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Abstract  
The Republic of Kosovo, and its 1.8 million inhabitants, is heavily reliant on two highly               
pollutive lignite coal-fired power plants, Kosova A and Kosova B for energy generation. The              
coal-fired power plants, that cover 91% of the energy generation, are reaching the end of their                
operational life and are in need of either restoration or discontinuation. This implies that              
Kosovo is in need of energy alternatives for a more flexible energy system which could open                
opportunities for renewable energy. Solar power in Kosovo is still at a low percentage of less                
than 1%, and its future penetration is being held back by lack of investments and               
underdeveloped regulatory framework. Affordable and reliable energy, from solar power,          
could reduce poverty, lower unemployment, boost economic growth and improve people's           
health in Kosovo. This coincides with the sustainability goals set by the UN Agenda 2030               
and specifically goal 7, ‘Ensure access to affordable, reliable, sustainable and modern            
energy for all’. 
 
The aim of the project was to design a techno-economically optimal PV-system at The              
University of Prishtina and to investigate the potential technical, social and economic impacts             
of implementing PV-systems in Kosovo to help achieve the UN 2030 Agenda, specifically             
SDG 7. The project consists of a quantitative part where simulations were done with the               
System Advisor Model (SAM) in order to calculate the energy generation and profitability of              
installing photovoltaic modules at The University of Prishtina with different policy-schemes.           
In addition, a qualitative study was done by compiling information on the policy structures in               
Kosovo and other european countries in order to identify obstacles and future trends in the               
development of renewables.  
 
The results showed that it is profitable for the University of Prishtina to install a PV-system                
in which the inspected financial indicators such as NPV, LCOE and payback time showed              
profitability for all policy-scenarios. In the base scenario with 200 kWp, which follows the              
current policy and capacity restrictions on the maximum allowed capacity of 100 kWp per              
metering point, 60% of the yearly electricity bills were covered. Two additional models were              
made with alternative policy-scenarios, one with a net-billing model in which sell-rates were             
altered and another with a higher capacity of 298.49 kWp utilizing the whole roof area. The                
system of 298.49 kWp gave the highest energy production and could cover 80% of the early                
electricity bills. The net-billing simulations indicated that profitability is also feasible for            
small-scale PV in a net-billing scheme with low sell-rates of electricity. LCOE ranged from              
$6.98 to 8.24 ¢/kWh, for all policy-scenarios, which was lower than the buy-rate of electricity               
for The University of Prishtina. The results from the simulations along with the qualitative              
study conclude that the cost- and technical potential for solar power is profitable and feasible.               
In addition to socio-economic factors such as job-opportunities and health benefits, solar            
power could be a competitive energy alternative in comparison to current forms of energy              
generation in Kosovo. However, due to restrictive RES-policy and potentially costly FiT’s in             
Kosovo a proposition, collected through qualitative studies, is to switch to auctioning            
schemes with possible usage of FiP’s, if needed, for large- scale PV with regulators putting               
an emphasis on an open, fair and competitive market. Solar power is competitive and would               
fare well in such schemes and its implementation should be encouraged by stakeholders and              
regulators in Kosovo.  
 
Keywords: Solar PV; Prosumer; Photovoltaic incentives; Net metering; Net billing; LCOE; 
Self Consumption;Kosovo 
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Përmbledhje 
Në Republiken e Kosovës me 1.8 milion banorë, qytetarët e saj varen shumë nga dy               
termocentrale të ndotura, Kosova A dhe Kosova B. Termocentralet me linjit, që mbulojnë             
91% të gjenerimit të energjisë, po arrijnë fundin e jetës së tyre operacionale dhe kanë nevojë                
për restaurim ose ndërprerje. Kjo nënkupton që Kosova ka nevojë për energji alternative dhe              
për një sistem më fleksibël, i cili mund të hapë mundësi për energji të rinovueshme. Energjia                
diellore në Kosovë është akoma në një përqindje të ulët të perdorimit prej më pak se 1%.                 
Energjia diellore po frenohet nga mungesa e përpilimit të ligjeve dhe mungesa e investimeve.              
Nga energjia diellore Kosova mund të ketë perfitime në rritjen ekonomike dhe përmirësim të              
shëndetit për popullatën e Kosovës. Kjo çështje eshtë në perputhshmëri me qëllimet të             
vendosura nga agjenda e OKB-së 2030, në veqanti pika 7 në të cilën thuhet: ‘të sigurohet                
aksesi në energji të përballueshme, të besueshme, të qëndrueshme dhe moderne për të gjithë’. 
 
Qëllimi ynë me këtë studim është të hulumtojmë mundësitë për një sistem optimal fotvoltaike              
(PV) në Universitetin e Prishtinës ‘Hasan Prishtina’. Gjithashtu qellimi me ketë studim është             
të hulumtojmë ndikimet e mundshme teknike, sociale dhe ekonomike në zbatimin e            
sistemeve PV në Kosovë për të arritur agjendën e OKB-së 2030, posaçërisht pika 7. Projekti               
përbëhet nga një pjesë sasiore ku janë bërë simulime me System Advisor Model (SAM) në               
mënyrë që të llogaritet gjenerimi i energjisë dhe përfitimi i instalimit të moduleve PV në               
Universitetin e Prishtinës me skema të ndryshme rregullative. Për më tepër, është bërë një              
studim cilësor duke përpiluar informacione mbi strukturat rregullative në Kosovë dhe vendet            
e tjera evropiane në mënyrë që të identifikohen pengesat dhe tendencat e ardhshme në              
zhvillimin e burimeve të ripërtëritshme (BRE). 
 
Rezultatet e këtijë studimi tregojnë se, për Universitetin e Prishtinës, është veprim            
fitimprurëse të instalohet një sistem PV. Përmes këtijë sistemi, treguesit financiarë si NPV,             
LCOE dhe payback rezultojnë në përfitime ekonomike ne të gjitha skemat e provuara             
rregullative. Në modelin e parë bazë me 200 kWp, i cili ndjek politikat (policy) aktuale me                
kufizime të kapaciteteve të lejuar prej 100 kWp për një pikë matëse, mbulohen 60% e               
faturave vjetore të energjisë elektrike. Ndërsa në dy modelet tjera shtesë, bëmë percaktime të              
skemave alternative. Një nga modelet ishte net-billing në të cilin ndryshuam normat e shitjes.              
Tjetri model ishte një sistem PV me kapacitet më të lartë prej 298.49 kWp duke përfshirë                
gjithë siperfaqën e kulmit. Sistemi prej 298.49 kWp dha prodhimin më të lartë të energjisë               
dhe mund të mbulojë 80% të faturave të energjisë elektrike. Rezultatët e skemës së net-billing               
treguan se përfitimi është i mundshëm gjithashtu, me norma të ulëta të shitjes së energjisë               
elektrike. Kjo skemë mund të zbatohet për instalime të vogla me PV në Kosovë. Vlerat e                 
LCOE varion nga $6.98 ¢/kWh- 8.24 ¢/kWh dollar, në të gjitha modelet. Kjo tregon se               
kostoja është më e ulët se norma e blerjes së energjisë elektrike për Universitetin e Prishtinës.                
Rezultatet nga simulimet e të gjitha modeleve së bashku me studimin cilësor arrijnë në              
përfundim se kostoja dhe potenciali teknik për energjinë diellore është fitimprurëse dhe i             
realizueshëm. Ky studim tregon se përveç faktorëve socio-ekonomikë siç janë mundësitë e            
punësimit dhe beneficioneve shëndetësore, energjia diellore mund të jetë një alternativë           
konkurruese e energjisë në krahasim me format aktuale të gjenerimit të energjisë në Kosovë.              
Sidoqoftë, për shkak të politikave përkufizuese të BRE-ve dhe feed-in tariff ose FiT-ve, qe              
janë potencialisht të kushtueshme, një rekomandim për instalime të mëdha të PV-së është             
kalimi në skema tender, potencialisht me përdorimin të feed-in premium ose FiP-ve. Ne ketë              
skeme, politikbërësitë duhet të krejojnë mundesit për një treg të hapur, të barabartë dhe              
konkurrues. Energjia diellore do të jetë me kosto më të ulëta në të ardhmen dhe implementimi                
i saj duhet të inkurajohet nga palët e interesit dhe politikbërësitë në Kosovë. 
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Sammanfattning  
Republiken Kosovo och dess 1.8 miljoner invånare är starkt beroende av de två kraftigt              
förorenade kolkraftverken Kosova A och B för sin energiproduktion. Kolkraftverken, som är            
i slutskedet av sin livslängd, utgör närmare 91% av landets energiproduktion och är i behov               
av antingen restaurering eller avveckling. Detta medför ett stort behov av nya, flexibla             
energikällor i Kosovo vilket luckrar upp möjligheter för förnybar energi, särskilt solkraft.            
Andelen solkraft i Kosovo utgör idag mindre än 1 % av landets energimix och hämmas               
avsevärt av underutvecklade regelverk och brist på investering. Ekonomiskt överkomlig och           
tillförlitlig energi från solkraft skulle kunna bidra till minskad fattigdom, sänkt arbetslöshet,            
ökad ekonomisk tillväxt samt förbättrad hälsotillstånd hos Kosovos invånare. Detta          
sammanfaller i sin tur med FN:s globala hållbarhetsmål stipulerade i Agenda 2030, särskilt             
mål 7, ”Säkerställa tillgång till ekonomiskt överkomlig, tillförlitlig, hållbar och modern           
energi för alla”.  
 
Syftet med arbetet var att utforma ett tekno-ekonomiskt optimalt solcellssystem vid           
Universitetet i Pristina, samt undersöka de potentiella tekniska, sociala och ekonomiska           
effekterna av att implementera solcellssystem i Kosovo. Detta i mån om FN:s hållbarhetsmål             
och Agenda 2030, inriktat på mål 7. Projektet består av en kvantitativ analys där              
energiproduktionen och lönsamheten av att installera solcellsmoduler vid Universitetet i          
Pristina simuleras i anknytning till olika policy regelverk med hjälp av System Advisor             
Model (SAM). Vidare utfördes en kvalitativ studie där information om rådande politiska            
strukturer och regelverk i Kosovo och andra europeiska länder sammanställdes för att            
identifiera aktuella hinder och framtida trender i utvecklingen av förnybar energi. 
 
Resultaten visade att det är lönsamt för Pristinas universitet att installera ett solcellssystem.             
De granskade finansiella indikatorerna som NPV, LCOE och payback påvisade lönsamhet för            
alla simulerade policy scenarion. I bas-scenariot med 200 kWp med nuvarande kapacitets och             
policy restriktioner på maximalt 100 kWp per mätningspunkt, täcks 60% av de årliga             
elräkningarna. Därutöver simuleras ytterligare två modeller med alternativa policy-scenarion.         
En net-billing modell med varierande el-försäljningspriser samt en modell med högre           
kapacitet på 298,49 kWp. I systemet med 298,49 kWp erhölls den högsta energiproduktionen             
som täckte närmare 80% av de årliga elräkningarna. Net-billing simuleringarna gemensamt           
med låga el-försäljningspriser indikerade även lönsamhet i net-billing systemet. Denna typ           
av elförsäljning kan därmed vara realiserbart och tillämpas för småskaliga          
solkraftsanläggningar i Kosovo. För alla policy scenarion varierade LCOE från $ 6,98 till             
8,24 ¢/kWh, vilket var lägre än elpriserna för Universitetet i Pristina. Resultaten från             
simuleringarna och den kvalitativa studien antyder att den tekniska och ekonomiska           
potentialen för solenergi är hög. Utöver socioekonomiska faktorer som jobbmöjligheter och           
hälsofördelar kan solenergi vara ett konkurrenskraftigt energialternativ jämfört med         
nuvarande former av energiproduktion i Kosovo tack vare dess billiga kostnader. Med            
avseende på restriktiva regelverk gällande förnybar energi och den potentiellt dyra feed-in            
tariff-policyn i Kosovo är det till fördel, baserat på den kvalitativa och kvantitativa analysen,              
att utveckla ett auktionssystem med kompletterande feed-in premium för storskaliga          
solkraftsanläggningar. Detta med betoning på en öppen, rättvis och konkurrenskraftig          
marknad. Solkraft är billigt, konkurrenskraftig och är gynnsam för de socioekonomiska           
aspekterna i Kosovo. Dess implementering bör uppmuntras av intressenter och lagstiftare i            
Kosovo. 
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1 Background 

1.1 Introduction 

During the UN Summit in September 2015, leaders around the world adopted the global              
goals as one part of the new sustainability agenda, Agenda 2030, which today is the               
prevailing standard for sustainable development around the world. 17 global goals and 169             
sub-goals were set with the vision to fulfill these by 2030. Broadly, the goals were designed                
to ‘eradicate poverty and hunger everywhere; to combat inequalities within and between            
countries; to build peaceful, just and inclusive communities; to protect human rights and             
promote equality and women's and girls' empowerment; to ensure lasting protection for the             
planet and its natural resources‘ (UN, 2015). Although there is no clear omnipotent definition              
of the concept of sustainable development it is nevertheless a substantial guiding principle for              
long-term global development. Since sustainable development is an important and integral           
part on a global level, development on a national and international level requires a great deal                
of cooperation on all scales. With access to modern energy, emergence of development and              
poverty reduction, become significantly increased (UN, 2020). Yet many countries are           
struggling to ensure reliable, sustainable, affordable and modern energy resources to meet the             
increased energy demand which in term inflicts major social, economic, environmental and            
political challenges. With affordable and clean energy being essential in provision of basic             
needs such as nurture, lighting, water, health, education, transport and communication in            
combination with more work opportunities, development of clean energy is becoming           
substantial to develop sustainable futures in underdeveloped countries. With countries          
establishing strategies for nationalizing Agenda 2030 and a clear development framework,           
other countries fall short on developing frameworks and implementing SDGs on a national             
scale. The Republic of Kosovo, situated in Western Balkans, has today no clear development              
framework and no clear budget line for its development strategies (Ejupi et al. 2019). The               
Republic of Kosovo also has issues regarding its supply of energy in which the themes               
surrounding the conditions for sustainable development have become an increasingly          
political, economic and social issue.  
 
The energy sector and the national grid in Kosovo is heavily reliant on their two lignite                
coal-fired power plants, Kosova A and Kosova B, which currently produce 91% of Kosovo’s              
electricity with an installed capacity of 1,288 MW. Kosovo A (40 years old) is the worst                
single-point source of pollution in Europe and is proposed to be shut down by the               
government (World Bank 2018a). Due to Kosovo’s high lignite reserves, the fifth largest             
lignite reserves in the world (Davies et al 2018), problems have arized when mining for it.                
Much of the coal lies beneath private property such as villages. Which means that the only                
way of getting to the coal is by displacing people from their homes and land. There is an                  
interest in building a new coal plant in Kosovo called ‘Kosova E Re’ or ‘New Kosovo’,                
which could eventually lead to further mining of coal and an increase of the electricity bill                
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(Bankwatch, 2018). The second biggest provider of energy in Kosovo comes from smaller             
hydrocentrals. Issues with local residents have risen due to their placements and effects on              
the water supply and flora (Lajqi et al. 2020). Protests and demonstrations against the              
building of a hydrocentral in Brezovica were sparked when local residents said that the plant               
would dry the river bed and affect their livelihood (Bytyci, 2019). To add to the current social                 
problems, Kosovo is also one of the poorest countries in Europe where a third of the                
population is living under the poverty line (SIDA, 2017) .   
 
The European Commission communicated in 2017 that Kosovo’s government needs to           
increase regulatory efforts to improve its energy system, and to provide more support for              
renewables (Bellini, 2017). The Kosovar Ministry of Economic Development (MED) and           
Energy Regulatory Office (ERO) has set a target of 25%, and a voluntary target of 29%                
concerning renewable energy in final energy gross consumption until 2020 (ERO, 2019a).            
Renewable energy in Kosovo is however still at a low percentage of 9% regarding installed               
capacity of energy, which is dominated by hydropower, and its future penetration is being              
held back by lack of investments and underdeveloped regulatory framework (Govori, 2019).            
A switch to renewable energy, specifically solar power, could make social and economic             
impacts if implemented since solar power is not pollutive or harmful to the ecological              
systems during operation and has economical benefits of being a cheap energy alternative             
with large and small applications.  
 
The University of Prishtina, or ‘Univerziteti i Prishtinës - Hasan Prishtina’, like all of              
Kosovo, is completely reliant on the national grid for electricity. The national grid is though               
unreliable due to sudden power cuts and its inability to meet and supply the energy needs of                 
the population (Butcher et al 2017). These factors, in combination with a high cost of               
electricity, have ensued in economic expenses for the university. Installation of photovoltaic            
(PV) modules could potentially affect this expense and make The University of Prishtina             
more independent in terms of  electricity.  
 
In order to reduce poverty, lower unemployment, boost economic growth and improve            
people's lives, Kosovo needs affordable and reliable energy. This coincides heavily with the             
sustainability goals set by the UN Agenda 2030 and specifically goal 7, ‘Ensure access to               
affordable, reliable, sustainable and modern energy for all’ (UN, 2019). This project will put              
emphasis on the importance of sustainable development where renewable energy is a key             
element. The expected results will illuminate the current and potential technical, social and             
economic impacts of implementing PV-systems in Kosovo. 
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1.2 Objective of the project 

The aim of the project is to design a techno-economically optimal PV-system at The              
University of Prishtina and to investigate the potential technical, social and economic impacts             
of implementing PV-systems in Kosovo to help achieve the UN 2030 Agenda, specifically             
SDG 7.  
 
Main questions for the study will be:  

1. How does the current energy policy structure in Kosovo affect the economic            
profitability and energy generation potential of a photovoltaic-system at The          
University of Prishtina?  

2. How is the energy policy affecting the implementation of solar power in Kosovo and              
what regulatory factors could impact the future implementation of Solar Power in            
Kosovo? 

3. What role can the implementation of Solar Power in Kosovo have on social, economic              
and technical aspects related to future trends in the energy market? 

1.3 Discussion of Literature  

When compiling information about Kosovo’s current policy and statements on renewable           
energy, specifically solar energy, scientific documents in Kosovo and studies regarding these            
issues and themes were used in the thesis. State and regulatory documents were also of use                
when searching for information concerning legislation, current issues and prospects of the            
energy system in Kosovo. Our literary study also includes information and relevant studies             
surrounding photovoltaic systems, energy policy, energy trends, incentives and         
socio-economic impacts of solar energy. These were mainly based on studies and literary             
works collected from KTH Library and search engines or databases such as GreenFile,             
ResearchGate and Knovel. Information and data in reference to The University of Prishtina,             
were given from the local contacts who are directly connected with the facilities and its               
operations. Data regarding inputs in the calculations were collected through different           
programs and databases. To widen the scope, in regards to the collection of information about               
perspectives on the social impacts of the energy situation, news articles were used, but in               
scarcity to avoid tendentious information from politically driven news sites.  

1.4 Structure 

The structure of the thesis is to present the current energy situation in Kosovo and the                
theoretical background in reference to PV-technology and regulation on such systems. The            
methods while using SAM are also explained, in which its functions are presented with the               
respective inputs when simulating a PV-system at The University of Prishtina. The final             
results are assessed and discussed in later chapters to fully answer the main questions and               
objectives. 
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2 Methodology  

2.1 Accessing the PV-system at The University of Prishtina  

The main objective is to inspect the economic profitability of a PV-system at The University               
of Prishtina while staying in range of limitations such as roof area, maximal power capacity,               
investment capital and electricity load from The University of Prishtina meanwhile obtaining            
a technically optimal PV-system. Factors such as system size, system configuration,           
regulatory changes or incentives and other economic performance indicators are to be            
inspected using the software System Advisor Model, (SAM version 2018.11.11). The           
profitability of the system will be based on economic analysis of PV-systems which are              
calculated in SAM. Various simulations will be done by parametric analysis on SAM which              
allows the user to change several parameters in each simulation to study the impact it has on                 
the PV-system. All regulatory factors will be based on current policy and future scenarios,              
for example, an introduced feed-in premium or increased installation capacity. This could            
help investigate how, or if, future changes and models regarding Kosovo's energy policy             
could give altering results on the energy generation and economic profitability of the             
PV-system at The University of Prishtina. The exact models, inputs and delimitations of said              
PV-system used in SAM , are covered in section 5.  

2.2 Assessing social and economic impacts of implementing PV in Kosovo 

The social impacts of implementing photovoltaic systems in Kosovo will mainly be assessed             
through qualitative analysis and discussion. There are several factors which are relevant in             
the social scope of the thesis. These are the health related problems that are present in                
Kosovo due to heavy pollution, high unemployment and low income rates. The health related              
issues are to be accessed by finding literature, suggesting or indicating by quantitative studies              
that the pollution from the coal-fired power plants are negatively impacting the health of the               
inhabitants of Kosovo. In order to investigate how solar power implementation could affect             
job opportunities in Kosovo, a qualitative analysis will be made in order to find statistics               
referring to unemployment trends in the EU or Europe area related to renewable energy              
implementation. The impact on costs when installing renewable energy is analysed by finding             
literature on economic trends in Kosovo and Europe in relation to the implementation of solar               
power. Trends in the energy-market of Europe and Kosovo will therefore be examined. This              
will also be tied to Kosovo's regulatory framework mentioned in section 2.3 below.  
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2.3 Assessing the impact of regulation on the implementation of PV in Kosovo 

The impact of regulatory factors on solar power implementation will be assessed by             
investigating and presenting current policy measures taken to incentivise PV in Kosovo and             
other european countries. This is done in order to assess how the policy structure is affecting                
or have impacted the adoption of RES, especially solar PV. Germany, UK and Spain are               
investigated in order to gain perspective on their adoption of incentives for RES and solar               
power. Other countries are not inspected in this study, but directives from the EU and their                
commissions will be of usage. Factors that will be taken into consideration are deployment              
increases of RES, overall impacts on economy and market integration of photovoltaic energy.             
Incentives and policy regulations such as feed-in tariffs (FiT’s), feed-in premiums(FiP’s),           
auctions and self-consumption support schemes are also addressed. Other forms of incentives            
will not be examined in this thesis. The compiled information will be used to highlight and                
discuss differences in energy policy adoption between countries and relate them to Kosovo,             
in order to assess possible future policy adoption, trends and their benefits. The results from               
the simulations done on SAM at The University of Prishtina will also be taken into account.                
By increasing production-based incentives on SAM, the results can be altered to assess             
possibilities of developing incentives and what impact they might have on a PV-systems             
profitability.  

2.4 Interview Structure 

The interviews will be done with relevant actors within the energy sector of Kosovo. When               
gathering qualitative data from such actors within the energy sector, perspectives on the             
current situation and prospects of Renewable Energy Sources (RES), specifically solar           
energy, will be of use. This is to widen the scope of the study and gather information about                  
the opinions of certain actors on the energy situation, RES, solar energy implementation,             
regulation, UN Agenda 2030 and their respective challenges, opportunities and prospects.           
The interviews were semi-structured and consisted of several key questions in which there             
was also space for the interviewee to diverge in order to pursue a response in more detail.                 
This approach allows for flexibility in which the discovery or elaboration of information that              
previously was not perceived as pertinent. The interviews can be found in Appendix D-E. 
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3 Energy Situation in Kosovo  

3.1 Electrical Market  

The energy market in Kosovo is maintained and made up of several actors in regulation-,               
distribution- and production sectors. The key actors are The Energy Regulatory Office            
(ERO), Ministry of Economic Development (MED), Independent Commission for Mines and           
Minerals (ICMM), Kosovo Competition Commission (KCC), Transmission System and         
Market Operator, (KOSTT), Kosovo Electricity Distribution Company (KEDS), Kosovo         
Electricity Supply Company (KESCO) and Kosovo Energy Corporation (KEK),         
(ERO,2019a). ERO is an independent agency established by the Assembly of the Republic of              
Kosovo and is responsible for economic regulation of the energy sector. MED is responsible              
for energy sector strategy and policy where they prepare, legislate and draft strategies and              
projects. KCC is an independent commission, established by the Assembly of the Republic of              
Kosovo and has responsibility for advocating competition among generators while also           
providing protection for customers. KEDS is a joint stock company owned by the Turkish              
consortium LimakÇalik. They are responsible for activities within electricity distribution and           
maintenance of medium and low voltage networks. The same consortium also owns KESCO             
which formation was the result of legal unbundling between distribution operators and            
suppliers. KOSTT, owned by the Kosovo Assembly, operates as the Market Operator (MO)             
and Transmission System Operator (TSO). KEK is an electricity utility of Kosovo that carries              
out coal mining and electricity generation. KEK’s main facilities include Southwest Sibovc            
Mine and two lignite power plants, Kosova A (TPP A) and B (TPP B) which produce the                 
majority of electricity. The corporate assets are fully owned by the Government of the              
Republic of Kosovo. The actors are also included within the electricity market which consists              
of electric generation, transmission, distribution and supply. The generation is mainly based            
on the lignite power plants but also includes HPP Ujmani, owned by the government, and               
other HPP and RES that are privately owned. Transmission and market is operated by              
KOSTT, distribution is handled through KEDS and supply is mainly handled by KESCO.             
The power transmission network is connected to European and other regional electric systems             
through a combination of interconnection lines of 400 kV, 220 kV and 110 kV with Albania,                
Macedonia, Montenegro and Serbia (ERO, 2019a).  
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3.2 Energy Generation and Demand   
The majority of the electricity production comes from the two lignite coal-fired power plants              
Kosova A (TPP-A) and Kosova B (TPP-B) as well as the hydro power plant Ujmani (HPP                
Ujmani). The two lignite power plants have a total capacity of 1,288 MW installed which               
amounts to about 91 % of the total generation in Kosovo (ERO, 2019d). Besides the two                
TPP:s and the HPP Ujmani which has an installed capacity of 35 MW there are several other                 
small hydro power plants and wind plants connected to the grid as well as PV-systems.  

Table [1] Table over generators in Kosovo and their capacity (ERO,  2019d)  

Generators Installed Capacity(MW) Net Operational (MW) 

Kosova A 610 432 

Kosova B 678 610 

HPP Ujmani 35 32 

HPP-Kaskada e Lumbardhit 31.37 30.2 

Kitka (Wind) 32.4 32.4 

Various small on-grid hydro power plants 17.91 17.91 

Various small on-grid Solar power plants 10 10 

Various small on-grid Wind power plants 1.35 1.35 

Total 1 416.03 1 414.86 

 
Kosova A was inaugurated in 1962 in Obilić and five units were built in the years leading to                  
1975. Today only three of the units are in operation although their operational life has already                
exceeded (ERO, 2019a). Due to the non-operation of the two units and the high age of the                 
facilities the net operational capacity from the power plant is much lower than the installed               
capacity. Would it not be for Kosovo's lack of investment and technological progress in the               
energy sector the Kosova A would already be shut down (MED, 2017). According to future               
generating forecasts the Kosova A is intended to be shut down by 2023 (ERO, 2019a). 
 
Kosova B is the main generator in Kosovo and has two units with an installed capacity of 339                  
MW each and were built in 1983 and 1984 (ERO, 2019a). Several rehabilitation projects for               
the two Kosova A units were done between the years 2000 and 2002 in order to increase their                  
performance. Today the TPP-B is also running at a lower capacity than it should with an                
approximation of 310 MW per unit due to lack of power availability and control              
characteristics (ERO, 2019a).  
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Figure [1]. Generation of electricity in Kosovo by source in percentage  
 
In 2006 Kosovo became part of the Energy Community and thus signed participation in the               
Energy Community treaty, Stabilization and Association Agreement (SAA). The organisation          
is meant to ‘create an integrated pan-European energy market’ where countries of the EU as               
well as neighbouring european countries can partake (Energy Community, 2020). In the SAA             
treaty there are obligations for the fulfillment of several targets which Kosovo has agreed to.               
These targets are in energy efficiency, renewable energy sources and environmental           
protection. The target set by the council of ministers of the energy community was a RES                
share of 25 % of the total domestic final gross consumption by 2020 (MED, 2017). Besides                
this commitment the government of Kosovo also elaborated the national renewable energy            
action plan (NREAP) with a nine year scope (2011-2020) meant to reach the legal obligations               
regarding the energy community targets as well as other domestic goals and challenges. The              
total capacity of RES installed until 2020 is 130.85 MW (ERO, 2019d). This approximates to               
a share of 9% of the total installed capacity.  
 
The electricity consumption in Kosovo has generally been higher than the total domestic             
production capacity, resulting in a negative balance (ERO, 2019a). Although the overall            
electricity generation has increased over the years through minor rehabilitations of Kosova B             
the generation fails to provide the needed electricity during peak loads. In order to meet the                
required demand Kosovo has therefore been reliant on electricity imports from nearby            
countries. MED (2017) states that €538.25 million EUR were spent on electricity imports             
between the years 2000-2015. In many occasions when the electricity import prices have             
been too high the government has been forced to make planned cuts. This method to handle                
electricity shortages is becoming less common, yet, the grid and generation of Kosovo is still               
unreliable (ERO, 2019a).  
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It is not only the generation capacity of Kosovo that suffers from drawbacks. There are also                
major problems in the transmission and distribution sectors as well leading to inefficiency             
and high transfer losses. Lack of economic investments in the electricity distribution system             
has led to minimal development and a system unable to withstand an increasing load,              
especially during the winter (MED, 2017). As of 2013 the distribution and transmission             
systems have undergone privatisation which has led to an increase in investments during the              
recent years. The transmission system consists of high voltage lines ranging from 110-400 kV              
and several substations with transformers which are managed by the transmission system            
operator KOSTT. The accounted losses of this sector were 1.96 % of the total consumption in                
2018, this is a slight improvement compared to the previous year where the losses were 2.07                
% of the gross consumption and is expected to have reduced losses the coming years (ERO,                
2019a).  
 
The distribution network includes voltage lines ranging from 35 kV and lower and is              
responsible for the final delivery of electricity to the population. In spite of the recent               
improvements the technical and commercial losses of the distribution network system are            
still present and have not been sufficient enough to meet the distribution needs of Kosovo.               
The commercial losses being the highest source of loss in Kosovo's grid are due to               
unauthorized use of electricity and amounted to a 14.7 % loss of the incoming electricity for                
distribution in year 2018 (ERO, 2019a). This, added with the technical losses in the system,               
made the overall loss in distribution reach 27.9 % in 2018 while transmission losses were               
1.96% of the total electrical network towards consumption (ERO, 2019a). In recent years,             
investments in better infrastructure have been crucial for minimizing cost and loss in the              
energy sector and systems. New transmission-lines and reparation of old ones have improved             
the transmission loss rates but more investments are needed according to the regulatory office              
in Kosovo (ERO, 2019a). In reference to distribution losses, investments on improvements of             
capacities at medium voltage, low voltage lines and maintenance of the system have             
increased (ERO, 2019a). These types of investments have led to safer and steadier supply of               
electricity to consumers. Although, with recent calculations, in the coming years until 2027             
the consumption of energy in each sector will increase with more than 3% every year in                
which further development is needed (Gashi, 2017). Kosovo has high flows of electrical lines              
in the region which means that better interconnections with neighbouring countries are            
essential to improve the situation in the power sector according to ERO (2019a). KOST and               
OST, the transmission system operator of Albania, have been in talks to connect their              
national grid through a new line with 900 MW of transfer capacity compared to the old 220                 
kV line with 200 MW of transfer capacity. This is set to increase the exchange of electricity                 
to enable minimizing deficit on either side. 
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3.3 Energy and Socioeconomic Issues 

Kosovo’s high dependency on lignite reserves and their large share in electric generation, as              
presented in figure 1, has led to inflexibility in Kosovo’s energy mix but also issues regarding                
public health and economical difficulties. A report by the non-profit organization HEAL,            
backed by The European Commission, addressing environmental effects on public health in            
Europe, states that the existing coal plants in Kosovo create a total of between €70-169               
million EUR per year in health costs to people and governments in the region (Matkovic               
Pouljic, 2016). It also states that, due to long distance travel of pollutants in the air, the power                  
plants in Kosovo contribute to between €155-352 million EUR in health costs per year to               
Europe. Some of the health issues due to air pollution from the coal plants are lower                
respiratory symptoms, bronchitis, asthma, high amount of emergency medical examinations          
and premature deaths of 370 per year in Kosovo (Matkovic Puljic, 2016). Kosovo A and B                
emit the highest amount of PM 2.5 particles in Europe, 7 500 tonnes, with Kosovo A being                 
the worst single point source of pollution in Europe (Matkovic Puljic, 2016 & The World               
Bank, 2018a). The Kosova B plant is one of the biggest emitters of NOx in the Balkans in                  
which it emits three times more NOx than the average Balkan plant (Matkovic Puljic, 2016).               
The Kosovar Government announced in 2017 that a new modernized coal power plant would              
start its construction, with a capacity of 500 MW, which would replace the Kosova A plant                
(Bytyci, 2018). Building of New Kosova or Kosova C, would, according to HEAL, only add               
to the cost and damages to public health for up to €34 million EUR per year. The institute for                   
Energy economics and financial analysis IEEFA also concluded in a study that the electricity              
cost, for the average household, would increase with 12.9% annually in which the project              
also would lead to a cost of €4,169 Billion EUR comparing it to its perceived construction                
cost of 1.35 Billion EUR (IEEFA, 2016). An EU financed project has been in the talks to                 
improve the environmental and supply performance of Kosova B according to a press release              
from The European Commission (2020a). The project is said to lower the emissions of              
harmful dust by 35 times and NOx by 4 times. With having 5th largest lignite coal reserves                 
in the world (Davies et al. 2018), mining and exploitation of basins has been crucial to                
generate electricity for the population of Kosovo but it has also been a concern for local                
communities. Kosovo’s only active coal mine in Sibovc, in Municipality of Obiliq, has been              
reported to cause problems, with KEK saying that it has now reached the limit of where                
mining can be done safely, this due to bordering settlements (Butcher et al. 2017).  
 
Kosovo which imported 54% of its electricity imports in 2014 from Serbia (Azemi et al.               
2016) have also, due to political disputes, led to politicization of the energy market.              
Kosovo's energy sector is mainly shaped by its former Yugoslav grid which has been              
governed by serbian actors of whom also have a significant influence on electricity sales and               
water from the bordering Gazivoda, location of HPP Ujmani, for cooling Kosovo B             
(Obradovic-Wochnik et al. 2015). Financial costs for Kosovo, with non-payments of           
electrical bills in North Kosovo, has led to a loss of €204 million EUR and €225 million EUR                  
concerning non-compensation for capacity allocation on concerned interconnectors between         
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2004 to 2019 (RIDEA, 2019). This was, according to the Research Institute of Development              
and European Affairs, RIDEA due to EMS, serbian national transmission and market            
operator, actions and non-actions (RIDEA, 2019). In 2014 EMS and KOSTT signed a             
framework agreement regarding operational and commercial relations which would enact          
resolvement of the energy issues in north Kosovo (Obradovic-Wochnik et al. 2015). As of              
April 2020, KOSTT has been approved as an independent control block within the grid of               
operators in continental Europe, ENTSO-E (Koleka, 2020).  
 
The amount of RES in Kosovo energy generation and gross final consumption has also been               
a point of discussion concerning the energy issues in Kosovo. Kosovo achieved 24.6% of its               
2016 share of renewable energy, in gross final energy consumption, due to a revision in               
biomass consumption in households, rather than investment in renewable energy (IRENA,           
2019a). A survey commissioned by the Energy Community estimated about 2745 GWh of             
equivalent household heating demand was met through biomass consumption (Energy          
Community, 2012).  
 
Not only has the rising demand of electricity, its low coverage and distribution losses been               
big issues but the socio-economic aspects as well. Kosovo has around 1.8 million inhabitants              
and is the third-poorest country in Europe in terms of GDP per capita of 4,312 USD (The                 
World Bank, 2018b). The unemployment rate of 33% and a youth unemployment of 60% in               
Kosovo in which the average age is 26, the youngest in Europe, has led to emigration and                 
public concerns regarding Kosovo’s economy (Arandarenko et al. 2019). According to           
Eurostat the average electricity price per household in Kosovo in 2018 is around 0.066              
EUR/kWh (Eurostat, 2019). The cost of electricity is relatively high in comparison to general              
income in which the high electricity prices led to protests among inhabitants of Kosovo in               
2015 (Hajdar, 2015). Corruption is also a requerent issue in Kosovo. Transparency            
International's 2019 Corruption Perception Index ranks Kosovo at 101st place out of 180             
countries with a score of 36/100 (Transparency International, 2019). Kosovo is also            
recognized by the EU as a potential candidate for accession (European Commission, 2020b).             
This means that socio-economic issues in Kosovo need to be improved and/or resolved.  
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4 Theoretical Background  

4.1 Solar Power  

4.1.1 Solar Radiation 
The output energy from a PV-system is calculated using several different parameters in             
which the amount of solar radiation is one of the most central for these types of calculations.                 
The amount of solar radiation that reaches any given location is dependent on several factors               
such as the sun’s position, geographic location, time of the day, land scope, season and               
weather. Solar radiation is composed of ultraviolet, visible and infrared radiation and is             
generally divided into two subgroups; extraterrestrial solar radiation and global solar           
radiation. Extraterrestrial solar radiation is the radiation which is incident outside the            
atmosphere and global solar radiation is the radiation which is below the atmosphere at the               
surface. When the extraterrestrial solar radiation passes earth's atmosphere it is exposed to             
two sources of attenuation; scattering and absorption. Direct solar radiation or DNI, direct             
normal irradiance, is the radiation from the sun that is not scattered by the atmosphere while                
the diffuse radiation, or DHI, diffuse horizontal irradiance, is the scattered solar radiation on              
a horizontal surface. The sum of these radiations is referred to as global solar radiation or                
global insolation (Albright et al. 2008). The location of the sun in the sky at a given time of                   
day can be determined based on latitude and time of year which is important when               
calculating the amount of solar energy available to a PV (Albright et al. 2008). The sun's                
orientation is therefore an integral part when modelling a PV-system.  

4.1.2 Solar Orientation 
The orientation of the sun dictates the angle of incidence of the incoming radiation and thus                
influences the energy input. To approximately understand how much solar power that can be              
harnessed it is therefore important to understand the sun's path in relation to the coordinates               
of the specific location where the PV-system is to be installed. Naturally this is therefore               
useful when deciding potential locations for PV-module installation and the orientation of the             
PV-modules. The sun's pathway is often given in a two dimensional horizontal coordinate             
system, or also known as a topocentric coordinate system. This system is based on a               
reference plane where the observer's local horizon is the base plane. The two coordinates of               
the system which dictates the sun's position at a given time are the azimuth and altitude. If a                  
straight line is drawn between the observer and the point denoted as true north one gets a                 
vector of reference to which all other points or vectors in the system are related to. The                 
projection of the sun's position onto the circular, horizontal reference plane also gives a              
vector between this point and the observer. The azimuth angle is then defined as the angle                
between the vector given by the sun's projection onto the reference plane and the true north                
vector described above.  
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Figure [2]. Solar orientation in relation to the observer 

 

 
The altitude is as implied the height of the sun from the azimuth point and is constantly                 
changing through time. This shift in altitude is in turn due to earth's tilt around its own axis.  
 

4.1.3 Photovoltaic cell 

The main objective of a PV cell is the conversion of as much energy as possible from the                  
incoming flow of photons into electricity. This is called the photovoltaic effect in which solar               
energy in wavelengths of visible radiation converts into direct current (DC). In order to              
convert photons to electrons the photoelectric effect is used in which two layers of silicon are                
modified so they can either produce loose electrons or holes in the molecular structure where               
electrons can reattach. In a PV-cell the upper n-type layer is dipped into the phosphorus, with                
five valence electrons while the lower p-type layer is dipped into boron, with three valence               
electrons. The difference in electrons of these semiconductor materials is called a p-n             
junction and is common in designs of PV cells (Albright et al. 2008). The imbalance of                
electrons creates an electrical field in which photons absorbed by the cell will cause the               
electrons to move freely. This creates an electric current in which the electrical contact is               
made through a metal collector comb (metal grids) and a solid conductive backing (metal              
base) which can be found in figure 4 below. The travel of electrons to and from the external                  
circuit is attached to a load which then can be connected in series with other cells.  
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Figure [3]. Photovoltaic Cell (Albright et al., 2008) 

 

 
Photovoltaic cells can be manufactured in a variety of different ways and from many different               
materials. Silicon is the most common material for commercial solar cells but other materials              
such as Gallium Arsenide, Cadmium Telluride and Copper Indium Gallium Selenide are also             
used. These can be divided into brittle crystalline structures (Si, GaAs) or as flexible              
thin-film cells (a-Si , CdTe, CIGS). Crystalline solar cells can then be divided into two other                
categories- monocrystalline and polycrystalline cells. The monocrystalline modules are made          
up of a uniform crystal and have a higher efficiency at 20% or higher (NREL, 2020). This is                  
due to the cell being composed of a single crystal which enables the electrons to generate                
more movement of electricity. Polycrystalline modules are made up of different crystal            
structures and have a lower efficiency, generally 17%, but are less expensive due to lower               
process cost than monocrystalline cells (Szindler, 2013). 
 
Gallium arsenide and thin-film cells are the other common types of PV cells. Thin-film solar               
cells are made by depositing thin layers of semiconductors (CIGS, CdTe, a-Si) on a substrate               
material such as plastic, glass or metal. CdTe is the second most common semiconductor and               
has a lower manufacturing cost. However the efficiency is not as high compared to the silicon                
based PV-cells (Mir-Artigues et al. 2016). Gallium arsenide cells have high efficiency but are              
not as cost effective due to high manufacturing and material cost.  
 
In general PV-cells and their performance can be affected by numerous factors. One of the               
most common is the increase of temperature which causes a decrease of open-circuit voltage              
in the output of each cell. PV-cells decrease their power output with a higher air temperature                
with losses of around 0,5% energy generation occur with an increase of 1℃ above 25℃. The                 
effect is however present at all temperatures.Yet, it is possible to produce more than the rated                
power if the cells are cooled (Siecker et al. 2017). Other factors that affect performance               
include degradation of PV-cells with time. Factors such as resistance in series and in parallel               
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with PV cells in a panel as well as encapsulated PV-cells lead to further losses of efficiency.                 
When the PV cells are installed the weather and exposure to wind, dirt and humidity causes                
the performance of a PV cell to decrease annually. These factors will cause different              
efficiency losses based on which PV-cell or module is used and where and how it is installed.                 
Crystalline silicon cells have an average global degradation rate of around 0.5% annually             
after the initial maximum performance (Ascensio-Vasquez et al. 2019).  
 
Bypass diodes are also commonly used in the PV-cell to prevent power loss due to shading.                
Current always flows from high to low voltage through the output. This can be a problem                
when shading occurs which causes the current to be forced through the low-voltage shaded              
cells. This causes the shaded solar cells to heat up and have a large amount of power loss                  
which ultimately leads to the shaded cells consuming electricity instead of producing it. This              
affects the cells in the system which are all commingly inter-connected in series. Bypass              
diodes, which can be found inside the junction box of a PV-module, provide a low resistance                
path for the current to pass through the shaded cells. The bypass diodes are wired in reverse                 
bias between solar cells positive and negative output terminals. The effects on its output              
when the cells get shaded are therefore minimized. In an ideal junction of PV-cells there               
would be one bypass diode for every solar cell, but it's rather expensive which means that one                 
diode is connected to a small group of solar cells. Generally one bypass diode is connected to                 
12, 18 or 24 cells. Shading issues will still occur but the effects are much lower than if no                   
bypass diode was present in the system.  

4.1.4 Photovoltaic system 
As mentioned previously, solar cells convert energy from the photons into direct current (DC)              
electricity through the photovoltaic effect. Since a single solar cell does not generate enough              
power for practical applications solar cells are connected in series and packaged between a              
transparent top-cover and a bottom cover of transparent/opaque nature. This forms a            
PV-module. The output of the PV-module is primarily decided by the number and size of the                
series connected solar cells and their respective material (Ci, CdTe, a-Si etc). Other factors              
that affect the output are the electrical interconnections, weather and climatic conditions.            
Glass-to tedlar PV-modules with a production of (0,5V) are the most common on the market               
(Tiwari & Shyam, 2016). These types of modules have series-connected cells, often 60 or 72               
cells, which are sandwiched between a top glass cover and a tedlar composite. The              
lamination, in between the upper layer and bottom of the solar cells, is made with thin films                 
of EVA or other encapsulators. The PV-module is then sealed in a metal frame and has                
oftentimes a rigid structure. However PV-modules with thin-film solar cells are flexible            
(Tiwari & Shyam, 2016). Terminals for interconnections, positive and negative are on the             
backside of the PV-module. Peaks watts, or Wp, is the power produced at standard test               
conditions, STC, which consist of 1000 W/m2, a cell temperature of 25℃, and an air mass of                  
1.5.  
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Figure [4]. PV-module and its composition of layers 

 

 
The electrical output of a PV-module depends on external factors such as solar irradiance,              
PV-cell temperature and internal factors such as electrical efficiency and load resistance for             
each PV-cell. The operating point of the module, prefered at peak power point for a better                
result, decides the load resistance. For a better performance of a PV-system, the module in an                
array must operate at the peak power point and be kept cool to prevent energy losses. 

Figure [5]. Photovoltaic interconnections in series and parallel to form a PV-array  

 

 
 
A connection of PV-modules, in series and/or parallel, forms a PV-array in which size              
depends on the required electrical power for a certain application or system. The capacities              
range from watts (W) to megawatts (MW) and can therefore be integrated in small-or large               
scale applications. The generated DC power produced from a PV-array is converted into             
active current (AC) power using an inverter and fed into diverse electrical loads. Inverters are               
made to handle the power output of a PV-array, optimizing the energy yield and keeping the                
voltage at the required level to connect to the grid. This is done using the maximum power                 
point tracking (MPPT) under all sunlight conditions. The conversion of DC-to-AC has            
efficiencies of up to 98% but can fall off if an inverter is operating 25% below the maximum                  
power rating (Fthenakis & Lynn, 2018). The DC input power, that feeds into the inverter, can                
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due to a lacking PV-system design lead to clipping loss if the DC power is more than the                  
inverter can handle. To minimize such losses the inverter load ratio (ILR) or the DC/AC ratio                
is used to choose the right inverter for a specific PV-system. For example, a 5.5 kW DC                 
PV-array combined with a 5 kW AC rated inverter would have an ILR of 1.1.The traditional                
PV-system design, in most cases, has a recommended DC/AC ratio or ILR of 1.1 to 1.2.  
 
The end-use application and system configurations of the technology determines the           
classification of the PV-systems. PV-systems are classified as either off-grid/standalone or           
grid-connected. Off-grid or standalone solar PV-systems are commonly used in places           
without connections or large distances to the power grid, such as off-shore islands or rural               
areas. Other cases in which off-grid PV-systems are used is when it's too expensive or               
difficult to be connected to the power grid. In this case, off-grid PV-systems can also be used                 
in cities or other urban areas. Reliable energy storage is an important issue since without its                
operation the off-grid system would be confined to daylight hours. With energy storage less              
uncertainties regarding vagaries of sunlight are present which can enable consumption of            
electricity by any hour of the day. This type of system consists mainly of PV-arrays, loads                
and storage batteries.  
 
Since the 1990’s the market has gradually switched to PV-power plants and installations on              
buildings connected to the grid which in 2016 resulted in 98% of the solar cell production                
being deployed in grid-connected PV-systems (Fthenakis & Lynn, 2018). The advantages of            
a grid connected PV-system are mainly that the electricity needs can be tapped through the               
grid when it cannot be provided by the PV-system, especially during the night. The other               
advantage is that the output from the PV-array can be fed into the power grid when it’s not                  
being used or when it’s exceeding the electricity demand.  

Figure [6].  Basic Grid-connected PV-system in buildings 
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The grid connected PV-systems are mainly made up of PV-arrays, an inverter, DC/AC             
switches to isolate the system in an event of a failure and a fuse panel that can deliver the                   
power to the building or grid depending on the electricity demand. The meter is used to                
collect data, such as energy production and consumption, to analyze and keep track of the               
performance of the PV-system. A grid-connected PV-system with energy storage has similar            
components but has a bidirectional inverter composed of an inverter, transformer and a             
control system. The charge controller, part of the control system, prevents the battery from              
overcharging thus keeping it in optimal functionality. This type of system can offer             
uninterrupted power supply in which the stored amount of electricity in the battery can be               
deployed in certain situations, such as at nighttime, winter or if there is a sudden power cut in                  
the grid. The control system will also regulate when the battery should be charged or not,                
thus avoiding overcharging the battery. The size and model of the battery can differ which in                
turn affects the system as a whole.  

4.1.5 Storing with batteries 
The energy output of PV-systems can in many cases fluctuate and lead to a higher production                
of electricity than required to meet the demand. This scenario can be dealt with either by                
feeding excess electricity to the main grid or by storing the electricity in batteries for later                
consumption. The most common batteries used in PV-system are lithium-ion, lead-acid and            
nickel based (Warner, 2019). The most common characteristics for a battery is durability,             
cost and storage capacity. These traits often come at the expense of another. For instance, a                
high storage capacity might lead to a higher cost due to an increased battery size while a                 
smaller battery might have a lower capacity but lower cost (Warner, 2019) 

4.1.6 Installation of a PV-system 
There are several factors to consider when installing PV-systems. Before installation of any             
PV-system one must decide the optimal location. The optimal location for installation of a              
PV-system, as mentioned previously, is related to the solar position and its irradiance at the               
given place. When the sun’s rays hit the surface of the PV-module perpendicularly, the              
PV-module or system will harness the most power (Cota, 2010). The orientation of the              
PV-module is therefore an important factor when optimising energy production. 

Figure [7]. Panel orientation in relation to position on hemisphere  
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As shown in figure 7 the panel's orientation in relation to its position on the northern                
hemisphere is facing south, which is a rule of thumb when choosing the optimal orientation               
and direction to receive increased direct light from the sun. For a system in the southern                
hemisphere a orientation towards north is used. As the optimal location and orientation of a               
PV installation has been determined, for a chosen capacity installation of PV (kW) the spatial               
arrangement of the PV-modules must be decided in order to gain maximal yield. This is               
important when the surface area is limited, especially for installation in dense urban areas and               
rooftops. In a relatively large rooftop building there may be portions of the total area that are                 
not suitable for installation due to shading from other buildings among other disturbances. In              
cases where shading is inevitable, a shading analysis can be made to compute potential              
shading losses. With flat roof-tops, ground coverage ratio (GCR) becomes more important            
when choosing the right spacing of the PV-modules. The GCR is the area of the total amount                 
of PV-modules divided by the roof area occupied by the PV system and is calculated as a                 
percentage or the ratio, as seen in figure 8 of array length to row-distance(L/R) 

Figure [8]. GCR and Spacing (Doubleday et al. 2019) 

 
β is the tilt angle and z is the measured height of the module. The two dimensional field-of                  
view, measured as the angle ψ(z), reduces with height z. When spacing and specifics              
concerning said PV-system is made accordingly the installation can be done swiftly. 

4.2 PV-Prosumer Market 

Mounting solar panels on buildings brings benefits of not using any additional land where              
energy can be generated directly at the load, which saves potential transmission losses             
(Sommerfeldt, 2019). The stakeholder of such systems is considered a prosumer, which is             
someone that consumes and produces energy. Prosumers with PV-systems are typically           
installed behind-the-meter, which means that the electricity will first and foremost supply the             
loads inside the building. This is also known as self-consumption where the excess generation              
of PV-systems flow to the meter and into the distribution grid (Sommerfeldt, 2019). When              
excess generation occurs, the electricity can be sold to the electricity market through different              
meter reading and billing processes and policies.  
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This can be done through net-metering or net-billing. In a net-metering scheme the energy              
produced and consumed by the prosumer is measured during each billing period, this results              
in a net balance called the prosumer-balance, measured in kWh. If the prosumer-balance is              
positive, meaning that the prosumer has produced more energy than it has consumed from the               
grid, it can be used later to offset consumption in the period when RES, or solar PV, is not                   
sufficient (Energy Community, 2018b). The excess generation will be carried over as a             
compensation to the next billing period in which the prosumer is credited in energy (kWh),               
which is often equal to the retail electricity price. Net-billing is a compensation mechanism              
in which the prosumer compensation is based on the real market value of the kWh consumed                
or injected to the grid, which normally is valued at different rates (Energy Community,              
2018b). Prosumers with net-billing can expect to buy electricity at retail price and sell it at                
wholesale price, in which the latter is at a lower sell-rate (Energy Community, 2018b).  

4.3 Economic Analysis of PV-Systems 

With solar radiation being a free primary energy source, the cost for each produced kWh is                
heavily dependent on the cost of the system, which consists of installation costs, operation              
and maintenance costs (OM), performance of the PV-system and its lifecycle. Other external             
subsidies such as tax reduction and incentives can also affect the cost. When doing an               
economic analysis of PV-systems, numerous factors and parameters, affect the profitability           
and feasibility of the project. The most common parameters and calculations are costs (C),              
levelized cost of energy (LCOE), benefits (B), net present value (NPV) and simple payback              
(SPB). Eq 1-5 calculates these parameters. (Sommerfeldt, 2019).  
 
The costs C of the system can be approximated with equation (1) below and are calculated as                 
the initial investment cost ( , associated with a certain value added tax ( ), added    )I0          φ vat   
with the sum of the operational and maintenance costs ( ) discounted in time (y) over the         OM y        
operational life (L). The initial investment covers costs of the PV-modules and inverters as              
well as installation costs and equipment costs of the system.  
 

C (1  ) = I0 + φ vat + ∑
L

y=1

OM  y
(1+d) y (1) 

 
LCOE, which is the unit price for electricity over an operational lifetime at a certain discount                
rate, can be approximated with equation (2) below. It is calculated as the sum of all costs over                  
time ( discounted over time with at the discount rate ( ) of the system. The sum of all )Cy          d         
discounted costs over time are then divided by the discounted energy output ( of the            )Epv,y    
pv-system over an inspected time-period (y to L). LCOE is used as an economic measuring               
tool to compare the production cost of different energy technologies and projects, for             
example, PV-systems and coal-fired power plants (Mir-Artigues, 2016). A lower LCOE           
compared to the market electricity retail price is preferable in order for the system to be                
economically feasible.  
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COEL =

/(1+d)∑
L

y=0
Cy

 

y

/(1+d)∑
L

y=0
Epv,y

y
 (2) 

 
The benefits B of the system are given by equation (6) below as a one-time capital subsidy                S0  
added to the sum of various profits, seen in the numerator, discounted over the systems               
lifetime L. The self-consumed energy volume is multiplied by the retail energy price      Esc,t         

of the self-consumed energy giving a monetary value of avoided electricity bills. TheP r               
overproduced energy of the system is multiplied by the wholesale price of the     Eop,t        P w   
overproduced energy granting a revenue per energy unit sold. lastly in case of an energy               
policy granting subsidies the net metering value is multiplied by the meter based subsidy        Es        
compensation .P s  
 
 

   B = S0 + ∑
L

y=1 (1+d)y

(E P ) +(E  P ) +sc,t r y op,t w y
∑
 

 
(E P )s s y

                   (3) 

 
 
The costs and benefits of the system are central for calculating the net present value (               P V )N
of the system as well as the simple payback . The is calculated as seen in         P BS   P VN      
equation (7) as the sum of all costs and benefits over the operational lifetime . The         C y    B y      L   

is an indicator of the system's expected savings or losses discounted over the lifetimeP VN                
and is also known as DCF, the discounted cash flow method (Tiwari et al. 2016). A positive                 
NPV indicates that the investment will result in saved capital and is economically profitable.  
 

 P VN = ∑
L

y=0
C  ][ y + B y  (4) 

 
Lastly the simple-payback method ( as calculated by equation (8) is given as the year    P B)S           

where the balance of the costs and benefits is zero meaning all costs are covered. In theY                  
case of a discounted payback, the discount rate is used in the calculations in order to account                 
for time value of money. A profitable payback time is reached when the time-span is lower                
than the economical lifespan of the PV-system. 
 

where and                                                                             (5)P BS = Y ∑
Y

y=0
C  ][ y + B y d = 0   
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4.4 Support Policy for Photovoltaics 

4.4.1 Photovoltaic Incentives  
When installing and operating renewable energy, such as PV-systems, financial incentives           
can be offered to finance the usage or production of such energy systems. These financial               
incentives can be offered in forms of policy and programs from governments to encourage              
solar energy development and achieve economies of scale needed to compete within the             
existing electrical market. The incentives cause the cost of PV-generated electricity to be             
above the cost from the existing grid and over time, when such cost of solar electricity falls to                  
meet the rising cost of grid electricity, grid parity is reached and incentives are no longer                
needed. Grid parity is the point when the cost of alternative energy, such as solar energy,                
becomes equal or less than electricity from conventional energy, such as coal. In this case the                
costs of generating a solar PV kWh, in LCOE, and the price of the kWh provided by the grid                   
is equal (Mir-Artigues et al. 2016). Depending on the consumer of said electricity, grid parity               
is reached at different costs, usually retail or wholesale price (Mir-Artigues et al. 2016). An               
incentive program presumes a decline in prices that will follow from ongoing industry             
experience, increased volumes of production and other forces, in part driven by the incentives              
themselves (Hoff, 2006). The main actors within such incentive programs are the incentive             
program designer (incentive agency or utility), purchasing customer and PV industry           
(including manufacturer and reseller). 

Table [2] PV incentives, their structure and description (Hoff, 2006) 

Incentive Structure  Identifier  Description 

Capacity Based Buydown CBS Single upfront payment based on manufacturer system rating such 
as DC module rating or AC rating 

Expected Performance Based 
Buydown 

EPBB Single upfront payment based on estimated, expected long-term 
performance using such inputs as component efficiencies, design 
orientation, location and weather data 

Performance Based Buydown PBB Single upfront payment based on expected long -term performance, 
with periodic adjustments over time based on measured system 
output 

Capacity Based IIncentive CBI Multiple payments over time based on manufactrúrer system rating 
(kW-AC or DC). The CBI is similar to the CBB except several 
payments are made. 

Performance Based Incentive PBI Multiple payments over time based on measured system output 
(kWh) 

 
Depending upon the size of the incentive program, it may be desirable for a program to                
implement multiple structures simultaneously according to Hoff (2006). Other incentives          
such as renewable energy certificates and tax-reduction are also used in incentive programs.  
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4.4.2 Feed-in Tariffs 
When the cost of self-generation is above retail grid parity, for commercial and residential              
PV-installations, the most effective promotion of investments is the usage of feed-in            
premiums and feed-in tariffs as an incentive program for photovoltaics (Mir-Artigues et al.             
2016) Feed-in tariffs (FiT) are PBI’s given to renewable energy producers and prosumers in              
order to finance their cost of production, initial investments and making them            
cost-competitive with other energy alternatives (Mir-Artigues et al. 2016). FiT-schemes come           
in the form of long term power purchase agreement contracts (PPA), ensuring guaranteed             
grid access and priority dispatch (European Commission 2013). The RES-producer is paid            
per renewable energy unit supplied to the electricity grid according to the purchase price              
stipulated by contracting parties.  
 
Tariff digression is a common practice, which is a gradual reduction of the FiT spanning a                
desired timeframe (Abazi, 2014). The purpose of the digression is to create the urgency of               
development and maximum efficiency within a specific technology. The duration, tariff level            
and cap set to the FiT are also important factors for such schemes. In particular a longer                 
duration of the contracts in combination with a consistent policy as well as higher tariff rates                
may lead to a more effective feed in tariff (Dijkgraaf et al. 2018). In contrast to this, the                  
presence of a cap of installation showed diminished effectiveness on yearly installed capacity             
of solar power (Dijkgraaf et al. 2018). In the European Commission's guidance for the design               
of renewable support schemes it is stated that support schemes work best when they are part                
of long term, stable policy frameworks with clear goals that are specifically designed in              
regards to technical and geographical factors (European Commission, 2013).  
 
Predominantly, the main difficulties with FiT-schemes are the uncertainty, rigidity and the            
possibility of solar power booms affecting electricity rates for end consumers (Mir-Artigues            
et.al 2016). The FiT’s rigidity is referred to as the inadequacy to adapt to rapid changes in the                  
energy sector and technology specific changes such as generation costs and technological            
innovation. The change between FiT regimes are usually slow and booms in solar power              
installations often occur prior to tariff reductions creating overload on the market            
(Mir-Artigues et.al 2016). However this can be countered by adopting floating digression            
tariffs and clearly defining yearly deployment goals ,as exemplified by Germany through            
their deployment corridors (Mir-Artigues et.al 2016). The European commission has also           
recognised the lack of flexibility and market exposure of FiT’s (European Commission,            
2014).  

4.4.3 Feed-in Premiums 

Feed-in premium-schemes (FiP) are an alternative to FiT’s. Renewable energy producers can            
sell their electricity directly to the energy market and receive an additional premium for every               
kWh produced on top (Mir-Artigues et al.2016). An FiP can either be fixed or floating. In                
case of a fixed FiP the premium is determined based on long term average electricity prices in                 
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order to determine a reasonable rate to avoid overcompensation (Held et al. 2014). Floating              
premiums are also based on electricity prices but may take short term fluctuations, like              
monthly or daily averages, into consideration (Held et al.2014)  

4.4.4 Auctions and Tendering  
Tenders are a specific case of auctions done between private corporations and governmental             
agencies. The government invites Renewable Energy Source-Electricity (RES-E) generators         
to compete for either a certain financial budget or a certain RES-E generation capacity. The               
participants make their bids and the lowest bid, being the cheapest per energy unit, is               
awarded the contract and subsidy (Mir-Artigues et al. 2016). The tenders can either be              
technology specific, meaning only certain technologies can compete in the bidding process,            
or technology neutral where all technologies may compete. Tenders are often used to allocate              
different instruments such as feed in premiums and investment supports (European           
Commission, 2013). Auctions also help determine an adequate FiP tariff rate while pushing             
for the lowest rate possible by competitive bidding. Auctioning is however not appropriate             
when it comes to small scale generators such as rooftop PV-systems (European Commission,             
2013).  

4.4.5 Feed-in Tariffs in Kosovo  
ERO’s adoption of a FiT in Kosovo, May 2016, for RES including solar PV, wind energy,                
small hydro plants and biomass resulted in a 136.4 EUR tariff per produced MWh of Solar                
power (European Commission, 2019). The PPA’s for PV-energy under the support-scheme in            
Kosovo are set to a timespan of 12 years. The Government of Kosovo stipulated certain limits                
regarding the allowed installation capacity for all RES technologies that fall under the             
support scheme. The limitations resulted in a total limit of 10 MW for photovoltaic energy               
(ERO, 2017). At this point the quota has already been filled and no more projects can benefit                 
from the FiT (ERO, 2020b). The applicants for new projects that want to benefit from the FiT                 
are put on a waiting list as pending applications and can only be granted permission if a                 
vacant spot is available. In addition, there is also a limit set per applicant concerning the                
allowed installation capacity, which is set to a maximum of 3 MW (ERO, 2017). In order to                 
fund the FiT scheme the government has implemented additional specific charges on the             
electricity bill, collected by the system operators. This means that the end consumers bear the               
costs of the FiT. The extra charge goes to a special fund, The Renewable Energy Fund (ERO,                 
2017). ERO has set a new potential FiT-target adding 20 MW of Solar PV as of November                 
27th 2019, with €85.5 EUR/MWh during a term of 12 years (ERO, 2019b).  

4.4.6 Self-consumption support scheme in Kosovo 

RES-E generators can also apply for prosumer status through a self consumption support             
scheme in Kosovo (ERO, 2017). This support mechanism is meant for electricity customers             
connected to the low voltage distribution network and is stipulated between the energy             
supplier and the electricity customer applying for prosumer status. The self-consumption           
support scheme in Kosovo is based on net metering (Govori, 2019). In Kosovo the prosumer               
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is credited in energy (kWh) in the next billing period balance. This is however not the case                 
after the shift of the year, as the prosumer balance is zeroed (ERO, 2017). The suppliers are                 
obligated to enter a prosumer agreement with the prosumer which guarantees that all             
electricity they produce will be offtaken by the supplier (ERO, 2017). There is also a capacity                
restriction for applicants to the self-consumption scheme which is 100 kW per metering point              
connected to low grid connections, capacities above this are not allowed to participate in the               
scheme (ERO, 2020a). The prosumer is also obliged to enter a prosumer agreement, or              
electricity supply contract, with the DSO.  

4.4.7  FiT and FiP in other European countries 
FiT’s were introduced in Germany in 2000 and were decommissioned for solar energy             
projects larger than 100 kW as of 2017 (BMWi, 2017). The contracts under the FiT scheme                
span 20 years for photovoltaic projects and guarantee grid access and priority under purchase              
obligations (Sternkopf, 2019). The FiT’s are given at a fixed price which is determined for               
each project and is based on operation and scale of the solar power plant (RES-Legal, 2019a).                
For projects between 100 kW and 750 MW the german government adopted FiP’s, calculated              
on a monthly basis (BMWi, 2017). The same digression rates, reference tariffs and timespan              
are applicable for the FiP as for the FiT (Sternkopf, 2019). Currently the FiP is the main                 
support scheme for RES in Germany and most newly installed PV-systems benefit from this              
form of support. All projects over 750 MW are instead forced to compete in auctions (BMWi                
2017).  
 
In the UK FiT’s were introduced in 2010 offering 25 year long contracts securing grid               
access and priority (Maroulis, 2019). The limitations were set to 5MW per project. In 2012               
the contracts were changed to 20 years for new projects. The UK government also adopted               
deployment caps for RES in 2016 which are revised every quarter in order to determine the                
appropriate digression for the FiT’s (Maroulis, 2019). For solar energy, the FiT is reduced              
with 10 % if the cap is met or exceeded, this is called a contingent digression. The contingent                  
digression is an addition to the default digression for each technology, which is also              
determined every quarter depending on system operation and size (Maroulis, 2019). In april             
2019 the UK decided to terminate the FiT-scheme and no new projects were to benefit from                
the FiT (Government of the UK, 2020).  
 
Another country to adopt an electricity FiT for PV-installations, in 1997, was Spain (Del Rio               
et al. 2014). In 2007 a new FiT under the Royal Decree 661/2007 entered into force in Spain                  
with the intention of supporting the 2010 deployment target of 400 MW solar power              
(Mir-Artigues et.al 2016). In the early years of the FiT in Spain the producers and generators                
of electricity could choose between a fixed tariff, revised each year, or a feed-in premium               
added to the market price (Del Rio et al. 2014). Despite this, in 2007 the tariff changed to a                   
fixed FiT and FiP’s were no longer a choice for PV-generators (Del Rio et al. 2014). The                 
tariff levels for projects between 100 kW and 10 MW were increased by 82% as well to                 
promote larger facilities (Del Rio et al. 2014). 

36 



 

5 Method for Models and Boundary conditions 

5.1 Location and Site 

5.1.1  Laboratory-Building at The University of Prishtina  

The laboratory building, constructed in 1982, at The University of Prishtina is shared among              
the three faculties Electrical & Computer Engineering (FIEK), Civil Engineering &           
Architecture (FNA) and Mechanical Engineering (FIM). The laboratory is used for teaching            
purposes and it has laboratories located on the ground floor.  

Picture [1]. View of laboratory (GoogleMaps)                            Picture [2]. 3D-View of 
laboratory(GoogleMaps) 

The total roof area, which is flat, is estimated to be 5,588 m² with measurements used in                 
GEOPortal (Geoportal-rks, 2020). However due to obstructing objects on the roof of the             
laboratory the measured total roof area is reduced to 5,356 m² for installation of PV. The                
proposed area for installation is presented in figure 9 with a total net area of 4,054 m².  

Figure [9]. Roof area proposed by The University of Prishtina for an installation of 2x100 kWp PV 
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5.1.2 Electricity Load  
Monthly electricity loads over a three-year period were provided by The University of             
Prishtina. An average monthly load data was compiled from both metering points and made              
into hourly load data using the software Hybrid Optimization Model for Multiple Energy             
Resources (HOMER Pro version 3.14.0 2020). The total yearly electricity load at the             
measured metering points amounts to 413,152.6 kWh.  

   Figure [10] Monthly Electricity Load                                                  Figure[11] Hourly Electricity Load 

5.1.3 Climate Data     

Figure [12] Yearly and Daily Solar Energy Yield in Kosovo (The World Bank, 2019)   
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The yearly energy yield in Kosovo ranges between 1,095-1,387 kWh/kWp in which Prishtina             
has a potential of 1,314-1387 kWh/kWp (The World Bank, 2019) In comparison, a study              
done in Europe in which 30,000 PV systems were monitored and inspected, resulted in a               
mean energy yield of 898 kWh/kWp for The UK, 1115 kWh/kWp for France and 1450               
kWh/kWp for PV-plants in Spain (Leloux et al. 2015). A study on grid connected PV-system               
in Dragash, south Kosovo calculated that yearly energy yield, with an incline level of 45               
degrees, reaches 1287.57 kWh/kWp for p-Si and 1328.1 kWh/kWp m-Si modules           
(Gebremedhin et al. 2018). For acquiring the hourly weather data in Prishtina the             
meteorological data center Meteonorm 7.3 was used as it generates data that represents a              
typical meteorological. The weather information included global irradiance GHI (W/m2),          
direct normal irradiance DNI (W/m2), diffuse irradiance DHI (W/m2), plane of array            
irradiance POA (W/m2), dry bulb temperature (°C), wet bulb temperature (°C), dew point             
temperature (°C), relative humidity (°C), pressure (mBar), snow depth (cm) and albedo            
(fraction).  

    Figure [13] Global Irradiance in Prishtina                                          Figure [14] Direct and Diffuse Irradiance in Prishtina 

Figure [15] Ambient Temperature in Prishtina 
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5.1.4 Delimitation 

According to the self consumption rules set by ERO and recommendation forwarded by The              
University of Prishtina, a limit installed capacity of 100 kWp per metering point can be               
installed on the roof of the laboratory building. With two measuring points in the laboratory               
building, The University of Prishtina has proposed to install two PV systems with 100 kWp               
connected to two separate metering points. The University of Prishtina has, as a consultation,              
proposed a specific area to be used on the roof of the laboratory building. The proposed area                 
can be seen in the previous section 5.1.1. When calculating the results, a PV-system with               
2x100 kWp or 200 kWp, was therefore adhered to in the calculations. 

5.2 Modeling of PV-systems 

To assess the economic profitability and energy generation of a PV-system at The University              
of Prishtina in Kosovo with current and potential energy policy structure as mentioned in              
section 2 three models of PV systems were simulated with SAM:  

- PV-System of  200 kWp installed capacity with net energy metering 
- PV-System of 200 kWp installed capacity with net-billing and varying sell-rates of            

electricity 
- PV-System of installed capacity >200kWp as a result of allowing increased           

installations on the site. The maximum capacity reached 298.49 kWp. 

5.2.1 System Advisor Model 
SAM lets the user combine a renewable energy system with a financial model that suits the                
aim of the user. The residential financial model is usually used for systems smaller than 500                
kW. The main objective of the PV-performance model is to combine a module with an               
appropriate inverter model to calculate the PV-systems AC-energy output over a chosen            
timespan. This is done given weather data for the specific location and the specific desired               
physical characteristics of the system such as module, inverter type and array configuration.             
The different inputs of SAM range from modules, inverters, system design, losses, shading,             
layout and lifetime degradation of the PV-system. Financial parameters are also inserted into             
SAM in which NPV, LCOE, payback and other economical data is calculated. All             
economical and technical calculations and formulas can be found on SAM’s homepage. The             
two following references provide all models for SAM in detail. (short et al. 1995 & Gilman                
2018) 
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5.2.2 System Design  

The performance and financial models used in the calculations were the detailed PV and              
distributed residential models. The PV-module used in the calculations, Polycrystalline-Si          
JSP 72 Cell Series, comes from Kosovo’s biggest solar factory JAHA solar located in Fushë               
Kosovë, Kosovo (JAHA Solar, 2020). It has the dimension (Length) 1966mm x (Width)             
998mm x (Thickness) 35mm , 3 bypass diodes and a rated output of power (Pmmp) of 320W.                 
The inverter is a KACO Blue Planet 20.0 TL3 INT with 20kVA. The full datasheet of the                 
PV-module and inverter is included in Appendix A. To get the recommended DC/AC-ratio of              
1.1 an added number of inverters were inserted for each simulation. The number of              
PV-modules to suffise a 200 kWp system totals 625 modules with 8 inverters which led to a                 
DC/AC-ratio of 1.05. Due to nominal Wdc values being higher than expected, 624 modules              
were used, totaling to 200.71 kWp. The tilt degree was chosen to be 20 degrees in all                 
iterations and models, which corresponds to commonly available racking solutions for flat            
roof spaces. The azimuth was kept at 180 degrees facing south. The GCR of 0.34 is based on                  
correlation of laboratory-roof area, module dimensions and tilt degree as well as the inter row               
spacing or distance between modules. 

                                                     Table [3]. Metrics for PV-systems 

Number of 
Modules 

Inverters DC/AC-ratio kWdc Site Area Used  Total Module 
Area 

Total Occupied 
Area 

GCR 

624 8 1.05 200.71 4,054 m2  1,224.3 m2   3,600.97 m2   
0.34 

 928 11 1.13 298.49 5,356 m2  1,820.8 m2   5,355.30 m2  

 
The inter row distance for said GCR was ~5,78 m, including the length of each module. With                 
GCR staying at 0.34 and using the whole roof area a PV-system with 928 panels and 11                 
inverters (DC/AC-ratio of 1.13) was simulated, which equals an installed capacity of ~298.49             
kWp. System design configurations can be seen in Appendix B.  

5.2.3 Shading and Losses  
The GCR for the simulations was 0.34 with a row distance of ~5.78 m . Self shading losses,                  
as standardized by SAM and estimates of losses with snow coverage from the weather file               
were used. The irradiance losses were set to an average annual loss of 5%. DC- and                
AC-losses were set to a total loss of 4.44% and 1% respectively. The lifetime degradation               
rate was set to 0.5%. The amount of losses used are in reference to the default settings of                  
SAM and were therefore used in all simulations. 
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5.3 Economic Parameters and Inputs 

The following tables and values were used as inputs for the simulations of the different               
PV-models in SAM.  

Table[4]. System Costs for each system 

System Costs (C) 200.71 kWp 298.49 kWp  Reference  

Direct Capital Costs $185,935  $273,560 (ERO, 2019c) 

Operation and Maintenance (OM) $4,648/year $6,839/year (ERO, 2019c) 

 
The direct capital costs include modules, inverters, equipment and installation which were            
€0.7-0.9 million EUR/MW for PV-systems in Kosovo (ERO, 2019c). The average amount of             
€0.825 million EUR/MW was used in the simulations. This constitutes €825 EUR/kW or             
$929 USD/kW. The OM-costs are 2-3% of the direct capital costs in Kosovo for every year                
(ERO, 2019c). An average of 2,5% of the direct capital costs/year was adhered to in SAM.  

Table[5]. Financial Parameters for all systems 

Financial Parameters  Values  Reference  

Default Debt Fraction  60%  - 

Loan Term & Analysis Period 25 years  - 

Loan Rate  6.65%/year  (Trading Economy, 2018) 

Inflation 2.38%/year  (Trading Economy ,2020) 

Real Discount rate (d) 13%/year  (The World Bank, 2018c) 

Income Tax rate  10%/year  (RKS, 2019)  

Sales Tax 18%/year  (Trading Economics, 2020) 

Value Added Tax ( )  φ vat   8%/year  (Tax Summaries, 2019) 

 
The analysis period used in the simulations were 25 years, with an inflation rate of               
2.38%/years, the average inflation rate from 1997-2020 for the Eurozone (Trading Economy,            
2019). The real discount rate was taken from a project appraisal document by The World               
Bank (2018c), which used an average discount rate of 13% for a project in Kosovo. The                
discount rate will be a point of discussion in later chapters. In SAM the calculated LCOE for                 
the simulation is affected by loan-, debt fraction and discount rates. With the real discount-,               
loan- and inflation rates staying the same, a sensitive analysis for the debt-fraction was made,               
with 0%, 50% and 100% to look at effects on LCOE for the 200.71 kWp system. In all                  
models a debt fraction of 60% was used.  
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5.3.1 Metering and Billing  

For examining the economic models of net metering and billing in a self-consumption             
scheme the following parameters were used as inputs in SAM.     

Table[6]. Electricity Parameters for each model 

Electricity rates 200.71 kWp 200.71 kWp  298.49 kWp Reference 

Metering/Billing Net Energy Metering Net Billing Net Energy Metering (ERO, 2017) 

Buy rate )  (P r  €0.1071/kWh €0.1071/kWh €0.1071/kWh University of Prishtina 

Sell rate P )  ( w  - €0 - 0.2142/kWh -  

Fixed monthly charge € 2.97 € 2.97 € 2.97 University of Prishtina 

 
Electricity rates were provided by The University of Prishtina for every month from 2017 to               
2019. Net energy metering with a fixed monthly charge of €2.97 EUR in which the electricity                
rates were €0.1071/kWh, as documented by The University of Prishtina. Since Kosovo has no              
self-consumption scheme with net-billing, there is no reference to be found in regards to the               
sell-rate of electricity. For this purpose, different sell-rates of electricity were used to             
examine the economic profitability of the net-billing scheme. In the case of net-billing the              
non-consumed energy is sold at a price of zero to double the electricity price of €0.1071                
EUR. A step of 20% was used, in between said values, in which 10 different sell-rates were                 
inserted into SAM. NPV and Payback-results were examined.  

Three different models, with the chosen inputs, were simulated in SAM.  

- 200.71 kWp with an allowed capacity with net-energy metering. 
- 200.71 kWp with an allowed capacity with net-energy billing and differing sell-rates            

of electricity.  
- 298.49 kWp with an increased capacity with net-energy metering.  

The last two models will be discussed since they are not feasible with current policy               
measures but are examined for prospects in relation to policy changes.  
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6 Results 

6.1 PV-system with 200.71 kWp 

6.1.1 Base Scenario with Net Energy Metering 
The results are based on the allowed installed capacity of 200.71 kWp with 624 PV-modules               
and the area on the roof of the laboratory building, proposed by The University of Prishtina.                
Based on input data the nameplate DC-capacity amounts to 200.71 kWdc. 

Table [7] Values for 200.71 kWp system Figure               [16] Energy production and load for 200.71 kWp 

Metric Value 

Annual energy (year 1) 249,365 kWh 

Capacity factor (year 1) 14.2% 

Energy yield (year 1) 1,242 kWh/kW 

Performance ratio (year 1) 0.74 

Levelized COE (nominal) 8.22 ¢/kWh 

Levelized COE (real) 6.98 ¢/kWh 

Electricity bill without system (year 1) $49,898 

Electricity bill with system (year 1) $19,805 

Net savings with system (year 1) $30,092 

Net present value $85,031 

Simple payback period 5.1 years 

Discounted payback period 8.0 years 

Net capital cost $185,925 

Equity $74,370 

Debt $111,555 

 
With the allowed installed capacity of 200.71 kWp the PV-system generates 249,365 kWh             
during the first year of operation. The production is at its highest in July with 31,715 kWh                 
and lowest during December with 7,424 kWh as seen in figure 16. The accumulated kWh at                
the end of the first year accumulates to net savings of $30,092 USD, which leads to a                 
decrease of ~60 % of the electricity bill. Observations from the results show that the monthly                
generated energy (kWh) covers the net electricity load from June to September. The energy              
supply, or AC Energy, of 249,365 kWh covers the yearly electricity load of 413,152 kWh               
with 60%. The coverage is at its highest during August with ~228% and has the lowest                
coverage of ~15% during December. The NPV is at a positive value of $85,032 USD or                
€75,466 EUR. The LCOE, when exchanged to EUR, is valued at a nominal LCOE of €0.0729                
EUR/kWh and a real LCOE of 0.0619 EUR/kWh. The electricity price was given as €0.1071               
EUR/kWh for The University of Prishtina, which constitutes that parity is reached with a              
200.71 kWp system for that specific electricity charge.  
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Table [8] Sensitivity Analysis for LCOE based on debt fraction for 200.71 kWp system  

Parameters Debt Fraction 0% Debt Fraction 50% Debt Fraction 100% 

LCOE (Nominal) 11.81 ¢/kWh 8.82 ¢/kWh 5.82 ¢/kWh 

LCOE (Real) 10.03 ¢/kWh 7.49 ¢/kWh 4.95 ¢/kWh 

 
Due to differing debt-fraction, 0-100%, different LCOE values were calculated. The different            
iterations lead to a maximum LCOE of $11.81 ¢/kWh at a debt fraction of 0% which equals                 
€0.1049 EUR/kWh, which is lower than the electricity price of €0.1071 EUR/kWh.  

Figure [17] Annual Energy Production of 200.71 kWp system       Figure [18] Payback of 200.71 kWp system  

 
The energy production is affected by losses in the system due to weather conditions, system               
configurations and its components. This added with the degradation rate of 0.5% the annual              
energy production decreases as seen in figure 17 above. The energy yield of the first year                
accumulates to 1,242 kWh/kWp. Prishtina, as located in figure 12 of section 5.1.3, has a               
potential of between 1,314 - 1,387 kWh/kWp. The losses of such energy yield is due to the                 
PV-systems configurations, equipment but mainly losses due to weather, specifically losses           
within temperature and total irradiance, in which soiling and reflection losses can occur             
(IEA, 2018). Inverter clipping may also play a central part in the energy yield and generation                
loss, which also affects the performance ratio. There are also cell technologies that are more               
affected than others by spectral variations (IEA, 2018). The energy yield from the SAM              
simulation, due to reflection and soiling losses as well as inverter clipping, is calculated to be                
5.5-10.8% lower than presented in the PV-energy yield in Prishtina. The annual energy             
production, in figure 17 decreases from 249,365 kWh during the first year to 221,100 kWh               
after a period of 25 years, a decrease of 12.7%. The University of Prishtina will reach a                 
surplus from the PV-system for each year after the initial cost of the system has been                
returned. The discounted and simple payback period is 8.0 and 5.1 years respectively as              
presented in figure 18. All losses of the system are shown in Appendix C.  
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6.1.2 Net Billing  

The inspection of a possible usage of net billing in a self-consumption scheme in Kosovo, as                
explained in section 5.5.1 had electricity sell-rates ranging from zero to double the electricity              
market price with a sidestep of 20%. 10 different sell-rates were therefore calculated, one of               
them being the sell-rate at the market price. All parameters related to energy production and               
costs such as energy yield and LCOE do not change. The following calculations were made               
in $USD. 

Table [9] Impacts of sell-rate on Economic Parameters 

Ratio Sell-Price ($) Simple Payback (years) Discounted Payback (years) NPV ($) 

+100% 0,2414 3,7 4,8 150,995 

+80% 0,2172 3,9 5,2 137,803 

+60% 0,1931 4,2 5,7 124,611 

+40% 0,1689 4,4 6,3 110,417 

+20% 0,1448 4,8 7 98,222 

Electricity Price  0,1206 5,1 8 85,028 

-20% 0,0965 5,5 9,3 71,835 

-40% 0,0724 6 11,1 58,644 

-60% 0,0482 6,6 14,2 45,454 

-80% 0,0241 7,3 20,9 32,264 

-100% 0 8,2 25 19,074 

 
The discount and simple payback increases together with NPV for every added sell price as               
the economic benefits of the system increase. In addition, lower sell-rate than buy-rates of              
electricity leads to a decreased NPV. Yet, the NPV is at positive values for all iterations.  

Figure [19] Electricity sell-rate and SPB    Figure[20] Electricity sell-rate and NPV 
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6.2 PV-system without capacity restrictions - 298.49 kWp 

The calculated results in this section are based on the same configurations, used in SAM, as                
in section 6.1 but in which the roof area of the laboratory is not confined to the limited space                   
shown in figure 9 of section 5.1.1. The whole roof of the laboratory building is therefore                
usable for installation. With more space being applicable for usage the capacity of the system               
was maximized to ~298.49 kWp with 928 PV-modules and 11 inverters. 

Table [10] Values for 298.49 kWp-system                      Figure[21] Energy Production and Load for 298.49 kWp 

 
Metric Value 

Annual energy (year 1) 365,760 kWh 

Capacity factor (year 1) 14.0% 

Energy yield (year 1) 1,225 kWh/kW 

Performance ratio (year 1) 0.73 

Levelized COE (nominal) 8.24 ¢/kWh 

Levelized COE (real) 7.01 ¢/kWh 

Electricity bill without system (year 1) $49,898 

Electricity bill with system (year 1) $9,914 

Net savings with system (year 1) $39,984 

Net present value $101,547 

Simple payback period 5.7 years 

Discounted payback period 9.8 years 

Net capital cost $273,561 

Equity $109,424 

Debt $164,136 

 

In the case of maximizing with the same GCR of 0,34 but allowing for added PV-modules,                
the annual energy production (year 1) increases with 47 % in comparison with the 200.7 kWp                
system. The 298.49 kWp system reaches 365,760 kWh during the first year which covers              
88.52% of the electricity load. The cost of the system increases with ~47 %, and the nominal                 
and real LCOE increase with $0.02¢ USD/kWh and $0.03¢ USD/kWh respectively. The            
energy yield is 1,225 kWh/kW which is a slight decrease of 17 kWh/kw in comparison with                
the 200.7 kWp system. This is due to the lower performance ratio which in turn may be                 
related to inadequate inverter sizing. The accumulated energy savings during the first year,             
with the 298,49 kWp system, leads to a net saving cost of the electricity bill of approximately                 
80% which leads to an electricity bill of $9,914 USD. This system would cover 19.83% more                
of the electricity bill compared to the 200.7 kW system. System AC Energy is generally               
higher than the electricity load, in kWh, during 6 months from May to October in figure 22. 
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Figure [22] Annual Energy Production for 298.49 kWp                  Figure [23] Payback for 298.49 kWp system  

 
During the period of 25 years, the degradation rate of the PV-modules and losses in the                
PV-system lead to reduced annual energy production from 365,760 kWh to 324,303 kWh as              
seen in figure [22]. This leads to a loss of 12.78% in energy production from year 1 to year                   
25. In terms of the initial investment, the simple and discounted payback period are              
calculated to 5.7 and 9.8 years respectively during the simulation period of 25 years.  
 
Other than economic profitability, Shpetim Lajqi who holds the position of Vice Dean for              
Quality and Cooperation with Economics at the Faculty of Mechanical Engineering, stated in             
an interview that ‘with the installation of PV the cost of the invoice will be greatly reduced                 
and saved funds can be invested in increasing the practical work for students’ (Appendix D).               
Lajqi also stated the installation of PV-modules will be useful for the students due to their                
accessibility and that it is ‘one of the great opportunities for technical students, after              
completing their studies and starting their career, to think about implementing PV systems or              
dealing with it in the future’.  

6.3 RES and Solar Energy Implementation 

6.3.1 Impacts of regulatory factors on Solar Power implementation 
In a 2018 study, made by the Erasmus University of Rotterdam, data was collected from 30                
OECD countries between 1990-2011 in order to assess the effectiveness of FiT’s in the              
development of solar PV (Dijkgraaf et al. 2018). It was concluded that the use of a FiT had a                   
positive effect on the development of a country’s yearly increased capacity of solar power per               
capita. In both Germany and the UK the implementation of FiT’s has helped increase their               
respective RES-share. In Germany the RES share surpassed it’s 2020 goal of 35% gross final               
electricity consumption in 2018 with a share of 37.8 %. The same year solar power accounted                
for 7.7 % of Germany's gross final energy consumption (BMWi, 2018). In the UK the total                
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installed capacity for photovoltaic energy increased from 95 MW to 13.4 GW during the              
whole FiT period which lasted nine years (Government of the UK, 2019).  
 
In Kosovo the FiT, set by ERO has led to a total installed capacity of 10 MW by 2020, which                    
is the solar energy target according to the NREAP (MED, 2017). This means an increase of                
9.4 MW in comparison to year 2016 when the total solar energy capacity amounted to 0.6                
MW and the FiT-scheme was first established (ERO, 2016). According to the list of pending               
applications for solar power projects there is a total sum of 102.3 MW of PV-projects on hold                 
(ERO, 2020). The list for applications to the FiT can also be compared to the list of pending                  
applications for the self-consumption scheme. Currently there are only 15 projects listed for             
RES self-consumption in Kosovo, which amounts to 1.5 MW (Rizvanolli, 2019).  
 
FiT’s are however affecting the socio-economic aspects in Europe. The implementation of            
FiT’s in Spain, after the policy changes in 2007, led to an unexpected boom in               
PV-installations. Installed capacity growed 26 fold to 2708 MW which caused a great             
increase in the costs of the FiT resulting in a crisis in Spain (Mir-Artigues et al. 2016). The                  
boom in Spain is credited to the high rates of the FiT which were not changed in despite                  
decreased technology and production costs, which led to a decommissioned FiT-scheme in            
2012 (del Rio et al. 2014). Issues with a FiT have also been prospected to affect Kosovo.                 
MED proposed to set a new target for solar power which, as stated before, would be an                 
addition of 20 MW to the current cap of 10 MW with an FiT as the driving mechanism (ERO,                   
2019b). In November 2019 eight new companies were granted contracts to produce the 20              
MW addition at a feed-in tariff rate of 85.5 EUR/MWh (ERO, 2019b). A recent investigation               
led by the Balkan Investigative Reporting Network (BIRN) reported a supposed legal trespass             
on the limitation of 3 MW per applicant to the FiT scheme (Pebreza et al, 2020). According                 
to BIRN’s investigations several of the companies granted admission to the FiT are violating              
the rules. In addition, according to BIRN, the inclusion of 20 MW installed solar capacity,               
with FiT’s, will result in €27.6 million EUR over 12 years for the end consumers to bear.                 
BIRN also indicates that the mechanism of the new FiT in Kosovo, with €85.5 EUR/MWh,               
could lead to an electricity bill escalation for the average household  in Kosovo. 
 
Other regulatory issues in Kosovo, according to actors within the energy market, are the              
PPA-agreements in which the terms have been difficult to negotiate (Govori, 2019). It is also               
stated that the World Bank and the European Bank for Reconstruction and Development have              
dissuaded actors from signing PPA agreements in Kosovo with the current terms (Govori,             
2019). The ability of the grid to integrate RES is also a factor which restricts and limitates                 
renewable energy expansion due to the technical inability in Kosovo (IRENA, 2017).  
 
A trend in european countries, eg. Germany, France, and the UK, is to phase out subsidy                
based incentives. This is mainly due to new policy guidelines adopted by the EU. In the                
European Commission's guideline (2014) on state aid for environmental protection and           
energy it is stated that ‘notably, it is expected that in the period between 2020 and 2030                 
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established renewable energy sources will become grid-competitive, implying that subsidies          
and exemptions from balancing responsibilities should be phased out in a degressive way’. It              
is also expected that EU-member states switch to market-based incentives such as auctioning             
and competitive bidding. This transition is to incentivise the market integration of renewable             
energy sources as well as their technological development (European Commission, 2014). As            
of January 2016 a new set of conditions were set for all new support schemes to be                 
implemented for RES (European Commission 2014). All beneficiaries of incentives are           
expected to sell their electricity produced from RES to the market and thus be subject to                
market obligations. In order to ensure an effective transition the European Commission            
recommends FiP’s, either through a fixed tariff or a tariff determined through auction             
(European Commission 2014). It is stated that a well designed auction mechanism can lead to               
significant competition between projects, revealing the true costs of technologies or specific            
projects as well as achieving a cost-efficient support level (European Commission, 2013).            
There are also indicators showing that auctions are self regulating incentives since they             
reward low cost technologies and will eventually eliminate the necessity for incentives when             
technologies reach grid parity (European Commission, 2013). In an interview with Ardian            
Berisha, Consultant and Managing Partner at Optima Energy Consulting which operates in            
Kosovo, he stated that the interest in photovoltaics in Kosovo is high due to Kosovo being                
‘one of the few countries in Europe that still promotes renewables with an administratively              
set price whereas the majority of European countries are letting competitive based schemes             
set the price’ (Appendix E). 
 
Berisha who has also had substantial experience in the policy development of energy systems              
in Kosovo also stated that ‘what regulators need to think about is to streamline the licensing                
process so that the customers do not have to come to the regulator in order to apply for a                   
rooftop solar application and that things must begin to be more automated and systematic as               
well as transparent and easy’. Berisha also adds that Kosovo needs to reform the regulatory               
framework, and move on to a competitive based renewable energy support-scheme that is             
technology neutral and also adds that ‘solar production is so cheap it's hard to see how they                 
would need additional support’. Berisha exemplifies by adding ‘in North-Macedonia a tender            
was held to determine the FiP for a specific capacity. The auction resulted in zero FiP since                 
they bid to build the capacity at the wholesale market price and that Kosovo needs to take a                  
step forward in that regard’.  

6.3.2 Trends in Social and Economic Impacts of Solar Power 
The European Union’s aim to become climate neutral by 2050 has led to several targets and                
initiation points regarding energy systems in Europe (European Commission, 2019). Seven           
discrete strategic building blocks have been established to reach the aim and with one of the                
main targets being decarbonization of the energy systems through implementing RES.           
Currently the energy consumption in the EU with RES reaching 17% of the final energy               
consumption in Europe in 2019, going on track for 20% in 2020 (Eurostat, 2019b) . This is                 
expected to grow and accelerate further to around 32% by 2030 (EPSC, 2018) . The cost of                 
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RES has fallen since 2010 which has made them more competitive and lucrative in the               
energy market, with solar PV, showing the largest cost decline from 2010 to 2019 with 82%.                
A similar trend can be seen in Kosovo which has PV-costs 2 to 3 times lower in 2020, than in                    
2012 (Lajqi et al. 2020). Trends of lowered cost for RES have therefore made the               
acceleration and implementation of RES more predominant in Europe and globally due to             
their economic benefits. In Southeastern Europe (SEE), IRENA estimates that shifting to            
renewables would grow the economy with 3% until 2050, a gain of more than $485 billion                
USD compared to a ‘business as usual’-case (Irena, 2019a). Trends of decarbonization and             
lower price cost of alternative energy has also affected implementation of carbonized energy             
systems in Kosovo. As previously mentioned the proposed new coal-fired power plant            
Kosova C or New Kosova was meant to be finished in May 2020 and made operational by                 
2023, adding another 500 MW of capacity to the grid (Government of Kosovo, 2017). This               
addition was accounted for in Kosovo's future energy mix forecast with energy demands             
increasing each year up to 2028 (ERO, 2019a). New Kosova would have met almost 60% of                
the current electricity demand with an availability of 90% or greater (Government of Kosovo,              
2017). The World Bank, who initially backed up the construction of the new power plant,               
stated their opposition against the project in 2018 based on an economic assessment that              
showed it was no longer the least cost-option for Kosovo compared to other alternatives such               
as RES with storage (Bankwatch, 2018). A report from IRENA (2020) regarding            
international datasets on renewable power cost from 2019, stated that ‘new solar and wind              
projects are undercutting the cheapest existing coal-fired plants’. Future estimates, by           
IRENA, concerning solar power expects LCOE to be $0.02-0.08 USD/kWh by 2030 and             
$0.014-0.05 USD/kWh by 2050 (IRENA, 2019b). Another estimation made by IRENA           
concluded that by 2050 Solar PV would represent the second-largest power generation            
source, just behind wind power, and would generate 25% of total electricity needs globally              
(IRENA, 2019b).  
 
The trend of decarbonization is however expected to affect the fossil-fueled energy sector and              
its employees. The sector which included 30 million jobs globally in 2017 is now projected to                
suffer, according to an annual report from IRENA (2018), the loss of 8.6 million jobs by                
2050. Jobs in carbon-intensive regions, in the EU, are at most risk of unemployment with the                
rise of RES. In 2015, jobs in power-plants, lignite-and coal mining were 237,000 and by 2030                
160,000, or ~67%, of these are projected to be gone (Alves et al. 2018). Yet, the total number                  
of jobs in the RES-industry in the EU reached 1.4 million in 2017, 10 million globally, which                 
is now projected to grow to 1.5 million in 2030 (Euro Observer, 2017). According to an                
analysis from IRENA (2019b), in its lifetime, a 50 MW solar PV plant needs 229,055               
person-days, of which 22% are in manufacturing and procurement activities, while 56% are             
in operation and maintenance. They also add that potential job-creations in deployment of             
RES are dependent on ‘the extent to which industry, along the different segments of the value                
chain, can employ people locally, leveraging existing economic activities or creating new            
ones’ (Irena, 2019a). The solar PV-industry is set to employ more than 18 million people by                
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2050, 14.4 million more than the jobs in 2018 which accounted for 3.6 million (IRENA,               
2019b).  
Another trend that is emerging in Europe in regards to implementation of RES is              
decentralisation of the energy sector. While coal, gas and nuclear power plants are mostly              
owned by big utilities, the ownership structure for renewables is regarded as more diverse,              
which is also due to individual renewables being smaller (EPSC, 2018). With smaller             
installations, more investors can enter the energy sector, thus creating a competitive energy             
market (EPSC, 2018). Energy communities could by 2030, according to estimates, own 17%             
of wind and 21% of solar installed capacity (European Commission, 2016). By 2050, half of               
all EU households are estimated to be involved in producing renewable energy (CE Delft,              
2016). However, as of now, most of Europe’s energy communities are to be found in just a                 
limited number of countries with 75% of them being based in Denmark, Austria and              
Germany (European Commission, 2016). According to Berisha, the energy sector in Kosovo            
is also expected to follow the trend of decentralisation. ‘We are beyond central system              
planning, the future systems will be decentralised’ in which there could be a need for ‘more                
flexibility on the DSO side’.  
 
With transitions and implementation of RES, and specifically solar power other social            
welfare benefits are to be expected. Usage of solar power is related to reduced health issues                
since it results in few air pollutants. Adoption of solar energy significantly reduces NOx, SO2               
and particulate matter emission compared to coal-fired power plants which results in fewer             
cases of respiratory problems, lost work days, cardiovascular issues and bronchitis (NREL,            
2007) . 

6.3.3 Solar Energy Capacity Potential in Kosovo 

In Kosovo, implementation of solar PV is expected to grow to 30 MW in which MED                
grantied new projects preliminary permissions to install photovoltaic capacity (ERO, 2019c).           
With current RES-targets being set to 25%, some actors within the energy business             
community in Kosovo proposed RES-targets ranging between 35%-40% by 2030 together           
with more ambitious green policies in Kosovo (Govori, 2019) A project conducted by             
IRENA (2017) named ‘Cost-Competitive Renewable Power Generation: Potential Across         
South East Europe’, had the aim to ‘carry out a systematic assessment of the overall               
electricity potential of the region, including all renewable energy options – i.e., hydropower,             
wind, solar PV, geothermal and biomass resources’. The cost of generation for each             
renewable option was compared to the fossil fuel supply options being considered in the              
region by policy makers. 
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Figure [24]  Cost-competitive solar PV potential in Kosovo in 2016 (IRENA, 2017) 

 
 
The average LCOE for solar PV is expected to decrease in Kosovo, with it having the lowest                 
average LCOE in comparison to other renewable energy alternatives in 2050, while also             
being behind hydropower, in terms of LCOE in 2030.  

Table [11]  Potential for renewable-based electricity in Kosovo (IRENA, 2017) 

 
The table shows potential for each renewable-based electricity with technical and additional            
cost-competitive potential calculated. The technical potential of solar PV in Kosovo is            
calculated at a capacity of 581.3 MW which accumulates to 834.5 GWh in energy production               
in the years following 2016 until 2050. This is an addition of 571.3 MW in comparison to                 
current installed capacity of 10 MW in Kosovo. With the current total installed energy              
capacity in Kosovo being at 1,416 MW the estimation of the technical and cost-competitive              
potential of solar PV installed capacity could cover ~41% with only solar power. 
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7 Discussion  

7.1 Pilot Study of PV-System at The University of Prishtina  

The University of Prishtina can benefit economically from an installation of a PV-system in              
which the electric bills are reduced significantly as shown with the iteration of the changes in                
capacity. In relation to payback, the lowest value was calculated from the 200.71 kWp system               
followed by the 298.49 kWp-system. However, in the case of the system of 200.71 kWp with                
net-billing the payback increases and decreases depending on the sell-rate. A sell-rate, above             
the buy-rate of The University of Prishtina, led to significant reductions in discounted and              
simple payback. With the payback values between simple and discounted being divergent, the             
latter can be seen as more realistic since it takes into account the discount rates. However due                 
to uncertainties of economic developments regarding the matter, the results of payback-time            
are still hypothetical and could differ from the calculated results. This could also be said for                
exchange rates of currencies and tax-rates. When assessing capacity restrictions in Kosovo,            
which are mainly due to policy, the escalation of installed capacity kWp, with added              
PV-modules increased energy production with annual energy yield decreasing. The          
PV-system with an added installed capacity could be seen as more beneficial in terms of               
covering and lowering the electricity bills. Despite this, the cost of installing such capacities              
would mean that The University of Prishtina could be in need of larger investments from               
loans or other economical funding. The economic feasibility of such systems is therefore less              
realistic. The LCOE increases from 200.7 kWp to 298.49 kWp, which is mostly due to the                
higher costs of equipment, operation and maintenance. When changing the debt fraction in              
the sensitivity analysis, LCOE is still under the buy-rate of electricity, in all cases which               
means that the installation of the PV-system is still profitable. In this case debt becomes               
cheaper than equity which is alluded to the low interest-rates indicating that low-cost loans              
could be a way to undercut the high cost of equity financing and increase investment. This is                 
however highly dependent on the loan-rates which can be higher in Kosovo. When using the               
net-billing model for the 200.71 kWp system an addition of impacts and regulatory             
possibilities could be inspected. The different sell-rates can be seen as a FiP in which the                
difference between the added price and the buy-rate can be thought of as the premium that                
would normally be granted as a PV-incentive. A system with net-billing and increased             
sell-rates of electricity above the buy-rate does change the NPV and payback to more              
profitable scenarios. The results however show that increased sell prices are not crucial for              
the simulations to be economically feasible. The 200.71 system with net-metering and            
net-billing, with same buy-and sell-rate of electricity, are profitable with a positive NPV and              
a payback ranging from 5-8 years. In addition, profitability can also be seen in the case of the                  
sell-rate going below the buy-rate of electricity in which NPV is positive at all iterations. The                
results show that sell prices can be lowered with 60-80% before affecting the discounted              
payback to a point where it almost reaches the economic lifespan of the PV-system. This               
could be seen as an electricity market with retail-and wholesale prices, which are not used in                
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the current self-consumption scheme with net-metering in Kosovo. In the case of whole-sale             
prices being 60-80% lower than the retail price a FiP could be used to add profit to the                  
PV-system at The University of Prishtina. The system and calculation could, despite this, be              
affected by a changing discount-rate in which lowering the discount-rate could make the             
system more profitable, even with lower sell-rates of electricity. However, a lower sell-price             
will be less profitable when compared to a standard scenario with identical buy-and sell-rates              
of electricity. In the case of selling the electricity at a higher sell-rate, though beneficial, is                
not needed since the LCOE, NPV and payback are at a desirable level for the basic scenario.                 
In all three models, the profitability is based on the energy production, which is mainly               
produced during sunnier days of the year. This means that the energy consumption during              
night and winter seasons are dependent on the grid, which is heavily reliant on the coal-fired                
power plants. However with an increased share of RES, in terms of installed PV, The               
University of Prishtina can expect to have a more climate-neutral and less pollutive energy              
production and consumption. The share of RES therefore alludes to less dependency on the              
current, mostly pollutive, energy generators in Kosovo. But as noted, the energy production             
from PV’s are dependent on the weather which can be seen as a disadvantage. Yet, the sunny                 
days and overall energy yield in Prishtina, based on yearly, monthly and hourly weather data               
can be seen as a promising factor for a possible installation of PV-systems at The University                
of Prishtina.  
 
Since the data on electricity load and weather data are based on hourly averages the results                
are clearly to be seen as theoretical. SAM does however differ its weather data in regards to                 
long-term simulations which makes them more in line with real scenarios. The data on              
financial parameters are of most uncertainty due to inflation-, interest-, exchange-and           
discount rates being volatile. The loan rate and term as well as debt fractions could also differ                 
depending on different lenders. This could result in different values of LCOE, payback-time             
and equity. As presented in the sensitivity analysis regarding debt fractions the LCOE still              
falls under the buy-rate of electricity at The University of Prishtina. But as mentioned,              
interest rates differ greatly which could affect the LCOE. A sensitive analysis with             
inflation-and discount rates could’ve been used to broaden the results. Finding information            
concerning financial parameters in Kosovo, to their exact numbers was a difficult task,             
therefore the chosen inputs may be faulty. Other data, such as electricity rates can also differ                
which affects the long-term simulations and results. Possibilities of investigating other           
modules and inverters at the site could impact the systems profitability and energy generation              
as well. A module with different dimensions or material could affect the amount of installed               
capacity and energy generation. Despite the cheaper costs of poly-Si, the system cost can be               
profitable, in terms of installation and module costs, when using modules of other materials.              
In the case of net-billing, no reference sell-rate was used which resulted in using 10 different                
values being simulated. The results, concerning net-billing, are therefore not related to any             
real-world values which makes the results less viable. An improvement regarding the            
net-metering scheme could’ve been to investigate prosumer agreements and contracts for           
additional information that may have been left out in the study. Since the LCOE for the                
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simulated models are less than the current and potential FiT’s of €136.4 and €85.5              
EUR7/MWh, profitability is also possible in these support-schemes. However, for an accurate            
estimate on the economic impacts of FiT’s a PPA-simulation on SAM could be done, but this                
would require contract and other financial information to be used in the calculations, which              
were not in the scope of the thesis. In terms of an added amount of capacity, the amount of                   
modules and inverters can also differ when changing the row-spaces and tilt-angles. This can              
result in more installed capacity and a larger amount of produced energy. However, the              
energy yield of the system can be expected to decrease with less row-distance due to               
inter-row shading and other losses. The amount of installed capacity is also based on              
measurements on the rooftop of the laboratory building which were calculated and measured             
through governmental maps, which can be of potential errors.  
 
When inspecting the base results for 200.71 and 298.49 kWp, LCOE ranges from real $6.98               
¢/kWh to a nominal LCOE of $8.24 ¢/kWh (USD). The values of said simulations are in the                 
range for the predicted LCOE for solar PV in Kosovo for 2030 when exchanged to €EUR.                
Since the simulation period was 25 years, the calculated real and nominal LCOE can be seen                
as following the trends of the predicted values calculated by IRENA. Adding to this, the               
energy yield, calculated in SAM, is also in line with PV-studies in Kosovo which means that                
the results are in a reasonable range of real or predicted values made by other studies. 

7.2 Regulation and Incentives 

The current policy, adopted in Kosovo, has been successful in attracting investments to solar              
power, specifically in relation to the FiT-mechanism as seen in the list for applications.              
Therefore profitability concerning incentives with FiT’s has garnered attention to solar power            
projects and other RES. Yet, in regards to self-supporting schemes, less applications were             
made, which can be seen as an effect of the FiT’s being seen as the better economic                 
alternative in terms of income for PV-installations. Even so, there are some issues regarding              
the FiT’s in Kosovo. One being the relatively short duration for terms, which is at 12 years.                 
In most recommendations for effective FiT-design the eligibility period is believed to yield             
best results between 15-20 years, with longer contracts being preferable in other countries.             
The short duration of the contracts could lead to uncertainty in return of investments and               
profitability if larger installations would be allowed. Despite this, the results from the             
different PV-models show that prosumers can instead benefit from a usage of net-billing, in              
which the majority of results had a payback-time under 12 years. Another design flaw of the                
FiT in Kosovo is the fixed FiT and digression rate which makes the scheme rigid and unable                 
to adapt to changes in the market, such as lowered prices of production and technological               
advancements. This results in an incentive which is not in proportion to the trends within the                
electricity market over a longer period of time. With admissions to FiT's in Kosovo being               
based on application dates, competition in regards to energy and cost efficiency is not looked               
upon. In addition to these issues the current incentive, with FiT’s, could also open up               
opportunities for corruption and favourability for different stakeholders, which has also been            
reported in Kosovo. This disregards competition within said energy technology which may            
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give a path for projects which are not the most efficient or profitable for the already limited                 
capacity deployment of solar PV and other RES. The discouragement of investors in RES due               
to difficult procedures for obtaining licenses and applicability are also big hindrances for the              
future regarding penetration and deployment of solar power.  
 
An issue, in regards to FiT’s and self-consumption schemes in Kosovo is the allowed              
installed capacity of PV-systems which results in difficulties and hindrances for bigger            
RES-projects. Limitations for bigger projects above 3 MW, in the FiT-scheme, and            
limitations of 100 kW installed capacity for only low-voltage distribution grids in reference             
to self consumption schemes can be seen as barriers on the implementation of solar PV.               
Bigger projects, over 100 kW are not used within self-consumption supporting schemes and             
are also not allowed in mid-or high distribution grids. This means that outside of FiT’s,               
large-scale PV is restricted due to regulatory measures in Kosovo. With allowing more             
installed capacity for RES, specifically solar power, larger shares of RES can be implemented              
which in turn can result in less reliance on the coal-fired power plants. The higher generations                
associated with larger systems allows for a higher percentage of generation to be fed to the                
grid as opposed to self-consumption. This is also seen in the calculations on SAM where the                
electricity load is covered by ~88% when the installed capacity is increased at The University               
of Prishtina. The installation capacity is however alluded to the grid and its inability to               
integrate RES due to lacking infrastructure. This means that the regulations, though            
restrictive, are also limited to the technology in Kosovo.  

7.3 Moving Forward 

When summarizing the current electricity and energy situation several changes and           
improvements are to be implemented in the energy systems of Kosovo. The electricity             
demand is not being met in the country due to lack of technological advancements and               
economic investments, forcing Kosovo to import electricity from neighbouring countries.          
Often at higher costs than produced domestically. The losses in the distribution system also              
play a substantial part in the energy issues of Kosovo together with unauthorized use of               
electricity. The two highly pollutant outdated power plants are at the end of their              
technological life spans and are in need of either restoration or discontinuation. The             
population of Kosovo is therefore deeply in need of affordable, reliable, modern and             
sustainable energy, as also stated in SDG 7 of Agenda 2030. This opens up possibilities for                
clean and sustainable RES-investments, which could be the next step in developing Kosovo's             
energy system with more flexible and sustainable energy alternatives. The generation           
capacity of the country is subpar in relation to its high potential for RES, especially solar                
power only being at ~1%. The advantageous geographical position of Kosovo together with             
high energy yield, in comparison to other european countries, makes Kosovo an ideal             
location for solar power. With new infrastructure projects coming to fruition, such as new              
grid-connections with Albania and grid enhancements within Kosovo, the interconnectivity          
and performance of the grid can be expected to increase. This means that possibilities to               
extend installed capacities for RES, specifically solar power, can be a plausible outcome in              
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the future. But such measures could also be restricted by lack of economic funding and other                
investments. However, with solar power and energy storage expected to decrease in costs             
worldwide and in Kosovo, an economic profitability of using the technology is inherent. With              
an increased GDP in relation to RES implementation, countries in SEE, including Kosovo,             
can benefit greatly in terms of garnering financial and social stability. In addition, with              
cost-competitiveness and technical potential being high together with an expectancy of lower            
LCOE, solar power can be seen as a lucrative option in regards to current energy systems and                 
technologies. This can lead to an increased amount of interested international and local             
investors, actors and prosumers due to profitability to install and implement solar PV in              
Kosovo. International organs, such as The World Bank, UN or EU, can therefore create              
opportunities and be encouraged to invest in such technologies if funding is scarce             
domestically. Despite this, the implementation of solar power, which is mainly restricted due             
to policy, is decided and regulated by The Government of Kosovo. Clear targets and new               
goals for RES-implementation is therefore needed gatherened with an effective, flexible and            
inclusive policy strategy in accordance with international frameworks.  
 
The FiT-scheme in Kosovo as a driving force of solar PV-installation in the future is               
discussable and could have multiple applications or even be discontinued. However changes            
are needed for a sustainable integration and penetration of RES in comparison to the current               
strategy. The FiT could be improved by setting annual deployment caps and flexible             
tariff-rates instead of definitive installation caps for PV and other RES. This could result in               
controlled annual progress that would give room for the simultaneous development of the             
electricity grid and policy regulations. In this case, regulators and policy makers in Kosovo              
could follow the FiT designs of Germany and the UK. One could argue that the deployment                
corridors in Germany played a major role in the success of their FiT-scheme as well as their                 
ability to constantly revise and change the framework in accordance with changes in the              
energy market. In this case the base tariff rate, used in current FiT schemes in Kosovo, would                 
have to be reduced depending on the deployment goals. A further decreased FiT could              
require longer periods of support in order to ensure return of investments which means a               
prolongation of the eligibility periods. Though FiT’s are effective in short term penetration of              
RES, they do not provide a sole long term solution for the integration of RES technologies.                
As exemplified in Kosovo, the structure of FiT’s are heavily affected by corruption. With              
fewer actors and energy producers in Kosovo, there is therefore possibilities of FiT’s being              
affected by monopoly which goes against the notion of an open and fair market with high                
competitiveness. Discriminatory competition as well as damaged public opinion on RES and            
solar power could therefore ensue. If the share of solar power in Kosovo increases in the                
future, the FiT’s could also become unfundable which makes the FiT-scheme an obstacle             
instead of an advantage. This is exemplified in Spain where FiT-contracts were discontinued.             
The usage of FiT’s in Kosovo can therefore be potentially damaging to the implementation of               
RES, specifically solar power, and lead to an insecure and unstable policy strategy going              
forward. With prospects of a new FiT of 85.5 €/MWh meaning an increased electricity bill               
for households in Kosovo, the sustainability of such FiT’s are therefore questionable.            
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Kosovo, which already has economic difficulties as being one of the poorest countries in              
Europe, could therefore be best suited for lowering said FiT’s or move on to other types of                 
incentives used in other countries.  
 
Given the new policy trends in Europe another scenario for Kosovo could be to follow suit                
and implement more or additional market-based incentives as a transition from current policy             
strategies. This could be a possibility for Kosovo to switch to auctions or tendering in               
conjunction with FiP’s, allowing multiple technologies to compete in the deployment of            
energy generation and production. The auctions, which are technology neutral, means that            
other energy alternatives, such as coal, can compete as well. However a switch to this scheme                
allows for a more market integrated penetration of RES which could be advantageous in              
regards to the future competitiveness of solar PV and other RES in Kosovo. Especially with               
an add-on of cost from negative externalities, such as pollutant emissions, to energy             
generations with coal which allows RES and solar power to compete with the otherwize              
cheap coal-based energy producers. FiP’s with auctioning have also shown to be effective for              
medium and large-scale applications of PV. The FiP for larger projects could be driven by               
tendering in order to get the lowest involvement of subsidies. In striving for a more holistic                
and inclusive energy market these mechanisms would allow new actors to the energy market              
and increase investments in Kosovo. This could also draw international investors to Kosovo             
enabling cross border co-operations. Despite this, such schemes are not safe from corruption             
which is a recurrent issue in Kosovo. It is therefore important for a transparent auctioning               
scheme to be at place for an equitable and non-discriminatory outcome. The results from the               
net-billing scenarios with different sell-rates show that the PV-system is economically           
feasible even with lower sell-rates. The PV-system is therefore cost-competitive and could            
compete with other energy-alternatives, as done in auctioning schemes. A case for a FiP              
could however be possible if the PV-system is not considered profitable or competitive             
enough, and if the sell-rates (wholesale-prices) are too low, specifically for large scale             
PV-applications. An impact of a net-billing model, with lower sell-rates of electricity            
indicates that economic profitability is still achieved even in this case. This means that the               
PV-system is also profitable at a possible retail-and wholesale electricity market which is not              
in use for the current self-consumption schemes for prosumers in Kosovo. The price at which               
the DSO is willing to buy electricity generated by RES could also have a great impact on                 
investments and interest on RES-projects if such projects are deemed as less costly than other               
energy alternatives. The case for a self-consumption scheme with net-billing, in addition to             
wholesale-and retail prices of electricity, could therefore be seen as feasible in Kosovo. If              
such schemes would be applied in Kosovo, there is still competitive potential and profitability              
to be obtained from being a prosumer with solar PV, as shown with the simulations on SAM.                 
The sales price for net-billing can be used as a policy mechanism. For example, if there is a                  
target payback time that can be associated with a certain rate of installations, then it is                
possible to lower the sell-rate as equipment prices are reduced in order to maintain a               
reasonably consistent installation rate. A prosumer market with net-billing as opposed to the             
current net-metering and or/ FiT could be seen as a better alternative for prosumers with               
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small-scale PV. FiP’s could work well with large-scale applications, if needed, but trends and              
results from the simulation show that solar power is profitable, and therefore economically             
competitive even without incentives.  
 
Developments of potential RES in Kosovo will also affect the jobs in the region. With               
Kosovo having a high dependency on coal and its producers, discontinuation of such             
generators will lead to unemployment. This could therefore be seen as a massive gap to be                
filled with implementations of RES, especially in Kosovo where unemployment is at a high              
percentage. However with an addition of RES, such as solar power, operation and             
maintenance jobs can be expected to be implemented in the future. To add to this, potential                
jobs within construction, installation, project-development and consultation in reference to          
RES-implementation can also lead to multiple job-opportunities. In this case, focusing on            
proper education on a national level can lead to a more seamless socio-economic transition to               
sustainable energy systems, with the population of Kosovo being able to withstand potential             
socio-economic changes due to this matter. Implementation of solar PV can in retrospect also              
contribute to education in Kosovo. An installation of PV modules at The University of              
Prishtina, can lead to minimum expenses over a long period of time in which saved funds can                 
be invested in other educational resources for the students. Additional social impacts of future              
implementation are also issues regarding public health in which solar PV is less harmful to               
the environment and is therefore guaranteed to contribute to less cases of bronchitis,             
respiratory-and cardiovascular issues, lost work days and less local health and damage costs             
in comparison to the coal-fired power plants. Nonetheless, the socio-economic issues and             
impacts that could enthral from such measures, is closely related to The Government of              
Kosovo, its energy actors, their targets, priorities and action plans concerning           
RES-implementation.  
 
With trends of decarbonization, decentralisation, energy efficiency and lower costs for RES,            
Kosovo needs to maximize the outcome of such trends and transition. This calls for a holistic                
and flexible policy framework to coordinate and integrate more RES in accordance with a              
fair and competitive market. To maximize benefits from such transitions, focus on education             
and skills can help the workforce to adapt and increase local employment. In addition,              
beneficial industrial policies that are integrated with the domestic energy system can enable             
income and employment growth by leveraging existing support schemes and economic           
activities into encouraging development of the RES and solar PV industry at a local level.               
The support-scheme for PV moving forward must take into account and be suited for the               
development of the economy and electricity grid in Kosovo. The support-scheme and policies             
must also be economically feasible and be up-to-date with changes in the technological             
advancements with said energy technology. Trends concerning energy-, cost-effectiveness         
and market changes in reference to solar power must therefore be closely followed to ensure               
reliable, cheap and efficient energy for all producers, prosumers and consumers of electricity             
in Kosovo. 
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8 Conclusions 

The University of Prishtina can profit financially from installing a PV-system at the rooftop              
of the laboratory building with inspected financial indicators such as NPV, LCOE and             
payback. In the base case of a 200.71 kWp system with net metering, or 2x100.35 kWp, 60%                 
of the yearly electricity bills are covered. Yet, current limitations to the installed capacity of               
100 kWp per metering point in connection to the 0.4 kV line affect the potential output of the                  
PV-system which could’ve covered 80% with a 298.49 kWp system. An inspection of             
changing sell-rates of electricity concluded that a net-billing model in a self            
consumption-scheme was most profitable at higher sell-rates. NPV stayed positive for all            
simulations but in which the discounted and simple payback were affected negatively with a              
lower-sell rate. However, though higher sell-rates of electricity being profitable, they are not             
required since the PV-system is economically feasible at even lower sell-rates than the             
electricity price paid by The University of Prishtina. This indicates that the self-support             
scheme of solar PV in Kosovo is also economically feasible in a net-billing scheme. The               
LCOE for all models ranged between $6.98-8.24 ¢/kWh which is under the buy-rate of              
electricity for The University of Prishtina.  
 
Regulators and stakeholders in Kosovo should look for alternative ways to integrate solar PV              
to the market as opposed to the current solar energy policy. A proposition, collected through               
qualitative studies, is to switch to auctioning schemes and FiP’s for large scale applications              
with regulators putting an emphasis on an open, equitable and competitive market. This lends              
a cost-competitive potential for RES and especially solar power which also yields an             
advantage in such schemes. The cost-effective potential of PV with lowered costs and LCOE              
predicts that solar PV can be competitive in comparison to current and alternative forms of               
energy generation in Kosovo. Regarding prosumers and small-scale PV, a switch to a             
net-billing scheme could, in terms of profitability, be feasible in Kosovo. Trends and             
transitions in Europe of decarbonisation, energy efficiency, decentralisation and reduced          
costs in reference to RES-deployment is expected to affect Kosovo’s energy system and the              
socio-economic aspects as well. A shift towards RES, from the current coal-fired power             
plants, will ensue in unemployment but new job-opportunities can arise if the transition is              
made with a well-equipped workforce and educated population. In addition, negative           
externalities such as pollution will be minimized with added capacities of solar PV, wherein              
health benefits are to be expected. The Government in Kosovo must therefore maximize the              
outcome of such transitions at a domestic level with flexible policy schemes, up-to-date             
technologies and amenable market strategies to deploy investments and attention towards the            
implementation of RES. With clear goals and strategies, and in accordance with international             
targets, Kosovo could benefit, socially and economically, from the implementation of solar            
power and RES.  
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Appendix B - System Design Inputs on SAM 

 
 

Design for 200.71 kWp System 
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Appendix C - Energy Losses  

Losses for 200.71 kWp System 

 
Losses for 298.49 kWp System 
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Appendix D - Interview 1 
 
Shpetim Lajqi 
Professor and Vice Dean at The University of Prishtina, 
 
Interview Questions (Q) and answers (A): 

Q1. How do you position yourself in the energy system of Kosovo and what responsibility do you as                  
an individual and The University of Pristina have regarding the future development of the energy               
system? 

A1. Personally, I am more familiar with green energy, especially what has to do with the generation of                  
electricity from water and the sun. My narrow area of specialization is Engineering Design and               
Vehicles but my research in recent years has focused on green energy.Regarding responsibility that I               
have at the University of Prishtina regarding the future development of the energy system, I would                
like to inform you that I currently hold the position of Vice Dean for Quality and Cooperation with                  
Economics at the Faculty of Mechanical Engineering and a large part of my work deals with the                 
establishment and advancement of Laboratories in the Faculty of Mechanical Engineering and the             
improvement of the existing infrastructure. So far we have developed several projects, i.e. mini              
generators of electricity from water, sun and wind which are at the service of students and                
stakeholders. I am also making efforts to raise funds for the installation of photovoltaic generators at                
the roof of the Technical Faculties Laboratory Facility. I am also a member of the committee for                 
drafting the Energy Strategy in Kosovo 2017-2026 within the Ministry of Economic Development of              
the Government of the Republic of Kosovo. 

Q2.What is your view on the current energy situation in the country and have you seen any positive 
development in recent years? 

A2. For your information Kosovo is a member of the Energy Community Treaty. Due to this, Kosovo                 
is obliged to meet the energy targets for renewable energy sources, based on the Decision of the                 
Council of Ministers of the Energy Community. A target accounting 29.47 percent was set by the                
NREAP for the implementation of RES in the Kosovo Energy System. The Government of the               
Republic of Kosovo has made efforts for several years to build new power generation capacities from                
coal-fired power plants by the implementation of new technologies. To cover current and future              
energy demand, in addition to the implementation of renewable energy projects, it is seen that the                
construction of Kosova e Re is necessary, which will have an impact on emissions and price of                 
electricity. 

Q3. What do you consider to be the biggest hindrance for Kosovo's development towards the 
implementation of renewable energy sources? 

A3. The biggest hindrance that I see in the development of implementation of renewable energy               
sources is the financial state and the limitation of generating capacities from RES. The installation of                
generating capacities set by the European Commission which should fulfill the Republic of Kosovo              
for RES by 2020 is far from achievable. Until now, the target of 30 percent has not been reached. The                    
cost of installing PV in recent years has dropped significantly but MED and ERO have imposed                
restrictions on the installation capacity of electricity generation although the requirements from            
investors are significantly higher. This is a big hindrance for the development of RES in Kosovo. The                 
FiT for PV of 10 MW has also remained the same price as it in 2012, even though the cost of their                      
installation has decreased three to two times. Studies also show that Kosovo has relatively good               
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potential for electricity production from wind, where generating capacity is several times higher than              
allowed. The great lack of interest of investors is because of the difficult procedures for obtaining                
licenses and the high cost of installing appropriate technology. 

Q4.With the continuation of PV systems getting more affordable and having the beneficiaries of being               
used in large- and small-scale applications, do you see a future for Solar Energy in Kosovo? How                 
does it compare to other renewable energy sources in your view? Do you believe that there will be any                   
social benefits like job opportunities or health benefits regarding a more substantial implementation of              
Solar PV in Kosovo?’ 

A4. PV generators in recent years have a high range of use in the world which has begun to be present                     
in Kosovo due to the continuous decrease in costs but also the gradual increase of their performance.                 
Considering that Kosovo has a favourable geographical position in terms of solar radiation. Also the               
production of energy from wind generators has shown good results and the demand for space in their                 
range is having its advantages. The advantage of PV is if they are mounted on the roofs and facades of                    
houses so as not to take up space and their installation time is very fast compared to other forms of                    
renewable sources. Making a national plan by the Government to support the production of energy               
from PV through grants of any kind of financial support will affect this sector to grow which will                  
enable the creation of new jobs but will also have some impact on reducing the degree of pollution.                  
Which is quite disturbing precisely from the production of energy from the burning of lignite which is                 
causing pollution on a large scale. 

Q5. In parts of Europe, a trend towards decarbonization of energy systems have emerged in which                
investments on Wind- and Solar Energy have increased and replaced carbon-based energy systems             
such as coal-fired plants. Do you see any trends that indicate that Kosovo is going in the same                  
direction? 

A5. As it is known, Kosovo geographically belongs to Europe, so the orientations are towards               
Europe's goals for decarbonisation, but at a later stage. This is however a process that requires time                 
and great financial support for implementation. On the other hand, renewable sources are still not able                
to meet the energy requirements at certain intervals because they depend directly on climatic              
conditions. 

Q6. How do you think that installing PV-Modules at your facilities would affect the University,               
Economically and Educationally? Is there any possibility that a Solar PV-system on the roof of the                
laboratory building could benefit the education of the students? 

A6. Of course, the installation of PV modules in the campus facilities of the University of Prishtina                 
"HASAN PRISHTINA" would have a great economic impact. Only in the campus of the Technical               
Faculties within the year are spent about 70-90 thousand euros of energy. With the installation of PV                 
the cost of the invoice will be greatly reduced and saved funds can be invested in increasing the                  
practical work for students. 

Installation of PV modules on the roof of the buildings of the Technical Faculties will be useful for                  
students as this system will be accessible to students and is one of the great opportunities that                 
technical students after completing their studies and starting their career think about implementing PV              
systems or dealing with it.  

Q7. How committed would you say that the University of Prishtina is related to the implementation of 
Solar PV and other renewable energy sources? 
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A7. The University of Prishtina, as you are informed, is a public institution and within its study                 
programs there are programs that deal with renewable energies. UP staff is also involved in projects                
and policies of the Government of Republic of Kosovo for the Energy sector, respectively renewable               
energy sources. Due to lack of funds has made the application of renewable resources in the facilities                 
of the University of Prishtina Campus not yet present. It is hoped to find donors who will support the                   
implementation of these projects of specific importance. 

Q8. According to ERO, in the rulebooks for the self consumption scheme, The University of Prishtina 
can only install 100 kWp per metering point. Do you consider that a big hindrance?  

A8. Based on ERO regulations for the self-consumption scheme where for a metering point it can                
install a maximum of only 100 kWh, we consider that it is a big handicap.he space of the roofs of the                     
Technical Faculties enables the complete consumption of the consumed electricity to be covered, but              
according to this limitation, the maximum allowed to install PV modules is 50%. 

 Q9. How is the current policy status impacting the development of Kosovo's energy system and what 
regulatory or economic changes from the government would you consider to be necessary to make 
advancements in the RES field? 

A9. As you are informed, the Republic of Kosovo has declared independence for only 12 years. Over                 
50% of the countries in the world have recognized Kosovo as an independent state. Serbia's               
aggressive policy towards Kosovo has also hindered the agenda of developing the energy system in               
Kosovo. 

The regulations and laws that have been drafted and those in the drafting process are made in                 
coordination with the international factor in order to approximate the legislation of the European              
Union since Kosovo's goal is to become part of the European family. Also, the political situation in                 
Kosovo is not stable. 

In order to develop Renewable Resources in the Republic of Kosovo, I think that the Government                
should create facilitation mechanisms, e.g. subsidies, grants, abolition of customs and VAT and             
increase of installation quotas provided for RES, creation of an institution which will take care of all                 
stages of implementation of these resources (licenses, authorizations, etc.).  

Q10. What is your view on the Agenda 2030 goals stipulated by the UN and how does your work 
relate to them? 

A10. The 2030 agenda set by the UN is of particular importance where each of us who deal with the 
energy sector must contribute in order to have sustainable, clean and low cost energy. 

Q11.Do you agree that Kosovo needs Affordable and Clean Energy according to Goal 7 of the UN?  
 
A11. I completely agree that Kosovo should have sustainable and clean energy according to the Goal 
7 of the UN, but as it has been stated before, this requires great support to implement it, especially 
from the countries that have the greatest influence in the world. 
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Appendix E - Interview 2 
 
Ardian Berisha 
Master of Science, Economics 
Regulatory expert, Energy Regulators Regional Association 2017-now 
Managing Partner, Optima Energy Consulting LLC 2020-now 
 
Interview Question (Q) and answers (A):  

Q1. With the trends of PV systems getting more affordable and having the benefits of being used in                  
large- and small-scale applications, do you or your company see a future for Solar Energy in Kosovo? 

A1. Definitely, the whole sector is going towards decentralisation, and not only in Kosovo, this is                
happening everywhere. We are beyond Central system planning, the future systems will be             
decentralised. This will create a need for more flexibility on the DSO side. Definitely we will have                 
more distributed embedded solar generation in the future and that is going to happen whether we want                 
it or not. It will be a cause of economic development. What will determine the acceleration of this                  
transition will be our ability to transform the DSO system to provide flexibility. Regarding the               
learning curve for batteries it is likely the price will go down facilitating off-grid solar power. What                 
regulators need to think about is to streamline the licensing process so that the customers (end users)                 
do not have to personally go to the regulator office in order to apply for rooftop solar projects. These                   
things have to begin to be more automated and systematic as well as transparent and easy. 
 
Q2.Kosovo has a feed-in tariff on Solar PV with 136,4 Euro/kWh. However there are a lot of Solar                  
PV-projects that are on hold for future implementation, according to documents from ERO. What do               
you think about Kosovo’s incentives on Solar Energy? And what is your view on the feed-in tariff                 
scheme for Kosovo? Is it a good long term solution for implementation of Renewable Energy               
Sources?  

A2. Unfortunately the ancient feed-in tariff system is still in place in Kosovo.There is a lot of interest                  
in renewables because Kosovo is one of the few countries in Europe that still promotes renewables                
with an administratively set price (Feed-in tariffs) whereas the majority of European countries have              
adopted competitive based schemes that are driving the cost down. The feed-in tariff seems to be very                 
attractive in Kosovo and there is a race to fit under the quota (admission limit to the FiT) to make a                     
business out of it. Regulators have not been up to pace with the development of technology and the                  
learning curve that we have seen. Neither have they been fast enough to react in order to adjust the                   
prices down to match the dropping costs of renewables. The capacity costs for solar power have                
dropped almost 73% from 2010 to 2017 and the current feed in tariffs are not reflecting that. There are                   
a lot of bad examples in Europe in which a lot of new capacity entered with FiT’s. In some countries,                    
they were not able to adjust the prices upwards to pass through the cost of additional renewables. This                  
is something that Kosovo could learn from and avoid to curtail the subsidies since they are not                 
sustainable. 
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Q3. What other incentives do you believe could benefit the implementation of Solar Energy in               
Kosovo?  

A3. We need to find the most economic way to support renewables and support them in a sustainable                  
manner. This requires up to date coherent regulatory framework getting the most out of technological               
improvement in order to pass on cost savings for the end customers. Through this we can enable                 
more renewable energy to come in at a lower cost. We have to reform our regulatory framework and                  
start applying competitive based renewable energy support schemes that are technology neutral. Let             
technologies compete as well. If you want to promote a specific technology you must provide a                
rationale to why. The Solar production is so cheap it's hard to see how they would need any additional                   
support. In Macedonia a tender was held to determine Feed- in premium for a specific capacity. The                 
auction resulted in Zero feed in premium since they bid to build the capacity at the wholesale market                  
price (since they don’t need it). Kosovo needs to take a step forward in that regard. There is a lot of                     
experience in auctions now. The promotion of renewables needs to be transparent and open and based                
on competition. And ofcourse the more players that are competing the better. The FiT scheme is                
distortionary to the market because of artificially low prices on the market and priority dispatch. Now                
we need to level the playing field. Renewables need to be able to compete with all other technologies.                  
One way of making it fair is to make sure that negative externalities are also accounted for, like                  
negative impacts of coal.  
 
Q4. What has been the biggest hindrance for the deployment of solar power in Kosovo? 
 
A4.The biggest problem is how they are going to support solar power. The idea was that at the time                   
solar power was so expensive so the rationale was that we would look at the cheaper technologies                 
first. They also thought; if we have tenders there are going to be a lot of foreign companies coming                   
and taking over the market in Kosovo, but we are an open economy and you survive in the market if                    
you can compete. 
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