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ABSTRACT 

 There is a clear challenge to provide reliable cellular mobile service at remote locations where a 

reliable power supply is not available. So, the existing Mobile towers or Base Transceiver Station 

(BTSs) uses a conventional diesel generator with backup battery banks. This paper presents the 

solution to utilizing a hybrid of photovoltaic (PV) solar and wind power system with a backup 

battery bank to provide feasible  and reliable electric power for a specific remote mobile base 

station located at Bale Robe. All the necessary modeling, simulation, and techno-economic 

evaluation are carried out using Hybrid Optimization Model for Electric Renewable (HOMER) 

software. The best optimal system configurations namely PV/Battery and PV/Wind/Battery hybrid 

systems are compared with the conventional stand-alone diesel generator (DG) system. Findings 

indicated that PV array and battery is the most economically viable option with the total net 

present cost (NPC) and per unit cost of electricity (COE). Simulation results show that the hybrid 

energy systems can minimize the power generation cost significantly and can decrease CO2 

emissions as compared to the traditional diesel generator only. The sensitivity analysis has been 

carried out to analyze the effects of probable variation in solar radiation, wind speed, diesel price 

and average annual energy usage of the system load in the optimal system configurations.  

Ethiotelecom tower systems, especially those located in rough terrain, are currently powered by 

solar and diesel generator sets with battery backup. Diesel power generation is associated with 

several disadvantages which do not make it the best option. Generally, Ethiopia is blessed with 

Renewable Energy Resources (RES) which can be utilized at such towers to supply power. This 

study carried out measurements for wind speeds and solar insolation around Bale Robe, at Sanate 

site and compared these with data from secondary sources. A HPS system was designed based on 

the data collected. The design process basically involved selecting the best combination of HPS 

system components based on their cost and power characteristics. Finally, the study compared the 

designed power system and the current online system at the site in terms of cost of implementation 

and running. 

Keywords: Diesel Generator( DG); HOMER; Mobile base station; Net Present Cost(NPC); Off-

grid system; Photovoltaic (PV); Renewable Energy; Telecommunication
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CHAPTER ONE 

 INTRODUCTION 

1.1 Background Information  

Stand-Alone Systems are designed and optimized to meet the power demand of remote places are 

off-grid power systems. An off-grid system does not have a connection to the main grid electricity 

and vary widely in size and application. Hybrid power systems are designed for the generation of 

electrical power using number of power generation devices such as wind turbine, PV, micro hydro 

and/or other conventional generators. In addition, it includes power electronics and electricity 

storage bank. Some of the advantages of using RESs are gain an immediate access to reliable 

electricity at any time; reduce the dependency from oil price fluctuations and the transportation 

costs of fuels; increase economic productivity and fight climate change (Bhandari B, et al. 2015). 

Telecommunication network have changed the way people live, work and play. Since many people 

around the world are connected by mobile networks, the challenges to provide reliable and cost 

effective power solutions to these expanding and remote networks are indispensable for telecom 

operators. The mobile Industry in Africa faces many challenges to operate the mobile networks in 

a cost effective manner. Africa has one of the lowest electrification rates in the world with only 

43% of the population having access to grid electricity. Wherever there is access to grid electricity, 

the supply of electricity is highly unreliable with frequent and long outage. Africa is a land of 

renewable energy source‟s opportunity. However, currently only less than 2% of the renewable 

resources (excluding hydro) are exploited for electricity generation across Africa. This presents a 

huge untapped potential for large scale renewable power projects as well as small scale mini-grids 

and off-grid power systems. Wherever there is access to grid electricity, the supply of electricity is 

highly unreliable with frequent and long outage. Despite the fact that around 80% of the 

population of Ethiopia lives in rural areas, electricity supply from the grid is almost entirely 

concentrated in urban areas. And limited grid infrastructure and inadequate power generation 

capacities has greatly affected the availability and quality of electricity supply. Among other 

things, dispersed demand and very low consumption level of electricity among rural consumers, 

limited grid electricity penetration to rural population (Olatomiwa L, et al. 2015). The electric 

power infrastructure is playing a negative role in the growth of mobile telecommunications in 
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terms of network coverage and great impact on the operation cost of running the system due to 

non-availability of grid power supply. Due to this there is very limited or no coverage of mobile 

network for the rural population. In the conventional diesel generators with backup battery were 

used for powering these mobile tower sites (BTS). These off-grid systems, usually located in areas 

with difficult accessibilities require regular maintenance and are characterized by their high fuel 

consumption and high transportation and operational cost. Also, due to the increasing demand of 

clean energy technology to reduce the greenhouse gas emission pressure telecom companies for 

alternative solution for powering these sites is needed. Therefore, in order to meet the continuous 

typical load demand of a mobile base station during varying atmospheric conditions, different 

energy sources need to be integrated for extended usage of alternative energy. This will create a 

large demand for off-grid power supply in rural areas which renewable energy is best suited to 

realize ethio-telecom tower site with renewable energy technologies. Solar and wind are available 

freely and thus appears to be a promising technology to provide reliable power supply in the 

remote areas and telecom industry of Ethiopia. The project aim to design an off-grid hybrid 

renewable energy system for Mobile  Base Station, so that can generate and provide cost effective 

electric power to meet the BTS electric load requirement.( Phrakonkham S, Le Chenadec J-Y, 

Diallo D, et al. 2010)( IFC, GSMA, Green Power for Mobile  2014). 

 In Ethiopia, Ethio telecom was established in November 2010 by replacing the previous name of 

the company Ethiopian Telecommunications Corporation (ETC). The operator has passed through 

different names since 1894 E.C at the governance of Emperor Menelik II when the 407 Km 

telegraph line between the cities of Harar and the capital Addis Ababa was constructed. Currently 

Ethio telecom is the sole service provider of telecom technology in the entire country with 

comprehensive plans in place to meet the requirements set out by the Ministry of Communications 

and Information Technology (MCIT). The Federal Government of Ethiopia owned and controlled 

all telecommunications services, except selling of Customer Premises Equipment (CPE). To 

provide reliable and secured communication services at affordable price throughout the country, 

the company has developed extensive mixed-capability Information Communication Technology 

(ICT) infrastructure that provides a blended coverage of 85% of the country‟s population, with the 

potential to serve 90% of its population. Recently the telecommunication service was opened for 

the other telecom operator providers. Mobile service in Ethiopia has existed since 1999 G.C and at 

that time the network coverage was limited to Addis Ababa with a network capacity not more than 
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60,000 subscribers. According to September, 2021 press release, the subscription of mobile 

reached 50 Million at the end of 2020. To provide mobile service, Ethio telecom uses Base 

Transceiver Station (BTS) that help to connect the service provider with the customer which is 

placed in access layer of the integrated network structure. It is one of Base Station Subsystem 

(BSS) element that is used to connect Mobile station (MS) to the network through air interface on 

one side and Network Switching Subsystem (NSS) on the other side. In providing mobile services 

throughout the country, Different vendors (ZTE, HUAWEI and ERECSON) signed a contract with 

Ethio telecom to this end, BTS is installed with the inventory of these companies. Ethio telecom 

holds a variety of telecom devices that needs consistent power source to be operational. The 

company got this power mainly from the national grid, and uses this power source alone or with 

generator and/or batteries as backup. In addition for off grid or remote areas, the company uses 

commonly generator and battery, but in few places solar power is available (www.ethiotelecom.et. 

accessed on Jan ,2022).  

Although Energy is vital for development of a community and nation as a whole and thus it must 

be produced and utilized efficiently. It is argued that energy is a basic requirement for the modern 

life-style. The ever increasing cost and environmental concerns involving conventional sources of 

electrical energy have increased interest in RES. Technologies should therefore be developed to 

produce energy in an environmentally friendly manner from all energy sources. Sufficient 

importance should also be given to the efficient conservation of energy resources. Electrical power 

requirements for most communication towers installed in rural areas are met by diesel generator 

sets. The extension of the main grid to low population areas especially those in difficult terrains is 

associated with high capital outlays (Radicati Group, INC. 2014-2018). The use of a diesel 

generator however, induces several environmental issues and high Operation and Maintenance (O 

& M) costs as summarized in Table 1.1 
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Table 1.1 Comparisons of RES with Diesel Generation (Acharya D, 2013). 

 

Sanate Mountain, around Bale Robe (Latitude 6.789; Longitude: 39.775) is hilly with an estimated 

terrain elevation of 2862.89m above sea level. Electricity consumed by the ethiotelecom tower 

system in Sanate end is currently supplied by two 10kVA diesel generators, although RES are in 

abundance. The Capital Expenditure (CAPEX) and annual Operational Expenses (OPEX) for the 

two diesel generators are approximately ETB 20K and ETB 3.1K respectively. The average power 

demand for this tower system is approximately 1.5 kW and maximum power demand for the site 

was between 4 to 6kw. In the current study, the feasibility of replacing diesel power generation at 

Sanate with solar and wind HPS supplemented with battery bank storage with the use of diesel 

generation as a back-up source, was investigated. A HPS was then designed based on the solar and 

wind data collected and economic viability of the investigated system. 

1.2 Geographical Site Location 

Robe also called as Bale Robe is a town in south central Oromia region of Ethiopia. Located in 

Bale zone. This town has a latitude and longitude of 7o7‟N 40o0‟E With an elevation of 

2492meters above sea level. It is located about 430 kilometers from the capital Addis Ababa and 

Sanate  hill were far from the Robe town about 25km to the south. Robe shares Robe Airport with 

neighboring Goba. The notable tourist attractions include the Sof Omar Cave which lie to the east 



5 
 

and Bale Mountain national park which include different endemic species like Red Fox, Mountain 

Nyla etc (Wikipedia). 

 

        Figure 1.1 The location of Bale Robe (Google map). 

1.3 Problem Definition 

 Developing countries like Ethiopia have serious energy crisis. Satisfying the power demand of the 

people for the fundamental necessities by itself is in much a bother situation. Hence, governments 

and peoples started looking towards permanent and never-ending sources of energy called 

renewable sources of energy such as solar and wind energy. The positive aspect of use of 

renewable energy sources in these countries is that they are available in plenty and also pollution 

free. Although, vendors and operators of equipment for mobile communications in developing 

countries have been facing difficulty to meet certain challenges such as it costs much, expensive to 

run, uses much power and is difficult in deploying with limited electricity supply. For instance, 

many people in emerging markets like Ethiopia live in rural areas with limited access to the 

electricity grid; it becomes a significant barrier to expanding network coverage in these areas as 

mobile phone base stations rely on a secure supply of power. Even in areas connected to the grid, 
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the power supply can be unstable and disrupt. And also due to the reach of mobile telephony 

among the people in remote villages, the service providers are stressed for finding a working 

solution to the energy crisis. Thus the provision to power the base stations for mobile operators 

with renewable energy is gaining importance steeply. Like other mobile communication devices, 

BS devices required power to be operational. In Ethiopia, currently most of the BS gets power 

from commercial line of Ethiopian Electric Utility (EEU). In addition, these devices were using 

generator and/or battery as backup in situations when power is disrupted. Although, the national 

power provider EEU has accelerated its progress in connecting towns and supplying power, 

electrification rates remain low and are well known in its frequent interruption. The alternative 

sources, batteries and diesel generators, are unsuitable for long hours and expensive to operate, 

respectively. On the other hand, if there is no adequate and continuous power supply for the BTS 

sites, it is difficult to ensure service continuity. As a result, all services supported by the respective 

devices will automatically be paused. These problems become more challenging in countries like 

Ethiopia, where power interruption from the grid is more common and where there is lack of 

reliable power supply for remote locations. Moreover, in rural areas energy consumption 

contributes most of the total network operating cost. Thus, this expenditure on energy as a result of 

the lack of grid availability highlights a potential barrier to the growth of the service delivered by 

the company and ensuring reliable services throughout the country. Fortunately solar wind power 

is available in almost every location no matter how remote and can be used for low- and medium 

capacity sites. Apart from having very low environmental impact, solar-wind powered sites have 

the advantage of being very low maintenance, with a technical lifetime of about 30 years or more. 

In addition it allows deeper penetration of mobile networks and much more reliable than diesel 

generator-powered systems. And also it can scales with the load, so the size of the solar installation 

can be matched to actual needs without unnecessary capacity. However the fact that solar 

photovoltaic (PV) and wind technology is not yet commercially mature in developing countries. 

Generally, using these energy sources to power the sites has the potential to resolve the three key 

needs of the company, namely: reduction in diesel usage; expansion of telecom infrastructure to 

off-grid areas; and reduction in carbon emissions (Jeannin, L and Jochen H. 2013). 

Finally, Electrical power generation using diesel engines is associated with environmental 

pollution while supplying power from the national grid to remotely located towers is costly. 



7 
 

Therefore, a sustainable power supply system, which is environmentally friendly, cost effective 

and readily available is required.  

1.4 Significance of the study  

The significance of this study is to ensure service continuity and reduce dependency on 

commercial line of Ethiopian Electric Utility (EEU) through an optimal sizing of off Grid-PV and 

wind hybrid system. In addition, the project shows that availability of alternative PV & wind 

power source for telecom access layer devices and to minimize the power cost. Furthermore, this 

project encourages further studies that can be done to utilize available alternative power sources 

for other network equipment‟s. Finally, the findings of this study will serve as a reference for other 

studies and decision makers for planning.  

1.5 Objective of the study 

 1.5.1 General Objective  

The main objective of this study is to model and develop alternative power source for ethio 

telecom mobile base station, using off Grid connected PV/Wind/DG hybrid power system and size 

the system using proper optimization method. 

 1.5.2 Specific objectives  

The specific objectives to be undertaken to reach at the general objectives are to:  

 Assess the solar radiation and wind speed of Bale Robe area 

 Design and optimize a HPS for Mobile base station  system  

 Develop a model and formulate objective function & constraints  

 Determine the economic feasibility of the proposed system  

1.6 Limitation of the study 

The fact that the study was done only in Bale Robe area it may limit its generalization of using the   

alternative power source nationally. The proposed  model  of alternative  hybrid power system  for  

remote mobile station was modeled only  for simulation due to high cost for individual, but it’s prefer to  

fabricate and install its  prototype at the site for actual implementation and investigation. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Background of the Study Area  

2.1.1 Renewable energy sources (RES) 

The International Renewable Energy Agency (IRENA) has a statutory definition, “renewable 

energy includes all forms of energy produced from renewable sources in a sustainable manner, 

including bioenergy, geothermal energy, hydropower, ocean energy, solar energy and wind 

energy” (Jochen H. Schiller, 2003). 

The International Energy Agency (IEA) defines renewable energy resources as those “derived 

from natural processes” and “replenished at a faster rate than they are consumed”. The IEA 

definition of renewable energy includes the following sources: “electricity and heat derived from 

solar, wind, ocean, hydropower, biomass, geothermal resources, and biofuels and hydrogen 

derived from renewable resources” (IEA 2002). 

 Renewable energy comes from the sun and can be used directly as the case with solar heating 

systems or indirectly as with hydroelectric power, wind power and power from biomass fuels. RES 

includes solar energy, wind energy, hydroelectric power, geothermal energy, bioenergy, ocean 

energy, etc. There are other alternatives to sources of energy that are not renewable in nature. 

Although these are “alternative energy” rather than “renewable energy”, they use the existing 

energy more efficiently than older technologies. The use of renewable and alternative energy 

sources can save funds, conserve energy, save the environment and reduce overdependence on 

energy supplies outside the country borders (Jochen H. 2003). 

2.1.2 Hybrid Power Systems  

Hybrid power system involves a combination of two or more modes of electricity generation 

devices or sources such as wind turbines, PV, micro-hydro and/or fossil fuel generators. They are 

generally independent of centralized power grids and can be used in remote/rural area. The use of 

RES in hybrid power generation systems reduces the reliance on expensive fuels while allowing 

for a cleaner generation of electrical power. HPS addresses limitations in terms of fuel flexibility, 

efficiency, reliability, emissions and/or economics as well as elimination of fuel transportation 

costs. Figure 2.1 shows the schematic diagram of a basic HPS involving various sources. 
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                         Figure 2.1 Basic hybrid power systems (Bhandari B & Lee K-T, et al. 2015) 

In a HPS, a diesel power generator acts as a back-up system in circumstances which may render 

RES capturing components unavailable. The system is usually modified so that the diesel 

generator is not always required, but in that case other components must be added. There are a 

number of wind turbines that supply DC power as their principal output. These machines are 

typically in the smaller size range of 10kW or less. With suitable controls or converters they can 

support both AC and DC loads. PV panels represent a useful complement to wind turbines in some 

hybrid power systems. PV panels inherently generate DC power and therefore usually operate in 

conjunction with storage and a separate DC bus. There are two types of power conversion 

functions of particular significance for hybrid power systems: rectifying and inverting, to charge 

batteries from AC sources or supply AC loads from DC sources, such as batteries and photovoltaic 

panels. Some control functions are carried out by dedicated controllers that are integral to the 

system components. Overall system control is accomplished by the system supervisory control 

(SSC). A stand-alone HPS consisting of wind and solar PV is a suitable hybrid combination for 

most applications, taking care of seasonal changes. They also complement each other during lean 

periods in that they are both seasonal in nature. Figure 2.2 shows a HPS consisting of wind and 

solar PV and other components. 
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     Figure 2.2 PV- Wind-DG Hybrid power systems (Chaouchi.H & Laurent.M, 2009) 

2.2 Mobile Telephony Network  

Consumers seek communication at home or in the street, always using the mobile phone beyond 

the limitations imposed by cables. However, in order to be able to use a mobile phone at least one 

telephone wireless network is required. The network shown in Figure 2.3 required different 

network devices to get the desired communication (accessed from ipcisco on May, 2022). 
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                     Figure 2.3 Structure of Mobile Network (ipcisco accessed on May, 2022) 

A GSM mobile telephony network is generally composed of the following: 

 Mobile station (MS): The MS includes all user equipment and software needed for 

communication with network. It consists of the subscriber identity module (SIM), which is a data 

base on the user side that stores all user-specific data. It contains many identifiers and tables, such 

as card-type, serial number, a list of subscribed services, a personal identity number (PIN), a PIN 

unblocking key (PUK), an authentication key (Ki) and the international mobile subscriber identity 

(IMSI). And MS can be identified via the international mobile equipment identity (IMEI), a user 

can personalize any MS using his or her SIM, i.e., user-specific mechanisms like charging and 

authentication are based on the SIM, not on the device itself (Heine, Gunnar, 1999). 

Base transceiver station (BTS): A BTS comprises all radio equipment, i.e., antennas, signal 

processing, amplifiers necessary for radio transmission. Also it provides the physical connection of 

http://www.ipcisco.com/%20(Accessed
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MS to the network through Air-interface. On the other side, it is connected to the Base Station 

Controller (BSC) via the Abis-interface (Heine, Gunnar, 1999).  

Base station controller (BSC): is a small digital exchange its function is to switch the incoming 

traffic channels through A-interface from the Mobile service Switching Center (MSC) to the 

correct Abis-interface channels. In addition it manages BTS‟s, reserves radio frequencies, handles 

the handover from one BTS to another within the Base Station Subsystem (BSS) and performs 

paging of the MS (Heine, Gunnar, 1999). 

 Mobile services switching center (MSC): MSCs are high-performance digital integrated service 

digital network (ISDN) switches. They set up connections to other MSCs and to the BSCs via the 

A-interface, and form the fixed backbone network of a system. Typically, an MSC manages 

several BSCs in a geographical region. It also handles all signaling needed for connection setup, 

connection release and handover of connections to other MSCs (Heine, Gunnar, 1999). 

 Gateway MSC (GMSC) has additional connections to other fixed networks, such as public 

switched Telephone network (PSTN) and ISDN (Heine, Gunnar, 1999). 

2.2.1 Mobile Base Stations  

 A base station is a wireless system situated at the heart of the cell (The area covered by base 

station signals); it includes an antenna, a controller and a number of transmitters and receivers.  

 Usually, three antennas with hundred and twenty degrees are mounted on the top of the metallic 

tower to cover the specified region and connected to Remote Radio Unit (RRU) with cables. 

Though these antennas are operated at different frequencies they are well separated from each 

other to avoid interference of emitted power from each other.  Also at the bottom of the tower a 

small house of electronic circuits often called a shelter is found, contained power amplifiers that 

are used to generate strong signals and they are connected to RRU with fiber. The base station also 

has additional components within a shelter include digital signal processing unit, microwave link, 

rectifier, air conditioning elements (for indoor base station) and lighting. Also many base stations 

have a Direct Current (DC) power back up system in the form of batteries connected either in 

series or parallel (Pande.G, Sept,2009).  
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2.2.2. Mobile Base Station Load  

The main electrical and electronics equipment of this mobile network site are Radio Base Station 

(RBS), Power Base Controller (PBC) including Rectifier, Battery Base Station (BBS) and Diesel 

Generator (DG) with Fuel Tank. Typically, a conventional BTS site load consists of BTS 

equipment load as well as air conditioner and lighting loads. So A second-generation GSM System 

mobile base station consisting of a single RBS 6101 with three RF Antenna at angle of 120; with 

one MW Antenna, with Lighting Rod and Aviation Light; one PBC 05 with 3 Rectifier of 2 KW 

Power rating; BBS 6101 with 8 Battery per two battery Strings and DG with Rating of 10 KVA 

and Fuel tank with 1000L Capacity was considered in this study. This equipment‟s are outdoor 

Material. Diesel generator is scheduled to operate accordingly for the whole day throughout the 

year. Weather it is high or low traffic demand, DG is scheduled to run in optimal conditions for the 

rest of hours. Most of the radio transceiver appliances employed in mobile network site use DC 

power to operate. There AC power supply from the DG to the AC input terminal of rectifiers to 

convert in DC power and transfer to the DC loads. The DC load components are connected to −48 

V DC power supply. More power is consumed by the radio equipment and amplifiers; the left is 

consumed by the DC power system and by the cooling equipment, an air conditioning unit. An 

individual mobile phone tower, the BTS can account for approximately 4 kW–6 kW of total 

energy consumption. Comprising BTSs (the primary radio equipment), an air conditioner (if 

required), antennas and lighting are the largest energy consumers at a tower site (CSC 249, 

Cellular Technology 2014). 

2.2.3. Power consumption for Mobile Base Station  

The base station‟s power consumption can be determined by the sum of the power consumption of 

all those components. The load represents the number of active users or the number of calls at that 

time and the requirements of the services they use in the base station cell, the higher the load, the 

higher the base station‟s power consumption. The Load estimation is assumed based on the electric 

and electronic appliances used in the mobile network site and usage of the electrical energy; 

because the power consumption pattern of a BTS depends up on the number of subscribers, the 

area to be covered, the topography of this area, and the technology used(IFC, Green Power for 

Mobile 2014). Typically, a conventional BTS site load consists of BTS equipment load (base 

station RBS and microwaves) as well as air conditioner and lighting loads. A second-generation 

GSM mobile base station consisting of one number BTS with three transceivers was considered in 
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this study. The maximum power consumption of air conditioner is considered as 1.8 kW, whereas 

the BTS equipment‟s power and miscellaneous loads (battery charging load and lighting) are 

1.5kW and 0.5k W, respectively. Although, measured hourly load data for the considered site are 

not available, however it is important to note that, the stated rating of BTS equipment (base station 

RBS and microwaves) will not be loaded to full capacity at all times due to the variability in 

operating hour of the equipment which often depends on the level of usage by the mobile 

subscribers. This load is therefore classified into three categories according to the level of usage, 

namely; low hour, medium hour and busy hour load. Based on the first category, it is assumed that 

the subscriber utilized only 10% of the total BTS load, this usually occurred during 12PM to 6 AM 

in the morning, whereas in the second category is considered 30% usage, this occurred between 7 

AM and 10 AM in the morning and between 6 PM and 11 PM in the night. Finally the third 

category is taking as 50% and usually occurs during the business hours of the day (10 AM to 6 

PM). It should also be noted, that the air conditional is considered to only operate during the 

business hour (sunshine hour) of the day when high power is expected to be demanded from the 

BTS equipment, whereas the miscellaneous loads (lighting) is operated only in the night hours (6 

PM to 6 AM). Therefore, mobile base station is operated at busy load and low load condition under 

maximum and minimum traffic. It should also be noted, that the air conditional is considered to 

only operate during the business hour (sunshine hour) of the day when high power is expected to 

be demanded from the BTS equipment, whereas the miscellaneous loads (Aviation lighting & 

florescent lamp) is operated only in the night hours. The mismatch in the peak value and value 

shown in Figure below is due to the scaling process and the random variability introduced in 

HOMER to make the load pattern unique. 

 

                                       Figure 2.4 Seasonal Load Profile of the site 
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To synthesize data in HOMER, we have to enter at least one load profile, which is a set of 24 

hourly values of electric load, one for each hour of the day. You can enter different load profiles 

for different months and for weekdays and weekends too. But if you only enter one load profile it 

will be used throughout the year. HOMER adds randomness according to the values you enter for 

daily noise (5% for day to day Variation) and hourly noise (10% for hour to hour Variation) and 

calculates the average 24-hour load profile for the whole year. 

 2.2.4 Power Sources for Base station 

BS primarily powered by electrical power from the grid in urban areas with a back-up by battery 

and/or a diesel generator. The grid power must be available for 24 hours a day to give reliable 

service for the customers. But electrical grids are not available or are unreliable in most locations 

of developing countries; therefore cellular network operators rely on diesel powered generators to 

run a base station. The idea of using diesel generators as a primary or back-up power supply has 

become less favorable due to the challenges linked to their reliability, high operational and 

maintenance costs and their considerable environmental impacts. Therefore adding several base-

stations for service providers can only multiply this destructive environmental impact, unless these 

base-stations are supported by a sustainable alternative energy sources. Hence renewable energy 

sources such as solar, wind and fuel cell energy or hybrid solution seem to be more practicable 

options to reduce the overall difficulties. These solutions have been strong choices for powering 

BSs due to their abundant availability in a wide range of geographical locations around the world. 

Additionally, the components in solar and wind-based systems are usually modular, which makes 

the design, expansion, and installation of these types of systems for the BS sites very practical and 

feasible. However, due to the unpredictable and irregular nature of wind and solar, the systems 

running on these sources typically need to be integrated with other means of renewable or non-

renewable power supply and/or energy storage solutions in order to ensure the continuity of power 

supply in a BS site . The relative characteristics, advantages and limitations of solar photovoltaic 

technology are discussed below. The hybrids system Enabling distributed power generation and 

emission-free power source makes solar photovoltaic and wind technology a desired option for 

backup power. In addition detailed evaluation of the load profile of the site, weather conditions at 

the site throughout the year, solar radiation, wind speed, battery efficiency, charge controller 

efficiency, power loss due to dust accumulation and available area for installation of the solar 

photovoltaic panels should be considered (Dan Chiras, 2020).  
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2.2.4.1 Factors Affecting Power Requirement of Base Stations  

Base stations represent the main contributor to the energy consumption of a mobile cellular 

network. Several factors can affect the base station power consumption. These include the traffic 

load (which varies as a function of time), the density of population and building of an area that is 

morphology, the type of technology or combination of technology used at the base station, number 

of hub linked to a specific base station, availability of microwave link, normally the BS is linked to 

the respective backbone through fiber link; however, some BSs may not have access to fiber link, 

as a result microwave connection will be used. In some cases, both may occur at a time. The other 

factors are configuration and whether the site is indoor (BTS housed in a shelter) or outdoor. 

2.3 Energy Potential of the Study Area 

 The mobile telecom base station considered for this hybrid system project is located in Oromia 

Region around Bale Robe area at sanate hill, with Geographical coordinates of latitude 7.03   and 

longitude 39.899. Here, the mobile telephony base station is taken from ethio telecom site; the 

global system for mobile (GSM) network system base station is considered. Wind and Solar 

resource raw data input to the HOMER software is the average global horizontal radiation and 

wind speed obtained for the site from Atmospheric Science Data Center (ASDC)-NASA surface 

meteorology and solar energy database which attached in appendix A.  

Table 2.1 Average monthly global solar radiation and wind speed of Bale Robe area at Sanate hill 

(data was accessed from nasa.gov on March, 2022). 

 

From Table 2.1 it can be seen that the monthly average solar energy resource is well distributed in 

the site with average monthly solar radiation of 5.64 kWh/m
2
 /day and average daily sunshine 

http://eosweb.larc.nasa.gov/
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hours of 11 hr. The maximum solar radiation is for the month of February having daily radiation of 

6.51 kWh/m
2
 /day; February was the sunniest month of the year, whereas the minimum value is 

occurred during the peak rainy season months July in the area, particularly in the month of July 

with radiation of 4.14kWh/m
2
 /day. It also depicts the clearness index of the site obtained after 

HOMER simulation. The clearness index tells about the clearness of the sky from the latitude and 

longitude of the site considered. Here in this study the clearness value varies from 0.41 in July to 

0.66 in February. Note that HOMER assumes the output of the PV array is linearly related to the 

solar radiation incident on the PV array and also ignores the effect of ambient temperature on the 

performance of the PV array. The nominal operating cell temperature is the surface temperature 

that the PV array would reach if it were exposed to 0.8 kW/m
2
 of solar radiation, an ambient 

temperature of 20 °C and a wind speed of 1 m/s. The clearness index in HOMER tells about the 

clearness of the sky of the site meaning the transmission of the radiation directly from sky to 

earth‟s surface. The clearness index value is dimensionless and varies from 0 to 1 representing the 

cloudiest and sunniest months respectively and there is an average daily sunshine hours of 11 hrs. 

as shown in Figure 2.5. 

 

                 Figure 2.5 Global Horizontal Solar Radiation Source 

Normally from end of June till end of August is summer season in region which means it is rainy 

time but the solar radiation is enough and a substantial amount of electricity could be generated, 

thus the considered site in this study has shown excellent solar energy sources to be exploited to 

generate electricity. From HOMER analysis, it can be seen that the considered site has enormous 

potentials for PV applications. Monthly mean wind speed resources of the site are obtained from 
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NASA surface meteorology and solar energy database. NASA has estimated the annual average 

wind speed of the location to be 2.95 m/s at an anemometer height of 10 m  as shown in Table 2.1.  

Generally it shows the wind speed data of the site is not that much satisfactory for power 

generation since it has a very small cut-in wind speeds. So, wind speed extracted from NASA is 

simply taken to assess wind energy potential of the selected site (resource assessment). This data 

can be extrapolated to the designated wind turbine height of 50 m. Tables  summarize the monthly 

wind speed variation of the site at 50 m heights where the average wind speed found to be 3.98m/s. 

The lowest wind speed profile is indicated in the months of January, February & May; Whereas, 

April, July and August are the windiest months. As wind turbine height increase length from 

ground the wind speed also increase and hence, power production also rises. The wind speed at 

any height above ground level can be interpolated either in exponential function or logarithmic 

function forms (Pramod Jain, 2011). 

 

Figure 2.6 Probability Distribution Function of Wind speed data of Bale Robe 

  From this Figure it can be seen that the most probable wind speed range 2.0–3.5 m/sec occurs 

approximately 25%, and the wind speed above 3.5 m/s is occurred around 67% of the time. Thus 

this shows that some of the wind energy could be exploitable. The characteristic curve of Bergey 

wind turbine, which exhibits wind turbine power output variation with wind speed, the cut out 
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wind speed is around 8 m/sec and cut in speed is more than 4 m/sec at hub height as shown in 

Figure 2.7. 

 

                        Figure 2.7 Power Curve of Bergey Wind Turbine 

2.4 Components Used in Hybrid Model  

Photovoltaic Cells, Panels and Arrays  

A PV cell is a semiconductor device that can convert solar energy in to DC electricity through the 

photovoltaic effect. The PV generated electricity is „silent‟, low in maintenance and does not need 

fuel or oil supplies. However, PV energy is only available when enough radiation is accessible. A 

PV panel consists of several connected PV cells. The power rating of a panel is specified at 

standard test conditions (STC) which include a defined cell junction temperature, (usually 25
0
 C) 

and irradiance (usually 1000W/m
2
 ) and is the maximum power output in this state expressed in 

peak watt (Wp), also it depends on its cell area and efficiency. PV panels are available in wide 

variety of ratings, in some cases up to 500Wp each are manufactured. If higher voltages or currents 

are required from a single module voltage and current, modules must be connected into arrays. 

Series connections result in higher voltages, while parallel connections result in higher currents. 

When modules are connected in series, it is desirable to have each module‟s maximum power 
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production occur at the same current. When modules are connected in parallel, it is desirable to 

have each module‟s maximum power production occur at the same voltage. Since PV arrays 

produce power only when illuminated, PV systems often employ an energy storage mechanism so 

the captured electrical energy may be made available at a later time. Most commonly, the storage 

mechanism consists of rechargeable batteries. When a battery storage mechanism is employed, it is 

common to also incorporate a charge controller into the system, so the batteries can be prevented 

from reaching either an overcharged or over discharged condition.              

 It is also possible that the PV system will be interconnected with the utility grid. Such systems 

may deliver excess PV energy to the grid or use the grid as a backup system in case of insufficient 

PV generation. Energy Storage Battery Bank now a day‟s energy storage system has taken a huge 

part in case of power generation including hybrid power system. It makes the system much more 

reliable and efficient. Energy storage system has dual advantage; (i) whenever power deficit 

occurs; it helps to transfer the stored energy to the system. (ii) In case of excess energy supply 

from resources, the system will store the surplus energy in the storable form of energy. To this end, 

storage system has remarkable importance in renewable energy sources, wind and Solar PVs in 

particular; as they are intermittent sources. (Baron.D, 2010)( Acharya D, 2013). 

 

Figure 2.8 Buildup of a solar PV array from cell to array (Acharya D, 2013) 
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Batteries (Storage) 

A battery bank is used as a backup system and it also maintains constant voltage across the load. 

Classic OPzS batteries have been proven energy suppliers for decades, which captivate in 

robustness, extreme long design life and reliability Very high operationally reliability under rough 

operating conditions Low maintenance due to reduced antimony in the alloy and high electrolyte 

reserve. 

Classic OPzS batteries are robust energy storage solutions, with proven technology that has been 

relied upon for decades in applications such as telecommunications, power supply and power 

distribution, data, alarm security systems and emergency lighting as well as all other power 

supplies for safety systems. The battery pack consists of 4(12), 48V, 150Ah, 1.83kWh batteries 

connected in series / parallel configuration, two parallel sets of 4 batteries in series. 

 

                Figure 2.9 Storages Batteries (Industrial batteries-OPzS) 

Battery is described in terms of four main characteristics: Battery capacity, Battery voltage, Cycle 

depth and autonomy.  

Battery capacity: is the amount of energy, the battery can store. Temperature, rate of discharge, 

battery age and battery type determines the amount of energy extracted from a fully charged 

battery. The three main ratings to specify the capacity of a battery are:  
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(1) Ampere hour (Ah): the amount of current at which the battery can discharge their stored energy 

over a fixed interval of time. 

 (2)Reserve capacity: the time length in minutes when the battery can manage to produce a 

specified level of discharge.  

(3)KWh capacity: the amount of energy required to charge a depleted battery (not fully discharged 

batteries). 

 Battery voltage: is that of a fully charged battery. It depends up on the number of cells and 

voltage per cell. 

 Cycle depth: Fully discharging batteries can cause an adverse effect regarding to the life of the 

battery. Deep cycle batteries can discharge up to 15%-20% of their capacity. This gives a depth of 

discharge (DOD) of 85% - 80%.  

Autonomy: the ratio of restorable energy capacity to the maximum power discharge. It indicates 

the maximum amount of time in which the system can extract its energy. 

Wind turbine: Unlike windmills which are used directly to do work such as water pumping or 

grain grinding, wind turbines are used to convert wind energy to electricity. The first automatically 

operated wind turbine in the world was designed and built by Charles Brush in 1888. This wind 

turbine was equipped with 144 cedar blades having a rotating diameter of 17 m. It generated a 

peak power of 12 kW to charge batteries that supply DC current to lamps and electric motors. 

Today, modern wind turbines in wind farms have typically three blades, operating at relative high 

wind speeds for the power output up to several megawatts. 

Wind energy is a converted form of solar energy which is produced by the nuclear fusion of 

hydrogen (H) into helium (He) in its core. The H → He fusion process creates heat and 

electromagnetic radiation streams out from the sun into space in all directions. Though only a 

small portion of solar radiation is intercepted by the earth. Wind results from the movement of air 

due to atmospheric pressure gradients. Wind flows from regions of higher pressure to regions of 

lower pressure. The larger the atmospheric pressure gradient, the higher the wind speed and thus, 

the greater the wind power that can be captured from the wind by means of wind energy-

converting machinery. Wind speed is one of the most critical characteristics in wind power 
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generation. In fact, wind speed varies in both time and space, determined by many factors such as 

geographic and weather conditions. Because wind speed is a random parameter, measured wind 

speed data are usually dealt with using statistical method (Pramod Jain, 2011). 

 Charge Controller: A charge controller is required in most PV systems that use battery storage to 

regulate battery state of charge, optimize battery and system performance and help prevent damage 

to the batteries or hazardous condition resulting from the charging process. A typical charge 

controller consists of 5 basic features:  

1. Low voltage protection 

 2. over voltage protection  

3. Battery cut off circuit 

 4. Back current protection  

5. over discharge protection  

The first part of our charge controller is N-channel MOSFET in forward bias condition to stop the 

flow of current to battery from the solar panels. During the sunrise whenever the panel voltage 

reaches 10v and the wind system also provides an output of 10v then ultimately the 10v zener 

diode starts conducting thus turning on the MOSFET which ultimately turns on the relay and the 

battery starts charging. This is known as low voltage protection. Whenever the current reaches 

15V the other zener diode turns on thus brings the MOSFET to change in conducting state, 

negative voltage flows through it thus turns off the MOSFET. Then the battery is not being 

charged, which leads the current flows through the battery to zero. Now the case of over charge 

protection here, when the battery is fully charged less current flows through it; which ultimately 

turns off the second MOSFET and then it trips the second relay. This cycle repeats whenever the 

battery reaches to a minimum value. So this is how a solar and wind charge controller actually 

works (Acharya D, 2013). 

Converter: The 2000W high-efficiency eSure solar MPPT converter (model S48-2000e3) is 

designed to convert solar DC supply voltages into nominal -48 V DC voltages that are adjustable 

to application needs. The S48-2000e3 is a constant power converter designed with the latest 
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patented switch mode technology, using DSP (Digital Signaling Processor) functionality for 

efficient operation. For a higher load capacity, converters can be connected in parallel, and 

intelligent control can be added with the help of a separate controller (Acharya D, 2013).  

 

                           Figure 2.10 Solar MPPT Converters (Acharya D, 2013). 

2.5 Related Works 

Different research is carried in the field of renewable energy; applications of stand-alone power 

system and hybrid renewable energy systems have been conducted for the maximum usage of the 

resource potential.  

The study (Huda ASN, et al. 2015) presents the result of techno-economic analysis of hybrid 

system comprising of solar and wind energy for powering a specific remote mobile base 

transceiver (BTS) in Kaduna state, Nigeria. But the optimal system configurations obtained 

through simulation in HOMER. Two best optimal system configurations namely PV-Diesel-

Battery and PV-wind-diesel-battery system are compared with the conventional stand-alone diesel 

generator (DG) system. Finding indicated that PV array (10KW)-DG (5.5KW)-Battery (64 units 

Trojan L16P) is the most economically viable option with the total net present cost of $69,811 and 

per unit cost of electricity of $0.409. The simulations indicate that a hybrid system option, 

compared to a diesel only system, is feasible for each of the three villages.  

In the paper (Nikum, K. and Wagh, A. 2016) they are proposed a hybrid system cost analysis 

which has wind generation, solar system, and storage battery system and diesel generator using 

efficient optimization tool HOMER for obtain the optimal cost of the hybrid system. Determine the 

optimal combination of solar, wind and diesel based hybrid system to fulfill the load requirement 

and minimize the cost of telecommunication site in BSNL Bhopal, India. 

 In paper presents a solution utilizing a hybrid of solar and wind power systems with a portable 

generator to provide reliable power for a mobile base station located behind the Himalayas of 
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south Asia. The meteorological data including solar sunshine hours and hourly wind speed are 

taken for a site in Mustang district at 3444 m altitude. The power consumption pattern of a mobile 

base station depends up on the traffic pattern of the mobile users. The cost of the hybrid system is 

also estimated as $81,512.04 Canadian dollars. The proposed system ensures the reliability of 

power supply to run the 24/7 cellular mobile services at an extremely remote site of Nepal. Thus, 

based on the literature reviews, HOMER modeling software is taken for the purposes of this study 

to carry the feasibility analysis. When compared with other software‟s HOMER creates a list of 

feasible system configurations sorted according to cost effectiveness and presents the optimal 

configuration based on the lowest net percent cost (NPC) the supply in order to design system. 

Solar power for powering BS There is several works which have used solar power energy for 

powering base stations that are on or off grid sites. A study conducted in West Arsi, Oromia region 

presented the solution to utilizing a hybrid of photovoltaic (PV) solar and wind power system with 

a backup battery bank to provide reliable electric power for a specific remote mobile base station. 

The result indicated that the hybrid energy systems can minimize the power generation cost 

significantly and can decrease CO2 emissions as compared to the traditional diesel generator 

(Yeshalem, M.  & Khan, B. 2017).  

 In  (Salih, et al. 2014) a study was done based on minimized capital and operation costs of system 

components without compensation of meeting the load demand. The study used three different 

system configurations (system efficiency and performance, Cost of Energy (COE) and 

environmental emissions) for assessment and comparison; and the analysis was carried out by 

HOMER software. Generally, the study showed the use of a PV/wind/Diesel and battery hybrid 

system for powering remote BTS sites. Subodh Paudel et al. 

C.S. Supriya et al.2017 conducted a research on the optimal design of a hybrid wind-solar power 

system for either autonomous or grid-linked applications. The study was designed to accomplish 

minimum cost, reliable source for the load and to reduce the power purchased from the grid. This 

was achieved by finding the optimum number of PV modules and wind turbines using quadratic 

programming techniques. The result showed that the hybrid systems had considerable reductions in 

carbon emission and cost of the system. 
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The most related study done by Nikum et al.  Presented techno-economic analysis of hybrid power 

system with cost minimization. The renewable sources, wind and solar energy connected with 

battery, grid and diesel generator, which are used as backup in the study, and their economic 

feasibility was compared. The data from location of Mumbai, Maharashtra assessed and calculated 

by HOMER. The result showed that the cost with highest renewable fraction to reduce the 

emission and fulfill the load demand significantly. Finally the study concluded that the grid plays 

an important role of power backup component in the hybrid system, when the renewable energy 

resources are not enough to meet the load. Here some of the above studies used the PV hybrid 

system for other purpose other than powering base stations; while this study employed it for base 

stations. Moreover, in some of the studies, the PV hybrid system included diesel generator where it 

doesn‟t allow excluding the effect of diesel generator such as cost and environmental pollution. 
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CHAPTER THREE 

 METHODOLOGY 

3.1 Description of Ethio-telecom (Study Company)  

Ethio telecom was established in November 2010 by replacing the previous name of the company 

ETC, owned and monopolized by government. All telecommunication services are provided by 

this company. Among others, internet, mobile, fixed line telephone, data communication, e-video, 

international connectivity and teleconferencing are the services provided by the telecom. To 

delivering these aforementioned services, the company uses diverse communication equipment‟s 

including BTS, media gateway devices, wireless antennas, Microwaves, routers, switches and etc. 

BTS is the device used to link the provider (Ethio-telecom) with the customers (SIM cards). All 

telecom base stations are connected to national as well as local networks either through fiber 

and/or microwave links. Each base station serves the entire customers that are found in the 

surrounding area. Telecom BS has similar design, principle of work, and equipment that it consists 

of; however, it is broadly categorized in to two based on the equipment placement:  

(1) indoor position – where the tower is situated in the compound of around 150 square meter area 

of green field and all other telecom equipment, electrical boards, racks, air conditioners and 

batteries are placed in room next to the tower.  

(2) Outdoor position –as the name implied, the towers, all telecom equipment, battery banks and 

etc. are outside of the shelter (Room).  See Figure 3.1 and Figure 3.2, respectively. 
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  Figure 3.1 Existing Indoor Equipment pictures taken from Site 211367 & 211562, March 2022 

 

  Figure 3.2 Existing Outdoor picture taken from site 211275 & 211367, March 2022 

3.1.1 Existing Base Stations Electrification in Ethio-telecom  

Base station equipment needs stable electric source to be operational. They are categorized in to 

three based on their power configuration or the type of electric supply system; described under 

here:  
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Main sites: these sites are usually either VIP sites such as sites connected to Minister Offices, 

Embassies, Security Offices or   sites which have linkage with other towers. Continuous power 

supply is mandatory for this category; as a result these sites are supplied by three alternative 

sources:  

(1) The main source is AC power from grid networks; 

 (2) First backup system from diesel generator  

 (3) Battery system as second backup system.  

Tower serving small areas: usually it is the dead end which doesn‟t have linkage with other 

towers. It is supplied by two power sources with main source of AC power from grid networks and 

backup of battery system.  

Towers in remote (off grid) areas: are sites that are far from utility grids. Its main source is diesel 

generator and/or with additional solar source in some areas and battery system as backup.  

3.2 Hybrid Power System Design  

There are different configurations of renewable and conventional energy sources being deployed 

for telecommunication purposes: Diesel-Battery; Solar-Diesel Battery; Diesel-Battery-Wind; 

Solar-Diesel-Battery-Wind or Solar-Battery. The configuration of a HPS depends on three factors 

namely, RES availability, load, and costs (i.e. CAPEX and OPEX). Thus, the HPS is selected to 

optimize the available resources various constraints to improve performance, economy and 

reliability (Acharya D, 2013). 

3.3 Metrological data 

One year hourly metrological data specifically global horizontal radiation, diffuse solar radiation, 

wind speed and average temperature, were collected from National Metrological Agency; sample 

hourly collected data and monthly average data are annexed in Appendix A. The hourly data was 

used to simulate hourly DC power output generated by a single. 
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3.4 Estimation Primary load of the site 

Primary load is the load that should meet by the energy providing system as it requires 

immediately which includes RBS,RRU, Antenna, PBC,  micro wave ,air conditioner, Aviation 

light and lightening. The electricity load consumption in each site is considered to be the same and 

constant through the year.  During load estimation the nature of the load has been thoroughly 

analyzed to come up with sustainable energy demand satisfaction since electric load is vary hourly 

daily and monthly base. The electricity load estimation is made according to the following 

approach. 

Annual Energy Consumption (Kwh) = [(number of appliance used* power rating of each appliance 

(w)*hours of operation*number of days)/1000] 

Table 3.1: Mobile Base station Electric load consumption characteristic for GSM technology  

 

3.5 Mathematical model of the system  

3.5.1 Mathematical modeling of PV system 

The models describing the pv models maximum power output behaviors are more practical the pv 

system assessment. Using the solar radiation available on the tilted surface, The ambient 

temperature and the manufacturer data for the pv modules, The power output of the pv generator 

(Pgv) can be calculated as; 
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Ppv=ngNAmGt                                                                                                                                                                                        (3.1) 

Where ng- The instantaneous pv generator efficiency  

          Am- The area of single module in (m
2
) 

          Gt- Global irradiance incident on the titled plane (kw/m
2
) and N- Number of modules 

All the energy loss in pv generator including connection losses, wiring losses and other losses are 

assumed to be zero. 

3.5.2 Mathematical modeling of wind energy 

Energy generated by wind generator (Eweg) with rated power output (Pweg) is defined by the 

following expression 

Pweg= ½ ρwind AV
3
Cp(ꜧ,ẞ)*ƞt*ƞg                                                                                                                                              (3.2) 

Eweg=Pweg*t                                                                                                                                    (3.3) 

Where ρwind =air density in 1.22kg/m3 

           A= The swept area (m
2
) 

           V-Wind speed (m/s) 

          Cp- Performance coefficient of the turbine  

          ꜧ-Tip speed ratio of rotor blade tip speed to wind speed 

         ẞ-The blade pitch angle (deg) as 0
0
  

         Ƞt- Wind turbine efficiency 

         Ƞg- The generator efficiency 

The power density of wind = P/A = ½(ΡV
3
)                                                                                 (3.4) 

A=Πr
2                                                                                                                                                                                                  

           (3.5) 

 Where A- swept area and 

             r – Radius of rotor  
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3.5.3 Mathematical model of converter 

In the proposed system a converter contains both rectifier and chopper. PV and Battery system are 

connected with DC bus while Wind turbine and diesel generator is connected with AC bus. The 

rectifier used to transform the surplus AC power from the wind turbine & Diesel generator to DC 

power constant voltage.  The wind turbine and DG will powering the load and at the same time 

charging the battery and modeled equation below 

Erec-out(t)=Erec-in(t)*ƞrec                                                                                                                                                                      (3.6) 

Erec-in(t)=Esur-ac(t),                                                                                                                          (3.7) 

at any time t, 

Esur-ac(t)=Eweg(t)-Eload(t)                                                                                                                 (3.8) 

Where, Erec-out(t)-Hourly energy output from rectifier , in KWh 

             Erec-in(t)-Hourly  energy input  to  rectifier , in KWh 

             Ƞrec-Rectifier efficiency 

             Esur-ac(t)-Amount of surplus energy from AC sources, KWh 

             Eweg(t)-Hourly energy generated by wind generator 

According to the proposed scheme the converter work for both direction of power flow 

3.5.4 Mathematical model of charge controller 

To prevent overcharge or discharge of battery a charge controller is used to sense when the 

batteries are fully charged and to stop or reduce the amount of energy flowing from the energy 

source to the batteries. The model of the charge controller rating is given below 

Solar charge controller rating= (Isc*total number of modules*1.3)                                             (3.9) 

Where, 1.3 charge controller oversizing factor, Isc-Total short circuit current of PV array 

The energy of charge controller is given by 

Ecc-out(t)=Ecc-in(t)*ƞcc                                                                                                                                                                             (3.10) 

Ecc-in(t)=Erec-out(t)+Esur-dc(t)                                                                                                          (3.11) 

Where, Ecc-out(t)-hourly energy output from charge controller, kwh 

            Ecc- in (t)-hourly energy input to charge controller, kwh 
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            Ƞcc: efficiency of charge controller 

            Erec-out(t)-hourly energy output from rectifier, kwh 

            Esur-dc(t)-amount of surplus energy from DC sources kwh 

3.5.5 Mathematical model of battery bank 

The state of charge, SOC is the cumulative sum of the daily charge or discharge transfer. The 

battery serves as an energy source entity when discharging and a load when it charging.at any time 

t the state of battery is related to the previous state of charge and to energy production and 

consumption situation of the system during the time from t-1 to t. The net capacity that the battery 

can store in Ah/day must be; 

BCn=Etot/Vnom, bat                                                                                                                         (3.12) 

Where, BCn-Net capacity of battery 

             Etot-Total energy 

            Vnom, bat- Nominal battery voltage. i.e. 48VDC 

To calculate the number of batteries connected in parallel to reach the Ah required by the system 

Bp =
  

   
                                                                                                                                          (3.13) 

Where Bp-battery connected in parallel 

           Bc-battery capacity 

           Br-required battery bank capacity, Ah 

To calculate the number of battery connected in series to reach the required voltage for the system, 

Bs =
     

     
                                                                                                                                                                                                          (3.14) 

Where, Bs-Number of series connected batteries 

Vnbat-nominal battery voltage (48vdc) 

    Vbat-Battery voltage (12vdc) 

During the charging process when the total output energy of all generators exceeds the load 

demand the available battery bank capacity at time t can be described by using  

Ebat(t)= Ebat(t-1) - Ecc-out(t)*ƞchg                                                                                                   (3.15) 
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Where Ebat(t)- The energy stored in battery at hour in kwh 

            Ebat(t-1)- The energy stored in battery at hour t -1 ,kwh 

            Ƞchg- Battery charging efficiency  

On the other hand, when the load demand is greater than the available energy generated the battery 

bank is in discharging state. Therefore the available battery bank capacity at time t can be 

expressed as. 

Ebat(t)=Ebat(t-1)-Eneeded(t)                                                                                                             (3.16) 

Where Eneeded(t)-The hourly load demand at a particular period of time. Let d be the ratio of 

minimum allowable SOC voltage limit to the maximum SOC voltage across the battery terminals 

when it is fully charged. So the depth of discharge (DOD) can be calculated; 

DOD= (1-d)*100                                                                                                                         (3.17) 

DOD is a measure of how much energy has been withdrawn from a storage device expressed as a 

percentage of full capacity. The maximum value of SOC is 1, and the minimum SOC is 

determined by maximum DOD, 

SOC min=1-DOD/100                                                                                                                   (3.18) 

Total hybrid power generated at any time t is given by  

 ( )  ∑     ∑      
        

      ∑    
  
                                                                           (3.19) 

Where Nw- The number of wind generators unit  

           Np is the number of PV module cell units 

           Ng is the number of diesel generator 

          Pg- Power generated by diesel generator at t, time 

This generated power will feed to the loads. When this generated power exceeds the load demand 

then the surplus of energy will be stored in the battery bank. This energy will be used when 

deficiency of power occurs in order to meet the load demand.  

3.5.6 Mathematical cost model of energy systems 

The Annualized Cost of a Component: - the annualized cost of a component includes annualized 

capital cost, replacement O&M cost. Operation cost is calculated hourly on daily basics. 
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Annualized Capital Cost: - The annualized capital cost of component is equal to the total initial 

capital cost multiplied by the capital recovery factor. Annualized capital cost is calculated by using 

eqn. 

Cacap = Ccap*CRF (i, Rproj)                                                                                                         (3.20) 

Where, Cacap-Annualized capital cost, 

            CRF (I,Rproj)-Capital recovery factor ,  

            i- Interest rate 

           Rproj- Project lifetime,    

           Ccap - Initial capital cost of the component 

Annualized operating cost (Caop): The operating cost is the annualized value of all costs and 

revenues other than initial capital costs and is calculated by using 

Caop=∑    ( ) 
                                                                                                                           (3.21) 

Where, Caop-Annualized operating cost 

            Coc-Operating cost 

Total cost of component=Economic cost + Environmental cost                                                (3.22) 

Where, Economic cost=Capital cost + replacement cost + O&M cost                                       (3.23) 

              Environmental=Emissions cost=0 

Therefore annualized total cost (Cann,totc) of a component is calculated using eqns(3.24): 

Cann,totc = ∑ (                      )  
                                                                           (3.24) 

Where, Cacap,c- Annualized capital cost of a component 

            Carep,c- Annualized replacement cost of component 

       Caop,c- Annualized operating cost of a component 

3.6 Hybrid System Designing and Sizing 

In this thesis the main system design methods based on the daily energy demand assessment of 

Sanate Hilly that is the peak load of 3.697kw/day and total energy 46.2kwh/day were estimated. 

The work also dealt with the sizing and specifying of PV array, wind energy blade radius, battery 

bank and converter 
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3.6.1 Designing and sizing of solar photovoltaic 

Based on above data about the system at peak time the total power supplied by solar PV to the site 

by neglecting losses in the energy and delivery system. The design requirements were; 

Selection of PV module to be used 

Module type: 200W 

Number of cells per module: 72 

Life time: 90% power output over 20year  

De rating factor                                   95% 

Tracking system No tracking 

Slope  4-15 

Azimuth 0 

Ground reflectance 20% 

Specifications of considered PV system under standard test condition (STC) 

Voc=25V 

Isc=10.39A 

Voltage (Vmp) =20.27V 

Current (Imp) =9.87A 

PV system for 3.697kwp, the calculation of the number of modules 

Total number of panels= Peak power/rating per panel=3697w/200w=18.4~18panels 

0.5 fractional powers are not possible so panels rounded up to 18 

Total number of panels=18 

3.6.2 Designing and sizing of wind turbine power rating 

Based on given data above the daily energy requirement of the sanate site supplied by wind 

energy, calculate the size of wind turbine i.e required to be installed to meet the energy 

requirement. The parameters were given below which determine wind energy. 

One bergey wind turbine consider for the system analysis (small dc output load) 



37 
 

                   Coefficient of performance-0.4 

Annual average wind speed (m/s) at 50m/s is 3.98m/s 

            Density of air ρ=1.22kg/m3 

Capacity factor- 0.3(i.e. 30%) of the time wind machine is producing energy at rated power 

  Number of hours in a day 24hrs 

The power density of wind (power per unit area) 

= 
 

 

 
= 1/2(ρV

3
) =0.5*1.22*(3.98)

3
=38.46w/m

2
 

Actual power density= Power density of wind *Number of hours per day 

= 38.46*24=0.923kwh/m
2
 

The rotor size and wind turbine power rating equation  

A= 
                           

                     

 =     

      

  = 
50.5 m

2
 

Radius of the rotor blade,(R) 

A=ΠR
2 

=50.5m
2
 

R=3.987m= 4m 

Power rating of the turbine = actual power density * area of the rotor 

= 38.46w/m
2
*50.5m

2
=1.94kw 

Actual rated power of the turbine rating should be = 
            

               
  

=  
      

   

 
= 6.5kw 

Therefore around 6.5kw rated power wind turbine was providing for the desired daily energy under 

the given situation. 

3.6.3 Battery sizing and specifying 

The final battery capacity will depend on the following 

1. The total energy that the battery bank must supply to loads 

2. Maximum power demand 

3. Maximum deptAh of discharge  
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4. System voltage 

5. Charge current and recharge time 

Determining the required battery capacity:- Batteries used in a solar system are sized in Ah under 

STCs (temperature 25
0
C). Battery manufactures usually specify the maximum allowable DOD for 

their batteries. The DOD is a measure of how much of the total battery capacity has been 

consumed. For most batteries the maximum allowable DOD is about 60% based on the above 

equation the net capacity that the battery can store in Ah/day must be  

BCn  =  
    

        
= 
           

   

 
= 962.5Ah/day 

The net capacity of the battery depends on the DOD of the battery and the DOD determines the life 

cycle of the battery. Taking an assumption of DOD=80% then total commercial capacity of the 

battery is calculated as; 

BC = 
   

   

 
=
           

   
 = 1,203Ah/day 

Considering the battery must be at least to be big because of cloudy day‟s shadows on solar PV 

and low speed on wind case 

Therefore,     BC= 1203Ah/day ~1200Ah/day. 

Hence the capacity of the battery is taken as 2400Ah. And also selected battery Ah rating =150Ah. 

To calculate the number of the batteries connected in parallel to reach the Ahs required by the 

system  

Bp =  
          

         

 
= 8 batteries 

And also calculate the number of batteries to be connected in series to reach the voltage required 

by the system 

Bs= 
     

    
 = 

   

   

 
= 4 batteries 

The total number of batteries required by the system is  

= Bp*Bs=8*4= 32 batteries 

3.6.4 Charge controller sizing and specification 

The solar charge controller is typically rated against amperage and voltage capacity. The size of 

the controller depends on the total PV input current which is delivered to the controller and PV 

panel configuration. Solar charge controller rating =Isc*Total number of modules*1.3 

= 10.39*18*1.3= 243.12A~ 243A 
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3.6.5 Converter sizing and specification 

Based on the above equation maximum power of ac loads supplied by the system 3.697kw, 

Converter size (kw) = maximum power of Ac loads * 1.3(oversize factor) 

= 3.697kw*1.3 = 4.8kw 

3.7. Model Design of the Proposed System  

Towards overcoming the national power shortage and ensuring service continuity, a model was 

proposed in this study. The proposed hybrid model comprises of PV-Wind-DG-Battery as shown 

Figure 3.3. The main components to supply the demand are the Wind and PV module; while the 

DG and battery are used as a back-up energy source. This is due to the fact that, normally PV is 

not reliable as the solar irradiance is intermittent in nature and the Wind  will also be interrupted 

due to wind speed variation; therefore  battery is used as a storage device that can deliver power at 

the time of shortage in energy for load. The Wind Turbine, PV module and batteries are giving the 

DC power output which is going to the DC link. While DG is produced AC Power output which is 

converted to DC power by using rectifiers (AC to DC). 

 

Figure 3.3 Block Diagram of Proposed Model  
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When the proposed system starts to operate, to fulfill the power demand the Wind, PV array, DG 

and battery are working in one of the following ways: When the total power generated by PV 

arrays and wind turbine are greater than the load demand, the surplus energy will be stored in the 

batteries. However, when the battery becomes full, the remaining energy will be either dumped or 

can be sold to the utility. When the total power generated by PV arrays and/or Wind Turbine are 

less than the load demand, the DG and battery will be used as a backup source. 

3.8 HOMER Software 

Hybrid model for electric renewable (HOMER) is the micro power optimization model simplifies 

the task of evaluating designs of both off-grid and grid connected power systems for a variety of 

applications. Hybrid Optimization Model for Electric Renewables (HOMER) software has been 

developed and is continually improved from time to time by National Renewable Energy 

Laboratory (NREL). HOMER is primarily an optimization software package which simulates 

various RES system configurations and scales them on the basis of NPC. HOMER calculates the 

available renewable power and compares it to the required electrical load.  

Incorrect power system design can lead to shorter life battery increase cost of energy production 

insufficient supply of electricity demand. It has different energy generating component s in its 

library. The users select the components from the library to represent the architecture considered. 

HOMER simplifies or helps the designer to compare various power systems options based on 

technical and economic aspects (HOMER NREL, 2009). 

The proposed energy system should meet the load demand of the site. The main renewable sources 

of energy considered in this project are solar and wind. The diesel generator produces AC type 

voltage as backup, whereas the PV panels and wind turbine output is DC type. The converter is 

added to maintain the flow of energy between the AC and DC components, whereas the battery is 

employed as energy storage systems in order to ensure uninterrupted power and to maintain the 

desired power quality at the load point because of unpredictable variation in the climatic condition 

affect nature of the renewable sources. Hybrid model of these three energy sources in parallel with 

battery storage make the hybrid power system more reliable, efficient and provides a smooth and 

uninterrupted power supply. Figure 3.4 presents the schematic representation of HOMER 

simulation model considered. 
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                    Figure 3.4 Designed Model Schematic Representation by HOMER Software 

The Bergey wind turbine (BWC EXCEL-R) generator has a permanent magnet alternator and the 

turbine generate 3 phase AC output and the rectifier was linearly attached on the system to produce 

the overall system DC output (48VDC) nominal according to our model. See the further 

specification with appendix C. The designed model schematic representation by HOMER software 

indicate that the BWC Excel-R, the Photo Voltaic(PV) and OPzS 150 battery Bank which 

connected to DC Bus  produce the total system DC output while the Diesel Generator connected 

with AC Bus produce AC output and the converter between two bus makes a conversion from AC 

to DC and vice versa.  

In the proposed system, dispatch strategies are considered which means HOMER will simulate 

each optimal system to determine to charge/discharge of batteries and control the operation of the 

diesel generator. In such a system, the battery bank absorbs energy when the renewable energy 

output exceeds the load and discharges energy when the load exceeds the renewable output and 

one of the Constraint inputs assumed in HOMER are the system select the large amount of energy 

from renewable fraction and compare with diesel generator based on the cost.  
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CHAPTER FOUR 

MATERIALS COST AND SIZE SPECIFICATION 

4.1 Materials Specification 

Wind turbine, PV module, DG and battery should be selected for the system simulation. To select 

these equipment local markets were surveyed. The selection criteria were availability, cost of 

equipment and existence of full data sheet. Based on the criteria, 200Wp module, 7.5kw DC wind 

turbine, Perkins 10kva DG and a solar battery with 150Ah and 12V have been selected. The data 

sheets for the selected equipment are annexed in Appendix B-F.  

The HOMER software is used to determine the best optimal sizing and feasibility study of the 

system. The initial choice of the components size is based on the site load profile. Some of the 

input values into the software are expressed in size and in quantity. Wind turbines, batteries are the 

power system components which vary in quantity and solar PV, diesel generator and converter are 

other components that vary in size. The main purpose of the work is searching the optimum power 

system configuration that would meet the load demand with minimum NPC and COE. The brief 

description of the main components of the proposed hybrid system is summarized in Table 4.1. 

The basic criterion related to the selection of the power system components are the overall cost of 

individual materials. So we use the current cost of all the necessary components from different 

companies around the end of 2021. 

Table 4.1 Summary of cost and size of components  
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4.1.1 Solar PV Size and Cost  

In this project the solar panel considered was a 1 kW, capital cost and replacement cost for 1 kW 

of PV array are taken as $1500 and $1200, respectively. The operation and maintenance cost 

would be 1% per year. In this case, 15 different types of PV arrays are considered to get the 

optimal size (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 15 kW). The lifetime of PV arrays was taken as 20 

years and no tracking system was considered. The following default parameters were considered 

for modeling of the power system like; the de-rating factor was taken as 90%, ground reflectance 

was also considered as 20%, slope 7.2 and azimuth 0 (south orientation). The PV de rating factor is 

a scaling factor that HOMER applies to the PV array power output to account for reduced output in 

real-world operating conditions for such factors as ambient temperature, soiling of the panels, 

wiring losses, shading, snow cover, aging and so on. 

4.1.2. Wind Turbine Size and Cost  

The wind turbine is manufactured by Bergey Wind Power having the model BWC Excel-R with a 

rated capacity of 7.5 kW and provides DC is used in this project. The initial cost of one unit in the 

current market price is considered as $20000. Replacement and annual operational maintenance 

costs were assumed as $18000 and $400year, respectively. Replacement cost of the wind turbine 

considered in this case is about 70% of capital cost after 20 year service life. In order to find an 

optimal size, five different wind turbine options were analyzed: 0, 1, 2, 3, 4, and 5 turbines. The 

operational lifetime of a turbine is considered as 20 years and Hub height is 30m. As we know the 

advantage of Bergey wind turbines is easy to install particularly in remote telecom sites and the 

tower height can be adjusted to the required hub height because the tower is metal most of the time 

so that makes good to construct & mount the mobile tower mechanically. 

 4.1.3. Diesel Generator Size and Cost  

 The cost of diesel generators available in the market varies but the DG used in the  particular 

Ethio-telecom BTS site is Perkins DG with rate output power of 8 kW and 10 kVA with the initial 

cost of $6500 and the fuel consumption at full load is less than 3 litters. The initial capital cost of 

the DG is assumed $800/kW. Replacement and operational costs were assumed $800/kW and 

$0.35/h, respectively. The operating lifetime was also considered 15,000h. Currently, per liter 

price of diesel in Ethiopia is around $0.8. In this study, 0, 3, 5, 8 and 10 kW sizes of DGs were 

also considered for simulation. The minimum load ratio was set at 10%.  
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4.1.4. Battery Size and Cost  

The Classic  battery of OPzS 150 LA  model battery with  12 V cell, 150 Ah, and 1.8 kWh is 

selected in the proposed system, since this type of battery used in the selected Ethio-telecom BTS 

site with 4 batteries in one string of 48V. The initial cost of one unit is considered as $700. 

Replacement and operational maintenance costs were assumed as $700 and $70/year, respectively. 

In order to find an optimal configuration, the battery bank was assumed to consist of any number 

of batteries (0, 8, 12, 16, 20, 24, and 28). Each battery string contains four batteries.  

4.1.5. Power Converter Size and Cost  

The initial capital cost and replacement cost and operation-maintenance cost of the convertor that 

is considering in system 4 kW are $650, $650 and $10/year respectively. The efficiency of the 

converter is assumed to be 90% and the lifetime is considered as 10 years. Different sizes of 

converters (0, 2, 4, 6, and 8 kW) are considered during analysis using HOMER.  
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CHAPTER FIVE 

RESULTS AND DISCUSSION 

5.1. Optimization and Simulation Results  

After introducing all of the input variables, the HOMER software is run repeatedly to get the 

feasible system configuration component sizes that meet the load requirement and the inputs 

constraints at the lowest NPC and then presents the results of the simulation in terms of optimal 

systems and sensitivity analysis. The Optimization result displays ten different configurations 

according to the lowest NPC for further analysis and to increase the chance of finding most 

optimized system. Hybrid system with less NPC, less COE, higher renewable fraction, less 

capacity shortage and minimum fuel consumption would be suggested as optimum system. 

HOMER simulates every system in all set of component combination (search space) and ranks all 

the feasible systems according to increasing net present cost. In the case of this paper it has 4 

sensitivity performing 6720 simulations. 

 

Figure 5.1 Categorized Optimization Results of the system 

 

Figure 5.2 Overall Optimization Results of the system 
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The two best optimal hybrid system configurations PV/DG/Battery/Converter and 

PV/WT/DG/Battery/Converter which ranks first and second by the net present cost (NPC) with 

leveled cost of energy (LCOE), will be compared with the conventional DG/Battery/Converter 

system rank in six. The performance analysis of the two selected hybrid systems configuration and 

standalone DG system are discussed in the proceeding sections. The parameters used for the 

comparison and analysis of hybrid power systems are NPC, COE, Renewable fraction, fuel 

consumption, Capacity shortage and excess electricity generation as shown in table 5.1.   It can be 

seen from this table below that the site can adequately rely on the RE source to power the remote 

telecom BTS towers equipment due to presence of solar radiation and wind speed at the site. 

 Table 5.1 Performance parameters of three different system configurations. 
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5.1.1 PV/ DG/Battery/Converter Configuration   

The best optimal combination comprised of 10 kW PV array and 16 units power safe classic OPzS 

150LA battery at 5.64 KWh/m
2
 per day average global solar radiation, 3.98 m/sec annual average 

wind speed and 0.8/L diesel price. It has a renewable fraction of 92% solar energy without 

inclusion of wind. The cost summary of this system has a total net present cost of $62,782 leveled 

cost of energy of $0.339/kWh and operating cost of $2,620 per year. The total NPC for the stand-

alone diesel system is $183,500 which is 3 times higher than PV/DG/Battery configuration. The 

simulation result recommends that even a Solar-Battery System is enough to fulfill the demand for 

basic telecom load profile with excess of electricity 2,268 kWh/year. It can be seen that the site can 

adequately rely on solar energy to power the BTS loads due to high presence of solar radiation at 

the site as shown in Figure 5.3. 

 

  Figure 5.3 Monthly average electricity production of PV/DG/Battery system 

 

Figure 5.4 Solar PV power productions 
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5.1.2. PV/Wind/DG/Battery Configuration  

The next optimal combination consists of 10kW PV array, one 7.5kW BWCXL-R wind turbine 

and 16 units Energy‟s power safe OPzS  150LA  battery with  converter because DG produced  

AC. The result is based upon the system with 40 kWh/day telecom load at 5.64 KWh/m
2
 of solar 

radiation, 3.98m/s of wind speed and $0.8/L diesel price. The COE of this hybrid system is 

$0.437/kWh and the total NPC and Operating cost of the system were found to be $81,006 and 

$2,481 respectively. On the other hand, NPC of the stand-alone diesel system is more than 2 times 

higher than this configuration. The total average electric production of the hybrid system is found 

to be 20,744kWh per year, of which PV array contribute 80% and wind turbine provides 18% of 

the total annual production. But the consumption as per the dc telecom load is found to be 14491 

kWh per year resulting excess electricity of 5239kWh per year with unmet electric load of 0 kWh 

per year and capacity shortage of 0.0 kWh per year. 

 

  Figure 5.5 Monthly average electricity production of PV/Wind/DG/Battery hybrid system 

As Figure 5.5 shows the PV system will operate more compared to the wind turbine, which means 

the PV array serves the base load. The electricity production from the wind turbine is limited due 

to the lower wind speed at the site, although the renewable energy fulfills the telecom load demand 

98%.  
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Figure 5.6 Solar PV power productions for optimal system 

5.1.3. DG/Battery/Converter Configuration  

The conventional standalone generator system consists of 3KW DG, 16 unit battery and 4KW 

converter. This project reveals that DG-Battery System is very costly with cost of energy (COE) 

$0.991/kWh and takes large total NPC of $183,500 due to the huge operation cost of $13,237 per 

year when compared with other hybrid system. So, the DG NPC cost takes more than 85% of the 

total NPC cost and the NPC cost of the battery and the converter are around 10% and 5% of the 

total NPC cost respectively. The reason is the cost of Fuel and O&M are very large. On the other 

hand, the standalone diesel system consumes a total of 5900 L/year and run for 5,960hr/year. The 

total electrical energy production from the DG system is found to be 17,878 kWh/year and DC 

primary load consumption of 14489 kWh per year; approximately resulting no excess electricity 

production, no capacity shortage and zero unmet electric loads. CO2 emission is found to be 

15,537 kg per year followed by 38.4 kg/year of CO emission per year.  

 

  Figure 5.7 Monthly average electricity production of DG/Battery system 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0

6

12

18

24

H
o

u
r 

o
f 

D
a

y

PV Output

0

1

2

3

4

5

6

7

8

9

10
kW



50 
 

 

Figure 5.8 Generator power productions  

5.2 Summary in terms of NPC by component type 

The cost summary in terms of NPC by component type which were the system set up in the below 

figure. It shows graphical representation of each component and the required materials NPC as 

shown figure below. 

  

Figure 5.9 Summary of NPC by component type 
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5.3 Sensitivity Result  

Sensitivity analysis helps in exploring the effect of the changes (uncertainty dynamic change like, 

increasing or decreasing demands, renewable and non-renewable resources fluctuations) in the 

available resource and economic condition. This analysis shows the power system sensitive for 

each change of the input variables. Four sensitivity parameters were considered in this study, 

namely: solar radiation (3, 5.64 & 8 kWh/m2/day), wind speed (2, 3.98 & 6 m/sec), annual average 

energy (20, 40 & 60 kWh/day) and diesel price (0.4, 0.8 & 1.5$/L). There are six different 

sensitivity results scenarios for the Optimal System Type (OST) they are: Variation in wind speed 

and solar radiation, Variation in wind speed and diesel price, Variation in solar radiation and diesel 

price, Variation in solar radiation and Load average energy, Variation in diesel price and Load 

average energy and Variation in load average energy and wind speed.  

 

Figure 5.10 Overall Sensitivity Optimization Results of the system 

5.2.1. Varying average wind speed and average solar radiation value  

In this sensitivity analysis, Optimal system types are investigated for three different values of load 

average energy of BTS and diesel prices as presented in above of Sensitivity analyses that means 

we have a total of nine combinations for Optimal system types graph for which the wind speed 

range 3.0 and 6 m/sec in the X-axis and solar radiation range 4.0 and 7.0kWh/m
2
/day as shown 
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Figure 5.11 optimal system types for varying solar radiation and wind speed values 

Figure 5.11 shows that Sensitivity result for the specified values of Primary load (40kWh/day) and 

diesel price ($0.08/L) there are two best optimal configurations PV/DG/Battery and 

Wind/PV/DG/Battery at the considered site is more economical. 

In the remaining sensitivity values it can be observed that there are different configurations for the 

system. The sensitivity analysis showed that almost the same configuration was obtained except in 

some case there are quantity and size change of the components. The different setups resulted in 

this paper could be appropriate in areas that have the same climatic resources.  
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6. CONCLUSION AND RECOMMENDATION 

6.1 Conclusion  

In Ethiopia more than 60 million peoples are mobile user. To provide better network services 

mobile operator installed new mobile base stations. Power is main issue for remote or isolated 

areas base station, because grid extension is not feasible. This project assessed for off grid mobile 

base station sites that are found around bale robe, with the aim of developing alternative power 

source for the remote or off grid Ethio telecom sites. 

The paper indicates that the site is blessed with annual average global solar radiation of 5.64 

kWh/m
2
 /day and average wind speed of 3.98m/s at 30 m height. Therefore; there is a potential site 

for installation of PV/DG/Battery hybrid system and PV/Wind/DG/Battery hybrid system. The 

simulation results from HOMER show that the most economically feasible configuration for the 

site load is composed of 10 kW PV array, 3 kW DG and 16 units of batteries of which each has a 

nominal voltage of 12 V and capacity of 150 Ah and that the most economically feasible 

configuration for the site; both configurations have a renewable penetration of 92% and 98%. 

However, the conventional standalone diesel configuration is not economically due to the high cost 

of fuel consumption and O&M. 

Overall the simulation result showed that the proposed model has lower life time cost as compared 

to the existing standalone Diesel Generator system. Beyond cost, the use of PV and wind will 

contribute for the reduction of the negative effects of DG such as environmental pollution and 

emission through minimizing the number of DG implementation. This will save the extra budget. 

Additionally this will reduce dependency on commercial line of Ethiopian Electric Utility (EEU) 

and ensure continuous power supply. It will also contribute to reduce the national energy crisis as 

well. Due to powering the base station by hybrid renewable energy system, it will reduce the 

carbon and other harmful gases emission in environments.  

Alternate power solutions are not commonly used in mobile telecommunication system today but 

are actively evaluated for remote and isolated areas over worldwide. With the help of above pre-

feasibility study the solar and wind hybrid energy system are most viable power solution for 

mobile base station in Ethiotelecom sites over conventional diesel generator. Thus the Base 
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stations powered by the solar wind hybrid energy system with diesel and battery backup are 

proving to be the most environmentally friendly and cost effective solutions. 

6.2 Recommendation  

Finally the following points are recommended:  

 The proposed model will be beneficial if it can be implemented in off grid BTS sites 

particularly for 2
nd

, 3
rd

, 4
th

 & 5
th

 generation technologies.  

 This project consider 200wp module for assessment, but using higher watt peak modules will 

decrease the number of module needed for the system and also  minimize space constraints. 

 In this project, the model is designed only for mobile base station. It is suggested to assess 

and design hybrid power source for other telecom devices such as Multiservice Access 

Gateway (MSAG), Multi-Service Access Node (MSAN), Transport network device & etc. 

 The project was undertaken around Bale Robe, where its context is different from other 

towns especially considering weather condition; therefore, it will be good if further 

assessment is done in other areas. 
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 APPENDIX 

Appendix A: NASA & National Metrological Agency 
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Appendix B: PV Model Specification 

 200w Mono Crystalline Solar Panel specification 
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Appendix C: Wind Turbine Specification  

7.5kw Bergey Wind Turbines Specification 
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Appendix D: Diesel Generator Specification  

10KVA Perkins new DG specification 
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Appendix E: Battery Storage Specification  

Classic OPzS 150LA Battery Specification 
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Appendix F: Converter Specification  

S48-2000e3 Converter Specification 

 

 


