
College of Science and Technology 

 

“MEETING CURRENT ENERGY DEMAND THROUGH 

RENEWABLE ENERGY SOURCES IN GOMA, NORTH KIVU 

COMMUNITY” 

ACEESD/REE20/08 

RUKUNDO KABEYA Thierry 

219014706 

A dissertation submitted to the African Center of Excellence in Energy for 

Sustainable development  

College of Science and Technology  

University of Rwanda in partial fulfillment of the requirements for the degree 

of 

MASTERS OF SCIENCE IN RENEWABLE ENERGY 

Supervisor’s Names: Dr. Francis MULOLANI 

 

 

 

October 2020 

 



i  

 

DECLARATION 

I declare that this dissertation is the result of my work except where specifically 

acknowledged, and it has been passed through the anti-plagiarism system and found to be 

compliant and this is the approved final version of the thesis.  

 

RUKUNDO KABEYA Thierry/ ID: 219014706  

18/10/2020 

 

Dr. Francis MULOLANI  

21/10/2020 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii  

 

ACKNOWLEDGMENTS 

I address my acknowledgment to my God who allowed me to finalize this research and who 

keep me always safe and healthy during all these years of studies. 

To my supervisor Dr. Francis MULOLANI, I say a great thank for his orientation and 

patience upon the submission of this dissertation while having many works to manage. 

Sincerely, I acknowledge my parents KEBEYA KIGUSHU Venant and SIFA Mathilde who 

always are there for supporting me and for giving me the occasion to pursue my studies 

while many changed situations of life. 

On a personal note, I would like to thank my dear friend BAMANA MASEVO Marie-

Thérèse for her different bits of help during the redaction of this dissertation. 

I cannot forget to thank all members of my family, cousins, nephews, and everybody for 

their different kinds of support. 

I thank anyone who participated in the completion of this dissertation and I hope that it will 

enable others to harness the potential of renewable technologies in the future. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii  

 

ABSTRACT 

In the case of Goma, despite the several existences nowadays of electricity providers such 

as “SNEL”, “VIRUNGA Energie”, “SOCODE”, and “NURU Energie” there is a substantial 

unmet electricity demand as reported in [1] alongside the growing energy demand 

respectively to the growing population. Therefore, customers plan their activities based on 

scheduled interruptions and this prevents their business from functioning properly. The 

region needs a solution to this costly and inappropriate situation. In this backdrop, I believe 

that green energy sources have the key potential to replace the use of coil, gas, oil as sources 

to generate power and mitigate the greenhouse effect by reducing the carbon dioxide 

emission in the atmosphere while generating power. Thus we propose to meet current 

electricity demand through renewable energy sources in Goma, North Kivu community. An 

assessment of available renewable energy sources is done and the design and simulation of 

the proposed solution are achieved using calculation methodology and PVsyst as the 

simulation tool. Other specific procedures or techniques are used to identify, collect, select, 

and analyze information: the documentary technic; the interview technic, for data collection; 

the mathematical tool by using MATLAB. After doing the Goma’s available renewable 

energy sources assessment, it has been observed that based on its geographical location, the 

city is located in a very high insolated region with radiation levels ranging between 

4.87kWh/m2/day, implementing photovoltaically viable throughout the region. Therefore a 

PV large-scale system is designed and simulated to meet the current electricity demand 

determined here. For future worker’s the load forecasting is achieved for the power system 

planning. 

Keywords: Renewable Energy Sources and technologies, PV large scale system, Load 

Forecast 
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CHAPTER 1 : INTRODUCTION 

1.1 OVERVIEW 

North Kivu is a province limited by Lake Kivu at the eastern side of DRC with Goma as its 

capital. It is a neighbor of other provinces: Ituri at the north side, Tshopo at the northwest 

side, Maniema at the southwest side, and South Kivu at the south side. On the east side, it 

limits the countries of Uganda and Rwanda. It comprises three cities and six territories 

respectively: Goma; Butembo; Beni, and Beni; Lubero; Masisi; Rutshuru; Nyiragongo; and 

Walikale. [2] The DRC's potential to generate energy is high due to its wide range of both 

renewable and non-renewable energy sources. The renewable sources DRC potential 

includes hydropower; biomass; the solar; wind; and geothermal, while the non-renewables 

include oil, natural gas, and uranium [3]. Despite the reality that DRC has a high hydropower 

potential and other renewable resources, it has the electrification rates which is lower 

compare to others in the world. This represents 9% of its total population of more than 80 

million with access to electricity. Therefore, it is clear that there is a noticeable unmet 

electricity demand. For urban and rural areas respectively, the electrification rate is 

approximately 19% and 2% [4]. The access rates in the country still alarming, especially in 

the rural areas where only a few numbers of the population have access to electricity, and no 

proper efforts have been made or taken to increase the access rate or improve the situation. 

Coal, oil, and natural gas form constitute 80% of the world’s energy use as reported in [5] 

and are considered as fossil fuels. However, the burning of fossil fuel significantly 

contributes to CO2 emission that is directly responsible for climate change and the 

greenhouse effect. Due to the growth in world population, industrial, and economy, the 

demand for energy and presentations that require energy are increasing to satisfy human 

social and economic development. Such as reported in [6], energy demand rises by 1% per 

year to 2040. Therefore, policymakers and industrialists must choose a sure way to use 

energy and also seek a sustainable solution for generating power to the example of renewable 

energy sources. Substantial research work on this field has been found in the literature in 

which we focus on some of them in the literature review point. 
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1.2 PROBLEM STATEMENT 

Based on the North Kivu history, it is a province in which there is a repetition war. It is 

politically not stable and since 1998, it has been one of the provinces of the military conflicts 

as reported in [2]. Therefore, fears of economic instability and unemployment are becoming 

greater. Therefore, for the province to be restored and go away from that policymakers have 

to create a job through the implementation of local enterprises, the restoration of economic 

activity, the energy access to basic infrastructures. However, based on the research led by F. 

Howard with the University of Edinburgh in [1], about North Kivu, that included surveying 

businesses that are realized at the local level; enquiring their energy used and its effect on 

their activities. Besides, examining how local electricity providers were responding to the 

growing demand for energy in the province. It has been observed that in Goma and 

throughout the Democratic Republic of the Congo, only a small part of the population has 

access to electricity. For the whole city of Goma, 6.5 MW in terms of energy with more than 

one million people as reported in [1]. The National Electricity Company (SNEL, a 

government-controlled public service that manages the network) operates for 6.7 

unpredictable hours as reported in [1]. Therefore, customers plan their activities based on 

scheduled interruptions. Also, problems with energy quality and bills based on estimates and 

inflating cost for costumers because meters used to measure electricity are old, broken, 

nonexistent, or simply neglected. Its research shows that the electricity supply is lacking to 

the consumers in the Kivu regions. Therefore, I agree that a lack of secure electricity in 

Goma prevents the local businesses to function properly, also the greenhouse effect due to 

the permanent use of fossil fuel-based energy to overcome the issue of interruption of energy 

supply in Goma constitutes a threat to the human society. To these challenges avoided, 

renewable sources-based energy is the most effective alternative, and the solution to this 

costly and inadequate situation. Based on the problem statement, the dissertation answers to 

the following research questions: 

 Is it right that a transition from primary energy (namely coil, natural gaze…) to 

renewable sources that are renewable for power generated is an efficient way to 

mitigate the greenhouse effect issue? 

  Is it necessary to determine the current and forecast electricity demand in Goma, 

North Kivu? 

 Is it possible to meet current energy demand in Goma, North Kivu, through 

renewable energy sources? 
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1.3 AIM AND OBJECTIVES 

1.3.1 AIM 

The main aim of this thesis is to determine the possibility of meeting the current energy 

demand in Goma, North Kivu community, through renewable energy sources, and to 

evaluate possible solutions for mitigating climate change and sustainability issues. Based on 

the topic, the optimum solution will be designed and simulated for its effectiveness and cost-

effectiveness to meet the energy demand. 

1.3.2 OBJECTIVES 

To meet current energy demand in Goma, North Kivu, through renewable energy sources, 

specifics objectives are formulated as follow: 

 Assess and evaluate the available renewable energy sources; 

 Determine the current electricity demand in Goma, North Kivu community; 

 Forecast the load demand in Goma, North Kivu community, to perform appropriate 

measures to bridge the electricity gap and arrange the supply of electricity demand.  

 Design and simulate the proposed renewable technology solution to meet the 

electricity demand; 

 Make a cost analysis of the suggested system for the sustainability issue. 

1.5 METHODOLOGY 

To understanding the research problem, specific procedures or techniques are used to 

identify, collect, select, and analyze information. In this backdrop, this research uses: 

 The documentary technic: Some official websites and recent reports published by 

credible international organizations such as the World Bank, IRENA, RET screen, 

etc will be consulted in the content analysis of the literature; 

 The interview technic: For data Collection to know the current energy demand; 

 The mathematical tool: The analysis of collected data will be facilitated by the use 

of some mathematic formulations to determine the actual electricity demand and the 

forecasting of the electric power demand of the city; 

 The simulation tools: Overall calculation and simulation of the proposed system are 

carried out using MATLAB especially for calculation and the PVsyst software for 

simulation and modeling. 
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1.6 ORGANIZATION OF THE THESIS 

This thesis is organized into four chapters described as follow:  

The first chapter discusses the introduction part in which the overview, statement of the 

problem, objective, and methodology are included.   

The second chapter discusses the literature review and background theory in which some 

works done previously by other authors have been passed through. Also, it describes the 

various renewable energy sources and technologies. 

The third chapter elaborates on Goma’s current energy situation. Under this chapter; 

collected data are analyzed and current energy need is identified. Furthermore, energy 

demand forecasting methods are analyzed and energy demand forecast is achieved 

The fourth chapter elaborates on the choice of an appropriate renewable energy source and 

its simulation. The cost of the suggested renewable technology as well as his economic 

benefit are also studied.  

The conclusion, recommendations, and future work are addressed at the end of this work in 

the fifth chapter.  
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CHAPTER 2 : LITERATURE REVIEW AND 

THEORETICAL BACKGROUND  

2.1 INTRODUCTION 

In this chapter, we discuss the theory on sources and technologies of renewable energy. But 

first of all, a literature review shall be carried out so that we find out how far is research in 

this field.  

2.2 LITERATURE REVIEW 

Based on what has been published on our topic by accredited scholars and researchers, 

several research papers and thesis described the subject of the renewable sources-based 

energy and their technologies, the greenhouse effect issue, load forecasting. The following 

paragraphs describe some of the works done on the area. 

The associated opportunities of renewable sources based energy: security of the energy; 

access to energy; social and economic improvement; greenhouse effect reduction; and 

attenuation of effect related to the environment and the health; are reviewed In [7]. From 

this literature, to attain the target of renewable energy such as reducing emissions, mitigate 

the greenhouse effect, and offer a sane environment as well as proper electric energy to 

everyone and the future generations, some measures and policy recommendations have to 

be considered.   

Moreover, in [8], the alternative technologies for enhancing renewable energy deployment 

and energy use efficiency are discussed. Considering that the major component of 

greenhouse gases is carbon dioxide, there is a global concern about reducing carbon 

emissions. In this regard, two main solutions may be implemented to reduce CO2 emissions 

and overcome the problem of climate change: replacing fossil fuels with renewable energy 

sources as much as possible and enhancing energy efficiency, and different policies could 

be applied, such as enhancing renewable energy deployment and encouraging technological 

innovations. Afterward in [9], it is shown that the development of renewable energy 

utilization increases energy security in the Nordic countries. Thus, he presents diverse 

dimensions of renewable energy development and shows the role of resource diversification 

in the security of energy supply. 

The DRC has considerable hydroelectric power potential and virtually untapped solar and 

wind power resources. Therefore, the report [10], examines ongoing efforts by international 

actors in the DRC to boost the share of renewable sources of energy; articulate the benefits 

of increasing diesel-to-renewable energy transitions for both the operations and the host 
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country; detail viable opportunities and potential challenges for implementing such 

transitions, and recommend next steps. Based on [11], renewable energy, in a country, 

contribute to the sustainable socio-economic development. This report describes the 

contribution and the potential of energy that comes from natural resources while generating 

power. It assesses the available renewable resources based on energy, their technologies, 

their costs and profits, their limits to be developed. In general, this report details the data 

which are useful for politicians, decision-maker in the private sector, and the society in 

general. 

Regarding the load forecast, in [4] the energy models for demand forecasting are 

propounded. Thus, an endeavor is made to revise the diverse energy demand forecasting 

patterns for demand-side management. Energy demand management is crucial for the future 

economic prosperity and environmental security and the proper allocation of the available 

resources. In the previous time, diverse new techniques are being applied for energy demand 

management to accurately predict future energy needs. Traditional methods such as time 

series, regression, econometric, ARIMA as well as soft computing techniques such as fuzzy 

logic, genetic algorithm, and neural networks are being extensively used for demand-side 

management are reviewed. 

In this post [12], it is explained how machine learning can help to predict the demand of 

energy accurately. Forecasting of power demand plays an essential role in the electric 

industry, as it provides the basis for making decisions in power system planning and 

operation. A great variety of methods for predicting electricity demand are being used by 

electrical companies, which apply to short-term, medium-term, or long-term forecasting. 

Afterward in [13], some of the techniques used by the industry or the electricity provider to 

forecast the electricity demand and the process by which forecasts are derived, are examined. 

It shows that future electricity requirements affect management decisions in the industry in 

some areas. Also, it affects the cost required while generate, transmit, and distribute 

electricity, also the decisions to be made during operational, based on the availability 

requirements of the plant.  

Moreover, an artificial neural network-based model for building short-term load forecasting 

(STLF), which uses weather data as well as past load data is presented in [14].. The 

performance of the prediction model is evaluated using in terms of the mean absolute 

percentage error (MAPE) and the simulation results show that the proposed method can 

significantly improve forecasting performance. In modern society, building energy 

consumption accounts for a significant number of total energy consumption. Therefore, 



7  

 

efficient use of energy in buildings becomes more important, furthermore, the load 

forecasting for the building domain is essential to work. In a system that uses renewable 

energies, energy management can be applied. Though, in [15], a background regarding 

energy management in micro grid systems is revised. Moreover, in this paper, the directions 

regarding the model to predict energy storage systems principally, are also described, since 

renewable energy presents an intermittent nature. Therefore, technology to store energy is 

taken as the motivation choice.   

2.3 RENEWABLE ENERGY AND SUSTAINABLE DEVELOPMENT 

Sustainable development is linked to renewable sources-based energy due to their multiple’s 

opportunities given. To be secure, renewable energy has to be permanent and create a new 

air condition, which is not harmful. The energy coming from natural resources offers the 

chance  of participating in some major sustainable development targets namely [7]: 

 Security of energy; 

 Social and economic improvement; 

 Accessibility of energy; and 

 Greenhouse effect reduction and the attenuation of effect related to the environment 

and health.  

 

 

Figure 2.1 Renewable energy sources Opportunities graph [7] 
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2.4 RENEWABLE SOURCES BASED ENERGY AND TECHNOLOGY 

Renewable sources-based energy refers to energy obtained from renewable sources. 

Renewable sources, also named alternative sources of energy are natural sources that can be 

used to produce energy again and again without being depleted because they replenish 

themselves. They include solar energy, wind energy, hydroelectric energy, biomass energy, 

geothermal energy, and other forms of energy.  

2.5 HYDROPOWER 

The energy of water that moves from higher to lower elevations can be used to generate 

electrical power through a turbine. This is what we call hydropower energy. It is a renewable 

energy source because it replenishes itself. As a renewable energy resource, hydropower is 

one of the most commercially developed. However, the literature reveals that the 

hydropower capacity installed globally is much less than its overall potential. Based on the 

hydropower potential, half of the hydropower capacity installed is produced by some 

countries as reported in the World Energy Council Report. However, due to climate change, 

the hydropower resource potential could be altered. In general, today that alteration is 

evaluated to be < than 0.1 percent in the available hydropower production system, even 

though other study’s tried to reduce the doubt of these. [11] Today, in global energy supply, 

hydropower offers a centralized electricity generation to supply independent systems in a 

rural and remote area. That why the hydropower system is implemented in a remote area.  

2.5.1 TECHNOLOGIES 

The literature classifies three main Hydropower plants technology [11]:  

 Run-of-River Hydropower plant: characterizes with a minimal captured basin and a 

no existence capacity storage. Due to that, while generating power, it follows the 

hydrological sequence of the water. The generation for a run over river hydropower 

plant changes proportionally with the availability [11].  

 Pumped Storage Hydropower plant: It consists to store energy in the form of the 

potential energy of water which is pumped from a lower reservoir to a higher one. 

When the power generated exceeds while there is off-peak electric power, water is 

stored. During a period of high electrical demand, the stored water is released through 

a turbine to generate power. Thus, electrical energy is produced on demand by 

reversing the flow of water, and with a fast time response. Nowadays it is the used 

form of the electric grid, and with the largest capacity compare to other technology. 
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Therefore, it is a reliable, reasonable, anticipated, and competitive cost technology 

[11]. 

2.5.2 ENVIRONMENTAL AND SOCIAL IMPACT OF HYDRO POWER 

PLANT 

While generating power, hydropower technology does not produce greenhouse gases that 

why is considered a clean and environmentally friendly source of energy.  

Regarding the environmental impact, hydropower energy has a positive impact on the social 

and economic development of a region. However, based on the social aspect, while 

implemented it, many people are displaced from their habitual place. Moreover, it acts 

largely on the ecology of the river by changing its hydrologic characteristics. Also the fish 

migration issue due to the construction of the dam [11].   

2.6 ENERGY FROM SOLAR 

 Energy from Solar technology exploits the irradiance of the solar at one side to produce 

electricity using photovoltaic [16] and at the other side to produce thermal energy using solar 

thermal to meet the energy demand. It can be used also to provide fuels that could be 

employed in transport [11].   

2.6.1 TECHNOLOGIES 

From solar energy, two technologies are classified to generate electricity: 

 Solar thermal 

It harnesses the energy from the sun and through a conversion process, into heat which is 

then exploited in a heat engine process, such as a turbine that operates with steam, to turns 

an electrical generator.  

The principal elements in a solar thermal system [11]:  

 The solar collector: It collects the energy from the sun by heating a fluid that is 

contained within a reinforced glass pipe. Two types of collectors are distinguished 

namely flat plate and evacuated tube. To heat water for domestic and commercial 

usage, flat plate collectors are employed commonly.  

 Pump and controller: the pump guarantee that the transfer fluid is circulated between 

the collectors and the water cylinder efficiently. While a system control panel controls 

the pump and provides information on the system’s performance and any faults that 

can be developed.  
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 Water Cylinder: the captured heat by the collectors is pumped to a coil in the water 

cylinder. It allows the heat from the collectors to be transferred as efficiently as 

possible. 

By taking into account the types of solar thermal systems, on one side the solar rays are 

brought to a focal point and a focus line on the other hand, through a concentrator 

respectively. Therefore, in the literature [11], it is distinguished the line focus system kind 

and the point focus system kind regarding the solar thermal technology:  

 Line focus system: it is used either in the solar trough or linear Fresnel systems 

 Solar trough system: constituted by the rows of parabolic that are long and acted as 

reflectors that move proportionally to the sun’s movement. They concentrate the solar 

irradiation on the element that collects the heat. [14]. Therefore, the solar trough 

comprises a parabolic mirror, the steal, the black pipe with thermal fluid (oil) and 

mineral oil, synthetic oil, molten salt as components 

 

Figure 2.2 A trough collector concentrating solar power technology [14] 

 Linear Fresnel system: consists of along parabolic shaped collector with curved 

mirrors that focuses the sun’s rays on a receiver pipe (absorber tube) located at the 

focal point of parabolic troughs. The metal absorber tube is filled with fluid, typically 
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synthetic oil which can be heated up to 400 °C [14]. In particular, linear fresnel 

reflectors, due to their better land utilization and lower manufacturing cost, have 

considerable potential for sustainable market growth of solar thermal power plants 

[17]. 

 

Figure 2.3 Schematic of linear Fresnel reflector with secondary concentrator [17] 

 Point focus system: it is used either in the central-receiver (called also solar tower) or in 

the solar dish. 

 Solar tower: It uses an array of flat movable mirrors (called heliostats) to focus the 

sun's rays upon a collector tower (the target). The point used as focal is orientated onto 

a receiver, which has either an inverter that is fixed and/or a tube in which the heated 

fluid transfer propagates. Compare to the line focus types, it can attain up to 1,000 °C 

at higher temperatures so that the heat engine converts more of the collected heat to 

power [14].   
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Figure 2.4. Solar tower system [18] 

Solar dish: uses a large reflective parabolic dish similar in shape to the satellite television 

dish to bring the rays to produce from the sun onto a receiver that is not fixed but varies with 

the dish. The temperature on the receiver engine can reach as high as 900°C [14]. To realize 

this system a Stirling engine is mounted at the focus point to drive an electrical generator in 

one popular realization. Stirling dish units typically produce 10 to 25 kW, which is relatively 

small. [14]. Except for the dishes system, solar thermal systems can hold energy in the form 

of thermal. 

 

Figure 2.5 Solar dish design [19] 
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 Solar Photovoltaic electricity generation  

Photovoltaic electricity generation consists of a thick sheet of silicon material 

(semiconductor) known as a cell placed on the Sun. Thus, the voltage that is created on the 

photovoltaic device provides from the solar photons that strike the cell.   

 

Figure 2.6 A working principle schematic of the solar photovoltaic device [11] 

The literature distinguishes  two major types of Photovoltaic power systems [11] :  

 Off-grid: typically employed to a little number of consumers and needs an electrical 

element to store generally [11]. In non-electrified areas, these systems have 

significant potential.  

 Grid-connected: the grid-connected systems are classified themselves into two 

types namely distributed system and centralized system. It is reported in [11] that a 

wide quantity of medium local power plants is constituted of the distributed system, 

and certain of them provide the electric power principally to the consumer, and the 

unused power supplies the electric grid. Therefore, the system is centralized works 

as one large power plant.  
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 Solar fuel production :  

It is a process that consists of producing fuel through solar energy. That chemical fuels could 

be hydrogen, a synthetic gas, and liquids namely methanol and diesel. There are 3 

fundamental procedures to produce fuel through solar energy, which can work alone or 

combine each one namely [14]:  

 Electrochemical reactions: consist of using an electrical power that has been 

produced through a solar photovoltaic or solar thermal system to produce fuel. Taking 

the example of hydrogen, it is produced by an electrolysis process which is old and 

well-understood technology. From electricity to hydrogen, the achieve conversion 

efficiency is typically 70% [14].  

 Photochemical/photo biological: consist of using solar photons to drive 

photochemical or photobiological reactions to produce fuel. In photoelectrochemical 

cells, the semiconductor material is employed as a solar light, which produces 

hydrogen through water decomposition [14].  

 Thermochemical: consists of using solar heat supplied by concentrated solar thermal 

energy to drive a chemical reaction that generates fuel [14].   

2.6.2 ENVIRONMENTAL AND SOCIAL IMPACTS 

 Environmental impacts 

The process of producing electric energy through solar thermal and photovoltaic 

technologies does not release any harmful element. Therefore, producing energy from solar 

diminishes the noxious gases other pollutants. Thus, this process creates a safe air condition, 

safe water, a safe land, and in general a safe ecosystem based on how it is managed. This 

may be supported by the below lifecycle assessment graph which estimates the GHG 

emission related to the diverse types of PV modules and solar thermal technologies.  
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Figure 2.7 Solar thermal technologies lifecycle GHG Emissions graph [11] 

 

Figure 2.8 Photovoltaic Technologies lifecycle GHG Emissions graph [14]. 

Based on the above graphs, it is shown that the greenhouse gaze emission estimated of the 

majority of photovoltaic modules is ranged between 30g and 80g of CO2eq per kWh [14]. 

For solar thermal generated electricity, the lifecycle GHG emissions are evaluated in the 

range of 14g to 32g of CO2eq per kWh [14]. Compare to emission produced while used coil, 

oil, gas as sources to generate electricity, the one produces from solar energy is less. The 

impact related to the use of land is another form of effect based on the environment. For 
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solar thermal and photovoltaic implemented onto the roof, the effect related to the land is 

not a problem. However, it can be an issue for central station photovoltaic as well as for solar 

thermal [14].   

 Social impacts 

Several major benefits justified the effect of electric energy generated from energy produced 

by the sun, on the population locally. We site the replacement of the lamps that work with 

kerosene, the use of electric cookstoves so that the required time for cooking is reduced; the 

increase indoor reading due to home lighting; the increase of the security due to the street 

lighting; and finally the communications devices supplied so that the access to the 

information is generalized to everyone. All of these improve the lives of people. 

Furthermore, solar energy technologies led to job creation. This last is important in social 

consideration. Based on the harnessed literature, it is shown that solar photovoltaic creates 

more jobs than other solar energy technologies [14].  About 0.87% of jobs per GWh per year 

are generated through solar photovoltaic, afterward for solar thermal 0.23% job per GWh 

per year [14].  These jobs created acts on the social effect and conduct to neglect the visual 

effect due to the exploitation of energy from the sun to generate electric energy.  

2.7 GEOTHERMAL ENERGY 

Geothermal energy refers to the use of energy from the heated water or heat rock presents in 

the earth’s interior for the purpose of generating electric energy. Thus, it is obtained. From 

the literature, this heat is caused by the internal structure of the planet and the physical 

processes occurring there. However, it is available in the earth’s crust in wide quantities, but 

unevenly repatriated, rarely concentrated, and often available at depths too high to be 

exploited mechanically. That way, there are places of the earth’s interior that are accessible 

by drilling, and where the gradient is well above the average gradient other place where the 

exploitation is not possible due to the drilling issue [20]. We call hydrothermal reservoirs, 

reservoirs that are naturally adequately hot and permeable, while reservoirs that are 

satisfactorily hot but are improved with hydraulic stimulation are called enhanced 

geothermal systems [14].  

2.8 ENERGY FROM WIND 

The development of wind as a major source of the energy used in the World attracts curiosity 

among renewable sources. Everywhere in the world, Wind is available. However, in some 

places with considerable energy density, and with wind speed greater or equal to 5ms-1 that 

is taken as the required parameter for the wind system to be harnessed [21]. Wind energy 
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harnesses kinetic energy from moving air. The primary application of the importance of 

climate change mitigation is to produce electricity from large turbines located onshore (land) 

or offshore (in the sea or freshwater) [22]. Onshore wind energy technologies are already 

being manufactured and deployed on a large scale [14].   Wind turbines convert the energy 

of wind into electricity. 

2.8.1 WIND ENERGY SOURCE POTENTIAL 

The diversity in data, methods, assumptions, and even definitions for technical potential 

complicate the wind potential assessment. Therefore, no normalized procedure has been 

improved to evaluate the overall potential of energy that could be obtained from wind. 

However, the installed wind power capacity at the end of 2009 was able to meet 

approximately 1.8 % of the electricity demand in the world, and this effort could grow 

beyond 20% by 2050 if a lot of efforts are made to attenuate greenhouse gas emissions and 

to overcome other barriers to increase the deployment of energy coming from the wind [14]. 

2.8.2 TECHNOLOGY  

Two wind technology are distinguished:  

 Onshore wind power: It refers to the wind farm that is implemented on land and 

generates electricity from wind. It is generally situated in areas where there is low 

conservation or habitat value and value and it is commercially made and used on a 

wide scale;  

 Offshore wind energy power: consists of a wind farms built on the water plan, 

commonly in the ocean to collect wind energy to generating electricity. It is less ripe 

than onshore and requires investment costs that are high. 

Moreover, it is known that generating electricity from the wind requires that the kinetic 

energy of moving air be converted to electrical energy. Therefore, for the industry that works 

in this field, to design a cost-effective wind turbines and power plants to perform this 

conversion constitute the engineering challenge. Though, due to that, the diversity of turbine 

configurations has been enquired. From the commercial side, the available turbines are 

horizontal-axis machines with three blades put onto the tower, where wind speed is high. 

Also, commercial machines with the rotor of high diameter and tower heights above 125 m 

are working, and underdevelopment, wide machines [14].  
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2.8.3 ENVIRONMENTAL AND SOCIAL IMPACT 

Based on the literature [14], the diverse electricity supply of wind technologies precise that 

energy produced from wind generally has, compared to others, a little environmental effect. 

Due to that, diverse local and national governments have established a plan and exigency to 

reduce those impacts. Therefore, since energy coming from wind deployment increases and 

wide wind power plants are considered, these concerns may become more acute and new 

concerns may come up.  
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CHAPTER 3 : GOMA’S CURRENT ENERGY SITUATION 

AND ENERGY DEMAND FORECASTING 

3.1 ABOUT GOMA 

3.1.1 HISTORICAL OVERVIEW OF THE CITY OF GOMA 

Goma comes from the deformation of "Ngoma" which means drum, Mungoma. The current 

Mount Goma would come from the noise perceived during volcanic eruptions, sounds 

comparable to the sounds produced by the Ngoma; that is, a resonating drum. Thus the 

translation attributes the deformation to the current space the name of Goma. 

From historical data, it was around the 1900s that Goma came into contact with the European 

colonizers. In 1906, the post of Goma was created next to that of GISENGI. The post was to 

play a strategic role [23]. Later, Goma becomes an office of civil status. It will then function 

as a state post depending on the territory of Rutshuru. It was not until 1945 that Goma was 

established as an autonomous entity detached from the jurisdiction of Rutshuru [23]. 

In 1954, Goma will become an extra customary center and has about 8,600 inhabitants [23]. 

Goma has not ignored the urban reforms undertaken by the administrative authorities of the 

country, DR Congo. The year 1957 marked an important stage in the evolution of the city. 

The major element is the decree of 08/08/1957 which conferred on the city of Goma the 

status of customary center then having an estimated population of 8,600 inhabitants [23]. 

The last important step is that Goma had the status of a city and capital of the province of 

North Kivu under the ordinance law n° 82-006 of February 25, 1982, as amended and 

supplemented by the ordinance law n° 88-176 of November 15, 1988 [23]. 

3.1.2 GEOGRAPHICAL LOCATION OF THE CITY OF GOMA 

The city of Goma is located in the east of DR Congo, more precisely in the province of North 

Kivu. It is the capital of the same province. It is located at an altitude of 164m south of Lake 

Kivu and at 29 ° East longitude and 1°45 East latitude [23]. It constitutes an area of 75 km 2, 

with a temperate climate softened by the wind blowing from Lake Kivu and volcanic 

mountains in the Virunga Park. Under the decree n° 84/127 of May 22, 1989, fixing the 

number of denominations of urban areas, the city of Goma is limited: to the north by the 

territory of Nyiragongo, to the south by Lake Kivu, to the east by the Republic of Rwanda 

and to the west by the territory of Masisi. The city of Goma has two seasons, namely the 

rainy season which begins around September 15 until May 15, and the dry season which 

runs from May 15 to September 15. The average precipitation is around 1027 mm 
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[23]. Furthermore, its temperature varies between 17° 15 and 20° 16 [23]. It is entirely 

covered with layers of lava due to previous volcanic eruptions.  

3.1.3 DEMOGRAPHIC STRUCTURE OF THE CITY OF GOMA 

The city of Goma is largely populated by the indigenous ethnic groups of the province of 

North Kivu namely: Nande, Hutu, Nyanga, Kumu, etc. Apart from these natives, it is 

populated by other tribes from neighboring towns and neighboring countries. The table 

below shows the structure of the population of Goma divided into Districts and Quarter: 

Table 3.1Goma Population Structure [23] 

             Years 

Quarters 

2002 2003 2004 2005 2006 2007 2008 2009 

Goma District 

Les Volcans 7707 8150 9073 9265 10056 10831 8183 10216 

Mikeno 30829 32599 36292 37058 37374 37373 37435 40866 

Mapendo 32370 34229 38107 38911 39085 41017 42384 42909 

Katindo 23122 24449 27219 27794 28272 28488 28659 30649 

Himbi 26204 27709 30848 31500 33982 33673 35974 34736 

Kyeshero 30829 32599 36292 37058 37311 40665 44914 40866 

Lac Vert 3089 3260 3629 3706 4327 4346 4899 4087 

Total 154150 162995 181460 185292 190407 196393 202448 204329 

Karisimbi District 

Murara 27403 28978 32260 2941 33866 34086 35032 41796 

Kahembe 16442 17386 19356 19764 20185 26978 27616 25077 

Majengo 1982 20983 22582 23059 24318 25191 32613 29257 

Virunga 8221 7993 9678 1884 11011 11686 19598 12539 

Mabanga Nord 38364 40586 45163 46118 46036 46074 38830 58514 

Mabanga Sud 63027 66647 74197 113763 78324 78511 81215 96130 

Kasika 24663 26080 29034 29647 30908 30196 44196 37616 

Katoyi 38364 40568 45163 46118 45940 47200 59375 58514 

Ndosho 21922 23181 28081 26353 27681 27819 49841 33437 

Mugunga 5481 5795 6452 6588 7965 8214 12179 8659 

Bujovu 10961 11591 12904 13176 12936 13759 17472 16718 

Total 256830 289788 324870 329411 339170 349714 417967 418257 

General total 410980 452783 506330 514703 529577 546107 620415 622586 
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3.2 GOMA’S ENERGY SECTOR 

Goma town is supplied by the National Utility SNEL, through a line of around 5 𝑀𝑊 that 

comes from the RUZIZI1 power plant in South Kivu province. Other private companies such 

as Virunga Sarl, SOCODEE, and NURU energy have been authorized to distribute energy 

in this town, and now they are competing with the national utility SNEL. The company 

SOCODEE has financed a medium voltage transmission line of 5 𝑀𝑊 from the MATEBE 

hydropower plant, belonging to Virunga Sarl. This hydropower plant of a capacity of 

13.1𝑀𝑊, located in RUTSHURU territory supplies a part of Goma town, RUTSHURU, 

NYIRAGONGO, and LUBERO territories.  From the other side, NURU Energy has 

connected an off-grid solar power plant since February 2020. This contributes to supply 

power to some quarters of Goma town, but the electricity demand is still high in general. 

The energy sector in Goma is characterized by a paradox: the province is endowed with 

abundant resources but remains dependent on the Ruzizi dam in Bukavu and actually on 

MATEBE. By the way, consumption is among the lowest on the planet as shown in the 

problem statement point. Access to renewable energy, therefore, remains a serious difficulty 

for the population of Goma but also for the rural population of North Kivu. This is 

manifested by the non-electrification of villages, districts, and municipalities. Therefore, in 

the purpose of meeting the actual electricity demand, the population of the city of Goma, 

resort to other sources of energy including charcoal, kerosene, and electric energy supply by 

the above-enumerated company. 

Moreover, the lake which is near the city contains naturally occurring carbon dioxide and 

methane gas which can produce electricity. With the capacity of that gas about 300 billion 

m3 of carbon dioxide and 60 billion m3 of methane gas, giving it the capacity to produce 

between 120 million and 250 million m3 of methane gas annually [24]. 

The methane in the Lake Kivu is evaluated to have the capacity to produce 700 MW of 

electricity in a period that can go beyond 55 years. This like being shared with Rwanda, 350 

MW is the capacity that can be exploited by DRC whereby one part can be produced to 

supply Goma. However, a project of production of 35 MW in Goma is under implementation 

[24].  
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3.3 CURRENT ELECTRICITY DEMAN IN GOMA 

3.3.1 ELECTRICITY DEMAND AFFECTING FACTORS 

Electricity demand can be viewed as a causal function of several affecting factors, such as 

population, GDP, electricity prices, economic structure, urbanization, and lifestyles [25]. 

The total electricity demand is obtained by the sum of the demand of the primary, secondary, 

and tertiary industries, as well as households respectively. [26] Therefore, the electricity 

demand of region “r” in the year “n” (𝐝𝐫,𝐧) can be expressed as [27] :  

𝒅𝒓,𝒏 = 𝒄𝟏𝒓,𝒏 + 𝒄𝟐,𝒓,𝒏 + 𝒄𝟑,𝒓,𝒏 + 𝒄𝑫,𝒓,𝒏                                                                                     (𝟑. 𝟏)                                                               

where 𝒄𝟏𝒓,𝒏 represents the primary industry electricity consumed of region “r” in the year 

“n”; 𝒄𝟐,𝒓,𝒏 represents the secondary industry electricity consumed of region “r” in the year 

“n”;𝒄𝟑,𝒓,𝒏 represents the tertiary industry electricity consumed of region “r” in the year “n”, 

and 𝒄𝑫,𝒓,𝒏  is the household electricity consumed of region “r” in the year “n”. Taking into 

consideration the economic structure and electricity consumed per unit of GDP 𝒄𝟏𝒓,𝒏,

𝒄𝟐,𝒓,𝒏 and 𝐜𝟑,𝐫,𝐧 can be express as follows [27]  : 

𝐜𝟏,𝐫,𝐧 = 𝑮𝑫𝑷𝟏,𝒓,𝒏 ×
𝐜𝟏,𝐫,𝐧

𝑮𝑫𝑷𝟏,𝒓,𝒏
= 𝜶𝟏,𝒓,𝒏 ∙ 𝒆𝟏,𝒓,𝒏 ∙ 𝑮𝑫𝑷𝒓,𝒏                                                                 

𝐜𝟐,𝐫,𝐧 = 𝑮𝑫𝑷𝟐,𝒓,𝒏 ×
𝐜𝟐,𝐫,𝐧

𝑮𝑫𝑷𝟐,𝒓,𝒏
= 𝜶𝟐,𝒓,𝒏 ∙ 𝒆𝟐,𝒓,𝒏 ∙ 𝑮𝑫𝑷𝒓,𝒏                                                          (𝟑. 𝟐)                                        

𝐜𝟑,𝐫,𝐧 = 𝑮𝑫𝑷𝟑,𝒓,𝒕 ×
𝐜𝟑,𝐫,𝐧

𝑮𝑫𝑷𝟑,𝒓,𝒏
= 𝜶𝟑,𝒓,𝒏 ∙ 𝒆𝟑,𝒓,𝒏 ∙ 𝑮𝑫𝑷𝒓,𝒏                                                                

Where 𝑮𝑫𝑷𝒊,𝒕  indicates the GDP of region “r” in year “n” 𝜶𝟏,𝒓,𝒏 , 𝜶𝟐,𝒓,𝒏 and 𝜶𝟑,𝒓,𝒏 indicate 

the proportion of primary, secondary, and tertiary industry of region “r” in the year “n”, 

respectively. 𝐞𝟏,𝐫,𝐧 ,  𝐞𝟐,𝐫,𝐧 and 𝐞𝟑,𝐫,𝐧 indicate the electricity consumption per unit of GDP of 

the primary, secondary, and tertiary industry of region “r” in the year “n”, respectively. By 

focusing on the impacts of GDP and population when computing the household power 

demand of each region, the household electric power demands of region “r” in the year “n” 

(𝐜𝐃,𝐫,𝐧 ) can be expressed as follows [27]: 

𝒄𝑫,𝒓,𝒏 = 𝒇 (𝑮𝑫𝑷𝒓,𝒏 , 𝒑𝒓,𝒏 )                                                                                                           (𝟑. 𝟑)                                                                                

Where 𝐩𝐫,𝐧  is the rate growth of the population of region “r” during the year “n”, and f 

indicates the functional relationship among 𝐜𝐃,𝐫,𝐧 , 𝐆𝐃𝐏𝐫,𝐧 , and 𝒑𝒓,𝒏 . By using Equations 

(3.1), Equation (3.2), and Equation (3.3), the electric demand of region “r” in the year “n” 

can be expressed as: 
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𝒅𝒓,𝒏 = 𝑮𝑫𝑷𝒓,𝒏 ∑ 𝜶𝒋,𝒓,𝒏 ∙ 𝒆𝒋,𝒓,𝒏
𝟑
𝒋=𝟏 + 𝒇(𝑮𝑫𝑷𝒓,𝒏 , 𝒑𝒓,𝒏 )                                                         (𝟑. 𝟒)                                               

From Equation (3.4), it is clear that the gross domestic product of region “r” during year “n” 

is the most major parameter later on that affects regional electricity power demand.  

However, regarding the actual pandemic situation, it is not easy to collect these important 

factors that affect the electricity demand, since it would require the ground surveys in each 

sector with a preliminary geographical scanning of the population. Therefore to determine 

the Goma electricity demand in each sector, I interview with some government organizations 

and private respectively at “Institut National de Statistique” (INS); “Observatoire 

Volcanologique de Goma” (OVG) and at “Nuru Energy” to have the information’s based 

on the number of theatre halls, the quantity of radio and television stations, the quantity of 

street lighting, the number of marriage places, the number of hotels and restaurants, the 

number of churches, the quantity of public offices, the quantity of water pumping stations, 

the number of schools, the number of the mill, the quantity of rice and peanut Hasker, the 

quantity of slaughterhouse, the quantity of cold room, the quantity of sawmill, the number 

of small craft, the quantity of carpentry, the number of juice industry, the number of 

telecommunication sites, the number of soap industries. Based on the above information 

collected, some estimations will be carried out based on standard loads in each sector to 

know the Goma electricity demand. 

3.3.2 GOMA ELECTRICITY DEMAND ESTIMATED 

In a given region, the demand depends on how loads are being connected to the network 

from time to time. To predict the load, the demand factor (𝐷𝐹) and the diversity factor 

(𝐷𝑖𝑣𝐹) are often used [28]. These two factors based on the kind of load and its quantity. The 

maximum demand for a given consumer is the product of its connected load and the adequate 

demand factor. Moreover, the total demand for the transformer is the summation of all total 

demands over the diversity factors between the consumers [28]. Therefore, in this study, the 

maximum electricity demand of a Goma will be determined by: 

 𝑃 = ∑ 𝑝𝑖 ∗ 1.24
𝑖=1                                                                                                                         (𝟑. 𝟓)           

Where: 𝑝𝑖 =
𝐾𝑖∗𝐷𝐹

𝐷𝑖𝑣𝐹
 (𝟑. 𝟔), the maximum demand of a group of loads (𝑖 = 1 corresponds to 

domestic loads; 𝑖 =  2 corresponds to commercial loads; 𝑖 =  3: Industrial loads; 𝑖 = 4: 

Municipal loads), and 1.2 is the extension factor.  

𝐾𝑖 =  𝑈𝑛𝑖𝑡𝑠 𝑁𝑢𝑚𝑏𝑒𝑟 ∗ 𝑃𝑜𝑤𝑒𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑟 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 (𝟑. 𝟕)  , in each energy sector.                         
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As recommended by the International Electric Commission (IEC), the factors for the groups 

of loads are given in the below table. 

Table 3.2 Typical factors for a group of loads [29] 

Group of loads Demand factor (DF) Diversity factor (DivF) 

Domestic loads 0.4 2 

Commercial loads 0.7 1.46 

Industrial loads 0.95 1.4 

Municipal loads 0,55 1.45 

The electricity demand in DRC is divided into two categories which are: the residential loads 

and the industrial loads [30]. These industrial loads include the commercial loads, municipal 

loads, and small, medium, and large industries.  

a. Residential loads 

The domestic load consists of lights, fans, refrigerators, heaters, television, small motors for 

pumping water, etc. Most of the residential load occurs only for some hours during the day 

(i.e., 24 hours) e.g., lighting load occurs during night time and domestic appliance load 

occurs for only a few hours. For this reason, the load factor is low (10% to 12%) [28]. To 

determine the maximum domestic load, a closer look should be done at the household 

appliances. Therefore, in the below table, we present the Goma typical household appliances 

by taking into consideration the typical demand factor of each load as recommended by the 

International Electric Commission (IEC). 

Table 3.3 Typical Goma household appliances 

Appliances Units  
Unit Power 

(W) 

Total Connected 

(W) 
DF 

Demand 

(W) 

Electric Iron 1 1000 1000 1 1000 

Electric fan 1 300 300 1 300 

Electric water heater 1 1200 1200 0.5 600 

Electric stove 1 1200 1200 0.7 840 

Lighting 12 5 60 0.6 36 

Socket-Outlet 6 60 360 0.2 72 

Refrigerator 1 200 200 0.7 140 

Kettle 1 1000 1000 0.5 500 

Home water pumping 

motor 
1 500 500 0.75 375 

     3863 
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By considering a typical household that has nine persons and knowing that the Goma 

population in 2020 is nearly 1.9 million [31], the household number in Goma is nearly 

211111. However, according to the interview conducted at “Division de l’énergie” and 

“INS” located in Goma, the residential loads are composed of more than 55000 households 

that do not have access to electricity, and the remains are supplied by the existing electricity 

supply company1. 

By knowing the Goma household number that does not have access to electricity and taking 

the average of 3863 𝑊 per household in Goma, the equation (3.7) gives: 

𝐾𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 = 55000 ∗ 3863 =   212465000 W.  

Then, from equation (3.6), the Goma maximum demand in the residential sector is:  

𝑝𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 =
212465000∗0.4

2
≈ 𝟒𝟐. 𝟓 𝑴𝑾  

b. Industrial loads 

The industrial load consists of load demand by industries. The magnitude of industrial load 

depends upon the type of industry. Thus small-scale industry requires load up to 25 kW, 

medium scale industry between 25kW and 100 kW, and large-scale industry requires load 

above 500 kW [28]. In the case of Goma, we present the industrial loads available not yet 

connected to the existing electricity utilities in the table below according to our interview 

conducted and take into consideration the demand factor as recommended by the 

International Electric Commission (IEC). 

Table 3.4 Goma’s estimated Industrial Loads not yet connected 

Loads Units 

Unit 

Power 

(kW) 

Total 

connected 

loads (kW) 

DF 
Demand 

(kW) 

Mill 20 50 1000 0.8 800 

Rice and peanut husker  10 50 500 0.7 350 

Slaughterhouse  2 50 100 0.75 75 

Cold room  15 60 900 0.6 540 

Sawmill 20 30 600 0.6 360 

Small craft 10 3 30 0.5 15 

Carpentry 30 15 450 0.75 337.5 

Juice industry 30 80 2400 0.75 1800 

Telecommunication Sites 67 20 1340 0.75 1005 

Soap industries  15 100 1500 0.75 1125 

Other small industries 25 100 2500 0.75 1875 

     8282.5 

                                                 
1 Interview conducted at “Division de l’énergie” and “INS”, Goma, 2020 
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Therefore, the total industrial load can be derived from equation 6 as follow: 

𝑝𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 =
8282.5∗0.95

1.4
≈ 𝟓. 𝟔 𝑴𝑾  

c. Commercial loads 

The commercial load consists of lighting for shops, fans, and electric appliances used in 

restaurants, etc. This class of load occurs for more hours during the day as compared to the 

domestic load. The commercial load has seasonal variations due to the extensive use of air 

conditioners and space heaters. Around 45.45% of households undertake commercial 

activities2. This leads to a total of 25,000 commercial units. Taking the average of 2826.7 𝑊 

per commercial units and the demand factor and diversity factor for a group of loads 

respectively 0.7 and 1.46 such as recommended by the International Electric Commission 

(IEC), the electricity demand by this sector will be: 

𝑝𝑐𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 =
2826.7∗0.7

1.46
∗ 25000 ≈ 𝟑𝟑. 𝟗 𝑴𝑾  

d. Municipal loads 

It consists of street lighting, drainage, and water supply power required. Throughout the 

hours of the night, the street lighting load is practically constant. Regarding water supply, 

this last is pumped to overhead tanks through pumps driven by electric motors. Pumping is 

carried out during the off-peak period, usually occurring during the night. This helps to 

improve the load factor of the power system.  In the case of Goma, we present the municipal 

loads available not yet connected to the existing electricity utilities in the table below 

according to our interview conducted and take into consideration the demand factor as 

recommended by the International Electric Commission (IEC). 

 

 

 

 

 

 

 

                                                 
2 Interview conducted at “Division de l’énergie” and “INS”, Goma, 2020  
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Table 3.5 Estimated municipal loads not yet connected 

Appliances Units 
Power per 

unit (kW) 

Total 

connected 

loads 

(kW) 

DF 
Demand 

(kW) 

Theatre halls 25 2 50 0.75 37.5 

Radio & television 

stations  
15 0.5 7.5 0.55 4.125 

Street lighting 501 0.1 50.1 1 50.1 

Mariage places 30 5 150 1 150 

Hotels and restaurents 40 25 1000 0.75 750 

Churches 60 10 600 0.7 420 

Hospitals  60 100 6000 0.75 4500 

Public offices 30 3 90 0.7 63 

Water pumping 6 400 2400 0.7 1680 

Schools 260 25 6500 0.7 4550 

     12204.725 

Thus, by taking the municipal load average of 12204.725 𝐾𝑊 and the demand factor and 

diversity factor for a group of load respectively 0.55 and 1.45 such as recommended by the 

International Electric Commission (IEC), the total municipal electricity demand can be 

derived from the equation (3.6) as follow: 

𝑝𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙 =
12204.725 ∗ 0.55

1.45
≈ 𝟒. 𝟔 𝑴𝑾 

In this backdrop, the electricity demand in general throughout Goma is comprised of the 

demand of the residential, industrial, commercial, and municipal loads. Thus, the total 

electricity demand in Goma can be derived from equation (3.5) as follow: 

𝑃 = (42.5 + 33.9 + 5.6 + 4.6) ∗ 1.2 ≈ 𝟏𝟎𝟑. 𝟗 𝑴𝑾 

Table 3.6 Actual total Goma electricity demand in MW 

 

Residential 

loads  

Commercial 

loads 

Industrial 

loads  

Municipal 

loads  

Total 

actual 

demand 

Extension 

factor 

Total 

demand 

(MW) 

GOMA 42.5 33.9 5.6 4.6 86.6 1.2 103.9 
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Figure 3.1 Actual total Goma electricity demand in MW 

3.4 LOAD FORECASTING 

To provide users an uninterrupted supply of electricity there must be a proper evaluation of 

present-day and future demand for power. That’s why we need a technique to tell us about 

the demand of consumers and the exact capability to generate the power and this needs 

LOAD FORECASTING technique.  

3.4.1 NECESSITY OF LOAD FORECASTING 

Load forecasting plays a crucial role in developing and enhancing the efficiency of the power 

system since it guarantees economic and reliable planning, control, and operation of the 

power system. It helps an electric utility to make important decisions including decisions on 

purchase and generation of electric power (to anticipate the amount of power needed to 

supply the demand), load switching, and development of transmission and distribution 

systems infrastructure. It tells about the scenario of the present and future load demand. It is 

considered a key to success for the development of electrical power systems.  Therefore, 

developing accurate mathematical models for electric load forecasting became essential to 

the operation and planning of power transmission and distribution utilities.  
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3.4.2 TYPES OF LOAD FORECASTING TECHNIQUES 

Load forecasting can be classified into three kinds [32]:  

 Short-term load forecasting (STLF): which is usually from one hour to one week; 

 Medium-term load forecasting (MTLF): which is usually from a week to a year, and 

 Long-term load forecasting (LTLF or generally known as an annual peak load 

forecasting): which is required to be valid from 5 to 25 years.  

For STLF and MTLF several factors are considered such as historical load, time factors, and 

weather data. Likewise, LTLF is affected by the socio-economic and demographic data and 

their forecasts such as gross domestic product (GDP) and population(POP), and other factors 

that depend on the electric power system in the country like power losses in the power system 

(in MW) and load factor (LF). [33]  

Therefore, several forecasting methods have been developed for STLF, MTLF, and LTLF. 

These methods can be classified into two broad categories: parametric and nonparametric 

methods [33].  

 Parametric methods that are used for load forecasting include mathematical such as 

statistical regression techniques and time series methods including mathematical 

models such as Autoregressive (AR), Moving Average (MA), ARMA, and 

Autoregressive Integrated Moving Average (ARIMA). 

 On the other hand, nonparametric methods are primarily artificial intelligence-based 

algorithms; such as artificial neural networks (ANNs), fuzzy logic (FL), and expert 

systems (ES), genetic algorithms (GAs), support vector machines (SVM), and 

wavelets.  

To be able to apply these energy forecasting methods, the important factors for the forecast 

mentioned above need to be respected. However, regarding the actual pandemic situation, it 

is not easy to collect these important factors for forecasting enumerated in the above 

paragraph, since it would require to visit different government companies for reliable data 

to work with. Therefore, none of the methods presented above can be strictly applied to the 

present Goma energy system.  Thus, we present a mathematical model that can be applied 

to forecast the Goma actual power demand.  
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 Tendential model 

Similarly to [34], the power demand forecast 𝐏𝐟𝐨𝐫𝐞𝐜𝐚𝐬𝐭 is the function of actual power demand 

𝐏𝟎 during the foundation year, of the rate of power demand b (in percentage) and of the 

number of years t between the foundation year and the year estimated as a future reference. 

Therefore, the power demand forecast 𝐏𝐟𝐨𝐫𝐞𝐜𝐚𝐬𝐭 is defined by the following expression: 

𝑷𝒇𝒐𝒓𝒆𝒄𝒂𝒔𝒕 = 𝑷𝟎(𝟏 +
𝒃

𝟏𝟎𝟎
)𝒕𝑳𝑭                                                                                                      (𝟑. 𝟖)                                                                                      

Where:  

 𝐏𝐟𝐨𝐫𝐞𝐜𝐚𝐬𝐭 is the power demand forecast within the year set as a reference 

 𝐏𝟎 is the actual power demand during the year considered as the base for the analysis 

 t is the number of years the analysis is concerned with 

 b is the rate of power demand in percentage 

 LF is the load factor 

Therefore, equation (3.8) will be used for load forecasting by taking into consideration the 

fact that residential loads increase with an annual rate of 8.2% and 5.2% for industrial. The 

calculations will be conducted assuming that the load factor of residential, commercial, 

industrial, and municipal loads is respectively 0.4, 0.45, 0.55, and 0.5 as recommended by 

the IEC [28], and for our case, the forecast will cover 10 years. The initial values taken for 

this forecast are the total actual electricity demand that has been estimated previously and 

presented in table 3.6. 

Thus, using equation (3.8), the yearly electricity demand for different categories of loads is 

presented in the table below. It can be seen that after one year, for example, the power 

demand for residential, commercial, industrial, and municipal loads in the Goma region will 

be increased respectively by 18.4 MW, 16.0 MW, 3.2 MW, and 2.4 MW.  
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Table 3.7 Load forecast in Goma in MW 

 

Domestic 

loads 

Commercial 

loads 

Industrial 

loads 

Municipal 

loads 

Extension 

factor 

Total 

demand 

Year 1 18.4 16.0 3.2 2.4 1.2 48.1 

Year 2 19.9 16.9 3.4 2.5 1.2 51.3 

Year 3 21.5 17.8 3.6 2.7 1.2 54.7 

Year 4 23.3 18.7 3.8 2.8 1.2 58.3 

Year 5 25.2 19.7 4.0 3.0 1.2 62.2 

Year 6 27.3 20.7 4.2 3.1 1.2 66.3 

Year 7 29.5 21.8 4.4 3.3 1.2 70.7 

Year 8 31.9 22.9 4.6 3.5 1.2 75.5 

Year 9 34.6 24.1 4.9 3.6 1.2 80.5 

Year 10 37.4 25.3 5.1 3.8 1.2 86.0 

 

Figure 3.2 Residential electricity demand growth 

It can be seen that after one year up to ten years after, the power demand for residential, 

loads in the Goma region will be increased respectively by 18.4 MW, 19.9 MW, 21.5 MW, 

23.3 MW, 25.2 MW, 27.3 MW, 29.5 MW, 31.9 MW, 34,6 MW, 37.4 MW. 
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Figure 3.3 Commercial electricity demand growth 

It can be seen that after one year up to ten years after, the power demand for commercial, 

loads in the Goma region will be increased respectively by 16.0 MW, 16.9 MW, 17.8 MW, 

18.7 MW, 19.7 MW, 20.7 MW, 21.8 MW, 22.9 MW, 24.1 MW, and 25.3 MW 

 

Figure 3.4 Industrial electricity demand growth 

It can be seen that after one year up to ten years after, the power demand for industrial loads 

in the Goma region will be increased respectively by 3.2 MW, 3.4 MW, 3.6 MW, 3.8 MW, 

4.0 MW, 4.2MW, 4.4MW, 4.6MW, and 4.9MW. 
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Figure 3.5 Municipal electricity demand growth 

It can be seen that after one year up to ten years after, the power demand for Municipal loads 

in the Goma region will be increased respectively by 2.4 MW, 2.5 MW, 2.7 MW, 2.8 MW, 

3.0 MW, 3.1 MW, 3.3 MW, 3.5 MW, 3.6 MW, and 3.8 MW. 

 

Figure 3.6 Goma’s total electricity demand growth 

Table 3.7 shows that, after 10 years, the actual electricity demand of Goma that have been 

evaluated at 86.6 𝑀𝑊 would be increased by 86.0 𝑀𝑊. This would lead to a total demand 



34  

 

of 172.6 𝑀𝑊. With such growth of electricity demand in this region, there is a need to take 

into consideration renewable energy sources.  

3.5 LOCAL RENEWABLE ENERGY RESOURCE ANALYSIS 

Regarding the hydroelectric source, the fact is that there is no river in the city or near it so 

there is not a possibility to use hydro as a source of energy.  

Afterward, as the annual Goma wind speed is 2.2 ms-1 [35], the design, planning, and 

operational aspects of the wind energy system are not viable because it is known that the 

regions of wind attractive for wind power development, must have a wind speed >5 ms-1 

[36].  

About Geothermal source, since Goma is located in the eastern region, it has significant 

geothermal energy potential because the eastern regions of the DRC are part of the East 

African Rift System, which is one of the greatest tectonic structures in the world, where the 

heat energy of the earth’s core breaks through the surface and it is near Nyiragongo volcanic. 

However, currently, no research has been conducting in this area to quantify the amount of 

geothermal potential available in Goma3. Thus, more studies need to be conducted to 

determine what share of this potential can be economically exploited. This requires very 

high initial investment. 

By the way, based on its geographical location presented before, the city of Goma is located 

in a very high insolated region with radiation levels ranging between 4.87kWh/m2/day [35], 

implementing photovoltaic, as well as solar heating systems, viable throughout the region 

[37]. It can be noticed that the penetration of solar systems is very low compared to the size 

of the region, as well as to the availability of this energy resource.  

Thus, we present some concepts related to the photovoltaic system and the main components 

used in a PV large-scale system (Grid centralized).  

Moreover, the implementation of a photovoltaic system is viable throughout the city. In the 

next of this work, we focus on the sizing of a large solar photovoltaic power system to meet 

the electricity demand in Goma. 

 

 

                                                 
3 Interview conducted at “Observatoire Volcanologique de Goma”, Goma, 2020 
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CHAPTER 4 : DESIGN AND SIMULATION OF THE 

PROPOSED SOLUTION 

4. 1 INTRODUCTION 

This section is elaborated on the design and the simulation of appropriate renewable energy 

technology to meet the Goma's current electricity demand. Thus, the details on the system 

cost estimation, the system performance analysis, and the system GHG emissions analysis, 

are developed here. The analysis and the design are achieved by using calculation 

methodology and PVsyst software. Afterward, a comparison of these two methods is done. 

4.2 IMPLEMENTATION TOPOLOGY OF THE PROPOSED PV 

LARGE SCALE SYSTEM 

The multi-string inverter configuration is considered as the implementation topology in our 

study. The main advantages of multi-string inverters are performance mitigation, higher 

flexibility, and take advantage of central and string inverter systems. However, it has the 

disadvantages and among them, the principal’s one is the high initial investment cost, and 

afterward, the complex design and implementation compare to other inverter’s topologies 

[38].  

Thus, a photovoltaic large-scale configuration applied in this dissertation is illustrated in the 

below figure. It can be shown through it that the photovoltaic modules that constitute our 

photovoltaic plant are grouped in the photovoltaic bloc and each photovoltaic bloc is interconnected 

to a solar inverter. Afterward, the power is supplied to an electric grid through an interconnection 

of transformer and cable. 

 

Figure 4.1 Implementation Topology of a PV large scale system [39] 
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4.3 CONCEPTS DEFINITION 

4.3.1 IRRADIANCE AND INSOLATION 

Total solar irradiance is the amount of radiant energy emitted by the sun over all wavelengths 

falling each second on a square meter perpendicular plane outside the earth’s atmosphere. 

On the outer surface of the Earth’s atmosphere, the irradiance is known as the solar constant 

and is equal to 1367𝑊/𝑚2. The irradiance of a site is given by the following relation [40]: 

𝐼𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐼𝑛𝑠𝑜𝑙𝑎𝑡𝑖𝑜𝑛

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑏𝑟𝑖𝑔ℎ𝑡 𝑠𝑢𝑛𝑠ℎ𝑖𝑛𝑒 ℎ𝑜𝑢𝑟𝑠
                                                                   (𝟒. 𝟏)                                                     

Insolation is the amount of solar energy that strikes a given area over a specific time and 

varies with latitude or the seasons [40]. When the sun is directly overhead typical insolation 

is around 1000𝑊/𝑚2. 

4.3.2 SOLAR CELL, PV MODULE, AND PVARRAY 

The basic unit of a solar photovoltaic system is the solar cell. Several solar cells connected 

in series and parallel are called a PV module. Several solar modules connected in series and 

parallel are called a PV array. 

4.4 PV LARGE SCALE COMPONENTS 

The used components while calculating and design our photovoltaic large-scale system are 

reviewed at that point. It consists mainly of photovoltaic modules, inverters, transformers, 

switchgear, and mounting structures. 

4.4.1 PHOTOVOLTAIC MODULE 

A photovoltaic module is the essential component of any photovoltaic system that converts 

sunlight directly into direct current electricity. Photovoltaic modules can be wired together 

in series and/or parallel to deliver voltage and current in a particular system requires. Based 

on the increasing demand for solar power, which led to new technologies to be introduced 

and the existing one to be, there are four types of solar PV cells namely Single crystalline or 

monocrystalline, Multi- or poly-crystalline, Thin film, and Amorphous silicon [40]. Let 

precise than mono-crystalline and multi-crystalline silicon respectively are also referred to 

as single-crystalline and poly-crystalline silicon.  
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 Single-crystalline or monocrystalline: It is largely available and the most efficient cell 

materials among all. It produces the most power per square meter of the module and 

each cell is cut from a single crystal. The wafers then further cut into the shape of 

rectangular cells to maximize the number of cells in the solar panel. 

 Polycrystalline cells: They use similar silicon material except that instead of being 

grown into a single crystal, they are melted and poured into a mold. This forms a square 

block that can be cut into square wafers with less waste of space or material than round 

single-crystal wafers. 

 Thin-film panel: It is the newest technology introduced to solar cell technology. It 

includes Copper indium dieselize, cadmium telluride, and gallium arsenide materials. 

They are directly deposited on glass, stainless steel, or other compatible substrate 

materials. Some of them perform slightly better than crystalline modules under low light 

conditions. A thin film is very thin-a few micrometers or less. 

 Amorphous Silicon: Amorphous silicon is the newest in the thin-film technology. In 

this technology, amorphous silicon vapor is deposited on a couple of micrometers thick 

amorphous films on stainless steel rolls. Compared to crystalline silicon, this technology 

uses only 1% of the material. 

Table 4.1 The efficiency of different types of solar cells [40] [41] 

Cell type Efficiency 

[%] 

Acronym 

Mono-crystalline or single-crystalline silicon 12-18 Mono-c-Si 

Multi-crystalline or poly-crystalline silicon 12-18 Poly-c-Si 

Thin film 8-10 TF-Si 

Amorphous Silicon 6-8 a-Si 

4.4.2 SOLAR INVERTER 

For loads that use AC to work properly an inverter is required to change the source polarity 

and to synchronize the generated power with the electric grid power in some case, since 

photovoltaic modules produce power in DC. In any installation of a connected grid, the 

exigencies at which inverters have to meet are yield exigencies and legal exigencies. Yield 

exigencies comprise: the capability, the density of the power, cost of installation, and 

minimization of leakage current. The variety of legal exigencies involves isolation through 

galvanic, detection of anti-islanding, and other technical codes. [38] Solar Inverter can be 

implemented in diverse topologies which can involve the way to interconnect the 
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photovoltaic modules between them and the inverter as well as their probable applications. 

Therefore, based on that we have [38]: 

 Central inverters; 

 String inverters; 

 Multi string inverters; 

 Module integrated inverters; 

 Mini central inverters. 

4.4.3 TRANSFORMER 

A transformer is an electric machine that uses electromagnetic induction to transfer electric 

power presents at the primary winding side to the secondary winding side. This is made at 

the identic frequency, otherwise with divergent voltage and current according to its working 

mode: either step-up or step-down. The step-up or step-down voltage transformer is 

determined based on the number of winding turns either in the primary or in the secondary. 

Though, the ratio of winding turns number at the primary and the secondary involves the 

types of transformer. The use of a transformer is beneficial because the losses of distribution 

are decreased when the voltage is increased through it (voltage step-up). Moreover, the 

galvanic isolation that offers the transformer is another interest in using the transformers in 

the photovoltaic system [38].  

4.4.4 SWITCHGEAR 

The electrical equipment comprised in the photovoltaic system has to be protected, 

controlled, and isolated. Though, switchgear refers to the set of switches, fuses, or circuit 

breakers. These, to be installed in a photovoltaic power plant, they should meet the following 

exigencies: carry out the IEC standards and national electrical codes; the on and off position 

have to be shown clearly; the rated operational and short-circuit currents must be reliable as 

well as the rated operational voltage [38].  

4.4.5 MOUNTING STRUCTURES 

To adjust the photovoltaic modules to the ground, mounting structures are used. They show 

the tilt angle and the orientation of the module. Based on the way that they are 

interconnected, diverse setting structures can be done as follows [38]: 

 Pole mounts consists of installing the mounting structure directly in the ground or 

installing in concrete; 
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 Foundation mounts: consists of fixing the structures into the ground using concrete 

slabs or poured footings; 

 Weighted sole support: here, the assembly structures do not penetrate the ground 

and are fixed there through the weight of concrete or steal bases. 

Moreover, based on the tilt angle and the orientation module, there are two main kinds of 

setting structures: fixed structures and tracking axis systems [38]: 

 Fixed structures: As its name says once the structures are installed, no way to 

change neither its orientation nor its tilt angle. This system implementation is cost-

effective and the produced energy through it is not optimum. 

 Tracking axis systems: They include one axis for system tracking and two-axis for 

system tracking. The divergence between both systems is the number of freedom 

degrees. In terms of energy capture, two-axis systems tracking is preferable to one 

axis systems tracking. However, it costs more expensive to be installed and also its 

maintenance is high. 

4.5 GOMA’S PV LARGE SCALE SYSTEM DESIGNING 

Based on the electricity demand of the household, the industry, and the commercial, that do 

not have access to electricity in Goma, estimated in “section 3.3.2”, and on power quality 

and energy interruption issue, reported in [1], to the customers, the first solution proposed is 

to produce for improving the reliability and increasing the electrification rate in the City. 

Therefore, in this part, it is shown the methodology applied to calculate: the parameters 

design, the energy results, the cost of the plant, and other major required parameters for the 

efficiency assessment of the plant. Most of the used formulas while calculate and design our 

proposed solution refer to [39]. Based on that, below there are the steps used during the 

determination of the parameters design: 

4.5.1 PHOTOVOLTAIC MODULE AND INVERTER SELECTION 

The selection of a photovoltaic module and inverter respectively is a priority before starting 

to design a photovoltaic power plant. Therefore, knowing their technical specifications since 

they are going to be used during calculations is required. Based on the existing solar 

photovoltaic power plant implemented yet by “Nuru energy” in Goma, we select “JAP6-72-

33/3BB” as a photovoltaic module model of polycrystalline technology, manufactured by 

“JA Solar”, and a “sunny central 2200” inverter model manufactured by SMA” due to their 
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performances, efficiency, and capability tested yet. Respectively, the main characteristics of 

them are given in the below tables: 

Table 4.2 Characteristics of a PV Module[42] 

Manufacturer JA Solar 

Model JAP6-72-33/3BB 

Type of technology Polycrystalline solar cells  

Dimensions 1956*991*45.0 mm 

Weight 22.5 kg 

Maximum open circuit voltage 46.0 

Maximum short circuit 9.09 A 

Peak power 330W 

Module efficiency 17.0% 

 

Table 4.3 Characteristics inverter selected [43] 

Manufacturer SMA 

Model Sunny central 2200 

Maximum input voltage  950 V 

Maximum PV input current  4110 A 

Nominal output power  2200 KVA 

AC voltage 385 V 

Maximum inverter output current 3300 A 

Maximum efficiency 98.6% 

Dimensions 2780* 1588* 2318 mm 

Weight 3400.0 G 

4.5.2 METEOROLOGICAL DATA AND IRRADIANCE OF THE SITE 

SELECTED  

Since our study is the preliminary project, the data used do not reflect the precise site where 

the photovoltaic power plant is going to be installed. The data meteorological used 

corresponds to Goma in general and is obtained from Retscreen Software.  
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Figure 4.2 Goma Climate data [35] 

Table 4.4 Goma Monthly global solar insolation [43] 

Months Solar insolation 

(𝑘𝑊ℎ/𝑚2) 

January 4.9 

February 5.17 

March 5.03 

April 4.93 

May 4.80 

June 4.81 

July 4.90 

August 4.92 

September 5.00 

October 4.69 

November 4.64 

December 4.69 

The annual average insolation is 4.87 𝑘𝑊ℎ/𝑚2. 
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Figure 4.3 Sun Hours Average of Goma [44] 

From the above figure, the daily average sunshine hours of Goma is 5.25 h. However. Based 

on equation (4.1), the Goma irradiance can be calculated by knowing its average solar 

insolation and its average daily bright sunshine hours. By using the data of the above table 

and figure namely table 4.4 and figure 4.3, the irradiance of Goma gives: 

𝐼𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒 =
4.87 𝑘𝑊ℎ/𝑚2

5.2 ℎ
= 937 𝑊/𝑚2    

4.5.3 PHOTOVOLTAIC MODULES NUMBER CALCULATION (𝑵𝒑𝒗) 

Based on the literature revised, the total number of photovoltaic modules needed in a PV 

plant depends on the photovoltaic module technology used. Also, the required surface for 

the installation of the photovoltaic plant also changes based on that parameter. Based on our 

selected photovoltaic module presented in table 9, the required photovoltaic modules number 

is obtained by using the following equation: 

𝑁𝑃𝑉 =
𝑃𝑑𝑒𝑠𝑖𝑔𝑛∗106

𝑃𝑀,𝑆𝑇𝐶
                                                                                                                           (4.2)                                                                                                                  

Where, 𝑃𝑑𝑒𝑠𝑖𝑔𝑛 [MW] is the design capacity power plant and 𝑃𝑀,𝑆𝑇𝐶 [W] is the rated power 

photovoltaic module. In our case study, the total actual electricity demand that has been 

estimated previously and presented in table 3.6 is taken as the power plant design. Thus, 

𝑃𝑑𝑒𝑠𝑖𝑔𝑛 = 103.9 𝑀𝑊 and the PV module power rating of our selected module, presented in 

table 4.2, is 𝑃𝑀,𝑆𝑇𝐶 = 330 𝑊 

From equation (4.2) we get: 
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𝑁𝑃𝑉 =
103.9 ∗ 106

330
≈ 314 848 𝑀𝑜𝑑𝑢𝑙𝑒𝑠 

Let precise that the obtained total number of a photovoltaic modules is a supposition based 

on the initial capacity power of the plant. Therefore, the exact number of photovoltaic 

modules of our design will be computed again based on the inverter topology that will be 

used. 

 4.5.4 CALCULATION OF THE PV MODULES AREA (𝑺𝒂𝒓𝒓𝒂𝒚) 

It is known that to calculate the surface area of each PV module, the following equation is 

used: 

𝑆𝑃𝑉 = 𝑙𝑒𝑛𝑑𝑡ℎ ∗ 𝑤𝑖𝑑𝑡ℎ                                                                                                                 (4.3)                                                                                         

Where, 𝑆𝑃𝑉 [m2] is the PV module surface area and respectively the length [m] and the width 

[m] of our selected photovoltaic module. Therefore, from equation (4.2) et  equation (4.3) 

the expression for calculating the PV modules area (𝑆𝑎𝑟𝑟𝑎𝑦) [km2] gives [39]: 

𝑆𝑎𝑟𝑟𝑎𝑦 = 𝑆𝑃𝑉 ∗ 𝑁𝑃𝑉 ∗ 10−6                                                                                                         (4.4)                                                                                    

Since the length and the width of our selected PV module are respectively 1.956 [m] and 

0.991 [m], equation (4.3) gives: 

𝑆𝑃𝑉 = 1.956 ∗ 0.991 = 1.938396 m2 

By knowing the value of the PV module surface area and the number of PV modules, 

equation (4.3) becomes: 

𝑆𝑎𝑟𝑟𝑎𝑦 = 1.938396 ∗ 314848 ∗ 10−6 = 0.610300104 km2 

Let’s precise that since the number of PV modules obtained from equation (4.1) is not taking as the 

final value, the PV modules area (𝑆𝑎𝑟𝑟𝑎𝑦) also will be determined again based on the final number 

of photovoltaic modules of the system 

4.5.5 CALCULATION OF PV STRING PER INVERTER  

Based on the block diagram shown in “section 4.2”, each PV block consists of 𝑁𝑃 photovoltaic 

strings or photovoltaic modules in parallel, which can be greater or equal to one.  Again, each string 

is composed of 𝑁𝑆 photovoltaic modules connected in series. From the literature, the inverter 

specifications are useful to calculate the number in series and parallel of photovoltaic modules. Thus, 

the minimum and the maximum number of photovoltaic modules which can be connected in series 

or per photovoltaic string (𝑁𝑠,𝑚𝑖𝑛, and 𝑁𝑠,𝑚𝑎𝑥) respectively, are determined based on the dc input 

maximum power point (MPP) voltage level of the inverter (𝑉𝑖,𝑚𝑎𝑥) and the dc input maximum 
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permissible voltage level, (𝑉𝐷𝐶,𝑚𝑎𝑥). These two parameters are indicated by the inverter 

manufacturer. The number of modules connected in series is between 𝑁𝑠,𝑚𝑖𝑛 and 𝑁𝑠,𝑚𝑎𝑥 , but 

the optimum number could be smaller than 𝑁𝑆,𝑚𝑎𝑥. Thus, it is expressed by the following 

equation: 

𝑁𝑠,𝑚𝑖𝑛 ≤ 𝑁𝑠 ≤ 𝑁𝑠,𝑚𝑎𝑥 = min [𝑓𝑙𝑜𝑜𝑟 (
𝑉𝑖,𝑚𝑎𝑥

𝑉𝑀,𝑚𝑎𝑥
) , 𝑓𝑙𝑜𝑜𝑟 (

𝑉𝐷𝐶,𝑚𝑎𝑥

𝑉𝑜𝑐,𝑚𝑎𝑥
)]                                               (4.5)                                              

Where: 𝑉𝑜𝑐,𝑚𝑎𝑥 and 𝑉𝑀,𝑚𝑎𝑥 are respectively the maximum open-circuit voltage and the maximum 

power point voltage. These parameters are present at the output of the photovoltaic module based on 

the incident solar irradiation and the ambient temperature conditions. By using Matlab Software, 

equation (4.4) gives: 

𝑁𝑠,𝑚𝑖𝑛 = 1 ≤ 𝑁𝑠 ≤ 𝑁𝑠,𝑚𝑎𝑥 = min [𝑓𝑙𝑜𝑜𝑟 (
950

38.1
) , 𝑓𝑙𝑜𝑜𝑟 (

1100

46.05
)] = 23 

To get the photovoltaic modules number connected in parallel, the current values of the 

photovoltaic module and the current of the inverter, are used. Thus, it is expressed by using 

the following equation: 

𝑁𝑝,𝑚𝑎𝑥 = 𝑓𝑙𝑜𝑜𝑟 (
𝐼𝐷𝐶,𝑚𝑎𝑥

𝐼𝑀,𝑚𝑎𝑥
)                                                                                                           (4.6)                                                                                     

Where: 𝐼𝐷𝐶,𝑚𝑎𝑥 [A] is the maximum inverter continuous current and 𝐼𝑀,𝑚𝑎𝑥 [A] the 

maximum power point current of the photovoltaic module. Thus equation (4.5) gives: 

𝑁𝑝,𝑚𝑎𝑥 = 𝑓𝑙𝑜𝑜𝑟 (
3960

8.77
) = 451 

4.5.6 INVERTERS NUMBER (𝑵𝒊𝒏𝒗) 

From the literature found, the quantity of required inverters in the photovoltaic power plant 

is obtained based on the number of modules in series, the number of modules in parallel, and 

the total number of photovoltaic modules. Thus the used formula for this calculation is the 

following: 

𝑁𝑖𝑛𝑣 = 𝑐𝑒𝑖𝑙 [
𝑁𝑃𝑉

𝑁𝑆∗𝑁𝑃
]                                                                                                                     (4.7)                                                                                                     

Where it is considered 𝑁𝑆 = 𝑁𝑆,𝑚𝑎𝑥 and 𝑁𝑃 = 𝑁𝑃,𝑚𝑎𝑥 to reduce the number of inverter in 

the system. By using Matlab, equation (4.7) gives: 

𝑁𝑖𝑛𝑣 = 𝑐𝑒𝑖𝑙 [
314848

24 ∗ 451
] = 30 
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To make the modules number per inverter (PV block) at the same size, we lightly oversize 

the system. Thus, based on the number of the final inverter got from equation (4.7) and the 

photovoltaic modules number connected in parallel and series, the photovoltaic modules 

final number in the photovoltaic power plant is obtained as follows: 

𝑵𝒑𝒗,𝒇𝒊𝒏𝒂𝒍 = 𝑵𝒔 ∗ 𝑵𝒑 ∗ 𝑵𝒊                                                                                                (4.8) 

From this equation we get, 𝑵𝑝𝒗,𝒇𝒊𝒏𝒂𝒍 = 𝟐𝟒 ∗ 𝟒𝟔𝟖 ∗ 𝟑𝟎 = 𝟑𝟑𝟔 𝟗𝟔𝟎 𝑴𝒐𝒅𝒖𝒍𝒆𝒔 

Moreover, since the photovoltaic modules number changes, the installed capacity total of 

the photovoltaic power plant in [MW] is modified too as follows:  

𝑷𝒊𝒏𝒔𝒕𝒂𝒍𝒍𝒆𝒅 = 𝑵𝒑𝒗,𝒇𝒊𝒏𝒂𝒍 ∗ 𝑷𝑴,𝑺𝑻𝑪 ∗ 𝟏𝟎−𝟔                                                                           (4.9) 

Thus, 𝑷𝒊𝒏𝒔𝒕𝒂𝒍𝒍𝒆𝒅 = 𝟑𝟑𝟔 𝟗𝟔𝟎 ∗ 𝟑𝟑𝟎 ∗ 𝟏𝟎−𝟔 = 𝟏𝟏𝟏. 𝟐 𝑴𝑾 

Besides, the area used by the photovoltaic module number total has to be revised. The 

applied expression is equal to the one earlier used in equation (4.4), unless that here, the 

photovoltaic modules quantity is definitive: 

Thus, 𝑺𝒂𝒓𝒓𝒂𝒚,𝒇𝒊𝒏𝒂𝒍 = 𝟏. 𝟗𝟑𝟖𝟑𝟗𝟔 ∗ 𝟑𝟑𝟔 𝟗𝟔𝟎 ∗ 𝟏𝟎−𝟔 = 𝟎. 𝟔𝟓𝟑 km2  

4.5.7 SOLAR PANEL TEMPERATURE CALCULATION (𝑻𝑴) 

The performance of the PV module can be affected by its temperature that why it is important 

to calculate it. The formula helped to find the temperature of the PV module is given by the 

equation below [45]: 

𝑇𝑀 = 𝑇𝑎𝑚𝑏 +
𝐺𝑇

800
∗ (𝑁𝑂𝐶𝑇 − 20)                                                      (4.10)            

Where, 𝑇𝑎𝑚𝑏 [ºC] is the ambient temperature, 𝐺𝑇 [W/m2] is the solar irradiance at STC and 

𝑁𝑂𝐶𝑇 [ºC] nominal operating cell temperature which is defined as the temperature reached 

by open-circuited cells in a module under the following conditions: Irradiance on the cell 

surface at 800 𝑊/𝑚2, air temperature at 20°, the wind velocity at 1 𝑚/𝑠, and the coefficient 

air mass (AM) at 1.5. As the average ambient temperature for the city of Goma is 19.6° [43], 

and at STC the solar irradiance is 1000 𝑊/𝑚2 , from [46] the nominal operating temperature 

of the selected Solar PV is 45±2°. Therefore, we have from equation (4.10):  

𝑇𝑀 = 19.6° +
1000

800
∗ (43 − 20) = 48.35° 
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4.5.8 MPP POWER OF EACH PV MODULE (𝑷𝑴) 

The PV power generation has a close relationship with weather conditions, such as 

temperature, solar irradiance, hourly solar angle, and geographical location. Based on the 

standard test conditions (STC), suppose the rated PV power output of a single array at the 

maximum power point (MPP) is𝑃𝑀,𝑆𝑇𝐶. Influenced by temperature and solar irradiance, a 

solar PV generation system can be estimated as follows: 

𝑃𝑀 = [𝑃𝑀,𝑆𝑇𝐶 ∗
𝐺𝑇

1000
∗ (1 − ϒ ∗ (𝑇𝑀 − 25))]                                                                      (4.11)                                                        

With  𝑃𝑀  the power output of the PV array at MPP,  ϒ the power temperature coefficient in 

%/°C at MPP, 𝑇𝑀 the temperature of the solar panel in °C. 

From the selected PV technical data, we haveϒ = −0.41%/°C, that “minus” shows that the 

power decreases at 0.41% of its value when the temperature is increased by °C. From 

equation (4.10) we get: 

𝑃𝑀 = [330 ∗
1000

1000
∗ (1 − 0.0041 ∗ (48.35 − 25))] = 298.41 𝑊 

4.5.9 THE POWER OUTPUT OF EACH PV MODULE (𝑷𝑷𝑽)  

From these [47] [48] literature, it is shown that the output power of each photovoltaic module 

changes depends on the annual reduction coefficient of the output power of the photovoltaic 

module, the derating factor due to the dirt. Thus it is obtained based on the following 

expression [39]: 

𝑃𝑃𝑉(𝑦, 𝑑, 𝑡, 𝛽) = [1 − 𝑦 ∗
𝑟(𝑦)

100
] ∗ (1 −

𝑑𝑓

100
) ∗ 𝑃𝑚𝑠ℎ

(𝑦, 𝑑, 𝑡, 𝛽)                                          (4.12)                               

Where: β (°) is the PV modules tilt angle (0° ≤ β ≤ 90°), r(y) (%/year) is the annual reduction 

coefficient of the photovoltaic module output power, 𝒅𝒇 (%) is the derating factor of the 

output power of the photovoltaic module due to the dirt formed on its surface, and 

𝑃𝑚𝑠ℎ
(𝑦, 𝑑, 𝑡, 𝛽) (kW) is the output power of each photovoltaic module at the maximum 

power point, which is determined based on the shading conditions. 

It is reported in [39] that if y = 1, then r(y) = 0; and for 1 < y ≤ n, its value is specified by 

the PV module manufacturer. By considering y = 1, from equation (4.12) we get:  

𝑃𝑃𝑉(𝑦, 𝑑, 𝑡, 𝛽) = (1 −
𝑑𝑓

100
) ∗ 𝑃𝑚𝑠ℎ

(𝑦, 𝑑, 𝑡, 𝛽) 

Ideally, a photovoltaic power plant has to be built in a way that no obstacles are surrounding 

its installation field. However, the topographies impact, where an identic shadow is projected 
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by such objects on all cells of the photovoltaic modules, has to be incorporated in the design. 

Therefore, in this literature [48], it is said that the percentage of the total area of the 

photovoltaic module that is shadowed by the surrounding obstacles 𝑆𝑃(%), the hour of the 

day 𝑡1(h)  that these obstacles start to shadow the PV modules of the photovoltaic power 

plant and the corresponding time duration of the shadow 𝑡2(h) have to specified. Then, the 

output power of each PV module is calculated as follows [39]: 

 𝑃𝑀−𝑆𝐻(𝑦, 𝑑, 𝑡, 𝛽) = {
(1 −

𝑆𝑃

100
) ∗ 𝑃𝑀   𝑖𝑓 𝑡1 ≤ 𝑡 ≤ 𝑡1 + 𝑡2

𝑃𝑀    𝑒𝑙𝑠𝑒
                                         (4.13)                                   

Considering the shading effect, equation 4.12 becomes: 

𝑃𝑃𝑉(𝑦, 𝑑, 𝑡, 𝛽) = (1 −
𝑑𝑓

100
) ∗ (1 −

𝑆𝑃

100
) ∗ 𝑃𝑀 

Where 𝑆𝑃 the losses due to the effect of the shadow. They are set at 3%  in [49], 𝒅𝒇 is the 

output power derating factor of the photovoltaic module (caused by the dirt that is formed 

on its surface). It that has been reported in [47] to 6.9% for a plant built on a quite sandy site, 

while for the one built on a more compact ground to 1.1%. Our Solar PV power plant is 

designed to assume to be built in a compact ground. Thus, from the calculation we get: 

𝑃𝑃𝑉(𝑦, 𝑑, 𝑡, 𝛽) = [1 −
3

100
] ∗ (1 −

1.1

100
) ∗ 298.41 W = 286.27 𝑊 

4.5.10 PHOTOVOLTAIC BLOCK OUTPUT POWER (𝑷𝒊𝒏) 

From the revised literature it is shown that the output power of each photovoltaic block is 

determined from the output power actual of each module calculated previously, the inverter 

maximum power point efficiency, the dc voltage drop of the cable, and the mismatch losses: 

𝑃𝑖𝑛 = 𝑁𝑠 ∗ 𝑁𝑝 ∗
𝜂𝑚𝑝𝑝𝑡

100
∗ (1 −

𝜂𝑑𝑐

100
) ∗ (1 −

𝜂𝑚𝑖𝑠𝑚𝑎𝑡𝑐ℎ

100
) ∗ 𝑃𝑃𝑉                                       (4.14) 

Where: 𝜂𝑚𝑝𝑝𝑡 (%) is the inverter maximum power point efficiency. From the literature [50], 

its value is set at 99%. 𝜂𝑑𝑐 (%) is the dc cable voltage drop. Its value is set at 1.5% based on 

this literature [51]. Also, the mismatch losses constitute another major factor that affects the 

photovoltaic block power output. They are caused by the slight difference in the photovoltaic 

modules manufacturing interconnected. Based on this literature [49], its value is set at 2%. 

Thus, from the equation (4.14), we get:            

𝑃𝑖𝑛 = 24 ∗ 451 ∗
99

100
∗ (1 −

1.5

100
) ∗ (1 −

2

100
) ∗ 286.27 = 2 961 167.48 𝑊  
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4.5.11 THE TOTAL OUTPUT POWER OF EACH INVERTER (𝑷𝒊𝒏𝒗,𝒐𝒖𝒕) 

Based on the implemented topology in “section 4.2”, it is shown that one inverter is 

connected to one PV block, that why this one depends on the inverter specifications. To get 

the output power of each inverter, the following expression is used: 

𝑃𝑖𝑛𝑣,𝑂 =
𝜂𝑖𝑛𝑣

100
∗ 𝑃𝑖𝑛                                                                                                                       (4,15) 

Where: 𝜂𝑖𝑛𝑣 [%] is the inverter power conversion efficiency and 𝑃𝑖𝑛 is the photovoltaic block 

output power. Thus, from this equation, we get: 

𝑃𝑂 =
98.6

100
∗ 2 961 167.48  𝑊 = 2 919 711.14 𝑊 

4.5.12 INJECTED POWER PV PLANT INTO THE GRID (𝑷𝑷𝑳𝑨𝑵𝑻) 

The photovoltaic power plant injected into the electric grid is determined based on the step-up 

transformer losses and the AC cable losses. Thus, the used expression for this calculation is the 

following: 

𝑃𝑃𝐿𝐴𝑁𝑇 =
𝜂𝑇

100
∗

𝜂𝑐𝑎𝑏𝑙𝑒

100
∗ 𝑃𝑂 ∗ 10−6 ∗ 𝑁𝑖                                                                (4.16) 

Where: 𝜂𝑇 [%] is the interconnection transformer efficiency. Based on [39] its  value is set 

at 99%; 𝜂𝑐𝑎𝑏𝑙𝑒 [%] is the AC connections cable efficiency. This value is set at 99.5% 

according to [52]. From equation (4.16), we get: 

𝑃𝑃𝐿𝐴𝑁𝑇 =
99

100
∗

99.5

100
∗ 2 919 711.14   ∗ 10−6 ∗ 30 = 86.28 𝑀𝑊 

The result obtained from 𝑃𝑃𝐿𝐴𝑁𝑇 is taken as the power that can be introduced into the grid, 

without power and voltage grid limitations. 

4.5.13 ENERGY INJECTED INTO THE GRID (𝑬𝑷𝑳𝑨𝑵𝑻)  

Based on the literature revised, two parameters intervene while calculating the injected 

energy into the grid. It is based on the annual average sunshine hours and the availability 

factor of the photovoltaic power plant due to maintenance purposes. The used expression in 

this step to determine the energy introduce is the following: 

𝐸𝑃𝐿𝐴𝑁𝑇 =
𝐸𝐴𝐹

100
∗ 𝑃𝑃𝐿𝐴𝑁𝑇 ∗ ∆𝑡                                                                                   (4.17) 

Where: EAF [%] is the photovoltaic plant energy availability factor. Its value is set at 99.5% 

according to [53]. 
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∆𝑡 = 365 ∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑆𝑢𝑛𝑠ℎ𝑖𝑛𝑒 𝐻𝑜𝑢𝑟𝑠 [h] is the annual average sunshine hours of a year. 

Based on figure 17, it is shown that the daily average sunshine hours of the city of Goma is 

5.25 h. 

Then, from the equation (4.17), we get: 

𝐸𝑃𝐿𝐴𝑁𝑇 =
99.5

100
∗ 86.28 [𝑀𝑊] ∗ 365 ∗ 5.25 = 164 507.38 𝑀𝑊ℎ 

4.5.14 SPECIFIC YIELD (𝒀𝒊𝒆𝒍𝒅𝒔𝒑) OR SPECIFIC ENERGY GRID (𝑺𝑬𝑮𝑹𝑰𝑫) 

The ratio between the total energy output and the capacity installed is taken as the specific 

yield of a photovoltaic power plant. This last is considered a performance parameter and it 

can be used to compare diverse photovoltaic generating power. Besides, it expresses the 

hour’s number that is required for the photovoltaic array to work at its rated power while 

producing the same energy. The used expression is based on [54]: 

𝑌𝑖𝑒𝑙𝑑𝑠𝑝 =
𝐸𝑇𝑂𝑇𝐴𝐿

𝑃𝑝𝑙𝑎𝑛𝑡,𝑛𝑜𝑚
                                                                                                (4.18) 

From equation (4.17), we get: 

𝑌𝑖𝑒𝑙𝑑𝑠𝑝 =
164 507.38 

111.2
= 1479.38 kWh/kWp or hours 

4.5.15 CAPACITY FACTOR (𝑪𝑭)  

The capacity factor is the output energy actual of the photovoltaic power plant for a year 

divided by the output at nominal power during a year. Generally, the capacity factor (CF) is 

considered as a factor that demonstrates the performance and estimated by considering 

specific energy production to the time of operation typically 8760 h in a year. However, the 

PV system operates only in the day time, 5.25 hours in our case study.  Thus, the following 

expression shows how to compute it: 

𝐶𝐹(%) =
𝑆𝐸𝐺𝑅𝐼𝐷

𝑂𝐻
∗ 100                                                                                       (4.19) 

From this equation we get:  

𝐶𝐹(%) =
1479.38 𝐾𝑤ℎ/𝑘𝑊𝑝

8760 ℎ𝑜𝑢𝑟𝑠
∗ 100 = 17 % 
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4.5.16 PERFORMANCE RATIO (𝑷𝑹) 

 Performance ratio (PR) is the factor through which you can assess the plant performance, 

how the plant is behaving. It a parameter from which a diverse photovoltaic system can be 

compare independently of its generating power. Therefore, it is considered as an indicator 

of quality. The analyzed period is taken as one year and the parameter is determined using 

the following expression from [54]: 

𝑃𝑅(%) =
𝑆𝐸𝐺𝑅𝐼𝐷

𝑅𝑌
∗ 100                                                                                         (4.20) 

Where 𝑆𝐸𝐺𝑅𝐼𝐷 expressed in [MWh], and is considered as the total annual generated energy 

for the photovoltaic power plant and 𝑅𝑌 is the reference yield in hours. The reference yield 

𝑅𝑌 can also be expressed by the following formula: 

𝑅𝑌 =
𝐻

𝐺𝑇
                                                                                                                 (4.21)                                                                                                       

Where 𝐻 is the total plane irradiance in 𝑘𝑊ℎ/𝑚2 and 𝐺𝑇 the PV reference irradiance in 

𝑘𝑊/𝑚2 (the value at STC which is 1000 𝑊/𝑚2). From equation 4.21, we have: 

𝑅𝑌 =
1778 𝑘𝑊ℎ/𝑚2

1 𝑘𝑊/𝑚2
= 1778 ℎ𝑜𝑢𝑟𝑠 

Then the performance ratio is: 

𝑃𝑅 =
1479.42 𝐾𝑤ℎ/𝑘𝑊𝑝

1778 ℎ𝑜𝑢𝑟𝑠
∗ 100 = 83.2 % 

4.6 ECONOMIC CALCULATION 

Knowing all the expenditures related to this project could be interested in the objective of 

evaluating the feasibility of it. Therefore, it is essential to determine the economic analysis 

of it. In the economic analysis, first of all, the total capital cost has to be calculated. In our 

case, it is based on the expenses related to the photovoltaic power plant installation.  

4.6.1 PHOTOVOLTAIC POWER PLANT TOTAL CAPITAL COST  

For this project, the total capital cost takes into consideration: the cost array of photovoltaic 

power plant; the cost of the inverters; the cost of the step-up transformers; the related 

components cost that intervenes in the System (electrical cable wiring, meter, protections, 

junction boxes, cabinets, switchgear, combiners, fuses, breaker, and other non-electrical 

components), the civil work cost and land cost. To accomplish this economic analysis, some 
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assumptions have been made on the components cost and services involved. Thus, the table 

below shows the assumptions made while analyze: 

Table 4.5 Assumed Cost per component and services [38] [55] [56] [57] 

 Values [$] 

Solar PV modules [$/kW] 600 

Inverter [$/kW] 50 

Transformer [$/kW] 20 

BOS [$/kW] 74 

Civil works [$/kW] 165 

Land [$/km2] 10 000 

Base on table 4.5, the cost decomposition of the photovoltaic power plant is shown in the 

below table. It takes into consideration the quantity of the components used in all the system: 

Table 4.6. Photovoltaic power plant cost decomposition  

Components Prices [$] 

Solar PV modules 66 720 0000 

Inverter 8 250 000 

Transformer 1 800 000 

BOS 8 228 800 

Civil works 18 348 000 

Land 163 250 

From table 4.6, the total capital cost is estimated at 𝐶𝑐 =  103 510 050 $  
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Based on the above graph, it is shown that only photovoltaic modules contribute the most to 

the total cost investment. Its cost represents 64% of the total cost of the investment whereas 

the cost of the inverters, of the transformers, the balance of the system, and the civil work 

represent respectively 8%, 2%, 8%, and 18% of the total capital cost. 

4.6.2 PHOTOVOLTAIC POWER PLANT MAINTENANCE AND 

OPERATION COST CALCULATION 

Based on [58], the maintenance and operation costs per year is calculated at 1-2% of the total 

cost of investment. So, we have: 

M&O =  1% ∗  Investment cost                                                                                            (4.22) 

M&O cost =  0.01 ∗ 103 510 050 $  = 1 035 100.5 $ 

4.6.3 LIFE CYCLE COSTS CALCULATION  

The life cycle cost is concerning the initial capital cost and the long-term costs for 

maintenance and operation (𝐿𝑇𝐶𝑀).  It is determined by the below equation:  

𝐿𝑐𝑐 = 𝐶𝑐 +  𝐿𝑇𝐶𝑀                                                                                                                       (4.23)                                                                                                                         

The plant is assumed to operate in 25 years, the discount rate (𝑖) at 10%. Large current value 

(present value) for the maintenance and operational costs (𝐿𝑇𝐶𝑀) during the project life of 

25 years with a discount rate of 10% is calculated by the following formula: 

𝐿𝑇𝐶𝑀 = M&O cost [
(1+𝑖)𝑛−1

𝑖(1+𝑖)𝑛 ]                                                                                                  (4.24)               

Where: (𝑖) is the discount rate, 𝑛 is the plant operate time.                                                                                                              

Thus, from equation (4.23), we get: 

𝐿𝑇𝐶𝑀 = 1 035 100.5 [
(1 + 0.1)25 − 1

0.1(1 + 0.1)25
] = 9 395 607.24 $  

The 𝐿𝑐𝑐 is then determined  𝐿𝑐𝑐 = 103 510 050 $ + 9 395 607.24 $ = 112 905 657.24 $ 

4.6.4 ELECTRICITY SALE PER YEAR 

Knowing the price of electricity for residential in DRC at 0.05$/kWh and the annual energy 

production of the solar PV power plant per at 164 510.89 𝑊ℎ, in kWh/year 

gives 164 510 890. Thus, we get: 

SE

year
= 164 510 890 ∗ 0.05 ∗ 25 years = 205 638 612.5 [

$

year
]                     (4.25) 
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From the above equation, it is clear that the project is bankable. The interest of the project, 

after 25 years, will be evaluated as the difference between the electricity sales per year and 

the life cycle cost. Therefore, from equation (4.25) and equation (4.23), we get the profit 

evaluated at 92 732 955.26 $  

4.7 PHOTOVOLTAIC POWER PLANT DESIGN USING PVSYS 

SOFTWARE 

We designed our photovoltaic power plan in a modeling software called “PVsyst”. 

Afterward, its obtained result is compared to the results of the calculations obtained earlier. 

“PVsyst” is a dedicated PC software package for PV systems, developed by the University 

of Geneva. It is used by engineers and researchers as a modeling tool to determine how much 

solar energy can be harnessed from a specific location. It is used to analyze the on-grid and 

off-grid systems as well as solar pumping systems. It includes broad meteorological statistics 

and other tools for studying PV systems. It integrates pre-feasibility, sizing, and simulation 

support for PV systems. [59][60] 

In the next of this point, it is shown the way to design by using this software and the obtained 

results are presented. 

4.7.1 PVSYST MODELLING 

The procedure used to design a photovoltaic power plant with PVsyst is shown below:  

 Location and climate data: consist of selecting the real location where the system 

is going to be implemented, and adding the climate data of the selected location in 

the PVsyst database if not yet configurated or selecting it in the PVsyst database, if 

configurated yet. However, since our study is a preliminary project, to make the 

calculation simple we use meteorological data of Goma and not for a real site 

location. In the case of a real project, the real location has to be specified. The below 

graph shows the used climate data in the next of our design.  
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Figure 4.4. Horizontal global irradiance and temperature  in Goma [35] 

 PV modules orientation definition: Consists of selecting the optimum photovoltaic 

modules orientation. In our case, the photovoltaic modules are installed as a fixed 

tilted plane as shown in the below figure. The tilt angle and the azimuth angle can be 

seen also in that figure respectively of the magnitude of 5 °C and 0 °C:  

 

Figure 4.5 PVsyst photovoltaic modules orientation graph 
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 Definition of the system: It consists to select and choose the photovoltaic module 

and the inverter, which are going to be used in the real implementation. Afterward, 

the photovoltaic modules number in series, in parallel, and the number of the 

inverters are automatically determined through the “PVsyst calculation tool”. For 

that, the installed capacity has to be entered as the parameter design. However, 

regarding our study, we chose a si-poly model JAP6-72-330/3BB photovoltaic 

module manufactured by “JA Solar” and a Sunny central 2200 inverter model 

manufactured by “SMA”. Thus, the below graph indicates how our system has been 

defining: 

 

 Detailed losses definition: This step consists of setting several types of losses such 

as the thermal losses, the ohmic losses, the mismatch losses, the losses due to the dirt 

and dust formed on the module surface, etc. However, regarding our study, thermal 

losses are not changed with respect to their default value for outdoor systems with 

free ventilation; Afterward, Ohmic losses also are neither changed with respect to 

their default value; Mismatch losses are set at 2% that corresponds with the used 

value in the calculations. Thus, the graph below shows how they have been set: 
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 Far shadings or near shadings: Far shadings concern shadings from objects 

sufficiently far. They have an influence on the photovoltaic field in a global way 

because at a given instant, the sun is or is not visible on the field. Near shadings are 

shadings produced by near objects, which draw visible shades on the PV field. This 

step consists of setting the far or near shadings. However, based on our study, default 

values of far shadings are not changed, and the near shadings are not used in the 

simulation because there is no mountain and hill in Goma. The below graph shows 

how they are set: 
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 Economic evaluation: This step consists to determine the cost investment of the 

photovoltaic power plant. Thus, the components cost and services which intervene 

in the photovoltaic power plant project have to be known. However, regarding this 

step, we have used a calculation method.  
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4.7.2 SIMULATION REPORT 
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4.8 RESULTS INTERPRETATION 

In this part, the obtained result while design using PVsyst is compared to the results obtained 

previously in calculations. Thus, the below table shows the parameters design found in both 

methods. 

Table 4.7 Results comparison from PVSyst and calculations method 

 PVsyst Calculations 

Number of PV modules in series 18 24 

Number of PV modules 314 856 336 960 

Installed capacity  [kWp] 103 902 111 200 

AC Output Power (kWp) 85 800 86 281.8 

Module surface [m2] 610 316 653 161.9 

Number of inverters 39 30 

AEP [MWh/year] 154 102 164 507.38 

PR [%] 0.832 0,832 

Yieldsp [kWh/kWp] 1 483 1 479.42 

The major difference between the photovoltaic modules number found respectively 314 856 

and 336 960 in PVsyst and calculation while design is due to the purpose of having the 

modules number in serie and parallel equal in each PV block. Therefore in calculation 

method we over size the photovoltaic module number. These obtained in PV syst are few 

than these obtained in calculation method. 
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Afterward, the few photovoltaic modules number obtained in PVsyst led to less modules 

surface array obtained from PVsyst than the one from calculation. The value from PVsyst is 

around 6.5 % less than modules surface area obtained from calculation method. 

Afterward, it involves the difference also between the installed capacity power obtained in 

both methods. From calculation method, the install capacity power is around 6.5 % less than 

the value of installed capacity obtained in calculation. 

The AC output power obtained in PVsyst simulation is around 0.5 % less than the AC output 

from calculations. We got respectively 85 800 kW and 86 281.8 kW from PV syst and 

calculation. The reason which justify that difference could be that the performance of the PV 

modules and inverters in PVsyst is based on a combination of the experimental and 

manufacturer data, while the technical data considered in the calculation is entirely based on 

the manufacturer’s information. 

The annual energy production obtained from PV syst is around 6.3 % less than the one from 

calculation. This could be due to the meteorological data used in the city of Goma which is 

coming from different sources and could have some repercussions on the results. However 

in both methods, the performance ratio is equal and equal to 83.2 %. 
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CHAPTER 5 : CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

In this thesis, we meet Goma’s current electricity demand through renewable energy sources. 

We present the renewable energy sources and technologies in the literature described above. 

Afterward, Goma’s energy situation has been presented and where an assessment of the 

available renewable energy sources is detailed. Though, it has been observed, that only solar 

source is exploitable there, based on its geographical location. It is located in a very high 

insolated region that makes the implementation of photovoltaic viable throughout the region. 

We have determined the current electricity demand of Goma to have an idea on the installed 

power capacity of our proposed solution to overcome the unmet the electricity demand. 

Thus, two methods have been used during the design parameters: the calculation method and 

the software modeling through PVsyst. The current electricity demand for consumers not 

yet connected or electrified in Goma is about 86.6 MW from table 3.6 presented before. 

Including the extension factor of 1.2, the capacity power installed of our proposed solution 

have to greater or equal to  103.9 𝑀𝑊 to meet properly the actual energy demand through 

Goma.  

However, we design a centralized photovoltaic power plan of the installed power capacity 

of photovoltaic 111.2 𝑀𝑊. To this installed capacity, 336 960 photovoltaic modules are 

required, 30 number of inverters also are needed for proper operation of the plant. The 

necessary modules surface array obtained is 0.653 [km2]. Diverse parameters design of our 

photovoltaic power plant were obtained such as the annual energy production of 

164 510.89 𝑀𝑊ℎ, the output power of 86.28 𝑀𝑊, the capacity factor of 17%, the 

performance ratio of 83.2% and the specific yield of the system of 1 479.42 ℎ𝑜𝑢𝑟𝑠.  

Afterward, an economic calculation or analysis calculated shows that the life cycle cost total 

during the operation time, which is 25 years, of the system is 112 905 657.24 $ and the 

sales electricity during 25 years is 205 638 612.5 $. From this it is clear that the project is 

bankable and the related interest is obtained through the difference between the electricity 

sales during 25 years and the life cycle cost. Therefore, it is evaluated at 92 732 955.26 $  

Regarding the GHG analysis also, refer to graph above in simulation report it is shown that 

the amount of saved carbon dioxide emission during the operation time of our proposed 

solution is evaluated at 480 440.614 tons.  

 



65  

 

5.2 RECOMMENDATION 

Based on the result obtained we have attained our objectives because primarily we satisfy 

the actual electricity demand by generate the output power greater than it, secondly, we 

attenuate the greenhouse effect through the amount of saved carbon dioxide emission 

presented above. It indicates that energy from renewable sources is clean, secure, and 

accessible. 

Though, to the policymakers, I recommend as follow: 

 To promote the renewable energy sources due to its related opportunities described 

in this dissertation; 

 To decentralize the electricity production by producing locally, for customers who 

do not have access on the national electric grid, through installation of small 

electricity production unit based renewable sources; 

 To regulate the electricity field through the Electricity Regulation Authority 

 Increase research in these areas, so that the fear of some renewables barriers in the 

future are limited; 

 To replace fossil fuels with renewable energy sources as much as possible; 

 To apply different policies, such as enhance renewable energy deployment and 

encourage technological innovations. 

To private sector to ongoing use renewable energy sources to contribute on the attenuation 

of greenhouse effect which is considered as a threat to human society in general. 

As future work, for the coming researcher’s I suggest:  

 To identify the potential of renewable resources available in Goma which do not yet 

study;   

 To include the aspect of future need for better plan, and  to meet the future generation 

 The use of Smart control in the distribution system for improvement of reliability. 
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