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Abstract 

 
Ethiopia has been facing problems regarding power generation, distribution, balancing 

between demand and supply and access to modern energy service. About 92.4% of energy 

supply is from biomass (mostly in traditional) 5.7% oil which is not friendly with the 

environment and about 1.6% of energy supply is from renewable energy resource, 

hydropower plants.  

 

Being dependent on hydropower plant causes the country to face many challenges in 

distribution and balancing demand and supply. This thesis provides another way of 

considering and implementing renewable energy resource (solar energy resource) through  

technologies like grid-connected roof mounted solar PV system and CSP plant with the help 

of PVGIS, PVWatt and SAM software.  

 

This thesis aims to come up with an idea that will work out for current engineering, social 

and political issue that is seen in the country. Considering new way in planting PV system on 

the roof is strongly recommended and increasing the alternative sites for power generation 

along with the appropriate technology is recommended as another way. The possibility and 

power generating efficiency is checked through each application. 

 

Based on the demonstration in all software’s used, it is clearly visible that the country could 

have been satisfied the needed demand and become the hub of east Africa as mentioned in 

the policy and strategy. However, this dependency causes the country to insufficiently supply 

the need. Apart from the possibilities and estimation, ideas that might help the country to 

come over these challenges are provided in recommendation section. 
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Sammanfattning 

 
Etiopien har haft problem med kraftproduktion, distribution, balans mellan efterfrågan och 

utbudet och tillgång till modern energitjänst. Cirka 92,4% av energiförsörjningen kommer 

från biomassa (mestadels i traditionell) 5,7% olja som inte är miljövänlig och cirka 1,6% av 

energiförsörjningen kommer från förnybar energiresurs, vattenkraftverk. 

 

Att vara beroende av vattenkraftverk får landet att möta många utmaningar när det gäller 

distribution och balansering av efterfrågan och utbudet. Denna avhandling ger ett annat 

sätt att överväga och implementera förnybar energiresurs (solenergiresurs) genom 

teknik som nätanslutet takmonterat sol-PV-system och CSP-anläggning med hjälp av PVGIS, 

PVWatt och SAM-programvara. 

 

Denna avhandling syftar till att komma med en idé som kommer att fungera för aktuell 

teknisk, social och politisk fråga som ses i landet. Att överväga ett nytt sätt att plantera PV-

system på taket rekommenderas starkt och att öka de alternativa platserna för 

kraftproduktion tillsammans med lämplig teknik rekommenderas som ett annat sätt. 

Möjligheten och effektgenererande effektiviteten kontrolleras genom varje applikation. 

 

Baserat på demonstrationen i all mjukvara som används, är det tydligt att landet kunde ha 

tillgodoses den nödvändiga efterfrågan och blivit navet i östra Afrika som nämns i politiken 

och strategin. Detta beroende får dock landet tillräckligt med tillgången på behovet. 

Förutom möjligheterna och uppskattningarna finns idéer som kan hjälpa landet att komma 

över dessa utmaningar i rekommendationsavsnittet. 
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1 Introduction  

1.1 Introduction to Ethiopia climate and land geography  

Ethiopia is a landlocked country located at altitude 9.1450°N and longitude 40.4897°E, in the 

horn of Africa, having a high central plateau that varies from 1,290 to 3,000 m above the sea 

level and split by great rift valley with the highest mountain. The enormous fissures which 

divide it formed over time by the erosive action of water. Formation of numerous isolated 

flat-topped hills or small plateaus, known as Ambas, with nearly perpendicular sides is also 

the result of the action the water [16]. 

The climate of the country is temperate on the plateau and hot in the lowlands. The weather 

is usually sunny and dry. However, the short (Belg) rains occur from February to April and 

the large (Meher) rains from mid-June to mid-September. The Somalia region and the Danakil 

depression in the afar region have hot, sunny and dry climate causing fully desert or semi 

desert condition [16][17]. 

1.2 Resources, potential and policy of power generation in ethiopia  

Ethiopian primary energy consumption predominantly derived from biomass (traditional 

energy resources) accounts for about 92.4% of the total energy consumption followed by oil 

5.7% and hydropower 1.6%. The country has abundant renewable energy resources and has 

the potential to generate 60 terawatt (TW) of electric power from hydroelectric, wind, solar 

and geothermal sources and as a result of rapid GDP growth over the previous decade, 

demand of electricity has been steadily increasing. Despite Ethiopia’s huge energy potential, 

the country is experiencing energy shortage as it struggles to serve a population of over 110 

million people and meet growing electricity demand which is forecasted to grow by 30% per 

year, electricity consumption per capital was equal to 0.09 MWh by 2016 [14].  

Table 1 shows available resources used in the country and expected average exploitable 

power with currently exploited percent in ethiopia provided by Ethiopia Electric Power 

Corporation (EEPCo) [15][16].  
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Table 1 Available resources with exploitable and exploited percent of power. [15][17]. 

 

Ethiopia energy policy is mainly focused on  

1. Energy resource development which is to reduce the negative effects of agriculture-

residue use for energy afforestation program will be undertaken, hydropower will be 

the backbone of the country’s energy sector development strategy, geothermal and 

coal resources will be develop on the basis of their economic profitability and to 

develop alternative energy resources.  

2. Energy supply which includes the idea of achieving balance between supply and 

demand, adopt conversion measures to reduce the use of petroleum product in 

transport sector, increase supply of modern energy sources to agriculture sector, 

industrial energy supply will be compatible with the industrial development of the 

country and to ensure industrial energy use and supply will be based on economic and 

efficiency criteria.  

3. Energy conservation and efficiency  

4. Comprehensive measure which focuses on regarding energy and environment (power 

generation, transmission and distribution), energy science and technology and energy 

policy manning and management (least cost)  

The Energy policy of ethiopia gives the highest priority on hydropower resource 

development, encourage dual energy like renewable resources such as solar, wind and 

geothermal, take appropriate policy measures to achieve a gradual transition from 

traditional energy fuels to modern fuels, pay due and close attention to ecological and 

Resources  unit Exploitable 
reserve 

Exploited percent 

Hydropower  MW 45,000 <5% 

Solar/day kWh/m2 Avg. 5.5 <1% 

Wind: power 
             Speed 

GW 
m/s 

1,350 
>6.5 

<1% 

Geothermal MW 7000 <1% 

Wood Million tons 1120 50% 

Agricultural 
waste  

Million tons 15-20 30% 

Natural gas Billion m3 113 0% 

Coal Million tons 300 0% 

Oil share  Million tons 253 0% 
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environmental issue during the development of energy projects, develop human resources 

and establish competent energy institution, provide the private sector with necessary 

support and incentives to participate in the development of the country’s energy resources 

[17][24].  

Figure 1 shows located sites on map for a total of 35 power plants which 17 of them are 

hydropower plants, 3 wind farms, 1 solar plant, 3 geothermal, 6 cogeneration and the rests 

are deiseal power plants. While, status of most of the hydro power plants are operational two 

of them are still under construction, GERD and Koyisha, the other two are under project 

implementation status, Genale Dawa VI and Geba I & II, and one of the plants called Genale 

Dawa III stopped operating. in contrast, the country only one solar power plant which is still 

under construction, Metehara, and three wind farms two of the sites, Adama and Ashegoda, 

are under operational status and the third one is still under construction, Ayisha [16][21].  

GoE strategic priorities in the energy sector are universal electrification access, energy 

efficiency improvement, decentralized off-grid power generation through the development 

of renewable energy technologies and exporting electricity to neighboring countries 

[15][17][24].  

• Climate Resilient Green Economy (CRGE)- is the strategy to achieve middle income 

status by 2025 in a climate resilient green economy. As set forth in the growth and 

transformation plan (GTP), reaching this goal will require increasing agricultural 

productivity, strengthening the industrial base and fostering export growth [15]. 

• Ethiopia Growth and Transformation Plan (GTP)- is an outline plan for three phases, 

total of 15 years, each having 5 year and assigned as GTP I (2010-2015) increasing 

the installed generation capacity from 2,000MW to 10,000MW primarily through 

hydro power projects, GTP II (2015-2020) to increase installed generation capacity 

by an additional of 5,000 MW by 2022 and GTP III [20].  
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Figure 1 Power plant location throughout ethiopia [21] 

 

1.3  Electricity consumption  

The current electricity consumption data of ethiopia as IEA provided in 2016 was 9.14TWh 

per year which became 0.09 MWh per capital [14]. the total electric power demand was 

planned to increase from 4,180 MW in 2014/15 to 17,208 MW in 2019/20, (GTP II plan) 

[14][20].  

Ethiopia should produce an additional electricity power of 15 up to 20 TWh/year if it is 

needed to last with the planed plan and strategy of being the hub of east Africa in energy 

production and suppling infrastructures constructed as well as those under construction, 

households, industries and electrifying of rural areas.  

EEPCo forecast the demand of electricity by categorizing it in to 6 categories. These 

categories are shown in figure 2 and as graphical format in figure 3 from IEA respectively.  
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Figure 2 Predicted internal electricity demand in GWh by EEPCo 

 

Figure 3 Electric consumption of ethiopia from 1990-2016 [14]. 

As the graph and chart shows electricity demand and supply has significantly high difference. 

IEA gives 9.14TWh/year in 2016, while EEPCo puts a total demand of 19 TWh/year these 

shows that there is shortage of power supply by 9.86TWh/year. On the other hand, it was 

approximately estimated about 31 TWh and 35 TWh per year 2019 and 2020 respectively. 
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These is an indication for GoE to think more about the possible ways for electricity power 

production in order to fulfill demand and to overcome blackout of power. 

In 2016 the total energy consumption was around 40 TWh, when 92% was consumed by 

domestic appliances, 4% by transport sector and 3% by industries. This total energy 

consumption is supplied by bioenergy, traditional bioenergy in most cases, imported 

petroleum. While, the population number is being increased rapidly and so of the electricity 

consumption [21]. 

1.4 Problem 

Even though ethiopia has been mentioned as rapidly developing third world country, now a 

days the country has many problems in all aspects of economic, political and social sectors. 

This study has mainly focused on the energy sector of the country, facing difficulties to 

balance the demand and supply of power consumption.  

Many excuses might be listed as a reason why the supply and demand of the country is being 

imbalanced so far, however the problem listed below are the reason behind the motive of this 

dissertation work 

1. Continues blackout of power throughout the country and many rural areas being not 

part of power-grid till now 

2. Being very dependent on hydropower plant and not considering other option of 

power generation 

3. Policy and strategies are under the implementation of only GoE 

4. Poor R&D centers. renewable energy sources, such as wind, solar and hydraulic are 

related to metrological variables (temperature, pressure and moisture) but these 

characteristics are not studied well and understood which leads most power projects 

to face big gap in knowledge related to energy investment and construction. 

5. Problem of predicting the future and co-operation with other organization like road 

construction, water projects, metrology and city plan. 

6. Luck of time management and being not continuous  

7. Thousands of people have been displaced because of investment  

 

1.5 Aim 

This dissertation paper is planned to bring new way of seeing and implementing new planned 

projects and if possible, to consider ways of modification for the existing ones.  

1. The first aim is to come up with efficiency analysis of grid-connected solar PV systems 

which are roof mounted in areas where there are real state residences and analyze 

potential of the harvested electricity. Following with simple comparison between the 

needed demand of electricity for the whole country and the possible annually produced 
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electricity from both considered technologies, roof mounted solar PV systems and tower 

CSP plant. (engineering aspect) 

2. To Provide initiating data, viability and optional considerable data and appropriate site 

to launch CSP plant. Also, try to show the GoE how we can use our land wisely without 

causing any difficulties with corresponding cause of displacing citizens (social aspect) 

3. Help GoE to consider additional criteria and procedure while implementing and let new 

investors bring their investment proposal. It also might help to reconsider the land 

policy and Apart from the assessment of the potential. This study will also strengthen 

the future project plan of CRGE strategy. (political aspect) 

 

2 Methodology 

2.1 Site selection  

Eight different cities of ethiopia, which are selected depending on the number of populations 

living there, for the analysis made regarding the solar PV energy producing technology and 

one of the regions, Somalia, among the nine regions of the country to simulate CSP 

technology. The population density, direct normal solar irradiance (DNI), a place with 

contiguous parcels of land with limited cloud cover, access to water resources, available and 

proximate transmission access (CSP must be sited on land suitable for power generation with 

adequate access to an increasingly stressed and out dated transmission grid ) are considered 

while choosing this region over other regions [21].  

Somalia region is found in eastern and south eastern part of the country with an estimated 

area of 279,252 square kilometers. Majority of the region with altitude of 900 meters above 

the ground, 80% of the area is flat and 7% of it is mountainous. It is hot and semidesert area 

containing eleven admirative zones.  

2.2 data sources  

The data used as an input for each of the analysis is collected through PVGIS, IEA, Energy Plus, 

EEPCo and previously conducted studies, journals and reports, including web sites and 

internet links for there is hardly any updated and accessible data for the country.  

2.2.1 PVGIS  

PVGIS which is the abbreviated word for Photovoltaic Geographical Information System is 

the number one tool used to get all necessary data. PVGIS is a free online solar photovoltaic 

energy calculator and simulator either for standalone or grid-connected PV systems and 

plants in Europe, Africa, America and Asia [22].  
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The simulator provides google map on the left side which makes it so easy to use, by selecting 

the place that we want to simulate, and get all the necessary data we are looking for. The start 

page for the online application is shown in figure 4.  

 

Figure 4 PVGIS calculator start page  

PVGIS calculates monthly and yearly PV electric generation in kWh and the corresponding 

monthly and yearly in-plane irradiance in kWh/m2. Unlike PVGIS Photovoltaic software like 

SAM, RETScreen, HOMER, and some other software can be accessed and downloaded in our 

computer. 

PVGIS simulator in general contains the following main icons that can help access the needed 

data 

• Menu: that contains dropdown list of; grid connected, tracking PV, off- grid, monthly 

data, daily data, hourly data and TMY (Typical Meteorological Year). 

• PV technology: An Icon used to select which type of PV panel technology is used for 

the simulation purpose 

• Installed peak PV power [kWp]: an icon used to input the peak power of PV panels 

that is already given by the manufacturer under constant condition of 1000W/m2 of 

solar irradiance and at a temperature of 25 °C. 

• Battery capacity [Wh]: if it is off-grid analysis  

• System loss [%]  
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• Icons for choosing mounting condition of the panel, free standing or building 

integrated. 

• The last icon is where we select it to visualize a result and/or download comma 

separated values (csv). 

2.2.2 SAM  

SAM stands for System Advisor Model which is developed by the National Renewable Energy 

Laboratory (NREL) to execute a performance and financial model designed to help people’s 

decision in the renewable energy field, project managers and engineers, technology 

developers, researchers and policy analysts [19]. It makes performance predictions and cost 

of energy estimates for grid connected power projects. Figure 5 shows the start page of SAM 

application.  

 

Figure 5 Start page of SAM application  

Before running the simulation first step is to select the technology and financing option thus 

the program automatically sets variables with default values for the chosen technology. Or it 

automatically downloads data from one of the following online databases [19].  

• OpenEI U.S. Utility Rate Database for electricity rate structures [U.S utilities] 

• NREL National Solar Radiation Database for solar resource and ambient weather 

condition 

• NREL WIND Toolkit  for wind resource and  
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• NREL Biofuels Atlas and DOE Billion Ton Update for biomass resource data 

If one’s location data is not available, then it can be input manually. These variables are  

1. Installation costs 

2. Number of modules, inverters and tracking type 

3. Collector and receiver type, solar multiple, storage capacity, power block capacity. 

4. Analysis period, discount rate, inflation rate, tax rate, internal rate of return target rate  

5. Building load and time of use rates or it can be run using default value.  

SAM Version 2018.11.11 currently runs performance model for the technology including  

• Photovoltaic systems either flat plate or/and concentrating including battery storage 

model  

• All currently available concentrating solar power technologies (parabolic trough, 

power tower either with molten salt or direct steam, linear Fresnel, Dish-Stirling)  

• Process heat parabolic trough and linear direct steam 

• Wind, geothermal, biomass power and solar water heater for residential or 

commercial buildings [19].  

In general SAM gives many results and basically there is a couple of ways to look at it 

Particularly, hourly results. So, some of these are a performance-based, capacity factor 

output, as well as financial based levelized cost of energy in the net present value payback 

and revenue.  

2.2.3 Energy plus  

Energy plus is an energy simulation program used to get results for energy consumptions 

like heating, cooling, ventilation, lighting. Some features of energy plus and capabilities it is a 

console-based program that reads input and writes output to text files. it includes  

• Integrated, simultaneous solution 

• Heat balance- based solution 

• Sub hourly, user-definable time steps 

• Combined heat and mass transfer  

• Advanced fenestration models 

• Illuminance and glare calculations 

• Component-based HVAC 

• Many built-in HVAC and lighting control strategies  

• Functional mockup interface  

• Standard summary and detailed output reports  

It is a free, open-source and cross-platform and it has accessing icon “weather” in its web 

page for over 2,100 locations with sub regional division Africa (WMO Region 1),Asia (WMO 
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Region 2), South America (WMO Region 3),North and Central America (WMO Region 

4),South Pacific (WMO Region 5), Europe (WMO Region 6) [23].  

2.2.4 PVWatt Calculator  

This software uses for estimating the energy production and cost of energy for grid- 

connected PV energy system throughout the world. it allows any installers and 

manufacturers to estimate the potential of PV installations in easy way. on its online page. 

The calculator estimates the monthly and annual electricity production of a photovoltaic 

system using an hour by hour simulation for given one year [18]. 

NREL NSRDB grid cell for any location with available data is located with purple asterisk. On 

the right top (Legacy Data Option) there is an icon box with three optional data sources that 

can be used for simulation part. it has six input variables which must be filled out and three 

advanced inputs. these are  

• DC system size 

• Module type  

• Array losses 

• Array tilt angle 

• Array azimuth angle, and advanced inputs includes 

• DC to AC size ratio 

• Inverter efficiency 

• Ground coverage ratio 

Next step is to input all related data depending on the planned installation and if needed it 

also contains additional provided inquiry input as advanced parameter and rete type, 

residential or commercial, and rate. PVWatt energy estimate is based on an hourly 

performance simulation using a typical-year weather file that represents a multi-year 

historical period for a fixed (roof mount) photovoltaic system. The kWh range is based 

analysis of a nearby data site (sites with asterisk) [18]. 

3 Solar energy and technology  

3.1 Solar energy  

Solar energy (solar radiation) is form of an electromagnetic energy transmitted 

from the sun. it is the base for all living things. It is accounted about 1.08*1018 kWh 

reaches the earth’s surface every year. Solar energy per square meter is called 

solar irradiance. The electromagnetic radiation that can be seen by human being 

is the smallest spectrum set of all components. These spectrums are listed as 

follows and it is characterized by “energy packets” called photons [1][21]. 
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1. Ultraviolet C (UVC): - 100-280 nm, absorbed by the upper atmosphere 

2. Ultraviolet B (UVB): - 280-315 nm, absorbed by the upper atmosphere by 

ozone layer 

3. Ultraviolet A (UVA): - 315-400 nm 

4. Visible: - 400-700 nm, the one used by photovoltaic cells to produce electricity  

5. Infrared: - 700 nm -10^6 nm (1mm) 

 

Figure 6 solar irradiance spectrum above atmosphere and at surface.[1] 

Thus, the spectrum of the sun radiation is close to that of black body with the temperature of 

5,800 K. extreme UV and X-rays are produced at the left of wavelength range shown at the 

figure below, but it counts for very small amount from the total output power. Total solar 

irradiance reaches to the earth surface in three different types these are  

• Direct normal irradiance (DNI), radiation that reaches the earth’s surface 

without being scattered or reflected by atmosphere. 

• Diffuse horizontal irradiance (DHI), radiation that reaches the earth’s surface 

after it has changed by the atmosphere like cloud for instance. 

• Global horizontal irradiance (GHI), or total radiation is the sum of direct 

normal irradiance and diffuse horizontal irradiance shown in equation (1). 

Figure 7 shows simple diagram for understanding types of solar irradiances 

and spectrum wavelength.  

 

 𝐺𝐻𝐼 = 𝐷𝐻𝐼 + 𝐷𝑁𝐼 (1) 
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Figure 7 Illustrative diagram for total solar irradiance with spectrum wavelength [21]. 

Figure 8 and 9 shows the map of ethiopia for the direct normal solar irradiation and global 

horizontal irradiation adapted from international solar GIS respectively. 
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Figure 8 Direct normal solar irradiation map of ethiopia [22] 

 

 

Figure 9 Direct global horizontal solar irradiation map of ethiopia [22] 
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3.2 Solar technology 

Solar Power is the conversion of sun’s energy from sunlight into electricity. These 

conversion of energy takes place either directly through technologies like  

• Solar thermal power plant: - which use sun’s heat and convert it into electricity. 

which comes up in different technology forms, the first three is categorized into 

concentrated solar power technology and the fourth one as concentrated solar 

power technology  

1. Parabolic troughs 

2. Power towers 

3. Dish Stirling 

4. Solar updraft tower 

• Solar collectors: - are technologies that use thermal energy from the sun to 

provide hot water, space heating, cooling, pool heating for residential, 

commercial and industrial applications. To produce higher temperature using 

solar collector. Types can be categorized as 

1. Collectors with integrated tanks 

2. Flat-plate collectors 

3. Evacuated-tube collectors 

• Photovoltaics 

• photodissociation 

On the other hand, solar energy can be used indirectly as natural conversion processes 

turned insolation into another form of energy and further used by other technologies 

to produce useful energy. The indirect forms of solar energy include 

• hydropower or waterpower which is the power driven from the energy of falling water 

or fast running water to cause rotation of the blades on the turbine and convert the 

mechanical energy of the rotating turbine into electricity  

• wind power or wind energy is the process of generating electricity by using the energy 

that is contained by wind using wind turbine, that converts the kinetic energy of wind 

into mechanical power and then to electricity  

• biomass production, consists of organic materials that grow in nature and waste from 

living and dead organisms.it might go to combustion for provision of heat and 

electricity or liquified, gasified or fermented to produce alcohol in different 

conversion process  

• low temperature heat as the sunlight heats up the surface of earth and atmosphere, 

the reason for the formation of wind, thus solar heat become stored in soil for hours, 
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days, and even months. Heat pumps take advantage of the low-temperature heat in 

the earth, groundwater and air  

• fuel cells and hydrogen production which is an energy carrier that must be created out 

of an energy source and on the other hand energy is needed to produce hydrogen. Fuel 

cells can directly convert hydrogen and similar energy carrier like natural gas and 

methanol into electricity [1][21]. 

3.2.1 Solar photovoltaic technology 

Photovoltaic or solar cells are devices that generates electricity using light either from sun or 

artificial light by the effect of photovoltaic, Photovoltaic effect is the formation of voltage and 

electric current in material as a result of exposure to the light. And it is a phenomenon of both 

physical property and chemical substance. The operation of PV cell requires three basic 

attributes  

1. The absorption of light, helps to generate excitation 

2. Separation of charge carriers of opposite types 

3. Separate extraction of those carriers to an external circuit  

In these technologies solar energy is used to generate electricity using solar cells, are 

components of solar arrays that convert radiant light from the sun into electricity, when 

number of solar cells in hundreds is called photovoltaics. The efficiency of the panel to 

convert the sunlight to electricity is dependent on the amount of sunlight received by the 

panel. orientation of the panels with respect to the position of sun, and other host variables. 

The system can operate in an environmentally benign manner, have no moving components, 

and have no parts that wear out if the device is correctly protected from the environment 

[1][20][21]. 

The basic measure of solar panel efficiency is calculated by testing the panel under standard 

test conditions, using common condition of light exposure, orientation, and panel 

temperature. Daily average normal irradiation is estimated around 3.2-6.4 kWh/m2 or 

expressed as yearly average equals 1168-2337 kWh/m2 [20]. 

3.2.2 Concentrated solar power technology  

CSP is the method of utilizing sun’s energy by concentrating the normal direct irradiance of 

sun light into receiver in order to get much higher temperatures and high efficiency either 

for direct or indirect operation of a heat engine and electricity generation. Direct solar 

irradiance might be concentrated along a line or on a point known as linear collectors and 

point concentrator respectively. The geometry of collector is four in their types these are  

• Parabolic trough and  

• Fresnel collector  
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• Parabolic dish (dish concentrator) 

• Array of heliostats (solar power tower) 

The first two are categorized as linear collector type while the last two are categorized as 

point concentrator. Now a days Among the type’s parabolic trough and solar power tower 

are well-developed technologies [1][10][13]. 

Parabolic trough has operating temperature of around 400°C and uses three working fluids, 

thermal oil that is used as heat transfer fluid (HTF); molten salt that is used as thermal 

storage and water which is used for the power cycle. In contrast solar power tower uses only 

two working fluids, molten salt which is used as heat transfer and thermal storage and water 

for the power cycle and possesses a higher efficiency than parabolic troughs as a result of 

higher concentrating ratio and higher temperature which is 20% and 15% respectively [10]. 

Its high working temperature requires the plant to be built in locations with DNI above 1800 

kWh/m2day or 5 kWh/m2day to be economical. While the presence of thermal storage in the 

plant makes it dispatchable as it provides power for 24 hours [21].  

In CSP plant solar thermal storage might be one of the four systems, are the reasons for the 

plant to operate at higher efficiency and higher capacity factor.  

1. Two tank direct storage system 

2. Two tank indirect storage system 

3. Single tank thermocline  

4. Phase change materials 

CSP plant has three main components solar collector field, TES (thermal conversion and 

storage) and power block. Each component can be sized differently in order to estimate the 

operation and efficiency of the plant. Power block is measured based on rated output in mW 

of electricity. While, solar collector field is measured by its solar multiple (SM). TES and SM 

are sized depending on the power block output [1][10]. 

Figure 10 shows the general flow diagram arrangement of CSP plant components and figure 

11 shows Effect of solar multiple and storage in solar power tower system.  
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Figure 10 Flow diagram arrangement of CSP plant components [10]. 
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Figure 11 Eeffect of solar multiple and storage in solar tower power plant [10]. 

4 Analysis  

4.1 Estimated electricity output for solar PV system 

4.1.1 Electricity output for solar PV using PVGIS  

in order to estimate the electricity out-put, from solar PV system, listed conditions below are 

considered: - 

• I choose areas with the highest direct normal irradiance and high population density, 

urban areas, as well as the availability of grid. Areas included for PV output analysis 

are in middle (Addis Ababa, Ambo and Adama), south (Hawassa), north (Bahir Dar 

and Mekelle), and in the west part (Dire Dawa and Harar). these cities are expected to 

have considerable site with standard households that can be suitable for roof 

mounted solar PV system. 

• Crystalline silicon Solar PV panel with efficiency rate in between 15-20% 

• System loss 14%, building integrated and at optimize slope and azimuth angle  

• Installed peak PV power as 1kWp. The table Below shows annual electricity output, 

calculated from PV-GIS, for each of selected city location with respective number of 

population size.  
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Table 2 Annual electricity production by PVGIS 

 

 

  

Nr City Population 
size  

Yearly PV 
energy 
production 
[kWh] 

Yearly in 
plane-
irradiation 
[kWh/m2] 

Year to year 
availability 
[kWh] 

Total 
loss [-%] 

1 Addis 
Ababa  

2,757,729 1630 2210 57.00 -26.2 

2 Bahir Dar  168,899 1660 2330 38.20 -28.7 

3 Hawassa  133,097 1610 2220 33.30 -27.7 

4 Adama  104,215 1730 2410 34.10 -28 

5 Mekele  215,546 1750  2380 28.30 -26.4 

6 Harar  90,218 1640 2260 58.90 -27.4 

7 Dire Dawa 252,279 1720 2420 45.70 -28.2 

8 Ambo  94,342 1590 2160 44.90 -26.7 
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4.1.2 Electricity output for solar PV using conventional formula  

On the other hand, Conventional way of calculating annual energy output of solar 

photovoltaic system uses equation (2)[1] [18] [22]. 

 𝐸 = 𝐴 ∗ 𝜂 ∗ 𝐻 ∗ 𝑃𝑅 (2) 

Where     E = energy [kWh] 

                  A = total solar panel area [m2], taken as number of houses in capable of 

installing PV modules. 

                   η = solar panel yield or efficiency [%], calculated as solar panel yield of PV 

module 250Wp divided by an area of 1.6 m2 equal to 15.6 %, the ratio is calculated in 

standard test condition (STC) of radiation = 1000 W/ m2, temperature =25° C, wind 

speed = 1 m/s and AM = 1.5  

                   H = annual average solar radiation on tilted plane (shading not included) 

                    PR = performance ratio, coefficient for losses (default value = 0.75) 

By using above equation, the energy output of the module for each city becomes, with 

standard value, 

A = 50 houses each house installing 4 PV panel  

       =4 module*1.6 m2 * 50 houses = 320 m2 

η = 15.6 % = 0.156 

PR = 0.75  

 

E = 320 m2 * 0.156 * H of each city [kWh/m2] * 0.75 

Assuming total electricity demand that should be produced in the country. That is 

assuming solar PV to produce a total of 20 TWh/year, from estimated electricity demand, 

with 250watt solar PV panel being used and peak sun-hours which is estimated as 5 

hours. 

 20 TWh/year ÷12 month = 1.6667 TWh/month 

 1.6667 TWh/month ÷ 30 days = 0.05556 TWh/days 

 55.56 GWh/days ÷ 5 = 11.112 GWh 

  11.112 * 109 W ÷ 250 W = 44,448,000 number of panels will be needed  

For 44,448,000 number of solar panels, we must estimate the total number of residentials 

that could be used in order to install the panels on the roof top of each site. However, this is 

for the whole estimated future demand, 20 TWh/year. 
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The plan is for real state residential houses, to consider their roof top be used to mount up to 

four or five grid connected PV’s. This is simply to use the roof instead of using land, that could 

be used for another services like agriculture and industry park. 

Let’s take Addis Ababa city, there are at least 5 well known construction sites for residential 

house building each having minimum of 50 normal villa buildings or residentials.  

50 houses * 5 PV panel = 250 PV panel 

1 panel = 250 Wp  250 * 250 Wp= 62.5 kWh 

For the total pick sun-hour of 5 we get a total of  

62.5 kWh * 5/day = 312.5 kWh/ day of electricity can be harvested at each site  

5 site * 312.5 kWh/day = 1562.5 kWh/day = 1.5625 MWh/day of electricity can be produced.  

1.5625 MWh/day * 30day/month = 46.875 MWh/month 

46.875 MWh/month * 12month/ year = 562.5 MWh/ year  

This implies we can harvest 675 MWh/year electricity by using 5 sites in Addis Ababa. In the 

other hand if the first assumption is considered for five sites gives  

                                103,428 kWh/year * 5 = 517,140 kWh/year = 517.14 MWh electricity per 

year could be generated. Table 3 shows annual electricity output for 50 houses being used 

for cities chosen for the demonstration.  

Table 3 Annual electricity output using equation 2.  

Nr  City Name Annual solar radiation 
[kWh/𝑚2] 

Annual energy output of the 
system (PV system) 
[kWh/year] 

1 Addis Ababa 2210 82,742.4 

2 Bahir Dar 2330 80,245.2 

3 Hawassa 2220 76,456.8 

4 Adama 2410 83,000.4 

5 Mekele 2380 81,967.2 

6 Harar 2360 81,278.4 

7 Dire Dawa  2420 83,344.8 

8 Ambo 2160 79,390.4 
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4.1.3 Electricity output for solar PV using PVWatt  

In this calculator (PVWatt) accessible data of sites is very limited. As a matter of fact, the only 

available sites found for ethiopia is only four sites. These sites are Addis Ababa, Bahir Dar, 

Hawassa and Dire Dawa. Considered input data before simulation are listed below 

• DC System size, which is the direct current power rating of photovoltaic array in 

kilowatts at standard test condition. 1 kW for calculated and default value equals 4 

kW 

• Fixed or roof mounted Standard (crystalline silicon) module type 

• System loss of 14%, tilt angle equal to 20° and azimuth degree of 180° or facing to 

south 

• Default Advanced parameters are kept the same. 

The table 4 shows the output value for annual solar radiation and estimated annual PV energy 

output with 1 kw system size and default value (4kW) system size respectively. 

Table 4 Annual electricity output using PVWatt. 

 

4.2 estimated electricity output for CSP 

The electricity generation in CSP plant is dependent on the performance of each functioning 

unit variables in the plant. The primary variables that has impact in the utilization of the plant 

includes 

1.  optical component effective aperture area in both the reflector and the receiver side 

of the plant  

2. Thermal storage component  

3. And turbine efficiency 

While the weather data input is not the exact location data, it is the closest available data that 

is downloaded by the application, and demonstration is done for the two types of CSP plant. 

Nr City Annual Solar 
Radiation 
[KWh/m2 /day] 

Annual PV energy 
production using 1 kW 
system size [KWh/year] 

Annual PV energy 
production using 4 kw 
system size [kWh/year] 

1 Addis 
Ababa 

5.73 1,623 6,487 

2 Bahir Dar 6.12 1,629 6,518 

3 Hawassa 5.63 1,898 6,083 

4 Dire Dawa  6.26 1,521 6,686 
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First demo is for power tower and the second demo is for trough type, as each type of 

concentrated solar power has different output and efficiency it will be good to demonstrate 

two of the types (at least) to see the outcome and the possibilities of the plant. 

View of the resource data for the selected site is generated in SAM. Figure 12 shows monthly 

profile of selected site for GHI (blue), DNI (yellow) and DHI (brown) for 12 months plus the 

total annual profile.  

 

Figure 12 Monthly and Annual Profile of GHI, DNI and DHI for CSP plant site.  

3.2.1 Electricity output for power tower CSP 

Considered subsystems, parts in the program, and related numerical values that are used as 

input for the demo is listed below.  

1. System design input values  
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• Design point DNI of 950 W/m2,  

• Solar multiple = 2 

• Design turbine gross output = 100 MWe 

• Full load hours of storage = 10 hours and the rest values kept same as the 

default 

2. Heliostat field section: - in this section the demo gives the optimized number of 

heliostat layout and tower dimension which is dependent on the system design input 

values. Figure 13 shows the optimization summary of heliostat field, previous and 

updated value of receiver height and diameter, and tower eight. 

 

Figure 13 Optimization value of tower power plant 

3.  Tower and receiver, Power cycle, Thermal storage section kept the same value as the 

default 

4. System control and time of delivery factor section is expected to have uniform 

dispatch. Figures 14 shows the annual electricity output of the plant.  
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Figure 14 Tower Power CSP annual electricity output in kWh 

3.2.2 Electricity output using trough CSP  

The two available trough models are physical (allows modification of geometrical and optical 

properties to check performance in new design spaces) and empirical (based on actual plant 

data, mostly accurate for SEGS-like configurations, temperature and size) 

Trough demo in SAM also has subsystems where we change the inputs depending on the 

information we have. The first subsystem is where we choose the site location (the same site 

is used). 

1. solar field subsystem includes the following input data 
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• solar multiple = 2 

• field HTF fluid = Hitec solar salt and the rest kept same as the default  

• design loop outlet temperature = 550°c 

• number of assemblies per loop = 14 

• min and max single loop flow rate = 1.75 and 12.8 kg/s respectively  

• freezing protection temperature = 260°c 

• number of field sub section = 8 

2. collectors (SCAs) and receivers (HCEs)  

• estimated average heat loss at design = variation 1[310], variation 2[590], 

variation 3 where the possibility of broken glass is considered [4518] W/m. 

therefore, heat loss at design becomes 333.84 W/m. these values can be 

calculated based on detailed collector performance models or by running 

the model and inspecting the results near design point conditions. 

• collector input, the same as the default values  

3. power cycle and thermal storage  

• design gross output = 100 MWe 

•  tank height = 12 m  

• Parallel tank pairs = 1 (two tank system) 

4. System control and time of delivery factor section is expected to have uniform 

dispatch. Figures 15 shows the annual electricity output from the demonstration.  
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Figure 15 Parabolic trough CSP annual electricity output in kWh 
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4 Result and Discussion  

4.1 Result  

By Using roof mounted solar PV system for some of the selected areas, those with higher 

population density, possible annual energy output by using PVGIS, PVWatt and conventional 

formula is summarized as shown in table 5.  

Table 5 Summary of electricity output for PV system  

City  Annual solar 

radiation 

[kWh/𝑚2] 

PVGIS 

[kWh/year] 

PVWatt 

[kWh/year] 

Using 

conventional 

formula 

[kWh/year] 

Addis Ababa 2210  1630  1623  1654.8 

Bahir Dar  1660  1660  1629 1604.9 

Hawassa 1610  1610  1898  1529.1 

Adama  1730  1730  * 1660 

Mekele  1750  1750  * 1639.3 

Harar  2260  1640  * 1625.5 

Dire Dawa 2420  1720  1521  1666.8 

Ambo  2160  1590  * 1587.8 

 

Skipped cities with asterisks (*) are, those that are not supported or/and do not have reading 

by the used calculator, PVWatt.  

Using system advisor model the possibilities of considering and building concentrated solar 

power plant is checked for both tower power plant and parabolic trough CSP system. The 

summary of the result for each demonstration is provided in table 6.  
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Table 6 SAM demo summary for both parabolic and tower power CSP systems 

4.2 Discussion  

Continuous economic growth will undoubtedly influence the growth of energy demand. For 

accelerated development programs agriculture, industry, transport, health, education and 

rural development. specially in country like ethiopia who has been facing many challenges in 

reaching and satisfying the unelectrified areas and balancing demand and supply an 

appropriated and sound energy policy, considering all the possibility of harvesting and using 

renewable energy resources and other implementation modalities appear to be very crucial.  

Roof integrated solar PV system is really a promising supply of power, especially in a very 

dense city. Considering lack of area, density of the population and the potential of solar 

irradiance it seems very efficient way of providing and utilizing energy into electricity. For 

these demonstrations the chosen eight sites (city) were checked by using three different 

method, one manually calculated and the rest two using online calculating software, as shown 

in the result section in table 6 the outcome of each city in all the three cases the result found 

is with less value difference. It can be concluded that the result is almost same in all cases. As 

a result, instead of using land for grid connected solar PV system, it will be efficient and land 

 Tower power CSP plant  Parabolic trough CSP plant 

Design point DNI 950 W/m2 950 W/m2 

Solar multiple 2 2 

Design turbine gross 

output 

100MWe 100MWe 

Power cycle Rankine cycle  Rankine cycle  

Storage type Two tanks Two tanks 

Time of delivery factor  Uniform dispatch Uniform dispatch 

Annual energy 107,230,776 kWh 181,176,000 kWh 

Annual water usage 55,817 m3 54,636 m3 

Net capital cost 459,285,184$   588,489,920$ 
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saving if we decided to have solar PV farm. Aesthetics, participants in the field, economy and 

social stability will also be satisfied beyond the main aim of the project.  

The second demonstration is considered for the opposite situation where there is less dense, 

and the climate categorized as desert/semi desert area. CSP plant for both tower and trough 

are considered. Except the site location and some differences made in the input part, the 

demo is run with conventional values set by NREL. The result is shown in table 7, the 

laboratory set those conventional value to be usable for every location which as shown in the 

result is really a good sign for the country to start considering the possibility of constructing 

this type of power generating plant for the future.  
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5 Conclusion and Recommendation 

This study is mainly focused on the possibility of generating electricity using solar irradiance 

by using roof mounted grid connected solar PV system and CSP. A total of nine sites were 

chosen. Eight sites for PV system demonstration and one site for CSP demonstration. While 

the Economic analysis part in both systems is not included.  

Solar PV as roof mounted and grid connected system is checked for the total annual electricity 

output by using PVGIS, PVWatt and equation (1). In all the three cases the output is almost 

approximately the same as shown in the table 5. On the other hand, CSP is demonstrated by 

using system advisor model (SAM) application for two different technologies, trough CSP and 

Tower Power CSP, is checked and the result for both systems is provided in table 6.  

Generally, a country with higher number of population density like ethiopia, it will always be 

better to consider roof than land to produce electricity using PV system which means 

considering and working on solar city system will always be a better option. For areas like 

Somalia region, which has lowest population density and semi desert/desert climate, 

electricity production through CSP technologies can be other option for power generation. 

Further study and researches should be conducted to get the exact output potential for the 

plant including financial parameters if it must be constructed in the future.  

Knowing the current situation and system that is ruling the country, the GoE must improve 

and do many more consideration and policy improvement. Based on my observation and 

current energy situation in the country I would like to recommend, some of the ideas that I 

thought would be helpful to whom it concerns, as follows  

• To start inception, reconnaissance, pre-feasibility and feasibility study before and 

during the construction of power generating plants 

• Encouraging private investors to involve in such type of investment together with the 

government 

• Stop being very independent on hydropower plant and start looking other available 

renewable energy resources like solar, geothermal, wind and biomass resources 

• Arrange and introduce availability as well as awareness of solar PV system in the 

society. 

• To Recommend or/and rewrite investment policy, Newly planned and those which 

are under the process of construction (buildings)and industries, to include recycling 

technology or renewable energy resources as their primary energy supply and power 

generating plan in proposals and set rules for each industries especially for those in 

process of construction to include in their proposal instead of getting all power supply 

from the grid.  
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