To ensure a smooth delivery of
education using the ICTs, it is necessary to have a support team who could regularly
maintain and timely solve the technical difficulties.
Content delivery to schools: To promote timely and lesson plan based teaching in the
schools, AAF should deliver the (educational) content based on the lesson plan, but
not in advance. AAF could promote a contractual setting in which the schools have to
follow the lesson plan and teach the content in a timely manner to obtain the digital
content of the next chapters to be covered. It would help to have a centralized
distribution mechanism to achieve this goal. This setting makes the teachers more
responsible in timely delivery of educational content, thereby improving the overall
quality of education.
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c. Alternatives
(i) Inorganic Operations framework
This strategy relies on partnerships with other organizations to leverage their
strengths in delivering the services mentioned above. The following are the possible
partnerships for the services discussed above:
 Training teachers:
o Maasai Mara University: This local University has a new Diploma in ICT
program. Partner with Maasai Mara University to take help from ICT
staff/faculty.
 Maintaining energy and ICT devices:
o Partner with Energy and ICT related organizations who are currently
working in rural Kenya, like


Maasai Mara - Cisco Knowledge center



Maasai Education Discovery

o Maasai Mara University: Partner with the University (MOU) to provide
internship opportunities/ field study to University students in diploma
program (Diploma in Information technology) to maintain these devices.
 Content delivery to Schools:
o AAF could partner with local school district to coordinate the effort of
distributing the content according to lesson plan.
o AAF could take help of experienced (or retired) teachers from the
community to distribute to the content according to the lesson plan.
(ii) Organic Operations framework
This strategy requires AAF to acquire its own human capital and expertise in having
the services delivered. This model requires AAF to create ‘hubs’ for every ten schools
in a geographic area. The hubs consist of AAF employees or AAF contracted
employees (in contract with private firms) who oversee the operations. Unlike the
Inorganic model, this model requires the hub to contract with private firms, for whose
services, the hub is obliged to pay money. The following are the proposed human
capital and expertise required to deliver each for the services.
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 Training teachers:
o Contract with (private) firms who train teachers in usage of ICT devices.
 Cisco Networking Academy, Kenya (www.netacad.com)
 Local computer/IT businesses in Narok.
 Maintaining energy and ICT devices:
o Contract with private firms who would train local unemployed youth in
maintaining these devices. The trained youth could be made obligated to
serve for AAF (maintaining the devices of their community) in return for
the life skills they honed with AAF’s help.
o Contract with Energy and ICT related (private) organizations who are
currently working in rural Kenya, like
 Cisco Networking Academy, Kenya (www.netacad.com)
 Local computer/IT businesses in Narok.
 Content delivery to Schools:
o Hire staff/volunteers who would keep track of the teaching in the schools
and deliver the content accordingly.
d. Criteria for Evaluation
Both the organic and inorganic operations framework are being evaluated under the
criteria: (i) Effectiveness, (ii) Efficiency and (iii) Accessibility.
(i) Effectiveness
This criteria measures how much the alternative is successful in meeting their goals.
In teacher training, that framework is more effective, which gives a better exposure
to usage of the ICT devices and also using the technology optimally for educational
purposes. In maintaining the devices, the framework which ensures self-reliance and
reliable (customer) service is considered to be more effective.
(ii) Efficiency (Cost-Effectiveness)
While effectiveness measures the performance of the frameworks, “efficiency”
measures, at what cost the performance is achieved. Cost includes monetary expenses
and non-monetary activities like reaching out to organizations, overhead in
communications, etc.
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(iii) Accessibility
Accessibility focuses on how accessible is a framework to the customer (school). This
is also a crucial criteria as it determines how likely is the customer to contact the
support staff is and how fast the response would be. It is not to be confused with
‘effectiveness’, which is a measure of the quality of customer service. This is a
measure of responsiveness.

e. Evaluation of Alternatives:
Below presented is a tabular analysis of both the frameworks based on the criteria
discussed above:
Table 11. Evaluation of operational frameworks
Criteria

Inorganic

Organic

Effectiveness 2/4

3/4

+ Can partner with academic + Since AAF pays for the firms
institutions at zero cost

to teach, the quality of service

+ Academic institutions who could be high
also teach children can train the - The trainers of private firms
school

teachers

better

(in may not have experience in

education delivery using ICT) teaching children. They may be
than private firms

mere technical personnel

- The standards of training - Educational institutions may
(training

the

teachers)

or not contract with AAF as they

operations could be low since prefer to be uncommitted
the trainers or partners work
voluntarily,
Efficiency

3/3

1/3

+ Almost no monetary expenses - Need to spend a lot for hiring
Accessibility

- Overhead in communication

and training personnel

1/3

3/3

- Since operations depend on + Since AAF pays for the
voluntary basis, the response is service, contractors are obliged
expected to be slow

to deliver service in-time
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Total Score

6/10

7/10

From the above table it is clear that though both the frameworks are equally effective,
both of them vary in ‘cost effectiveness (efficiency)’ and ‘accessibility’.


The Inorganic framework is very economical – suits options which require less
maintenance.



The organic framework is effective and responsive, but expensive.

Since both the frameworks have their own advantages, both of them are considered in
making a final recommendation (aggregate alternative). If the final recommendation
requires a less communication and maintenance, the inorganic framework will be
chosen. If the final recommendation requires a high performance operations model,
organic operations framework will be chosen.

IV. Aggregate alternatives
Aggregate alternatives are designed based on each of the component alternatives – ICT
alternatives and energy alternatives. Based on their respective evaluations, the following
ICT alternatives and energy alternatives are selected to be considered for aggregate
alternatives.
ICT: (1) Multiple Tablets, (2) Multiple Laptops, and (3) Laptop + Projector
Energy: (1) Bright Box and (2) Solar Panel
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a. Alternatives
The following alternatives are designed based on compatible combinations of the ICT
and energy resources:
(i) Multiple Tablets (ICT) + Bright Box (Energy)
Tablets are relatively low power consuming devices and could be charged by a
portable energy device like Bright Box. This compatible combination acts as a
bilateral educational method, where 2 students get to share a tablet with a preloaded
lesson. The teacher instructs the students, how to use the tablet – how and when to
load a lesson, etc. The staff can recharge the tablets after every day of usage. On every
third day, the tablets could be plugged to the ready Set kits and get charged, to be
used for another 2 days.
-

Total available budget per school = $10,000

-

Cost of 25 tablets = $250 × 25 = $6,250

-

Cost of 15 Bright Box = $1,500

-

Total cost per class= $7,750

(ii) Projector with Laptop (ICT) + Solar panel (Energy)
Laptops and projectors are relatively high power consuming devices, which could be
only powered by energy solutions like solar panel (Go Solar Systems 130/140 W).
Laptop + Projector form a unilateral teaching experience in which a teacher loads the
educational content onto the laptop and projects it with the projector. The students
follow and take notes based on what is projected. Since laptop and projector can be
used stationary, they can always be plugged to the Solar Panel, but still be used
without interruption. Below are the costs of implementing this alternative.
-

Total available budget per school = $10,000

-

Cost of Laptop = $600

-

Cost of Projector (and a spare bulb) = $1,400

-

Cost of Solar panel = $2,000

-

Total cost per class= $4,000

-

If provided for two classes per school, total cost per school= $8,000
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(iii) Multiple Laptops (ICT) + Solar panel (Energy)
Laptop based education is a bilateral education, in which, students share a laptop (or
in terms) to educate themselves. Laptops are relatively high power consuming
devices, which could be only powered by energy solutions like solar panel (Go Solar
Systems130/140 W). The students follow the teachers’ instruction in loading the
appropriate content, or exercise what they have learnt on the laptops. Since laptop
can be used as a stationary entity, they can always be plugged to the Solar Panel, but
still be used without interruption.
-

Total available budget per school = $10,000

-

Cost of 8 Laptops = $4,000

-

Cost of Solar panel for 8 laptops = $4,000

-

Total cost per class= $8,000s

b. Criteria for Evaluation
To have an impactful outcome in the resource constrained environment, it is vital to
evaluate the aggregate alternatives based on the following criteria.
(i) Effectiveness
Effectiveness measures the total performance of the alternative with respect to
meeting the goal – powerful tool for teaching, easily maintainable, ease of use.
(ii) Efficiency (Cost-Effectiveness)
Efficiency measures the cost at which the effectiveness is achieved. It includes the
monetary costs involved, including initial fixed costs, variable costs and the nonmonetary process costs, like access to the purchase of devices, time needed for initial
setup.
c. Evaluation of Alternatives
The below is a tabular comparison of both the alternatives.
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Table 11. Evaluation of Aggregate Alternatives
(i) Multiple Laptops

(ii) Multiple Tablets

(iii) Projector with Laptop

+ Solar panel

+ Bright Box

+ Solar panel

Effectiveness 4/5

Effectiveness 3/5

Effectiveness 4/5

+ Bilateral teaching

+ Bilateral teaching

- Unilateral teaching

+ Very interactive for the + Very interactive for the - Not an interactive learning
students

students

method for the students

+ Portable

+ Portable

+ Portable

+ Uninterrupted learning - Difficult for the teacher + Easy for the teacher to
because of solar power
to coordinate the entire coordinate the classroom
+ New education material

- Children have to share classroom

the limited number of - New education material loaded only to one device
computers available
should be loaded to all the + No interruption in usage
tablets, every time
- Interrupted usage since
the tablets need to be
plugged in to be charged
Efficiency 3/5

Efficiency 4/5

Efficiency 4/5

- Need a new Computer + Less damage to the - High initial fixed costs
teacher in the school who equipment
could

make

a

- Time consuming setup

good - Need a new Computer

utilization. It costs up to teacher in the school who
$750 per month to have a could

make

a

good

full-time teacher hired

utilization

Total Score: 7/10

Total Score: 7/10

Total Score: 8/10

High Performing

Less Maintenance

High Performing

Operations: Organic

Operations: Inorganic

Operations: Organic
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V. Conclusion and Recommendation
Based on the above evaluation, the team recommends “Aggregate Alternative (ii) Laptop
+ Projector, Solar Panel, Organic operation framework”. In spite of it being relatively
expensive, this alternative provides the best teaching and learning outcome, while still
remaining under budget.

The recommendation balances the teacher’s inexperience in using ICTs with an effective
unilateral teaching methodology. Considering various ICT alternatives, including many
recent innovations in teaching technologies, the established teaching methodologies are
analyzed to be most effective, flexible, and maintainable.
A robust energy infrastructure is necessary to provide an uninterrupted service delivery.
It also helps serve other energy needs of the school. The hub is responsible to carry out
operations like maintenance of the ICT and energy devices. Even though ownership/
contract based operations is recommended for maintenance, it is possible for AAF to rely
on partnerships for services like training teachers.
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Appendix6
Recommendations for the maintenance and operation of the components of a solar panel system
The electricity produced by the solar panels will depend on several factors including: size,
efficiency of the technology, cleanliness of the surface, and how much irradiation the
place has. For example, in cloudy places, panels are expected to produce at most 50% of
their usual output. Because sunny conditions are to be expected in rural Kenya,
irradiation shouldn’t be a problem. Given this, most solar panels manufacturers
guarantee a power output of 80% for 20 years.
(i) Solar Panels
Potential problems. Most of the technical problems that arise with solar panels are
because of misplaced or dirty modules. Therefore, it is important to locate the panel in
a place that can be easy to visually watch, in order to decrease the risk of damage to the
generator. It is not recommended to put the panels near the ocean, since the salt might
lead to corrosion.
Maintenance. They can be easily cleaned with a sponge and water; however, cables and
fixation, and the strain relief of the electric cables, should be constantly monitored.
Additionally, cables need to be also visually checked to spot any damage done by
animals.
(ii) Charge Controllers
As mentioned in the report, charge controllers keep the battery functioning correctly
over time. They usually provide information about the batteries’ performance through
a LCD display in simpler models or through an integrated data logger for more
advanced models. To identify if the controller is working appropriately, the user, in this
case the teacher or students, will need to have proper training to understand the
information being transmitted.

6

Taken from Section 6 of the publication “Rural Electrification with Renewable Energy:
Technologies, quality standards, and business models”. See references.
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Maintenance. Ventilation slots need to be kept clean and the cable connections should
be fixed every so often.
(iii) Lead-acid Battery
It is the most sensitive equipment of the entire solar panel system.
Maintenance. A visual inspection should be strictly and constantly made to check the
electrolytes filling level, which can decrease due to water loss in the device. To avoid
this, it is advisable to buy a maintenance-free lead battery. Another visual check should
be done to avoid the deformation of the case of the battery due to an overcharge. The
battery’s pole caps also need to be cleaned regularly. Finally, the control of the contacts
and a secure standing are also important tasks.
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