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Abstract 
This report is written in collaboration with Ericsson AB and has the main purpose to evaluate the 

potential for a hybrid power supply system containing photovoltaics (PVs), compared to a 

regular diesel generator system, for powering base station sites in East Africa. Since both 

environmental and operational problems can be attributed to diesel powered systems, it is of 

interest to evaluate new types of energy supply solutions. In this report, an extensive literature 

review over the telecom and solar market in East Africa is presented together with a reliability 

simulation performed in the software program HOMER Energy. From the simulation a 

conclusion was made that the hybrid system obtained at least the same, or in many cases a 

higher, reliability percentage than the DG-DG system, although the distribution between solar 

and DG supply in the hybrid system was nearly 50-50. The literature review showed clear signs 

that the hesitation from investors towards renewable power supply systems in some cases 

could be because of lacking knowledge about this technology. Also a conclusion was made that 

investors in East Africa have a tendency to focus more on the initial cost than to look at the 

overall expenses. Therefore higher capital expenditures (CAPEX) associated with renewable 

systems is much likely a reason why the hybrid solutions are not embraced by the market as 

expected.   
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1. Introduction 

1.1. Preface 

This report is written in collaboration with Ericsson AB and is the outcome of the course “Project 

Work in Energy Systems Engineering”, which is a part of the Master Programme in Energy 

System Engineering at Uppsala University. The extent of the course is 15 credits and was 

completed during the spring semester of 2014 by Erica Hellgren and Amanda Lindquist.    

1.2. Background 

Ericsson AB is a multinational company which provides telecommunication technology and 

services. Operational requirement demands for a radio base station manufactured by Ericsson 

are harsh, and it is only allowed to be out of function for a short period of time per year. The 

need for energy supply systems to radio sites is therefore of great importance. If the amount of 

energy supplied to the sites from an existing grid is limited, or even absent, it is crucial that the 

sites are able to support themselves with energy to reach the operational requirements.  

 

In areas where the grid is weak, backup systems are required to ensure reliable power supply. 

In off-grid areas, the power supply system needs to be working every hour of the day. The 

energy supply system for off-grid operation or backup operation is today mainly based on diesel 

generators. Diesel generators may be easy to install but can be complex to operate. Rising fuel 

prices, demanding maintenance, pilferage of diesel, need of regular refueling and the 

contribution to greenhouse emissions are some of the disadvantages when using energy 

systems based on diesel generators. Also, in areas with inadequate infrastructure, the refueling 

is not always working properly and it happens that the radio base stations are running out of 

fuel, causing downtime in the mobile network.  

 

Hybrid solutions that combine renewable energy technologies with batteries and diesel 

generators are becoming more common. Ericsson has designed a hybrid solution that combines 

solar panels with batteries and a smaller generator to secure the sites energy supply and 

reduce the dependence on diesel. The technical aspects of this product are well developed and 

according to Ericsson is it a good and profitable solution. However, the telecommunication 

market does not embrace the hybrid solution as expected and sales are lower than anticipated. 

 

Africa has overall a good climate for solar energy and the African telecom market is expanding 

as a result of the growing population and infrastructure. Ericsson considers East Africa to be a 

suitable area for their new hybrid solution, but the market introduction has not gone as 

expected. They are asking themselves the question why and where this inconsistency towards 

investing in renewable energy production is coming from. Reduced reliance on diesel should be 

more desirable among the mobile operators since there are so many operational problems with 

the diesel according to Ericsson. An increased interest among operators could lead to both 

economic and environmental benefits. [1]   
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1.3. Purpose 

The first purpose of this report is to investigate why mobile operators in East Africa would be 

hesitant to invest in renewable energy technologies for supplying radio base stations. 

 

The second purpose is to perform a reliability analysis of a radio base station with traditional 

diesel power supply system and compare it with a radio base station with hybrid power supply.  

 

To achieve the purposes of this report the following questions will be answered: 

 

● What are the prospects for future development of capital expenditure (CAPEX) and 

operational expenditure (OPEX) for different renewable energy technologies? Are the 

operators focusing more of any of them? 

● What are the telecom market conditions in East Africa today? What operators are active 

in the area? 

● How much impact do political decisions have on the development of green telecom?  

● What are the mobile operators’ attitudes toward renewable power supply at site? 

● How does the quantified reliability differs from a hybrid system compared to a traditional 

diesel generator system?  

1.4. Boundaries 

This report is limited to examine the market conditions for renewable energy supply for radio 

base stations in East Africa. Throughout the report, East Africa refers to the countries Kenya, 

Uganda and Tanzania.  

 

This report will focus on solar power systems only although other renewable energy 

technologies exist. This since solar power is the technology that Ericsson has chosen for their 

hybrid solution. The report will also be limited to investigate only off-grid radio base stations.   

1.5. Method  

A comprehensive literature review will be done to answer some of the questions above. The 

study will regard current market conditions for radio sites with a power supply mainly consisting 

of a renewable energy source, i.e. green telecoms. Problems with financial aspects such as 

CAPEX and OPEX, political regulations in East Africa and general opinions about PVs and 

green telecom in East Africa will also be investigated.  

 

A reliability analysis will also be done to determine the reliability of two different power supply 

systems for off-grid radio base stations in East Africa. One system consists of traditional diesel 

generators with a smaller battery solution. The other system is a hybrid solution consisting of 

PVs, a battery bank and one diesel generator. The simulations will be performed in HOMER 

which is a software suitable for analyzing hybrid energy systems. The input data for the 

simulation will be received from Ericsson and GSMA.   

 

Once this is completed, conclusions will be made about why mobile operators in East Africa 

may have a negative attitude toward renewable power supply at site.  
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1.6. Abbreviations and Terminology  

 

CAPEX - Capital expenditures, i.e. investment costs 

 

DG - Diesel generator 

 

Green telecom - Radio site with a power supply that is mainly consisting of a renewable energy 

source 

 

GSMA - Groupe Speciale Mobile Association, GSMA, is an association between mobile 

operators and other telecom companies that focuses on deployment and promotion of mobile 

networks.  

 

ICT - Information and communications technology 

 

Off-grid site – Radio site that is not connected to the commercial grid power supply 

 

On-grid site – Radio site that is connected to the commercial grid power supply  

 

OPEX - Operational expenditures, i.e. operational costs  

 

PV - Photovoltaics, i.e. solar energy systems 

 

RBS - Radio base station, sometimes also referred to as “site” in the text.   

 

TCO – Total Cost of Ownership 
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2. Technical information 
In the following section information regarding technical aspects for DG and green power will be 

presented. A main focus will lay on financial differences between the two energy supply systems 

and what impact various steps in the systems have on costs and availability. Green power will in 

the following context refer to power generated from wind and/or solar systems.     

2.1. Characteristics for green power   

2.1.1. Hybrid systems and green power 

A hybrid system is by definition a system that combines at least two different energy sources for 
power supply. Although, throughout this report the term hybrid system will correspond to a 
power system including solar panels, batteries and a DG. The size of the system is optimized to 
support a radio site in the scale of around 2 kW. The peak size of the solar modules is about 6 
kW and the battery capacity is around 20 kWh. A DG included in a hybrid system of this size, 
has typically a power capacity around 10 kW. 

In the following section the term green power will be introduced. Green power refers to a power 
system only running on renewable energy solutions. The difference to a hybrid system is 
therefore, except the fact that renewable energy sources needs to be included, that no DG are 
available in these systems. The size on the renewable energy producer in a green power 
system is therefore larger than the corresponding size in a hybrid system that includes DGs as 
well.  

2.1.2. CAPEX for green power 

Capital expenditures, CAPEX, includes costs related to power equipment, batteries, controllers 
and any civil work needed to install the system at site. Compared to diesel generators, the 
power equipment is more expensive for renewable energy production. Solar panels for example, 
have a high initial cost which increases linearly with load requirements, making solar power best 
suited for small-scale plants. In comparison, costs related to wind power increase less than 
linear and wind power is therefore better suited for large-scale plants. [2] 
Batteries contribute to a large part of the total CAPEX, especially at higher loads. Systems 

powered by wind power do often demand a larger battery capacity than systems driven on solar 

power. In combined solar and wind powered systems the requirements for battery capacity can 

decrease significantly leading to reduced CAPEX. [2] 

Civil costs are larger for green power than for diesel generators, a larger area is often needed 

which leads to more work. In figure 1, a comparison between a solar hybrid solution and a DG 

solution has been made where it is clearly visible that CAPEX for solar systems are higher than 

for diesel generators. [2] 
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Figure 1. Comparison in CAPEX for a solar PV system and a DG system powering a hypothetical RBS in 
Uganda. [2] 

Because of increased manufacturing and the use of silicon in PV constructions, the price for 

solar PV modules have decreased rapidly and in 2011 the price for PV modules was below 1 

$/W for the first time. This decrease in price for solar PV modules can directly be connected to a 

reduced overall CAPEX. In 2009, general PV modules corresponded to 28 percent of the total 

cost of a green power system. This was reduced to a correspondence of 21 percent in 2013, 

much because of the reduced price for PV modules as can be seen in figure 2. [3]  

 

  
Figure 2. Cost trend for components in a solar PV system powering telecom sites, 2009-2013. [3] 
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When it comes to batteries a price reduction has not yet been noticed, but rather the opposite. 

In 2009 batteries corresponded to 11 % of the total cost for a solar power system, which can be 

compared to a correspondence of 20 % in 2013. Reason for this increase can be connected to 

the technical improvements that batteries have gone through in the last years, where significant 

improvements in performance, specifications and cycle life have been seen. [3] 

 

Between the years 2009-2013, a tremendous change in CAPEX for green power solutions have 

been noticed. For a typical 1.5 kW mobile telecom site, overall CAPEX have dropped with about 

40 % which corresponds to a decrease from nearly 90,000$ to around 52,000$. [3] 

2.1.3. OPEX for green power 

Operational expenditures, OPEX, represent costs that are connected to fuel, maintenance and 

replacement for green power equipment and batteries. [2] 

 

The Research and Development (R&D) department of the telecom operator Orange conducted 

a program referred to as ORYX, which is part of the Orange green and social project. The 

intention of the program was to replace existing off-grid diesel fueled RBSs in Africa with solar 

and solar hybrid systems. Both Kenya and Uganda were part of the studied area. Overall a 

decrease to around 80 % of the original operational cost could be seen when switching from a 

diesel powered to a solar powered off-grid site. The decrease was mainly caused by reduced 

fuel consumption, but also by much less maintenance due to eliminated or limited usage of DG 

and air conditioning. [4] 

2.1.3.1. Fuel costs 

Green power in itself has no fuel costs, and the fuel costs that do appear from green power 

systems are originated by a backup generator. Hence, if the system would have enough battery 

capacity to secure energy supply no generator would be needed, and the fuel cost would be 

non-existing. [2] 

2.1.3.2. Maintenance and replacement 

Maintenance costs are fairly low for green power, both for batteries and the power generating 

equipment. The green power equipment has a long lifetime and therefore replacements are not 

common. Batteries have a shorter lifetime than the remaining equipment, especially if not used 

correctly, and if replacements are needed this will have quite a large impact on the total OPEX. 

[2] 

 

2.1.4. TCO for a hybrid system and a DG system  

Since hybrid systems have lower OPEX and DG systems have lower CAPEX it is interesting to 
investigate the total costs of the systems.The total cost of ownership, TCO, is a financial 
estimate of the total costs of a system which includes both the indirect and direct costs. The 
mobile association, GSMA, has made some calculations on TCO over a 10 year period for 
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hybrid systems consisting of various sizes of PVs as the green power component in the design 
and compared it with a DG system at a radio site.  The results can be seen in figure 3.  

 

 
Figure 3.  Total Cost of Ownership over a 10 year period for a DG system compared to hybrid systems of 
various PV sizes at a radio site. [5] 

Figure 3 shows that the TCO is higher for a DG system at site already after a few years in this 

case. Even a system with a large amount of PVs, and therefore high initial costs, will be cheaper 

than the DG system when a longer period of time is considered.  [5] 

 

2.2. Characteristics for diesel generators 

2.2.1. Diesel generator systems 

A DG system designed to support a RBS, has to be designed to be able to support a load of 
around 2 kW. The system has always a capacity slightly higher than the load it is supposed to 
support, therefore in the specific case for a radio site, the DG are usually of a size around 10 
kW. 

Systems including both one and two DGs exist for this particular use but most common are 
systems with one DG. In both the one DG and the two DG systems it becomes more and more 
common that a smaller battery is included to secure power supply at all time. [1] 

2.2.2. CAPEX diesel generators 

CAPEX for a DG system do, unlike for green power systems, not include costs for any other 

energy production equipment than DGs. Also, if the system includes a battery it is significantly 

smaller than batteries used in green power systems and the amount of civil work needed for 

installation at site is much less. Combined these factors have a great impact on the total 

investment cost, making total CAPEX lower for DG systems than for green power solutions. If 

larger installations are to be made it can lead to a higher CAPEX, mostly due to poor road 
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accessibility which increases the need for civil work, but it would still in most cases be lower 

than for an equivalent green power system. [2] 

2.2.3. OPEX diesel generators 

OPEX for DGs do mainly consist of diesel costs, diesel delivery costs and maintenance costs. 

Because of today’s oil prices, OPEX for DGs are much larger than for green power. Even if the 

power output from a DG is decreased the amount of fuel consumed remains almost the same. 

[2]  

2.2.3.1. Fuel costs 

The combined cost for diesel and diesel delivery to a site supported by a DG system can be 

seen as the fuel cost. Diesel is produced by refining crude oil and therefore the diesel price is 

directly connected to the crude oil price, which both has rapidly increased over the past few 

years. [2][6]  

Historical diesel and crude oil prices are illustrated by figures 4 and 5 respectively. They clearly 

show both the similarity in behavior patterns and a steady increase the last decade. 

 
Figure 4. Historical diesel retail prices from mars-1994 to july-2014. [7]  
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Figure 5. Monthly crude oil prices from 1946-2014, in both nominal and inflation adjusted numbers. [8] 

Oil production in Africa is mainly situated in the north and west. Sub-Saharan Africa, where 

Kenya, Uganda and Tanzania are included, is heavily dependent on oil import which makes the 

region very exposed for changes in external oil prices. A possible increase in oil prices and thus 

also the diesel price can therefore have great OPEX impact for a site owner having a DG 

powered site. [9] 

 

Not only the diesel price but also the delivery costs for transporting the fuel to the site can have 

a major influence on the total OPEX. Sites located in difficult terrains, such as mountains and 

mountain ranges, around lakes and in areas with lack of roads, have high delivery costs. 

Because of the relatively low level of infrastructure in Africa, a large number of sites are located 

in so called difficult terrains. [2]  

2.2.3.2. Maintenance and replacement 

It is not acceptable that scheduled maintenance work would cause down time for a base station 

site. Maintenance is mainly done on a 500 hour interval. Some customers require a 1000 hour 

maintenance interval but this calls for more substantial equipment which is costly and maybe 

not even possible to achieve. When maintenance on a single DG is performed a portable DG is 

brought to be used instead. Some of the single DGs have a larger battery backup which could 

be used during less time consuming services like exchanging of oil filters. [10] 
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At sites where more than one DG exists, each DG is programmed to run for 12 hours at a time. 

When 12 hours have passed, another DG is initiated. A battery is used to provide power during 

the time when the exchange is done between two DGs. If the DG that is currently running 

suddenly stops due to failure or fuel outage, it will only take a minute until the second DG are 

running and can deliver power instead. When maintenance is performed on a base station site 

with two DGs it is most common that the service is done on one DG while the other is running. 

No stop in operation is therefore needed. [10] 

 

In general DGs have a shorter lifetime than green power solutions and therefore replacements 

are more common. Also a larger amount of maintenance is needed for diesel generators. Cost 

for maintenance depends on the accessibility in the same way as for diesel delivery. [2] 

2.2.4. Acknowledged problems with diesel generators 

According to employees at Ericsson, it is not entirely unproblematic to run an off-grid base 

station site if it is powered by diesel generators. The biggest cause of failure for off-grid sites are 

faulty DGs. DGs may for example fail to start due to poor servicing, start-battery malfunction, 

running out of fuel and start to suck air instead, or they may even be too old to run. The battery 

backup may also cause failure due to wrong dimensioning or extended outage beyond the 

provided autonomy. If a site loses its power supply, it will go down and lots of radio traffic will be 

lost. This could result in losses in income for the operators and should be avoided. Sites with 

more than one DG have an improved redundancy of the system, especially if they have 

separate fuel tanks. However, there are operators who choose not to have several DGs at a site 

because of increased CAPEX. [10][11] 

 

There are a number of reasons why a base station site may be out of function. One of the 

reasons is lack of fuel. A lot have been done to avoid this, but it does happen sometimes. 

Approximately 5-10 % of all stops are caused by fuel outage, but there is a huge variation 

between regions. In poor communities in rural Africa or in countries affected by war, the 

infrastructure is inadequate and fuel outages are more common since the refueling cannot be 

done in time. In some off-grid areas, the refueling must be done by helicopter because roads do 

not exist. Theft of diesel is another common reason for down time for off-grid sites and is also 

difficult to prevent. In summary, fuel outages are very common and a significant problem in 

these areas. [10][11] 

2.2.5.  Reliability of a diesel system 

Refueling and maintenance are mainly performed by external service companies which make it 

hard for the mobile operators to control the process. Planned maintenance is often not the 

reason for the stops in operation, but instead most stops are caused by unpredicted failures. 

The ideal would be to have a network available 100 % of the time, but for natural reasons this 

cannot be achieved in reality. Failures of the DG (including all kind of errors that may occur) do 

sometimes happen which reduces the availability of the system. There is a large variation 
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between different regions in the world and therefore the availability of a base station site with 

diesel supply is estimated to vary between 90-98% in most cases. [10] 

In figure 6, a sample over errors occurring during one month at an arbitrary off-grid site in Africa 

can be seen. Outages caused by lack of fuel or vandalism were the most common during this 

month. The causes are similar for a site located in East Africa, although the distribution may 

differ some. The reliability of the site for each week, during the presented month, can be seen in 

table 1. In table 1 the distribution in minutes, between the different types of failures, can also be 

seen. [11] 

 

 
Figure 6. Distribution between different types of failures occurring at an off-grid site in Africa. [11] 

Table 1. Minutes of failure at a site in Africa during one October month, sorted by type of failures [11] 
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2.3. Simulation of reliability 

Since green power has received resistance when implemented to the market, it is of interest to 

investigate if there are any negative aspects with operational reliability that could justify the 

criticism. Therefore a reliability analysis of a RBS with a traditional diesel power supply system 

was compared with a RBS supplied by a hybrid power solution. 

 

The reliability analysis consisted of a simulation which had the purpose to determine the 

reliability of two different power supply systems for off-grid RBSs in East Africa. Where one 

system consisted of two DGs and a smaller battery and the other system was a hybrid solution 

consisting of PV, a battery bank and one DG. Technical information about the two systems was 

obtained from Harald Timm and Per Söderström at Ericsson AB. The simulation was performed 

in the simulation program HOMER Energy. HOMER Energy is a suitable tool when determining 

designs and economic aspects for off-grid systems. This simulation was completely based on a 

design perspective and not evaluated from a financial point of view.  

2.3.1. Assumptions and simplifications in the simulation 

2.3.1.1. Case I - DG system 

In a DG system consisting of two DGs, in this report referred to as a DG-DG system, the down 

time is concentrated to scenarios where both DGs are out of production at the same time. In this 

case, the DG-DG system also consists of a smaller battery solution used when switching 

between the two DGs. The down time will appear when no fuel is available for both DGs and in 

cases where both DGs are out of function during a sufficiently long period of time so the 

batteries are unable to support the RBS during the entire stop. No account was taken to 

scheduled maintenance since that is not an accepted reason for causing down time. The down 

time caused by failures could therefore be linked to unexpected errors.  

According to Kent Westergren at Ericsson AB approximately 5-10 % of the down time for a DG-

DG system is caused by fuel shortages. But he also points out that a large variation can be 

seen between regions. In this simulation a higher percentage was taken in account based on 

the fact that infrastructure in East Africa is often inadequate. 

Because of limitations in the HOMER software it is not possible to add forced offs for the DG for 

only one day, it always refers to the same time every week the entire month. Therefore it was 

not possible to create a good simulation for the DG-DG system and instead an assumption of 

the reliability was made and that assumption was thereafter compared with the result from the 

hybrid simulation. According to Kent Westergren, a diesel system consisting of one DG, has 

usually a reliability of 90-98 %  In this simulation the system included two DGs and therefore the 

performance of the system was expected to be slightly more reliable. In the simulation the 

reliability was estimated to 95-98%. [10] 

2.3.1.2. Case II - hybrid system 

The hybrid system used in the simulation can be seen in figure 7. Two loads are included, one 

constant load which shall symbolize the power consumption for the equipment at the RBS, 

according to GSMA is 350 W a good assumption and it was also used in this case. The other 
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load symbolizes the mobile traffic and will therefore vary during the day. The highest values will 

be seen during the late afternoon/evening. The mobile traffic varies between 1.0-1.5 kW with a 

10 % day-to-day variation. [12]  

Figure 8 shows the two loads.  

 

 
Figure 7. The hybrid system. 

 
Figure 8. The constant load to the left and the time varying load to the right (this varies with 10 % from day to 
day). 

The PV was initially set to a peak size of 6 kW. Solar radiation was imported by HOMER from 

NASAs Solar Energy database. The location was specified as latitude 1o 17’ south and 

longitude 36o 55’ east which corresponds to Nairobi, Kenya. HOMER also provides the 

opportunity to specify other settings, these settings and chosen values can be seen in figure 9.  

 
Figure 9. Settings of the PV. 
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Batteries were also used in the simulation. The batteries were of a type already available in 

HOMER, and were called “Hoppecke 10 OPzS 1000”. It is a lead-acid battery and had the 

properties of 2V, 1000 Ah and 2 kWh in the simulation. Multiple strings of this battery were 

simulated to test various storage capacities. State of charge was set to vary between 30%-100 

%.  

 

The last assumptions that had to be made were concerning the DG. Because of difficulties 

finding accurate assumptions for maintenance and unexpected errors the reliability of the DG 

was based on Kent Westergrens rough estimation for the DG-DG system (95-98 %). Since 

there in this case only was one DG, all failures needed to be taken in consideration, unlike for 

the DG-DG system where only failures that appeared at the same time for both DGs needed to 

be considered. Because of that reason a duplication of the down time was assumed compared 

to the DG-DG system. 

 

First, a “worst case scenario” was simulated. This corresponds to a reliability of 95 % of the total 

time. Constraints in the HOMER software prevented the possibility to simulate day-by-day shut 

downs of the DGs. Instead, only hourly intervals which could symbolize the stops were possible 

to put as input parameters in the simulation. The goal was to simulate when the DG was 

working 95 % of the total time but the limitations in HOMER led to that 95.62 % was used 

instead. This gave the total down time of 384 h for the DG-DG system. A duplication of this 

number will also provide an estimation of the down time for the single DG system, i.e. 768 h.  

The operation schedule for the DG can be seen in figure 10.  The DG is “Forced off” when 

marked red. This symbolizes the down time of the system.  

 
Figure 10. Operation schedule for the “worst case scenario”. 

Also an upper limit or “best case scenario” simulation was made, where the down time of the 

DG was based on a reliability of 97.81% for the DG-DG system. With the same approach as 

above a down time of 384 h was obtain for the single DG. The goal was to simulate a 98% 

reliability for the DG-DG system but because of the constraints in HOMER that was not 

possible, 97.81 % was as near as possible. This corresponds to the down time of 384 h for a 

single DG-system.  

The operation schedule for the DG can be seen in figure 11. 
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Figure 11. Operation schedule for the "best case scenario". 

 

2.4. Obtained results from the reliability simulation 
 

Table 2. Results for the hybrid system, based on a 95.62 % reliability for the DG-DG system 

Simulation 
no. 

Size 
PV 
[kW] 

Size battery  
[kWh] 

Size 
DG 
[kW] 

Forced 
off DG 
[h/y] 

Excess 
electricity 
[%] 

Reliability   
[%] 

Distribution 

1 6 2*10 = 20 10 768  8 97 49% PV 
51% DG 

2 6 2*8 = 16 10 768  8 96 49% PV 
51% DG 

3 6 2*5 = 10 10 768 13 96 47% PV 
53% DG 

4 6 2*4 = 8 10 768  14 96 47% PV 
53% DG 

5 6 2*2 = 4 10 768  16 95 47% PV 
53% DG 

6 6 2*50=100 10 768  0 99 52% PV 
48% DG 

7 8 2*4 = 8 10 768  24 96 55% PV 
45% DG 

8 8 2*10 = 20 10 768  19 98 58% PV 
42% DG 

9 5 2*10 = 20 10 768  4 96 43% PV 
57% DG 

10 10 2*20 = 40 10 768 14 99 78 % PV 
22 % DG 
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Table 3. Results for the hybrid system, based on a 97.81 % reliability for the DG-DG system 

Simulation 
no. 

Size 
PV 
[kW] 

Size 
battery 
[kWh] 

Size 
DG 
[kW] 

Forced 
off DG 
[h/y] 

Excess 
electricity 
[%] 

Reliability 
[%] 

Distribution 

1 6 2*10 = 20 10 384 9 99 41 % PV 
59 % DG 

2 6 2*8 = 16 10 384 9 99 48 % PV 
52 % DG 

3 6 2*5 = 10 10 384 13 99 46 % PV 
54 % DG 

4 6 2*4 = 8 10 384 15 98 46 % PV 
54 % DG 

5 6 2*2 = 4 10 384 16 97 46% PV 
54 % DG 

6 6 2*50=100 10 384 0.0 100 51 % PV  
49 % DG 

7 8 2*4 = 8 10 384 24 98 54 % PV 
46 % DG 

8 8 2*10 = 20 10 384 19 99 56 % PV 
44 % DG 

9 5 2*10 = 20 10 384 4 99 41 % PV 
59 % DG 

10 10 2*20=40 10 384 7 100 84 % PV 
16 % DG 

 

2.5. Performance of hybrid system when large outages of DG 

The reliability of the system is typically around 90 % but large variations do occur and it can 

sometimes be very low. Referring to table 1 in section 2.2.4, large outages can be caused in the 

East African region because of lacking of fuel and severe DG failures. Therefore it is of interest 

to evaluate how the hybrid system would perform in this type of scenario as well.  

 

If the DG at site would be completely out of function because of one of the above mentioned 

reasons the hybrid system, with a battery capacity of 20 kW and solar modules in the scale of 6 

kWp, would still obtain a reliability of 56 % according to HOMER.   
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3. Market analysis for green telecom in east Africa 
This part of the report examines the current market conditions and potential for green telecoms 

in East Africa. The statistics are based on a report from GSMA written in 2012. 

3.1. The telecommunication market 

The usage of mobile telecommunications in East Africa has increased substantially in recent 

years and the number of subscribers will increase further. In 2012, it was estimated that 58 % of 

the population in this region used mobile telecommunications in their daily life. This corresponds 

to 71 million subscribers in the area. The level of penetration for mobile telecom services differs 

between the countries and Kenya has the highest level of penetration at 74 % of the population. 

Tanzania reaches 62 % of the population and Uganda 42 %. In Uganda, a larger percentage of 

the population is living in rural areas compared to the other two countries and this could explain 

the lower level of penetration in Uganda. The mobile network coverage extends to 50 % of the 

land area in this region. It is also within this area that 80 % of the population lives. Almost all of 

the uncovered population lives in rural areas which make it both economical and geographical 

challenging to enable access to mobile services in these areas. [13] 

3.2. The power supply on site  

The power supply from the grid varies across the region. Power outages are common and 

electrification is limited. Almost 25 % of the on-grid sites are considered to have unreliable grid 

power supply. In this region, the grid is considered to be unreliable when power outages occur 

more than 6 hours per day, according to GSMA.   [13] 

 

Tanzania has the least developed power sector and the electrical grid is unreliable. Only 40 

% of the urban area and 2 % of the rural area is electrified. More than half of the on-grid sites in 

Tanzania are connected to an unreliable grid. Uganda has an emerging grid and 50 % of the 

urban area is electrified. Regional interconnections are also planned to be built within the 

country in future years. Almost 40 % of the on-grid sites in Uganda are considered to have 

unreliable grid power supply. Kenya’s power grid is the most developed in this region and more 

than 70 % of the urban area and 12 % of the rural area is electrified. Almost all on-grid sites in 

Kenya are considered to have reliable power availability. [13] 

 
Table 4. Number of sites in East Africa in 2012 [13] 

  On-grid sites Off-grid sites Total 

Kenya 4 988 577 5 565 

Uganda 1 818 1 249 3 067 

Tanzania 3 151 1 442 4 593 

Total 9 957 3 268 13 225 

 

The on-grid sites, which make up 75 % of the total number of base stations in the area, have 

access to the power grid and use it as their primary energy source. The remaining base stations 

do not have access to the grid and use mainly diesel generators for power supply. [13] 
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Due to the poor grid power supply in many areas, the majority of the on-grid sites also need a 

diesel system which is initiated when the grid is down. This means that off-grid sites as well as 

on-grid sites need to rely heavily on diesel generators. Rising fuel prices have made the 

operation of diesel sites more costly and the diesel constitutes to approximately 70 % of the 

total cost of powering an off-grid site today. 13 % of the costs come from logistics when the 

diesel needs to be refueled and the rest is maintenance costs. The OPEX for on-grid sites vary 

in the region due to the fluctuating availability of the power grid. However, diesel costs are a 

major part of the total operation costs across the three countries. It varies from 32 %-57 % of 

total OPEX. [13]    

 

Companies in the telecom industry have deployed hybrid power solutions in an attempt to 

reduce the diesel consumption at the sites. Figure 12 shows the distribution of different power 

supply solutions for on-grid sites and also how many sites that exist of each type in the three 

countries. The majority of the sites have backup systems which rely on diesel. [13] 

 

  
Figure 12. Power supply solutions, for on-grid sites. The numbers refer to how many sites that exist of each 
type.  [13] 

Figure 13 shows the distribution of different power supply solutions for off-grid sites. Hybrid 

solutions with both diesel generators and batteries are the most common. Diesel generators run 

fewer hours when batteries are used instead which reduce the costs. Green power solutions are 

mainly based on solar power in this area.  Approximately 5 % of the off-grid sites in the region 

are powered by green energy solutions. 34 % of the sites are running on diesel every hour of 

the day. [13] 
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Figure 13. Power supply solutions, for off-grid sites. The numbers refer to how many sites that exist of each 
type. [13] 

In 2013, there were 4300 sites in total across Africa (including both off-grid and on-grid) that had 

some sort of green energy supply. This can be compared to Asia which had 32 000 green 

telecom sites at that time. [3] 

3.3. Major telecom operators in East Africa 

There are a number of telecom operators in the region of East Africa. It is of interest to conduct 

an investigation on which of these that already have invested in green telecom solutions or if 

they are planning to do so. In the following text, a description of some of the telecom operators 

and their business regarding green power solutions at site will be presented. 

3.3.1. Airtel 

Airtel Africa is a subsidiary of the Indian telecommunication company Bharti Airtel and has 

subscribers in several African countries, including Kenya, Uganda and Tanzania. In Kenya, 

Airtel has 16 percent of the total market share of mobile subscriptions. [14]  

 

According to Bharti Airtel's sustainability report launched in 2012, sustainability has to be 

intrinsic in their business. Airtel wants to build a green mobile network in Africa. In recent years, 

Airtel has made some green initiatives and is now using renewable energy sources to power 

some of their tower networks. In Africa, hybrid systems consisting of solar power and battery 

banks have reduced the dependence of diesel by 60 %. By 2013, Airtel Africa's goal is to 

completely eradicate the telecom sites that are running solely on diesel. The sites will be 

converted into hybrid energy systems which are much less reliant on diesel. This will also 

reduce Airtel's carbon footprint. [15][16] 

3.3.2. Orange 

Orange is a network operator available in 30 countries, including Uganda and Kenya. They are 

one of the leading operators when it comes to mobile, broadband internet and fixed line. [17] 

In both Kenya, and Uganda, Orange stands for about one tenth of the market with 11 % and 

10.7 % of the total market share respectively. [14][18] 

http://www.gsma.com/mobilefordevelopment/wp-content/uploads/2013/02/Safaricom-Feasibility-Study.pdf
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In 2008 Orange began deployment of solar-powered mobile base stations, which represent one 

of the elements in the sustainable-development policy they have applied. [19] 

The environment restrictives are based on the goal to reduce greenhouse gas emission by 20% 

and energy consumption by 15% from 2006 to 2020. [20] 

In 2012, Orange implemented a plan of action referred to as Green ITN 2020, which included 22 

countries representing 95% of Orange’s market. One of the five priority areas is to develop 

renewable energy sources for 25% of new technical sites. In the end of 2012, 2300 solar energy 

sites had been set up in 20 countries. [21] 

Orange strives to replace as many diesel generator powered off-grid stations as possible with 

solar powered sites. Depending on the circumstances, the replacement will consist of either 100 

% solar sites, hybrid solar/fuel sites or hybrid solar/wind sites. [4] 

3.3.3. Safaricom 

Safaricom is the biggest mobile network operator in Kenya and has approximately 19 million 

customers within the country, which corresponds to 64 % market share. Safaricom writes in 

their sustainability report from 2013 that costs related to fuel have become more complicated in 

recent years. Increasing global demands for energy have made the fossil fuel market more 

unpredictable than before and uncertainties in supply and production do occur. Safaricom is 

planning to expand their network and fuel costs are therefore an important aspect to take into 

account. The telecom systems rely heavily on energy and any interruptions in energy supply, 

such as shortages of diesel, may cause down time for the radio base stations. [14][22] 

 

One of the biggest challenges according to Safaricom is minimizing these interruptions. A way 

to increase energy security and minimize disruptions is to use alternative energy sources at site. 

Safaricom has converted some of their sites that only run on diesel into “PowerCubes”. The 

PowerCube is an efficient hybrid system in which all the power components such as diesel 

generator, PV modules, batteries and monitoring systems are enclosed. The enclosing does 

both reduce human interference and pilferage of diesel and also prolong battery life. The 

manufacturer of the PowerCube is Huawei. At present, Safaricom has approximately 3000 sites, 

and 79 sites are still running only on diesel generators. 34 sites have been converted into 

PowerCubes and about another 100 sites have different hybrid solutions. The rest of the sites 

are connected to the grid. [14][22] 

 

Safaricom has also provided special training on some renewable energy technologies, such as 

solar energy and biofuels, to some of the employees to increase the knowledge about 

alternative energy solutions. [14][22] 

3.3.4. MTN 

MTN Uganda is the largest mobile operator in Uganda with 3.5 million subscribers and their 

services cover more than 90 % of the urban population. 50 % of MTN’s sites are in off-grid 

areas and the power supply is mainly diesel generators or battery hybrid systems. GSMA have 

made a feasibility study to analyze MTN Uganda’s network. The study results showed that the 
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implementation of green power supply for off-grid sites is technically feasible and financially 

attractive solution compared to the current power supply (mainly diesel generators). [23]   

 

MTN Uganda has decided to convert all off-grid sites that run on diesel every hour of the day 

into a hybrid solution consisting of deep cycle batteries and a smaller diesel generator which 

work cooperatively. The manufacturer of this DG-battery-hybrid system is Huawei. MTN has 

signed a contract with Huawei to convert more than 100 of MTN’s DG-sites into this hybrid 

solution. [24] 

3.3.5. Other mobile operators in East Africa 

Uganda Telecom, Waridtel, Zantel, Tigo, Vodacom and Yu are also telecom operators present 

in the region of East Africa. Information about their opinions and investment plans for green 

solutions has not been presented mainly because published sources were not found.   

3.4. History of the solar market in East Africa 

To understand the current market conditions for solar energy sources in East Africa, knowledge 

of the historical development is needed.  

3.4.1. Solar market development 

Africa is at present facing huge challenges regarding energy supply. Africa’s nations want to 

increase the access to energy which will improve the life conditions for its populations. At the 

same time, Africa must develop its energy sector into something more sustainable and 

environmentally friendly compared to what other countries needed to when their energy sector 

developed during times when cheap oil were in abundance. Kenya and Tanzania are two 

countries in the East African region that experience these challenges severely. Both countries 

have an increased energy demand due to a quickly-growing population. The electrification is 

substandard and is mainly based on hydro power. As the demand for electricity is growing, solar 

systems might be a part of the solution, especially for off-grid areas. [25] 

 

The Kenyan solar market started in 1970s when the government started to use solar energy to 

power equipment used for signaling and broadcasting in remote areas. In 1980s, the 

government received aid from international donors and development agencies to include solar 

energy for social use, such as school lightning and water pumping, in off-grid areas. This started 

a nationwide emergence of PVs. Donors did also support special training and demonstration 

projects for technicians. Some pioneers started solar companies whose business idea was to 

provide electricity to off-grid rural areas which initiated a private market for PVs. During the 90s 

the agricultural gave profitability’s which rose the incomes in rural areas and prices for PV 

systems fell at the same time which resulted in a growth in the private solar power market. The 

spread of TV and radio signals over a large part of the country induced a need for TVs and 

radios at home which lead to an expansion of solar home systems. The systems were based on 

panels and batteries. Today the installed capacity is approximately 10 MWp in Kenya. In 

Tanzania, the consideration of solar energy for off-grid areas arose in 1973 when the oil crisis 

occurred. Social institutions such as schools and medical centers in rural areas were the main 
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reason why the solar energy market developed initially in Tanzania. The government and 

government-owned railway and telecom companies started to use solar power for radio 

communications systems in 1970s. As in Kenya, the demand for home solar systems arose 

when broadcasting signals from TV and radio become available in off-grid areas. By 2009, the 

installed capacity for PV systems had reached 3-4 MWp in Tanzania. [25] 

3.4.2. Solar market segments 

Today’s PV market in East Africa can be divided in three major areas. The first area is 

residential solar systems in households and smaller local commercial activities such as mobile-

phone charging. This area accounts for the largest part of solar energy use in the region and is 

therefore the main driver for growth of solar energy use in both Kenya and Tanzania. Recently, 

the demand for solar energy systems has increased further due to the spread of mobile phones 

and the need of recharging them at home. The second area is PV systems which provide 

electricity to buildings in off-grid areas such as schools, hospitals and other social institutions. 

This area contributes only to a smaller portion of the total use of solar energy. The third area 

constitutes of solar energy in telecom applications and tourism establishment. Even though 

telecom and broadcasting was one of the earliest uses of PV systems in the region, newer 

technologies such as radio base stations that are powered by solar energy is growing very 

slowly compared to development in other areas. PV systems that are used in telecom have an 

installed capacity of a few hundred kWp in the region. [25]   

3.5. The potential for green telecom 

The green power solutions are still rare but the market is emerging. Green power used for 

telecom applications include several different techniques such as solar power, wind power, 

bioenergy, pico hydro and fuel cells. Hybrid solutions with batteries are also common. All green 

power techniques have inherent challenges with high CAPEX and low vendor support in the 

area. Market penetration is impeded due to this. However, the high OPEX for diesel generators 

does make green telecom technology attractive, and solar power is the most established 

technology. This report will therefore focus on investigating its potential further. East Africa has 

a huge energy potential in terms of solar insolation. Therefore, the opportunity for deployment of 

solar power plants for telecom applications is good. [26] 

 

The regions which are still uncovered are mainly rural areas. Bringing mobile networks to these 

areas requires huge investments in infrastructure, and off-grid sites are therefore the most 

profitable solution. If an off-grid site runs on energy from PVs and batteries instead of diesel the 

need of infrastructure is less crucial because refueling is not needed. Maintenance is still 

needed though. [26] 

 

The market for green power for telecom applications is still at an initial state and some barriers 

need to be solved before the technique reaches commercial adoption. The great advantage of 

this system is the OPEX savings. At the current situation, only 5 % of the total number of 

possible sites has adopted green power. It is estimated that approximately 4000 existing sites 

(of a total of 13 000 sites) in Kenya, Uganda and Tanzania have opportunity to deploy green 

energy power supply, including both off-grid sites and unreliable on-grid sites. Since the number 
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of mobile subscriptions within the region is increasing, the overall number of radio base stations 

will increase further in the upcoming years. This indicates that the potential for installing more 

green power at telecom sites in the area is great. [26]    
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4. Political prospects 
Policy decisions have played an important role in attracting mobile operators to implement 

green solutions. Regulations’ regarding tax exemptions is one example of an incentive that 

exists. Regulations may vary from country to country and it is therefore interesting to investigate 

whether there is a relationship between regulations and the deployment of green telecom in a 

specific country. [3]   

4.1. The regulatory environment for green telecom 

In East Africa and Africa in general there has not been regulations concerning environmental 

impacts nor a push for investing in renewable energy in the same way as in other parts of the 

world. In conjunction with the United Nations Conference on Environment and Development, 

held in Rio the Janeiro year 1992, a document referred to as Agenda 21 was presented and 

reviewed. Agenda 21 was supposed to lead the way towards a sustainable development. As a 

result from the conference in Rio another important event took place in the following years, 

namely the signing of the United Nations Framework Convention on Climate Change which 

came into force in early 1994. The interest in renewable energy rose significantly during the 

period 1992 to 1994 due to Agenda 21 and the Climate Change Convention. The same trend 

could not be seen as distinctly in African countries. Many energy analysts in Africa believe that 

this was due to the fact that African countries were facing other difficulties than the industrialized 

countries. Main focus in Africa during that time was to reverse the persistent decline in their 

central energy system as well as trying to meet at least a minimum energy demand for the poor 

and rural parts of the population. Hence, the conditions for focusing on the environmental 

aspect of the problem were simply not as present in Africa compared to in industrialized parts of 

the world. Today, when the situation in Africa is improved and the expenses for nonrenewable 

energy sources have emerged, it is more likely to see a change in attitude from African 

governments and populations. [9] 

4.2. Site sharing regulations 

Many mobile operators have to some extent outsourced the ownership of the telecom 

infrastructure. Nowadays, it is common that mobile operators choose another company that 

both build and maintain the site infrastructure. These companies are called tower companies. 

The outsourcing has led to a significant reduction of CAPEX costs. The tower companies 

provide the infrastructure that is needed to run a site such as tower, antenna, power supply 

system and so on and charge mobile operators a fee in return. This has created an opportunity 

for tower sharing which reduces CAPEX, see figure 14. [3] 
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Figure 14. When a tower company operates at site, tower sharing between different mobile operators is 
possible. [3] 

Governments in Asia have supported the telecom sector to use tower sharing to a greater 

extent by issue regulations regarding the sharing of site infrastructure. The deployment of green 

telecom in Asia have been a lot greater compared to the deployment in Africa, it is therefore 

interesting to also study some site sharing regulations made in Asia. [3] 

 

By June 2013, developing countries in Asia like Indonesia, Bangladesh, Pakistan and 

Afghanistan had regulations regarding tower sharing deployment mechanisms and in some 

cases even the implementation of it. In some countries, operators need to share detailed and 

updated information of their infrastructure on their website to make it easier for other companies 

to share the towers if they want. The regulations also impede infrastructure to be duplicated. In 

Africa, site sharing regulations exist in countries like Kenya, Ghana and Nigeria. The two other 

countries that this study specifically examines, i.e. Tanzania and Uganda, have no specific site 

sharing regulations. [3] 

 

All these regulations have forced many of the mobile operators in developing countries to carry 

out site sharing of important infrastructure. This has reduced the CAPEX and OPEX costs for 

the telecom industry. [3] 

4.3. Green power regulations and incentives 

There are also some regulations regarding green power solutions for the telecom industry. The 

industry has been encouraged by the governments to implement green energy solutions in their 

business. The countries in Asia mentioned in section 4.2 have all some kind of green 

regulations or goals regarding reduced impact on environment. The green regulations consist 

mainly of reduction of greenhouse gases and deployment of alternative energy sources. In 
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Bangladesh, the Power Division has a specific goal for the telecom sector. The goal says that in 

2020, 10 % of the total power in the telecom sector should be generated from renewable 

energy. Africa has some regulations regarding green power as well. In Kenya and Tanzania the 

implementation of green power is at an early stage and the governments are still deploying 

framework and departments that will manage the renewable energy policies. Uganda has a 

stringent goal to increase the use of renewable energy sources from 4 % to 61 % until 2017. In 

conclusion, many countries in both Asia and Africa have already, or are planning to, implement 

green power regulations. [3] 

 

These regulations have stimulated a development of a new business model which provides a 

new power solution. Third-party companies, called Energy Service companies (ESCo) have 

deployed. These companies are responsible for the power supply at site and will offer green 

solutions to the mobile operators, including both the maintenance services and investment 

costs. Both energy outsourcing and tower outsourcing is growing in many countries. The mobile 

operators will thus be more focused on maintaining customer relations and product innovation 

instead of operating their radio base stations. Figure 15 shows the new business model for both 

tower sharing and third-party energy services. [3] 

 

 
Figure 15. Shared sites and outsourced energy services are becoming more common. [3] 

There is also a need for the industry to have some incentives to accede new operating 

practices. Incentive programs from the government to promote green technology exist in many 

countries in Asia but are almost absent in Africa. A country’s political leaders play an important 

role in the promotion of green initiatives, since politicians can legislate and regulate the telecom 
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sector and the industry. The industry needs to be encouraged to a greater extent to implement 

green solutions. This might accelerate the development to a more environmentally friendly 

telecom sector. [3]  

4.4. Politics in Kenya  

The future of the market of solar energy systems in Kenya depends largely on the Kenyan 

government. Home system applications and other off-grid applications in rural areas have 

potential to grow further in the future. The potential will be limited though if Kenya’s rural 

electrification program is emerging in a successful way which may allow many rural consumers 

to be connected to the grid. This will limit the economic and social benefits with solar energy if 

off-grid areas become on-grid. Off-grid PV systems as well as on-grid systems will depend on 

the implementation of governmental policies which are currently being formulated. The role of 

solar energy in the Kenyan energy mix in the future is very limited though, since the government 

and the biggest electricity company, KenGen, are planning to use other energy sources to a 

larger extent. [25] 

4.5. Politics in Tanzania 

Tanzania’s solar market is dependent on government funding’s, development organizations and 

international donors. When the market was established, these actors played an active role and 

that role remains very important for further development, especially in the market segment of 

institutional services where they act as buyers for the PV systems. The government provides 

subsidies to rural communities and suppliers of solar power systems to stimulate the demand. 

[25] 

 

Regulations in energy use in Kenya are becoming more stringent. Facility owners must 

nowadays carry out energy audits of their buildings or facilities once every three year, and the 

energy assessments have to be performed by registered energy auditors. These rules come 

from the Energy Regulation Commission in Kenya. [22] 
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5. General opinions on PVs and green telecom in Africa  
The following text aims to describe general opinions of PVs and green telecom in East Africa. 

Since only a limited number of scientific articles have been published within the studied area, 

the information in the following text is based on various resources such as articles from interest 

groups, trade associations, blogs and companies. Some of them might therefore rate lower on 

academic credibility, but they still give a good indication of the opinions on the studied area. 

5.1. Africa is a trivial player on the global PV market 

In the following sections Mark Hankins, director at African Solar Designs, tries to explain why 

Africa is still a trivial player on the global solar market when they have one of the best solar 

regimes in the world. 

 

20 years ago, almost the entire PV business was off-grid, since the solar PV market arose in 

areas far from power networks. At that time, solar systems provided power for schools, clinics 

and broadcasting of radio signals in remote areas, and 20 % of the global energy production 

from solar power came from Africa. In the 90s, the German government started to support 

investments for on-grid solar power, which then naturally kick-started the development for on-

grid solar power. People could install PV systems on their houses and then feed their electricity 

into the grid and get paid for it. Countries like Japan, USA and Spain followed, and within 10 

years a huge transformation in the PV market had taken place. The PV market became mainly 

on-grid, and the off-grid solar system contributed only to a small part of the market. Solar 

systems in developed countries are on-grid where financially strong buyers exist. In Africa, the 

solar systems are off-grid and in the hands of lower income groups according to Hankins. [27] 

 

Africa is slow to invest in all renewables. One of the obstacles to the development of solar 

energy in Africa has been lack of political support. African power companies have had large 

centralized coal, hydro- and petroleum plants on their agenda. Smaller systems, like PVs which 

also are geographically dispersed, have received less priority. The development that has taken 

place in the developed world has mainly been due to supportive governments and policy 

decisions. This has not happened in the same extent in Africa. Power outages are common in 

Africa and the consumers have been forced to adapt to this by using diesel generators. Diesel 

generators are, like PV systems, also a type of decentralized power source. Africa's policy 

makers have ignored the benefits of renewable power and this has kept new solutions from 

gaining foothold. There is also a chance that they have not had time to create the necessary 

regulations and support to start the transformation. This may be due to the fact that Africa's 

policy makers is often stuck in more serious problems like crisis prevention on day-to-day basis, 

and environmentally friendly solutions are therefore not prioritized as much. [27] 

 

The lack of financing is another barrier for solar power growth in Africa. Many banks and 

financiers are uneducated in PV systems which make them unwilling to invest. PV systems lack 

established business models, are often of small size and have long payback time. It is therefore 

more common to invest in large well-known projects like big fossil plants. [27] 
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GSMA has a program called Green Power for Mobile (GPM) which purpose is to promote the 

development of green power supply for radio base stations. GPM writes in its latest bi-annually 

report, published in January 2014, that the adoption rate of alternative green solutions at sites 

was initially very slow. Deployment is now moving forward at an accelerated rate and the growth 

of green solutions has had a tremendous growth in the last few years. The growth is biggest in 

Asia where more than 30 000 green solutions exist. Africa is on second place with 5000 green 

solutions at site. The development of green power solution is still far from reaching its full 

potential, especially in Africa. In Africa, there is a lack of finance and limited technical 

knowledge which limits the deployment according to GPM’s report. In addition to technical and 

economic challenges, there exist some operational challenges that include vandalism and theft 

of equipment, lack of local technical support and also some inertia with the existing diesel 

supply chain. All this contributes to a bigger risk for the operators when investing in alternative 

energy solutions. [3] 

5.2. Level of knowledge of PV systems should increase  

The slow expansion of solar electricity in most African countries can be derived to lack of 

qualified solar engineers and technicians as well as to high CAPEX. To encourage interest in 

solar electricity efforts should therefore be made to train qualified solar electrical engineers and 

technicians. Trained professionals located at or nearby sites would decrease the risk for 

technical failures, since technical failures often occur because of lack of properly implemented 

maintenance and can lead to long and expansive shut downs. According to Paul Damasen 

Ikwaba and James Uhomoibhi (Open University of Tanzania and University of Ulster in U.K.) the 

lack of renewable energy courses in the curriculum in Africa can be one of the problems that 

lead to resistance for i.e. solar energy. By implementing renewable energy courses in the 

curriculum at every level of education the knowledge and hopefully approval of renewable 

energy sources would increase. [28]   

 

The German Society for International Cooperation (GIZ) has also stated that the slow 

emergence of PV systems within the telecom sector in Africa is due to the fact that many 

salespeople do not have proper training in the design of the systems when offering them to 

customers. This contributes to a view of PV systems as a “second class” technology which 

might prevent the establishment. In 2009, GIZ claimed that the slow emergence was also due to 

low prices of fuel, lack of easy finance for PV systems, lack of tailored solutions from PV 

suppliers and lack of technical capacity to supply quality services. [29] 

 

Kenneth Cherogony, director at Winafrique Technologies Ltd (which delivers hybrid energy 

systems to various sectors such as the telecommunication sector in East Africa) says that 

countries like Kenya  has a lot of solar energy which enables the ability to install green energy in 

the ICT sector. The Kenyans are however reluctant to green energy solutions and this is mainly 

due to that they have not been educated in this concept. He also states that the biggest 

expense for telecom companies operating in off-grid areas come from the fact that radio base 

stations require energy supply 24 hours a day. Many of them are powered using generators 

which consume a lot of fuel and do also need frequent maintenance. When converting these 

radio base stations into renewable energy supply instead, these cost can be reduced. [30] 
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5.3. A telecom company that says no to PVs for powering RBS  

Orun Energy is a company that provides energy efficient and green telecom solutions on the 

African and Asian markets. Even though PV systems have emerged a lot recently, Orun Energy 

has decided to not include them in their solutions. This is due to a number of reasons. One 

reason is the fact that solar panels are still a very capital intensive and when placing expensive 

solar panels in off-grid areas there is some risk of thievery. Another reason is that the financing 

of solar projects are often longer than 20 years to match the estimated lifetime of the PVs and 

provide a reasonable repayment time. This is a much longer time than the ascribed lifetime of a 

telecom site and also a much longer time than most of the customers want to commit. [31] 

 

Another reason why Orun Energy does not want to invest in solar panels for their 

telecommunication system is that the sun is not shining all the time. A system with solar panels 

needs therefore backup systems such as diesel generators and batteries to be reliable. This 

gives the system a significant CAPEX. The batteries will be charged daily which reduces lifetime 

and the batteries will need replacement within a few years which adds some extra costs. The 

conclusion of this, according to Orun Energy, is that the use of solar panels in telecom 

applications is not the most profitable solution. [31] 

5.4. Focus on CAPEX instead of OPEX 

David King, CEO at the Swedish ICT company Flexenclosure, tries in the following section to 

explain why it does not exist more renewable energy ICT solutions in off-grid areas in the world 

when there are so many benefits with these systems.   

All radio base sites that are running on diesel 24 hours a day worldwide are very harmful for the 

environment. A single site consumes about 20 000 liters of diesel per year which gives a 

considerable amount of carbon dioxide emission to the atmosphere. The cost of fuel is often as 

high as 50 percent of the total OPEX and alternative energy solutions may therefore be a better 

choice.   Flexenclosure have replaced 250 diesel-powered off-grid base stations in Nigeria, with 

their “E-site solution”. The E-site solution uses wind and solar power to decrease the carbon 

dioxide emissions and to lower the OPEX. [32][33] 

 

Many telecom companies are exploring the possibility to use renewable energy in Africa 

instead, with the motivation to bring down the OPEX.  The hybrid solutions for powering off-grid 

sites that exist today are proven to reduce the operating expenses by 20-90 percent. There are 

significant differences among the solutions though, e.g. on energy efficiency and control which 

make the savings from reduced fuel consumption vary. The payback time for the investments is 

about 2 years for all green energy systems and the estimated lifetime for the equipment is 10 

years or more. The majority of the off-grid sites in developing countries, mostly in Africa and 

Asia, are still running on diesel 24 hours a day. Only a few percent use green energy as the 

primary energy source. The mobile market is also the fastest growing in the world in these 

areas. [32] 

 

According to King, operators are also more focused on expanding their network and reach many 

new customers in a short time, and reducing OPEX is not as important. There is also a problem 

when most of the mobile operators are huge international companies which make them slower 
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to take action on saving opportunities in specific areas. Power management and energy supply 

is not the most developed competence for most operators which causes a lack of understanding 

in how much saving potential there actually exists in the energy supply. [32] 

 

Renewable energy is still a quite new technology and lots of improvements have been done in 

recent years. Some operators have had some bad experience with the green technology that 

have not been working properly earlier which make them hesitant to invest in it again. Many 

organizations do also buy energy equipment based on only price and not the performance of the 

system. It has therefore been more important to keep the CAPEX low rather than reducing 

OPEX. Green energy solutions have higher CAPEX but lower OPEX compared to diesel 

systems. Reducing OPEX costs will in many cases make the total costs of the system less. It is 

unfortunate to invest in a product only because it is cheaper to purchase when it is a lot more 

expensive to operate. Some of the reasons above are also problems that can be solved. Better 

relations between vendors and operators may mitigate the hesitant attitude for green power in 

telecom applications according to King. [32] 

5.5. Higher costs for PVs in Africa  

Largely due to taxes and transaction cost in the process of delivering solar systems, the prices 

for solar systems are higher in Africa than in other parts of the world, and it can be twice as 

expensive with a solar system in Uganda compared to the same system in India. In Kenya 

intense competition and reduction of import tariffs have led to decreased prices and Kenya is 

therefore one exception from the overall trend. [34]   
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6. Discussion 
The results from the reliability simulation clearly indicated that the hybrid system was at least as 

reliable as the diesel system, in the East African region. Even though the results, in virtually all 

cases except one, showed that the hybrid system had a higher reliability than the diesel system, 

it is important to keep in mind that a large amount of assumptions and simplifications have been 

made to obtain these results. Therefore it is only safe to say that the hybrid system is not worse 

than the diesel system, but no more. In order to draw more clear conclusions better input data 

would have been needed. Although with the results we can say that most likely there are other 

aspects than reliability that are the reason why the interest in renewable systems in East Africa 

is not that great. It should also be noted that a diesel powered site may have a much lower 

reliability than the input data used in the simulations. This is confirmed by table 1 where the 

reliability was as low as 2 % during one week. The outages that week did mainly consist of DG 

related failures. Since the distribution between diesel and solar in the hybrid system is nearly 

50-50 this should have a negative impact on the reliability for the hybrid solution as well as for 

the DG system. Although the distribution between solar and diesel in the hybrid solution, also 

indicates that the hybrid system is less dependent on diesel and would therefore probably be 

able to perform better, around 50 %, during that specific week. The simulation in section 6.3 

confirms this. The conclusion one can draw from this is that a hybrid system is roughly less 

sensitive to disturbances.  

 

The literature review clearly indicated that a higher CAPEX, in conjunction with the hybrid 

solution, got investors to hesitate. They focus more on the initial cost, than looking at the total 

cost that will be the result of the system during its lifetime. The TCO of a hybrid system is often 

less seen over a longer period of time compared to a diesel system but this seems to be less 

important for the investors in Africa. The focus is on what the product will cost today not the 

overall costs of the system and this short term thinking can likely be one of the factors why 

Ericsson’s hybrid solution not is taking the market as expected. 

 

The literature review also showed signs that the sometimes low level of knowledge for solar 

systems is another reason why people are negative towards renewable solutions. Encouraging 

more thorough training and demonstrate functional facilities where the product is used, can lead 

to increased confidence in the new technology which in turn leads to increased sales. Parts of 

the result in this study can be used for demonstrating that a hybrid solution can be as reliable as 

a DG system, which otherwise can be a common preconception towards renewable energy 

sources.   

 

The switch from diesel to RBS powered by renewable energy supply systems has proceeded 

considerably faster in Asia than in Africa. Reasons for that, we believe may be that there are 

better regulations from the government for increasing the benefits gained when choosing 

renewable alternatives, in Asia compared to in Africa. Also the population density is higher in 

Asia, which may mean that the number of subscribers per site increases, and maybe that can 

lead to a greater acceptance of higher CAPEX. 
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We found it interesting that such a large part of the operators in East Africa stated that they 

wanted to invest in renewable systems, when Ericsson had met such a doubtful reception when 

introducing their product. In some cases it seems that Huawei have reached the operators 

before Ericsson. Huawei is a Chinese ICT-company and also one of Ericson’s biggest 

competitors. Huawei’s products are often cheaper compared to Ericson’s and since this report 

has showed that the investment costs are such an important part it is perhaps not surprising that 

a cheaper solution is chosen in the first place. But since no personal interviews, only published 

statements, have laid the foundation for these assumptions, the truth can be that the operators 

have one public opinion and in action have another. It is likely that the mobile operators want to 

show a good image of themselves and try to really emphasize their green initiatives, but in 

reality the green solutions are only a negligible part of the whole.    

 

These conclusions are in some cases based on less reliable sources, we are well aware of this 

but since the purpose with this report to some extent was to gain a more general overview of 

opinions regarding renewables in East Africa, we have chosen to see past this. In retrospect, an 

additional part based on personal interviews with mobile operators and other industry 

professionals in East Africa, could possibly have given the study a more reliable result. This is 

something to consider if the project will develop further.  

There does not exist an abundance of scientific articles related to the mobile market in East 

Africa on the internet, or so we did not manage to find them which made the literature review a 

bit difficult. This can be seen as a sign that more studies of the kind that was performed in this 

report are needed.  

 

In the future we believe that renewable alternatives will become the main power supply solution. 

Both the negative price trend for diesel and an increased expertise in renewable energy will lay 

the foundation for this development. 
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7. Conclusions 
The conclusion that can be drawn from this study is that green power supply at telecom sites is 

still a small part of the market in East Africa. Approximately 5 % of the total number of sites has 

renewable energy supply for powering RBS. However, the market has developed a lot in recent 

years and continues to increase. Several operators in the area have invested in green solutions, 

no large quantities but it is still a development in the right direction.  

 

From a technical point of view there are no disadvantages with the hybrid system compared to a 

DG system. To increase the investors’ interest in the hybrid solution more knowledge about the 

system needs to be spread. Companies and vendors that want to take market shares in this 

area should spread information by doing for example advertising campaigns and workshops. 

This should not be that hard to accomplish, which means that the future development of sales of 

hybrid systems should be uprising.  

 

The results from the literature review indicated that operators seem to put more emphasis on 

CAPEX than on OPEX. The fact that CAPEX is higher for the hybrid solution than for DG 

systems is difficult to change. If better regulations from the government in Africa for increasing 

the benefits gained when choosing renewable alternatives would enter in to force, it is possible 

that the interest in the hybrid solution would increase in the same way as it have done in for 

example Asia.  
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