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Abstract 
 
The study aims to identify the reasons behind power shortages in the city Sulaymaniyah, located in northern Iraq 
or Iraqi Kurdistan, and to clarify how large the difference between power demand and supply is. Also, several 
interviews have been performed to give further insight to the issues and possibilities the region is facing. 
Nevertheless, a portion of the energy demand is met by local diesel generators supplying power in city districts. 
With the use of the software program ArcGIS, a mapping of all the diesel generators in the city districts is done 
in order to visualize the unsustainable conditions of the city. In addition, the energy output of the diesel generators 
is quantified, and the energy supplied to a household is estimated on an average. Later, calculations are performed 
to estimate the diesel generators price for electricity, their amount of annual CO2 emissions and social costs.  
 
In order to bring light to renewable energy solutions, a solar PV configuration was chosen based on regulations 
and infrastructure issues in the region, suitable for households. Furthermore, with the use of intra-hour solar 
irradiance data from Meteonorm and the software Matlab, an optimal solar PV angle was calculated for 
Sulaymaniyah. Thereafter, the goal was to substitute diesel generated energy with solar PV energy and thus a solar 
PV system was estimated for a typical household based on; the average energy received from diesel generators, 
the solar PV system’s efficiency and the total solar irradiance striking the tilted panels. Furthermore, a Net Present 
Value was calculated to evaluate the economic profitability of the solar PV investment. Lastly, a sensitivity 
analysis was done with different scenarios to predict different outcomes of the NPV model.  
 
The study found that the energy system in Iraqi Kurdistan is unreliable and unsustainable, mostly due to 
infrastructure issues and political uncertainties. Due to these issues, power shortages occur on a daily basis and 
the difference between power supply and demand reached an average of 350 MW throughout 2018, and the largest 
difference reached 1304 MW.  
 
The number of diesel generators in the city was 525 and had a combined installed capacity of 176.6 MW, however 
they are usually working at 85 % operational efficiency resulting in a power supply of 150.1 MW. Additionally, 
it was estimated that a household receives an average of 920.07 W from the diesel generators. Furthermore, the 
calculated price for electricity was 207 IQD/kWh and all the generators combined pollutes approximately 319000 
tons of CO2 per year.  
 
The optimal angle for a solar panel in Sulaymaniyah was calculated to 21° and the recommended configuration 
for a solar PV system for households was a stand-alone battery storage system. In order for households to replace 
the diesel generators they need a capacity of 1.62 kW and a dimensioning of 9.66 m2. Finally, based on the NPV 
model it was found that it is economically profitable to invest in a solar PV system with today’s conditions. 
However, the investment is profitable with a relatively small margin and based on a scenario analysis, it showed 
that the investment might easily become unprofitable with the change of the discount rate.   
 
Lastly, it can be discussed that the actual demand in Sulaymaniyah is lower than the one presented, since it is 
artificial and very dependent on peoples consuming behaviors which might be different if they were to have access 
to electricity all the time. Also, one of the biggest obstacles that might hinder solar PVs to be integrated to the 
energy system is the net-metering, regulations and tariff issues. The KRG clearly does not give incentives to its 
people to invest in renewable energy, which also might be the reason why there is a very small market in 
Sulaymaniyah.  
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Nomenclature 
 
DHI - Diffuse horizontal radiation 
CO2 - Carbon dioxide  
DG - Diesel generation 
GIS - Geographic Information System 
DNI - Direct normal irradiation 
GHG - Greenhouse Gas 
I - Electric Current 
IEA - International Energy Agency 
IOM - International Organization for Migration 
IQD - Iraqi Dinar 
KDP - Kurdistan Democratic Party 
KRG - Kurdish Regional Government 
kV - kiloVolt 
kVA- kilo Voltage Ampere 
kWh - Kilowatt hour 
P - Power 
PUK - Patriotic Union of Kurdistan 
PV - Photovoltaic 
SDG - Sustainable Development Goals 
U - Voltage 
UNDP - United Nation Development Plan 
USD - US dollars 
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1 Introduction 
 
The world is currently changing rapidly like no other time in history. Ever since the industrial revolution the 
human population and the living standards around the world has increased exponentially. This has resulted as a 
huge impact on the planet. Today, the world face new problems regarding climate change. Despite some 
resistance, most countries have made concrete steps to fight climate change. Studies show that the potential 
consequences are quite dramatic. Furthermore, the consequences of climate change will most likely impact poor 
nations the most. As most countries move towards middle-income status the demand for western way of life will 
increase, further straining on the world’s resources.  
 
In 2015, The United Nations established a new set of goals, the SDG. One of the main challenges and opportunities 
globally today is related to energy. Access to energy is key to improve people’s living standards and the demand 
is only expected to grow. To meet the seventh goal, which is to ensure access to affordable, reliable, and modern 
energy for all by 2030, drastic measures must be undertaken. Approximately 1.1 billion people world-wide, did 
not have access to electricity during 2016, in addition many more had insufficient and unreliable supply. 
According to the IEA, the current rate of electrification efforts will not keep up with global population growth. 
The reasons which brought on this situation was caused by the lack of investment in power stations and electric 
power infrastructure, subsidized tariffs that do not offset the cost of supply, and inadequate governance and legal 
security (World Economic Forum, 2018).  
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2 Background 

2.1 The Kurdistan region 
Iraqi Kurdistan is a federal region and the Kurdish Regional Government (KRG) governs several institutions and 
is operating as a semi-autonomous region in Iraq. As specified in Iraq’s federal constitution, Kurdistan’s 
institutions work as a governmental and executive authority in numerous areas in Iraq (KRG, 2019). 
 
In the 1970s, Iraq was given a middle-income country status and was able to provide sufficient infrastructure, 
healthcare and education. However, Iraq has since been ravaged by war and its people have suffered for many 
decades as a consequence of turmoil, brutal dictatorship and blockades, preventing economic growth in the region. 
Nevertheless, Iraq is currently experiencing a period of tranquility after years of fighting terror groups, especially 
Iraqi Kurdistan. The KRG consists of four governorates; Duhok, Erbil, Halabja and Sulaymaniyah, and are all 
considered safe compared to the rest of Iraq. (Swedish Ministry for Foreign Affairs, 2018)  
 
Sulaymaniyah is one of the biggest cities in Iraqi Kurdistan with a population of approximately 710 532 
inhabitants (IOM, 2018). The region’s climate tends to be hot and dry during the summer but wetter in the winters, 
with an average daily solar radiation of approximately 5 kWh/m2 (WRI, 2018). Despite being a safe region in 
relation to the rest of the country, inflation is rampant, and corruption is widespread which impacts investments 
and limits growth (Jeffrey.Koncsol, 2017). 
 

2.2 History of energy access 
The first Gulf War in 1991 and the following internal conflicts which took place in the region, caused severe 
damage to the power supply in the four northern governorates; Dohuk, Erbil, Halabja and Sulaymaniyah. For 
example, numerous transmission and distribution grids were put out of commission, several substations were 
ruined, and power stations were destroyed by explosives. Further, in 1994, the four governorates were cut off from 
the national power grid in Iraq. Thus, the power supply in Erbil and Sulaymaniyah depended only on hydropower 
stations in Dukan and Darbandikhan, while Dohuk had no electricity for nearly a year. The rebuilding of the 
infrastructure began in the following years, by investments in power stations, substations, transmission and 
distribution lines. By 1998, the energy system was still insufficient. Power shortages up to 5 hours a day were 
common, and in specific areas, power supply did not exist or varied between 1 to 5 hours a day. More recently, 
the energy system improved significantly after the KRG allowed private sector investments in 2013, which 
resulted in more than 20 hours of power supply per day (UNDP Iraq, 2013). 
 
KRG has two hydropower station, both of which are located in Sulaymaniyah governorate; in the smaller towns 
Dukan and Darbandikhan. These two have an installed capacity of 5x80 MW (= 400 MW) and 3x83 MW (= 249 
MW). Furthermore, there is one thermal power plant in the city of Sulaymaniyah with an inbuilt steam cycle to 
further extract electricity from the burning of fossil fuels with an installed capacity of 8x125 MW (= 1000MW) 
for the gas cycle and 2x250 MW (= 500 MW) for the steam cycle , but also a minor plant in the Bazyan area with 
the installed capacity 4x125 MW (= 500 MW) (See appendix  figure A2). According to Hawraman A. Saed, an 
official at the Dispatch Control Center of Sulaymaniyah, the maximum power demand for Sulaymaniyah city is 
approximately 2000 MW. However, due to power demand in other parts of the region, the city only receives about 
30 % of the primary electricity production, resulting in power shortages and further demand needs coverage from 
private actors producing electricity with diesel generators in the local sub-areas.  
 
 

… Sulaymaniyah needs 2000 MW and it can produce 2120 MW by itself. 
However, it is only entitled to 700 MW. We have the capacity, but we suffer 
a lot of losses due to the lack of capacity in transmission to other cities but 
also within the distribution in the cities…  

- Hawraman A. Saed, Official at the Dispatch Control Center of 
Sulaymaniyah 
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… The Dukan hydropower plant has the installed capacity 400 MW, where 
it is built of 5 unit of generators each with the capacity of 80 MW. The 
Darbandikhan water power plant has 3 units with a capacity of 83 MW 
each. Unfortunately, due to weather and malfunctioning units we cannot 
reach full potential…  

- Ako Jamal, Senior Engineer and Head of the Dukan Hydroelectric Power Plant 
 

2.3 Governance 
Currently the Iraqi Kurdistan’s electric power system is vertically integrated where the ministry of electricity 
controls every aspect in the process from the control over power generation, to the consumers electricity access 
equipment, to billing and accounting services. This causes confusion and internal conflicts upon the Ministry 
where as the result of the work end up being deficient and not leading to any progressive development (WRI, 
2018). Furthermore, the ministry owns, operates and regulates the electricity sector and thereby potentially 
creating a conflict of interest since it is functioning as policy maker, operator, regulator and supplier. Also, the 
electricity sector does not operate under any formal regulatory framework, and despite invoices, there is no 
interaction with consumers on electricity services (KRG, 2012). 
 
 
 
 

 
Figure 1: Structure of the Ministry of Electricity, in KRG (Yaseen Kareem, 2012). 
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Figure 2: Stakeholders in the electricity market (Yaseen Karim, 2018). 

2.4 Power supply 
The total installed capacity in the Kurdistan region’s energy system is 6717 MW and most of the power is 
generated from thermal power plants. The thermal power plants consist of gas turbine cycles or reciprocating 
engines. 88% of the power in Iraqi Kurdistan is produced by private companies using thermal power plants 
receiving their natural gas from the Ministry of Natural Resources. The output is then bought by the government 
and sold to consumers at a discounted price. The remaining 12% is supplied by the government, although some 
companies have been licensed to operate three of the smaller diesel-fueled plants, all of which are owned by the 
government. In addition, roughly 9.7% of the power supply, is produced from hydroelectric power plants based 
in the dams of Dukan and Darbandikhan. Both hydropower plants add to an installed capacity of 649 MW 
combined, however only 200 MW is available for use due to technical and operational issues (Ministry of Planning 
KRG, 2012). Although, it is worth mentioning that the installed capacity is barely reached due to drought and 
scarcity of means for production such as diesel or lack of functioning plants.  
 

 
Figure 3: Mapping of the various power plants in KRG.  
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2.5 Transmission and distribution 
The transmission system contains one interconnected network between all four Governorates. The network 
includes 132 kV and 33 kV lines, and also 82 transformation substations (Yaseen Kareem, 2019). 
 
55 of the 82 transformation substations in the region functions as the distribution network with a voltage of 33 kV 
and 11 kV. Later on, these networks reduce to 240V or 415V in order to distribute the electricity to the city’s 
different quarters. Due to a strong growth in power demand over the past years, the distribution network has 
suffered and has caused increased total losses in energy. This suggest that the network has issues with delivering 
reliable energy to the inhabitants of Iraqi Kurdistan (Ministry of Planning KRG, 2012). 
 
Due to the shortages there are government-mandated electricity shut-offs, as stated by the Ministry of Electricity 
in Kurdistan. Additionally, there are no prioritizations regarding the power supply to private consumers or 
industries, the government sets day-to-day schedules for the supply to different districts (Yaseen Kareem, 2019). 
Therefore, many Kurds rely on private actors who provide energy from diesel generators for the remaining hours, 
which pollutes and make noise which most likely poses a health risk (WRI, 2018). 
 

2.6 UNDP sustainable development goals 
The goals that the study will cover is based on UNDP’s 2030 sustainable development goals. Therefore, the focus 
will be to bring light to these matters and problems because of their relevance to the city Sulaymaniyah:  

2.6.1 Affordable and clean energy  
The UNDP states that energy is the dominant contributor to climate change, and it is accounting for approximately 
60 % of the GHG-emissions in the world. The goal is to provide affordable and clean energy to all, since energy 
supports all sectors and enhances human and economic development (SDG, 2018). In Sulaymaniyah, primary 
energy production does not meet its demand, and consumers has turned to local actors, providing insufficient 
electricity produced from diesel generators at a very high price. Finding a more sustainable way of producing and 
consuming the electricity that is needed, in order to fulfil the goal. 
 

2.6.2 Sustainable industry, innovations and infrastructure  
Investments in infrastructure and innovation are the crucial ingredients for economic growth, sustainable 
development and empowering communities, in a country. In addition, the renewable energy sector is estimated to 
create 20 million new jobs by 2030 (Ibid). In Sulaymaniyah, regulations and outdated infrastructure impedes new 
sustainable energy solutions. By providing feasibly applicable energy solutions in Sulaymaniyya, it could attract 
investors and influence policy. Furthermore, also bring more human capital and Kurds residing in diaspora to the 
region to spur innovation even more.  
 

2.6.3 Sustainable cities and societies  
Today, more than half the world’s population lives in cities, and the cities are still growing. Hence, several 
challenges occur in order to maintain cities in ways to keep creating jobs and prosperity without insufficiently 
straining land and resources. In addition, 95 % of urban expansion will take place in the developing countries, 
which further increases the importance for Sulaymaniyah (Ibid).  Promoting renewable energy in a region where 
infrastructure is suboptimal, is difficult. The current state of electricity production is mostly based on fossil fuels 
like natural gas, oil products or diesel. This results in a toxic environment in the city, and moreover after 
Sulaymaniyah has grown in population in the last fifteen years as a consequence of the Iraq war.  
 

2.7 Previous work 
One study outlined a detailed simulation and financial analysis in a Lebanese village with similar conditions as 
Sulaymaniyah. A model of the households in the village was created that showed the average monthly energy 
usage. For this, the software HOMER was used to optimize different designs of solutions, either it was the ordinary 
energy supply of diesel generators or hybrid PV-diesel systems that were examined. The cost of electricity reduced 
from 0.26 USD/kWh to 0.12 USD/kWh in theory as well as the carbon dioxide pollution by 65% (Alayan, 2017). 
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Previous work and analysis have been carried out in the city of Sulaymaniyah regarding the comparison between 
carbon dioxide emissions from Solar PVs and the carbon dioxide emitted by fossil fuels. This case study showed 
that the savings are 0.804 kg of carbon dioxide per kWh using Solar PV technology instead of diesel generation. 
The panels released 0.105 kg CO2 / kWh and the diesel based 0.909 kg CO2/kWh (Khan, Azabany & Ahmed, 
2014). 
 
Similarly, a case study was carried out in a nearby Kurdish town, Koye, where it was ensured that the price for 1 
kWh, including initial costs and operating costs, was 12 USD/month over 24 years. The prerequisite for electricity 
production based on solar radiation was good and the only problem was considered to be land use (Abbas, 2013). 
 
Another example of previous work done is the implementation of solar panels for two schools and a healthcare 
clinic in the city Erbil. The International Organization of Migration funded the project that included the 
installations with the capacities: 180 kW, 110kW and 250kW. All of the systems were connected to the main grid. 
The combined energy produced in 2015 by the three installations, was totally 278 kWh, well over the consumption 
the same year, which was totally 146 kWh. The energy surplus was exported back to the main grid (Penjweni, 
2015). 
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3 Objective  
The purpose of the study is to identify the reasons behind power shortages in the city Sulaymaniyah and to clarify 
how large the gap between energy demand and the primary power production is. Due to power shortages a portion 
of the energy demand is met by diesel generators. Our task is to map these and quantify the output. This study 
will hopefully bring light to the consequences of having local diesel generators. The analysis is aimed to provide 
a better view of the development challenges in the region and lay future groundwork towards sustainable solutions. 
 
The biggest obstacle is the lack of official quality data. Much of it is poorly measured and some records lack in 
consistency and are not managed properly. Furthermore, the data is dispersed among government administration 
officials. Any collected data cannot without difficulty, be accessed through informal contacts. Still, with enough 
data the difficulty will lie in making certain claims. Instead the hypothesis is that this study will find suggestive 
results since there is a lot of uncertainty in the data. I.e. most of the diesel generators will be mapped but some 
diesel generation in the city might not be possible to examine since they might operate without being registered 
by authorities.  
 
The project is limited to only the city of Sulaymaniyah. However, since Sulaymaniyah is part of the region’s 
energy system we use data from the power plants in Iraqi Kurdistan, but only the energy supplied to Sulaymaniyah 
and not the other cities. This study will only map larger diesel generators for each city district. Lastly, this study 
does not conduct any measurement, all data is collected from documents, previous work and studies. 
 
Questions whom will be answered are: 
 

- How is Sulaymaniyah’s current energy system functioning and what are its main issues and challenges? 
 

- What is the economic and environmental impact of the diesel generators on the city s? 
 

- Is it feasible to substitute diesel generation power with a solar PV system from a household’s 
perspective? 
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4 Methodology  
The methodology that will be used in this study is a mixture of quantitative and qualitative work where the 
collected documents will be gathered from the internet, supervisors and interviews. The two core methods used 
for data collection are document- and interviewed based. The reason behind this is that Iraqi Kurdistan is still 
under development and have no proper database for accessing relevant content. Furthermore, the data received 
from the authorities that are existing has not been updated. Finally, the study will end with a thematic analysis 
with influences of discourse analysis. This is due to the number of questions, the lack of available data and 
obstacles that stand between us and the relevant information. 
 

4.1 Literature study 
The first part consists of a literature study. This section will provide insight and better understanding of the current 
conditions of the energy system in Iraqi Kurdistan and Sulaymaniyah. Information and data will be gathered from 
reports and studies from the internet or government officials. There have been discoveries in previous case studies 
with similar aims that could contribute to our project. In these studies failures or shortcomings have also been 
highlighted which will help not to commit the same mistakes. Any statistics and measurements will be collected 
and provided by the KRG authorities. The data will then be compiled and collected to suit our study. It will be 
presented in diagrams, excel charts and tables. 
 

4.2 Interviews 
Questions will be prepared before semi-informal interviews and during them a recording of the person being 
interviewed will be set up. These people have been purposely selected due to their significance of roles to our 
study. Another reason for the necessity for the interviews is due to the hierarchical structure the system has. Only 
the high-ranked officials have access to data of the current situation, therefore it is necessary to perform these 
interviews in order to receive a proper perspective of the current situation. 
 
Here follows the list of the people that will be interviewed in chronological order: 
 

- Hewa Abdullah - The Head of Electricity Distribution Directorate in Sulaymaniyah 
- Hawraman A. Saed - Official at the Dispatch Control Center of Sulaymaniyah 
- Ako Jamal - Senior Engineer and Head of the Dukan Hydroelectric Power Plant 
- Yaseen Kareem - The Head of Planning and Follow up 
- Diyar Baban - The Director-General of Ministry of Electricity 
- Rawa Penjweni - The Head of Renewable Energy and Advisor to Diyar Baban 
- Faraidon Karem - Official at General Directorate of Electricity in Sulaymaniyah with main focus on 

diesel generators 
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5 Theory 

5.1 Diesel generators 
Diesel generators are used to convert fuel energy (mainly diesel or biodiesel) into mechanical energy with the use 
of an internal combustion engine. The mechanical energy generated is then converted into electrical energy by an 
electric generator. A benefit of the diesel generator is that depending on its capacity and level of tank fuel, the 
power supply may be assumed to be accessible anywhere at any time. They are the most commonly used electricity 
generator in building-integrated microgrids, mainly thanks to their size (1 kW to more than 1000 kW), initial 
investment cost, easiness and the easy access for purchasing fuel to the generator (Manuela Sechilariu & Fabrice 
Locment, 2016). 
 
A diesel generator commonly consists of an internal combustion engine and an electric generator. But also, by 
other components such as mechanical coupling, an automatic voltage regulator, a speed regulator, a support 
chassis, a battery for starting the motor that permits the start-up of the diesel generator, and a command panel 
(Ibid). 
  
The reliability aspect of the diesel generator is beneficial since it is able to provide power quickly and continuously 
for a significant period of time. However, it must be properly sized and allied with the required fuel tank, of which 
the supply frequency is well adjusted (Manuela Sechilariu, Fabrice Locment, 2016). The load should not exceed 
80% of the aggregates specifications but not fall below of 25% since it will not achieve desired operation 
temperature (Andersson & Hägerström, 2015). 
 
The main use of a diesel generator is to complement the power supply in an energy system by covering power 
balancing in the public electricity grid, microgrid or function as a free-standing emergency power supply. In other 
words, supplying power during peak periods or during shortages of main power generators. Thus, in normal 
operating situations, the diesel generator might be in “standby” mode and is only started to offset peaks in the 
power consumption. The technique is often used in isolated microgrid operating mode at times when the main 
power plants may be unavailable or during shortages of the main power supply (Manuela Sechilariu, Fabrice 
Locment, 2016). However, during off-peak consumption hours diesel generators must run at very low power since 
it is sized to meet peak consumption, and this low-power operating mode results in low fuel efficiency and 
increased maintenance. To solve this issue, it might be beneficial to have two diesel generators, one for high power 
and the other for low power. Though, this increases the global cost and in addition diesel generator sizing becomes 
more complex since it requires adequate knowledge about the load power demand (Ibid). 
 
Diesel generators fuel combustion has a very serious impact on the environment, both locally and globally. The 
generators release s substantial amount of dangerous substances, such as directly emitted organic and elemental 
carbon (soot), nitrogen oxides (NO) that creates ozone (O3) and nitrate particulate matter, both carbon monoxide 
and dioxide (CO and CO2), and a variation of toxic metals and gases (Anayochukwu and Nnene, 2013). 
 

5.2 Gas turbine 
A gas turbine, also known as a combustion turbine, is a rotating engine that obtains energy from the flow of 
combustion gases. The main components of a gas turbine consist of the compressor, combustion chamber(s), and 
gas turbine. Gas turbines, together with associated systems, are small in size compared to conventional steam 
power plants. In addition, they offer flexibility since they can operate with different types of liquid and gaseous 
fuels. There are two types of gas turbines that are used for power generation, aero-derivative and heavy-duty gas 
turbines. Furthermore, the gas turbine’s process follows the Brayton cycle (Dipak K. Sarkar, 2015). 
 
The gas turbines use fossil fuels to generate power, usually natural gas or another oil product. The combustion of 
fossil fuels cause GHG-emissions, including carbon monoxide and dioxide (CO and CO2), Nitrogen oxides (NOx), 
and unburned hydrocarbons (UHC). In recent decades, dry low emissions (DLE) combustion systems have been 
developed to reduce emissions of toxic gases and substances, and therefore the impact of the environment. The 
DLE combustion system lowers the emissions of several gases, however water-steam and carbon dioxide (H2O 
and CO2) emissions are not decreased if the efficiency of the thermal turbines is not affected. Thus, combined 
cycles are used to increase the efficiency and further reduce H2O and CO2 emissions (Ali Mohsenpoursoghadi & 
Esmaeil Hosseinvand, 2017). 
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Figure 4: Components of a single-pressure combined cycle (Claire Soares, 2015). 
 

5.3 Wind power 
Wind power generation is based on the technology of converting kinetic energy of wind into electric power with 
the use of a wind turbine. The technology is dependent on wind velocity, since the wind turbine is collecting and 
transforming wind power into rotational mechanical energy which further drive a generating unit to finally 
produce electric power. As of now the technology is relatively mature, in 2015 about 640 TWh was generated 
from wind power globally, standing for less than 3% of the total energy usage in the world. For the reason of 
being a renewable source of energy and having strict requirements on CO2 emissions, the total share of wind 
power generation is predicted to increase to 30% by 2050, accounting for 22 000 TWh annually (Zhenya Liu, 
2015.  
 
This study will not include wind power generation as part of a solution to Iraqi Kurdistan’s issues. For the case of 
Sulaymaniyah and the Kurdistan region, wind power generation does not share the same potential as other parts 
of the world. Based on climate data the wind speeds in the region does not show great potential for this technology. 
Also, since Iraqi Kurdistan already has the capacity to produce enough power to the whole region but lacks a 
sufficient infrastructure and grid (which will be more explained later in the study), it would not be wise to weight 
the transmission system even more. For these reasons wind power will be excluded from this study.  
 

5.4 Solar energy 
The Sun is a hot sphere of gas heated by nuclear fusion reactions at its center. The temperatures at the center can 
reach 20 million K, and the intense radiation from the inner is thereafter absorbed by hydrogen ions, laying closer 
to the Sun’s surface. Energy is transmitted by convection and later re-radiated from the photosphere, i.e. outer 
surface of the Sun (Wenham, Green, Watt & Corkish, 2012). 
 
All locations on Earth receive sunlight at times, however the amount that reach those locations varies depending 
on parameters as; geographic location, time of the day, season, local landscape and local weather. Because of the 
Earth’s spherical form, the sunlight falls in at different angles which vary between 0°-90° (exactly above the 
horizon). The more inclined the sun’s rays are, the longer they travel through the atmosphere, causing more 
scattering and diffusion which results in less radiation reaching the surface. Consequently, the most energy 
reaching the surface during the day is when the sun is at 90°, because the rays travel the shortest (EERE, 2013). 
  
The Earth travels around the Sun in an elliptical orbit and thus is closer to the Sun at some period of the year. 
Accordingly, the Earth’s surface receives slightly more energy when it is closer to the Sun. Additionally, the 
Earth’s axis tilt of 23,45° adds an important factor in the amount of irradiance falling to the surface at a specific 
location. The tilt causes longer days in the northern hemisphere from the spring equinox to the fall equinox and 
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vice versa for the southern hemisphere. During the equinoxes which occur around March 23 and September 22, 
the day and night are both exactly 12 hours long (Ibid). 
 
   

5.5 Solar irradiance 
Radiant energy from the Sun is the primary source of energy on Earth. The radiant energy is measured and named 
as the solar irradiance (NASA, 2017). When sunlight travels through the atmosphere, some of it is absorbed, 
scattered and reflected by; air molecules, water vapor, clouds, dust, pollutants, forest fires, volcanoes, etc. This 
scattered radiation is called diffuse solar radiation. Furthermore, the solar radiation reaching the surface of Earth 
without being diffused is named direct solar radiation. The atmospheric conditions play a huge effect on the direct 
solar radiation, it can be reduced by 10% on clear, dry days and by 100% on thick, cloudy days (Ibid). 
  
Meteonorm defines the following radiations as: 
 

- Direct normal radiation (DNI): Shortwave radiation (0.2 - 3.0μm) arising from a narrow solid angle 
(5° aperture) centered around the sun's disk and impinging on a surface normal to the direction of the 
radiation. 

- Diffuse horizontal radiation (DHI): Shortwave isotropic radiation (0.2 - 3.0μm) arising from the upper 
hemisphere reduced by the direct solar radiation from the sun's disk and its surroundings (5° aperture) 

 

5.6 Solar photovoltaics  
Solar photovoltaic (PV) devices convert sunlight directly into electricity by an electronic process in 
semiconductors. The photons from the sunlight falls onto the solar panel and its semiconductor material, causing 
electrons to break free of their atomic bonds. The semiconductor is designed in a way to force electrons to travel 
in a single direction creating a flow of electrical current. However, only certain light within the spectrum can be 
absorbed by the panel, meaning that crystalline silicon solar cells do not have 100% efficiency. A portion of the 
light spectrum is reflected, infrared light is too weak to create electricity and ultraviolet light creates heat instead 
of electricity (SEIA). 
 

 
Figure 5: Construction of a solar PV (SEIA). 
  
Solar PV systems are often classified according to their functional and operational requirements, their technical 
configurations, and how its connected to other power sources and electrical loads. The two general configurations 
are grid-connected and stand-alone (off-grid) systems. The solar PV systems can be built to provide direct current 
(DC) and/or alternating current (AC) power, it can function interconnected with or independent of the grid and 
can be connected with other energy sources and energy storage systems (S.C. Bhatia, 2014). The solar modules 
produce DC power and an inverter is needed in order to convert it to AC power. The output of the inverter can 



 

 12 

either be single or three phase(s). Furthermore, the capacity of the inverters can vary from hundreds of watts to 
megawatts (Soteris A. Kalogirou, 2009). 
 
This study will be based from a consumer perspective and therefore try to enhance the household’s possibilities 
to produce own power. The KRG energy system has net-metering and regulation issues as will be explained in 
the interview section of the study. Due to these issues the study will only investigate a stand-alone system for the 
households. The configuration that will be investigated is a stand-alone with a battery. Also, from a consumer’s 
perspective it is more reliable to produce own power than to rely on the primary supply or from the diesel 
generators. 
 

5.7 Types of stand-alone PV systems 
Stand-alone systems can be sorted into two different categories; direct PV systems and battery storage systems.  

5.7.1 Direct PV systems 
A direct coupled PV system consists of solar modules which produce electric power and delivers to a DC load as 
presented in figure 6. A direct PV system is not connected to any battery storage or grid and usually consists of 
several solar panels, disconnect float switch, overcurrent protection and electrical load. This type of system is only 
functioning during daylight hours since energy cannot be stored. DC load include all electronics that can be 
powered by direct current, for example LEDs, refrigerators, solar powered water pumps, fans, radios, TVs, etc. 
For specific loads, as positive-displacement water pumps, an electronic DC-DC converter called a maximum 
power point tracker or a charge controller, is installed between the solar modules and the load to better use the 
available PV system maximum power output. This is also shown in figure 6 (Salahuddin Qazi, 2017).  
 
 

 
 
Figure 6: (A) Block diagram of direct PV system (B) Direct PV system with DC–DC converter (Salahuddin Qazi, 
2017). 
 

5.7.2 Battery storage systems 
The major disadvantage of direct PV systems is the inability to function and deliver power during night time or 
on cloudy days with insufficient solar irradiance. Thus, this weakness can be solved with a battery storage system, 
as shown in figure 7. This system is able to store power during the daylight hours when the solar PVs are 
generating electricity and later use it at night or cloudy days when the PVs are not able to produce power. The 
importance of batteries in a stand-alone system is essential since the power demand does not always match the 
solar PV capacity and sunlight hours. Furthermore, it provides the following functions in a stand-alone system: 
(Ibid).  
 

- Stores electric power when excess power is produced and delivers it when it's needed.  
- Delivers surge currents to loads as electrical motors when desired.  
- Delivers stable current and voltage by canceling transients.   
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Figure 7: Block diagram of battery powered standalone system (Salahuddin Qazi, 2017). 
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6 Calculations 

6.1 Compiling Demand & Supplied Electric Power 
Data for the city's power supply and demand will be derived from the Dispatch Control Center of Sulaymaniyah, 
in order to clearly identify the capacity shortage. This data will be sorted and divided into lists of average supplied 
power, maximum, minimum and average demand for all the days of 2018. The supply and the various demands 
will be plotted against the days of the year. Also, the total supplied energy for each month will be gathered and 
used to estimate the average number of hours in which power is delivered.  
 

𝐻𝑜𝑢𝑟𝑠	 =
𝐸)*+,-
𝑛∑ 𝑃1+

123
 

 
(1.) 

 
 
Where:  
Emonth: the total amount of energy supplied for a month [MWh]. 
Pi: the average power supplied for day i, at a given month [MW]. 
n: the number of days of the month [day] 
 

6.2 Mapping of the Sulaymaniyah city 
The free online version from ArcGIS will be used together with a functionality called map notes to map out the 
diesel generators in the city. The use of GIS gives a good overview as well as relatively good details, such as the 
outer city limits but also the names of the different local areas. The city will be divided into five parts: Northern 
Quarter, Center, Southern Quarter, Western Quarter and Eastern Quarter. These parts will be assigned different 
colors to disperse them easier. 

 
Figure 8: Showing ArcGIS map functions  

 

6.3 Pinpointing the diesel generators 
Incomplete diesel generator's location in subparts of the city will be received from the General Directorate of 
Electricity in Sulaymaniyah together with the respective capacity in an excel sheet from the General Directorate 
of Electricity in Sulaymaniyah. All will be sorted according to the five different sub-areas and thereafter mapped 



 

 15 

using ArcGIS's button needle function with an appropriate color. For each button pin set, it represents 10 diesel 
generators located in the specified area. The button pins with orange color in the areas refer to fewer than 10 diesel 
generators. 
 

6.4 Estimating the delivered DG generated energy per household 
The value of how much diesel generators produce for the specified area is extracted, compiled and converted to 
MW from the excel sheet received from the General Directorate of Electricity in Sulaymaniyah. This is done in 
order to estimate the amount of power produced by the diesel generators. 
 
The installed capacity of the diesel generators is given in apparent power (kVA) and is converted to active power 
(kW) by multiplying every capacity with a phase difference factor of 0.8 (Bert Markgraf, 2018). Thereafter, every 
single diesel generator capacity is summed up to get the total number of installed capacities in the system. The 
summed number is multiplied with 0.85 due to the average operational efficiency being 85% of installed capacity 
(Faraidon Karem, 2019). Mathematically it can be expressed as:  
 

𝑃,*, = 0.858(𝑈𝐼)1𝑐𝑜𝑠(𝛷)
+

1

 
 
(2.) 

 
Where:  
𝑃,*,: the combined installed capacity, in active power, of all the diesel generators [kW] 
(𝑈𝐼)1: the installed capacity in apparent power of diesel generator i [kVA] 
n: the total numbers of diesel generators in the city 
𝑐𝑜𝑠(𝛷): the phase difference assumed to be 0.8 
	
Lastly, the total installed capacity is divided by the number of households in the city and is later multiplied with 
the duration of the diesel generators operating hours per year. The diesel generators are assumed to operate 8 
hours per day for the whole year, resulting in 2920 hours per year (Faraidon Karem, 2018). Working hours for the 
diesel generators varies during the year but the General Directorate of Electricity in Sulaymaniyah has determined 
that the average working hours for one year is 8 hours. 
 

𝑃-*?@A =
𝑃,*,

#𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 
 
(3.) 

 
Where:  
𝑃-*?@A: the amount of diesel generated power received by an average household [W] 
#Households: the number of households in Sulaymaniyah  
 
 

𝐸-*?@A = 𝑃-*?@A ⋅ 𝑡	
 

(4.) 

Where: 
𝐸-*?@A: the annual energy amount received by an average household [Wh] 
t: the number of operating hours for a diesel generator per year [h] 
 
 

6.5 Calculating price for electricity and emissions from diesel generators 
A price for electricity will be estimated in terms of IQD/kWh. To reach this figure there are sub-costs that must 
be taken into account such as fuel prices, operating costs and profits in which eventually combined presents the 
price for electricity. This manner of calculation is used to regulate diesel generator prices per month by the General 
Directorate of Electricity in Sulaymaniyah. In addition, emissions of CO2 in terms of kg is needed to determine 
environmental impact. 
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6.5.1 Fuel cost 
A chart from the company Ablesale’s website showing the relation between operating capacity and fuel 
consumption in liters per hour, will be used. A linear relationship between the operating capacity and the 
consumption is derived and the slope of the graph is used for obtaining the respective fuel consumption in, for 
each diesel generator, see appendix figure A3. In addition, a margin is thereafter included because the figures for 
combustions are approximations. The chosen margin is set to 5%. The equations are the following: 
 
𝐷𝑖𝑒𝑠𝑒𝑙	𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	 = 𝑃,*, ⋅ 0.2675 (5.) 
 
𝑅𝑒𝑎𝑙	𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝐷𝑖𝑒𝑠𝑒𝑙	𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 + 0.05 ⋅ 𝐷𝑖𝑠𝑒𝑙	𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 
 

       (6.) 

Where:  
Diesel consumption: the amount of diesel consumed per hour [liter/hour] 
𝑃,*,:	the	combined	installed	capacity,	in	active	power,	of	all	the	diesel	generators	[kW] 
Real consumption: the amount of diesel consumed per hour with an additional margin of 5% [liter/hour] 
 

 
An official at the General Directorate of Electricity in Sulaymaniyah, Faraidon Karem has stated that a diesel 
price of 500 IQD/liter is convenient for calculations. By multiplying the price with equation (6) and dividing it 
with the energy production of the diesel generator for a month, approximately 240 hours/month, the fuel price 
will be estimated in terms of IQD/kWh per month: 

 

𝐹𝑢𝑒𝑙	𝑝𝑟𝑖𝑐𝑒	 =
	𝑅𝑒𝑎𝑙	𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
	𝐸𝑛𝑒𝑟𝑔𝑦	𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 ⋅ 500			 

 
(7.) 

   

6.5.2 Oil cost 
For every hour that the diesel generator produces electricity, it burns oil in order to lube the engine. Depending 
on the type of capacity the generator has and how many hours it is running, it requires a certain amount of volume 
oil. The active time for all diesel generators is assumed to be 8 hours per days. The lube oil consumption burning 
factor at full capacity is estimated to be the average of 8 different oil consumption values. Every diesel generator, 
between the capacity of 100 kW to 800 kW, has a lube oil consumption burning factor calculated in liters/hours. 
Most of the diesel generators in Sulaymaniyah is of the model Cummins according to Faraidon Karem. The 
estimated burning factor for the calculations is 0.146 liters lube oil per hour and is used in the following equation: 
 
𝐵𝑢𝑟𝑛𝑒𝑑	𝑙𝑖𝑡𝑒𝑟 = 𝑏𝑢𝑟𝑛𝑖𝑛𝑔	𝑓𝑎𝑐𝑡𝑜𝑟stAusvA ⋅ 𝑡 ⋅ 𝜂 (8.) 

 
Where: 
Burning factor: the rate of liters per hour in which oil is burnt [liter/hours] 
t: the total amount of hours in a month [hours] 
𝜂: the operating efficiency of the diesel generator [%]   
 
Additionally, each diesel generator needs to continuously refill the whole oil tank every month due to the need 
of a new and full tank for next month. This full tank is presented in the same chart. Thereby, a linear relation is 
found to estimate the tank capacity for each respective diesel generator, see appendix figure A4. The linear 
relation is the following: 
 
𝐹𝑢𝑙𝑙	𝑜𝑖𝑙	𝑡𝑎𝑛𝑘 = 	0.192 ⋅ 𝑃{s| − 5.119 (9.) 

 
Where:  
𝐹𝑢𝑙𝑙	𝑜𝑖𝑙	𝑡𝑎𝑛𝑘: the estimated volume of an oil tank [liters] 
𝑃{s|: the installed capacity of the diesel generator [kW] 
 
 
 
Cost of oil is assumed to be 3000 IQD/liter (Faraidon Karem, 2019). To find the cost of oil/kWh, the price for 
refilling a tank is divided by the energy produced by the respective diesel generator for a month: 
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𝐶𝑜𝑠𝑡	𝑜𝑓	𝑜𝑖𝑙	 = 	3000
(𝑓𝑢𝑙𝑙	𝑜𝑖𝑙	𝑡𝑎𝑛𝑘	 + 	𝑏𝑢𝑟𝑛𝑒𝑑	𝑙𝑖𝑡𝑒𝑟𝑠)

	𝐸𝑛𝑒𝑟𝑔𝑦	𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 	 
 
(10.) 

Where:  
Oil cost: the cost of oil per kWh for every month [IQD/kWh] 
 
 

6.5.3 Cost of spare parts 
According to the consulting company, Accenture, there is a need for changing mechanical parts during the year 
when producing electricity. This cost is 15% of the diesel generator initial investment. The price increases as the 
installed capacity increases, thereby a linear relation is set up to estimate the price for each diesel generator. The 
initial investment cost will be based on prices from the company Diesel Generator Direct. After retrieving the 
prices for the diesel generators, it gets multiplied by the exchange rate from GDP to IQD and 0.15 which represents 
the costs for the spare parts. Finally, the cost is converted from annually to monthly by dividing the cost by the 
number of months. Mathematically expressed as: 
 

𝑀𝑜𝑛𝑡ℎ𝑙𝑦	𝑠𝑝𝑎𝑟𝑒	𝑝𝑎𝑟𝑡	𝑐𝑜𝑠𝑡𝑠	 = 0.15 ⋅
𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡	 ⋅ 	𝑋𝑅���

12  
(11.) 

 
Where:  
Initial investment: the initial cost for buying a diesel generator [GDP] 
XRGDP: the exchange rate from GDP to IQD, set to 1550 [IQD/GDP] 
 
 
Lastly, we divide monthly spare parts cost with the energy produced during one month at 85% operating efficiency 
to receive the price in terms of IQD/kWh: 
 

𝑆𝑝𝑎𝑟𝑒	𝑝𝑎𝑟𝑡	𝑐𝑜𝑠𝑡	 =
	𝑀𝑜𝑛𝑡ℎ𝑙𝑦	𝑠𝑝𝑎𝑟𝑒	𝑝𝑎𝑟𝑡𝑠	𝑐𝑜𝑠𝑡

𝐸𝑛𝑒𝑟𝑔𝑦	𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 	 
(12.) 

 
 

6.5.4 Manpower 
According to the Department of Diesel Generation Regulation, every single hour the diesel generator is operating 
it need supervision and administrative work. The cost for this is 1300000 IQD/month and is payed to the person 
responsible for the tasks. By dividing this salary cost with the energy produced in one month for the respective 
diesel generator the cost is estimated in IQD/kWh: 
 

𝑀𝑎𝑛𝑝𝑜𝑤𝑒𝑟	𝑐𝑜𝑠𝑡	 =
	𝑀𝑜𝑛𝑡ℎ𝑙𝑦	𝑠𝑎𝑙𝑎𝑟𝑦

𝐸𝑛𝑒𝑟𝑔𝑦	𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 

 

 
(13.) 

 

6.5.5 Other Expenses 
Faraidon Karem has stated that other expenses have to be included in the calculation such as receipts etc. the cost 
of this is 4 IQD/kWh, which is included in the operating costs for the diesel generators. 

 

6.5.6 Profit 
For every cost of kWh produced by the diesel generator, the owners will get a profit of 14% so it is profitable to 
continue to produce. This will also be included and will finally give the price for electricity for a given diesel 
generator. Thus, to find the average price, all prices are summed together and divided by the number of diesel 
generators, expressed as: 
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𝜆�� = 1.14 ⋅
∑ 𝑐𝑜𝑠𝑡𝑠1+
1

𝑛  
 

 
(14.) 

Where: 
𝜆��: the average price for electricity produced by diesel generators [IQD/kWh] 
𝑛: the number of diesel generators in Sulaymaniyah 
𝑐𝑜𝑠𝑡𝑠1: all the combined costs related to operating diesel generator i [IQD/kWh] 
 

6.6 Emissions 
The ratio between consumed liters of diesel and emitted kg carbon dioxide is 2.66 CO2 kg/liter (Minister of Natural 
Resources Canada, 2014). By multiplying this factor with the liters of diesel consumed in one year for each diesel 
generator, the amount of CO2 polluted in the atmosphere in terms of kg per year can be estimated by the following:  
 

𝐶𝑂�	𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 2.66 ⋅8(𝑅𝑒𝑎𝑙	𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ⋅ 𝑡)1

+

1

 

 

 
(15.) 

 
Where: 
𝐶𝑂2	𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠: the annual CO2 emissions for all combined diesel generators [kg/year] 
𝑛: the number of diesel generators in Sulaymaniyah 
𝑡: the operating hour for diesel generator i per year [hours] 
Real consumption: the amount of diesel consumed per hour with an additional margin of 5% [liter/hour] 
 
 

6.6.1 Annual fuel-, operation- and social costs 
To get a broader view of how big the impact is of the diesel generators, it is useful to show this in different annual 
costs. The working hours will be summed up for a year and multiplied with the summed consumed liters of diesel 
per hour. This will present the total liter consumption for the year which will be multiplied with 500 IQD to 
calculate the total cost for the year. Different operational costs will be summed up for every diesel generator and 
added together. When it comes to social costs it isn’t clear how much it impacts the environment in terms of 
money. But there is one global median number of 417 USD per ton CO2 (Nature Climate Change, Ricke, 2018). 
The total amount of emitted kg CO2 from the diesel generators will be multiplied with the social cost and exchange 
rate from USD to IQD, expressed as: 
 
𝑆𝑜𝑐𝑖𝑎𝑙	𝑐𝑜𝑠𝑡𝑠: 𝐶𝑂�	𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 ⋅ 417 ⋅ 𝑋𝑅��� 
 

(16.) 

Where:  
𝑋𝑅���: the exchange rate from USD to IQD is assumed to be 1193.2 IQD/USD 
 
 

6.7 Climate Data 
To gather climate data, Meteonorm’s database was used. The database is built of more than 8000 weather-stations, 
five geostationary satellites and a globally standardized aerosol climatology. Its software generates accurate and 
representative data for typical years, for any location on earth. The data gathered for Sulaymaniyah was for 
arbitrary year. It consisted of hourly data for a typical meteorological year, or TMY, and the data which was used 
for the calculations were the following: 

- Direct Normal Radiation 
- Diffuse Horizontal Radiation 
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6.8 Equation of time, longitude correction and hour angle 
In order to estimate the hour angle of the sun, it is first essential to understand some underlying factors. 
  
During a year, the seeming solar time differs marginally from the mean time kept by a clock functioning at a 
constant rate and is caused by factors related with the Earth’s orbit around the Sun. The Earth’s orbital velocity 
variates during the year, this variation causes the mentioned time difference, which is named the equation of time 
(ET), given in minutes. Throughout the year, the time required for the Earth to complete a full rotation around its 
on axis, i.e. the length of a day, varies and the time difference can be described as a function of the day of the year 
(N) (Soteris A. Kalogirou, 2009): 
 
𝐸𝑇 = 9.87𝑠𝑖𝑛(2𝐵) − 7.53𝑐𝑜𝑠(𝐵) − 1.5𝑠𝑖𝑛(𝐵)  
 

(17.) 

Where: 

𝐵 =
360
365 (𝑁 − 81) 

 

 
(18.) 

Furthermore, the standard clock time is set by a selected meridian close to the center of a time zone or from the 
standard meridian. The Sun takes 4 minutes to rotate 1° of longitude, therefore a correction factor of 4x (Standard 
longitude – Local longitude) is required to be added or subtracted to the standard clock time of the location. The 
correction factor is always constant, and if the location of interest is east of the standard meridian (Greenwich, 0° 
of latitude), the correction factor is added to the clock time. Likewise, if the location is west, the term is subtracted. 
The apparent solar time (AST) is estimated by the following equation (Soteris A. Kalogirou, 2009): 
 
𝐴𝑆𝑇	 = 	𝐿𝑆𝑇	 + 	𝐸𝑇	 ± 	4(𝑆𝐿	 − 	𝐿𝐿)	– 	𝐷𝑆 (19.) 
 
Where: 
𝐿𝑆𝑇: local standard time [hh:mm].  
𝐸𝑇: equation of time [min]. 
𝑆𝐿: standard longitude [°]. 
𝐿𝐿: local longitude [°]. 
𝐷𝑆: daylight saving time [min]. 
  
Daylight saving time (DS) is a term that depends on whether the country of interest uses it or not. It can thus only 
be 0 or 60 minutes (Soteris A. Kalogirou, 2009). Since Iraq does not use DS, it will be equal to 0 in equation (19). 
  
The solar hour angle, h, of a position on the surface of Earth is defined as the angle which the Earth would rotate 
to get the meridian of the position exactly below the Sun. At local solar noon the hour angle is 0°, and since the 
Earth rotates 360° in 24 hours, the hour angle varies with 360/24 = 24°/hour. The afternoon hours are defined as 
positive and the morning time is negative. The hour angle can be calculated from the following expression (Soteris 
A. Kalogirou, 2009): 
 
ℎ	 = 	15°	(𝐴𝑆𝑇 − 12) (20.) 
  
 

6.9 Incidence angle on a tilted surface  
The solar incidence angle, 𝜃 , is the angle between the Sun’s rays and the normal on a tilted surface. However, if 
the surface is horizontal, the incidence angle, 𝜃, is the same as the zenith angle, z. See figure 9 to find the 
correlation between the different angles, and thus the incidence angle can be expressed by the following (Soteris 
A. Kalogirou, 2009): 
 
cos(𝜃) = sin(𝐿) sin(𝛿) cos(𝛽) − cos(𝐿) sin(𝛿) sin(𝛽) cos(𝑍@)

+ cos	(𝐿) cos(𝛿) cos(ℎ) cos(𝛽)
+ sin	(𝐿) cos(𝛿) cos	(ℎ) sin(𝛽) cos(𝑍@)
+ cos	( 𝛿)sin	(ℎ)sin	(𝛽)sin	(𝑍@) 

 

 
 
(21.) 
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Where  
𝐿: latitude of the location [°]. 
𝛿: solar declination angle [°]. 
𝛽 : tilt angle of the solar PV from the horizontal [°]. 
Zs: surface azimuth angle, the angle between the normal to the surface from true south, westward is designated as 
positive [°]. 
ℎ: hour angle of the sun [°]. 
 
Furthermore, 𝛿 is the declination angle of the sun is the angle between the equator and a drawn line from the 
center of the Earth to the center of the Sun. Mathematically expressed by:  
 
𝛿 = 	23.45° ⋅ 𝑠𝑖𝑛	[

360
365

⋅ (𝑑 − 81)]  
(22.) 

 
Where d is the day number of the year, i.e. 1 January is d=1. Worth mentioning is that February is always assumed 
to have 28 days, introducing a small error in leap years.  
 
  

  
Figure 9: Solar angles diagram (Soteris A. Kalogirou, 2009). 
 
 
For certain situations, eq. (21) can be reduced to much simpler expressions. For the city Sulaymaniyah, a south-
facing, tilted solar panel is the best option since the city is located in the Northern hemisphere. For this case, Zs = 
0° and thus eq. (21) can be simplified to:  
 
cos(𝜃) = sin(𝐿) sin(𝛿) cos(𝛽) − cos(𝐿) sin(𝛿) sin(𝛽)

+ cos	(𝐿) cos(𝛿) cos(ℎ) cos(𝛽)
+ sin	(𝐿) cos(𝛿) cos	(ℎ) sin(𝛽) 

 
(23.) 

 
Which can be further reduced to: 
 
 cos(𝜃) = sin(𝐿 − 𝛽) sin(𝛿) + cos	(𝐿 −𝛽) cos(𝛿) cos(ℎ) (24.) 
 
 

6.10 Diffuse radiation on a tilted surface  
Furthermore, the diffuse tilt irradiation is based on an isotropic model, which means the intensity of diffuse sky 
radiation is uniform over the sky dome. Thus, the diffused radiation on a tilted surface is a fraction of the entire 
diffused radiation falling over a horizontal surface, expressed as the following:  
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𝐼�1�� = 	𝐷𝐻𝐼 ⋅
180° − 𝛽
180°  

 
(25.) 

Where: 
𝐼�1��: the amount of diffused radiation striking the tilted surface [Wh] 
𝐷𝐻𝐼: diffuse horizontal irradiance [Wh]       
 
 

6.11 Energy generation from a tilted PV 
To calculate the amount of irradiance striking a tilted PV, with angle 𝛽, equations (24) and (25) are used. See 
figure 7 to find the correlations. Firstly, the solar incidence angle 𝜃 and the DNI is used to find the direct solar 
irradiance striking the tilted module:  
 
𝐼� = 𝐷𝑁𝐼 ∙ 𝑐𝑜𝑠(𝜃) (26.) 

 
Secondly, the diffuse component of irradiance is added to find the total amount of irradiance striking the tilted 
module: 
 
𝐼,*, = 𝐼� + 𝐼�1��	 (27.) 
 
 
The amount of energy generation from the module can thereafter be estimated with the following equation: 
 
𝐸 = 𝜂@�@ ⋅ 𝐼, ⋅ 𝐴 (28.) 
 
Where: 
E: total amount of energy produced [Wh] 
𝜂@�@:the efficiency of the solar PV [%] 
It: the total amount of irradiance striking the tilted module [Wh/m2] 
A: area of the module [m2] 
 
 
The total system efficiency takes all system losses into consideration when converting solar irradiance into 
electricity. Thus, it takes all deficiencies of the system components into consideration. For a simple stand-alone 
system with a battery, the system efficiency is estimated with the following equation (EEP, 2016): 
 
𝜂@�@ = 𝜂)*�?�A ⋅ 𝜂{{ ⋅ 𝜂�s,,Au� ⋅ 𝜂1+tAu,Au ⋅ 𝜂{s��A (29.) 
 
Where: 
𝜂)*�?�A: efficiency of the solar PV modules (≈15-22.2%) (Ecotality, 2019) 
𝜂{{: efficiency of charge controller (≈98%) (Northern Arizona Wind & Sun, 2019) 
𝜂�s,,Au�:	efficiency	of	battery	(≈99%) (Shripad T. Revankar, 2019) 
𝜂1+tAu,Au:	efficiency of the inverter (≈90%) (Salahuddin Qazi, 2017) 
𝜂{s��A:	efficiency of the cables (≈98%)  
 
 

6.12 Optimal solar PV angle 
The data gathered from Meteonorm will be examined in intra-yearly, intra-monthly, intra-daily and intra-hourly. 
The irradiance data will be used, and the tilt-angle of the solar PV will be set as a variable in equation (24) to 
showcase different scenarios for angles between 0° − 90°. This will be done in order to find the optimal angle for 
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which the annual energy generation is at maximum. For this, MATLAB will be used to perform all calculations 
as well as plotting necessary results. 
 
 

6.13 Replacement of DG with PV 
The configuration of the solar PVs for households will be a stand-alone system based on both the average energy 
supplied by diesel generators. Thus, to replace the diesel generators, the solar PV system needs to cover energy 
supply by the diesel generator. Firstly, to determine the area of the system, the total summed power supply from 
diesel generators for a whole year, 𝐸ℎ*?@Afrom equation (4) will be used, together with the summed solar irradiance 
striking the tilted PV during a year, and finally the PV system’s efficiency. Consequently, these parameters will 
be used to estimate how large the system configuration needs to be, using equation (28) and factoring the area, A:  
 

𝐴 =
𝐸-*?@A

(𝜂@�@ ⋅ ∑ 𝐼,,1-
123 )

	

 

 
(30.) 

 
Where: 
𝐸ℎ*?@A: the total supplied energy from diesel generators for a year [Wh] 
h: the number of hours of a year [hours] 
 
Thereafter, the area will be used to calculate the capacity of the PV system. First, the number of modules will be 
estimated and second the capacity of the system is determined. The average size of a solar panel used in a roof 
top installation, is 1,61 m2 (Matasci, 2018). Thus, the number of solar panels can be estimated by: 
 

𝑛)*�?�A =
𝐴
1.61 

 
(31.) 

The capacity of the solar PV system is determined by using a mainstream commercial solar panel, with 260-285 
Wp/module (PV-magazine, 2019). For purpose of this study, an arbitrary 270 Wp module is being used for the 
calculations. Thus, the peak capacity of the solar PV system is given by the following equation: 
 
𝑊@�@ = 𝑊| ⋅ 𝑛)*�?�A (32.) 

 
 

6.14 NPV model 
An economic analysis is required in order to decide the profitability of an investment and to compare different 
investments with each other. The outcome of the economic analysis will be the ground layer for households in the 
decision of whether the two different configurations are profitable or not.  
  
The method to be used for the investment decision is the net present value (NPV). The method is one of the most 
common in the investment making because of its simplicity and is also well suited for this decision since the 
scenarios leap over the same time-period, which is one of the criteriums for using the NPV-method for 
comparison. Furthermore, the different steps of the method are described below (Berk & DeMarzo, 2007): 
  
Firstly, calculate the initial investment, consisting of the costs in regard to the installation of the solar PVs. More 
specifically it refers to the cost of the solar modules, inverters, project costs, etc. Lastly, potential subsides are 
subtracted from the initial investment. Mathematically it can be expressed as: 
 
𝐼	 = 	𝐶)*�?�A ∙ 𝑛)*�?�A +	𝐶1+tAu,Au +	𝐶�s,,Au�	 +	𝐶{{ 	+	𝐶*,-Au	 
 

(33.) 

Where: 
I: the initial investment  
Cmodule: the cost per solar module  
nmodule: the number of modules  
Cinverter: the cost for the inverter  
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Cbattery: the cost for the battery 
Ccc: the cost for the charge controller 
Cother: the costs of projections, installation, etc.   
 
  
Secondly, all the future cashflows are estimated. This is calculated by subtracting all the annual savings from 
diesel generator expenditures with the operational costs that occur with the solar PV system. The operational cost 
mainly consists of maintenance and change of system components: 

 
𝐶𝐹	 = 	𝐸�Asu ∙ 𝜆1–	𝐶)s1+,A+s+{A  

 
(34.) 

Where:  
Eyear: the annual energy production 
𝜆1: the price for electricity generated by diesel generator  
Cmaintenance: the costs linked to change of components and further maintenance 
 

  
Thirdly, once the annual cash flows are estimated, they can be discounted into the present value. By using the 
discount rate, the time-value of money is taken into consideration. Due to the long lifetime of the solar PVs 
(approximately 25 years), no rest value is estimated for this study, meaning that the value of the PV-system is 
zero after its life-time. The present value of the cashflows are calculated by the following: 

 

𝑃𝑉 =8
𝐶𝐹1

(1 + 𝑟)1	
+

12¢

 
 
(35.) 

 
 Where:  
PV: the present value of all the discounted cash flows  
CFi: cashflow in year i 
i: the discount year 
r: the discount rate 
n: the systems life-time, and r stands for the discount rate. 

 
 
Since the cashflows are saved monthly then the discount rate must be converted into an effective annual rate 
(EAR) which indicates the actual amount of savings at the end of each year. The conversion is calculated by the 
following: 
 

r	 = 	1 + 	EAR	 = 	 (1	 +	
APR
𝑘 )§ 

 
(36.) 

Where:  
APR: the annual percentage rate  
k: the number of compounding periods per year   
 
 
The APR used for the calculations will be estimated by adding a bank loan interest rate with the inflation rate of 
Iraq, expressed as: 

 
𝐴𝑃𝑅	 = 𝑟�s+§ + 𝜋 (37.) 
 
Where:  
𝑟�s+§: the bank loan interest rate, set to 9% (Blom Bank, 2019)  
𝜋: the inflation rate in Iraq, which is assumed to 0.37% (Statista, 2019). 
 
 
Finally, to calculate the net present value, NPV, the present value from equation (35) is subtracted with the initial 
investment from equation (33). If the NPV is positive, the investment is profitable and likewise if it is negative 
then it is not profitable. The NPV is described as: 
 
𝑁𝑃𝑉	 = 	𝑃𝑉	– 	𝐼 (38.) 
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7 Result 

7.1 Difference in supply and demand 
All the combined power plants in KRG has an installed capacity of 6717 MW. However, due to technical issues 
related to load flow and an insufficient transmission network, but also lack of budget, has caused the operational 
capacity of the power plants to only be 3000 MW. Consequently, the demand for electricity power in the region 
has dramatically increased in the last years, with a compounded annual growth rate of 15.2% from 2004 to 2018 
(Yaseen Karim, 2018). Thus, resulting in lack of power supply and power shortages.  
 
For Sulaymaniyah, data for 2018 has been compiled to visualize the difference in power supply and demand on a 
daily basis. The average power supply for the city was 667 MW compared to the average demand which was 1017 
MW, resulting in a difference of 350 MW. The largest gap between supply and demand occurred during winter, 
more specifically at late December, when the difference between supply and demand reached 1304 MW. Figure 
10 presents the data result for the whole year.  
 
Moreover, table 1 and figure 11 presents the monthly energy supplied for 2018. The total energy supply for the 
city was about 3107000 MWh in 2018, or 3.108 TWh (Dispatch Control Center of Sulaymaniyah, 2018). 
Additionally, with the daily data for power supply and monthly data for energy supply, the average hours of power 
supply were calculated and estimated for each month, presented in table 1. The average hours of primary power 
supply throughout 2018 was 12.85 hours.  
 
 

 
Figure 10: Sulaymaniyah daily average power supply, average demand, maximum demand, and minimum demand 
for 2018 (Dispatch Control Center of Sulaymaniyah, 2018). 
 

7.1.1 Artificial Demand 
Due to the fact that demand is barely met, it is very difficult to estimate the actual demand, thus meaning that the 
demands presented in figure 10 are artificial. According to Hawraman A. Saed the artificial demand was estimated 
based on data from the day or days before. For an arbitrary day of the year, they check feeder by feeder in the city 
and for every hour of the day for times where there are power shortages. Thereafter, they go back one day in the 
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data files and check the same feeder and same hour if there was a supplied load, if the load existed then that load 
was used to estimate the demand for the actual day in consideration. However, if the load did not exist then they 
went back another day in the data files and performed the same method continuously until they found a day which 
there existed a load.  
 

Month-Year Energy supplied [MWh] Average hours of supplied power [hours] 

Jan-18 261 700 12.69 

Feb-18 258 100 14.10 

Mar-18 283 900 11.09 

Apr-18 248 700 11.93 

May-18 263 700 12.82 

Jun-18 232 900 13.47 

Jul-18 235 100 11.72 

Aug-18 239 200 13.46 

Sep-18 241 900 13.56 

Oct-18 243 100 13.59 

Nov-18 282 600 12.77 

Dec-18 316 800 12.96 

TOTAL 3 108 000   

Table 1: Energy supplied to Sulaymaniyah for each month and the calculated average hours of power supply. 
 
 

 
Figure 11: The supplied energy in MWh to Sulaymaniyah for each month of 2018 (Dispatch Control Center of 
Sulaymaniyah, 2018). 
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7.2 Interviews 
In this section the most highlighted questions and answers from the interviews are presented, regarding the 
problems and solutions of the energy system.  

7.2.1 What is the reason behind the lack of electricity power in this region? 
 
‘’The main problem is that we lose power in the transmission lines. We have 132 kV, but we need 400 kV’’ - 
Hewa Abdullah, Head of Electricity Distribution Directorate in Sulaymaniyah 
 
 
‘’We have two major problems, one is the infrastructure in other words the transmission lines but then also the 
lack of fuel because the government does not reliably deliver it to the power plants - Hawraman A. Saed, Official 
at the Dispatch Control Center of Sulaymaniyah 
 
‘’Regarding the hydropower plant both here in Dukan and in Darbandikhan, we are dependent on the weather. 
Previously, we have had very dry years and have not been able to produce enough, but not this year, this year has 
been good. Besides, we have problems with the generators that require indulgence and maintenance which we do 
not always get the means to complete’’ - Ako Jamal, Senior Engineer and Head of the Dukan Hydroelectric Power 
Plant 
 
 
‘’I’ve got the power capacity to produce enough to the whole Iraqi Kurdistan and even to export to the rest of 
Iraq, but due to fuel stoppages I can’t do this. You can look at the chart for yourself that I’ve given you. Most of 
the power plants have stopped their production’’ - Diyar Baban, Director-General of Ministry of Electricity 
 
 
‘’Of course, it’s a problem with the transmission lines and the stoppage of fuels but I would say it's in the mentality 
of the government as well. We don’t have a sustainable way of thinking. ‘’ - Rawa Penjweni, Head of Renewable 
Energy  
 
‘’It lays in the gap between costs and revenues. And thereafter reducing the losses by strengthening the 
transmission lines’’ - Yaseen Kareem, Head of Planning and Follow up 
 

7.2.2 What is the solution to this problem? 
 
‘’The power capacity exists but we need investments in new transmission lines’’ - Hawraman A. Saed, Official at 
the Dispatch Control Center of Sulaymaniyah 
 
‘’There was a planned solution with an investment plan to build the 400 kV transmission lines and it was supposed 
to be finished by the end of 2016, almost 2.5 years ago. But due to the crisis with ISIS, it couldn’t be done ‘’ - 
Yaseen Kareem, Head of Planning and Follow up 
 
‘’If the cutting of budget stops and we receive the fuel needed, the production can continue. The Ministry of 
Natural Resources is responsible for delivering us the fuel ‘’ - Diyar Baban, Director-General of Ministry of 
Electricity 
 
 
‘’We need completely new reforms in the electricity sector. First and foremost, we need structural reforms of 
power and also the expansion and strengthening of the transmission lines’’ - Yaseen Kareem, Head of Planning 
and Follow up 
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7.3 The diesel generators in Sulaymaniyah 

7.3.1 Mapping of the DG 
Below the mapping of the city is presented with the use of the GIS software. Firstly, figure 12 shows the city 
limits in which the study is delimited to, where the red lines represents the borders. Secondly, figure 13 displays 
the five different quarters which the city has been divided into. Finally, the mapping of the diesel generators in 
the city is presented in figure 14. Within the area 525 diesels generators has been located and these are only the 
ones supplying consumers in the city districts with power, thus not including privately owned generators by single 
households or companies.  
 

 
Figure 12: Mapping of Sulaymaniyah with an area of 105 km2. 
 
 
 

 
Figure 13: Mapping of Sulaymaniyah with the different quarters: Yellow = Southern Quarter, Blue = Eastern 
Quarter, Green = Center, Black = Northern Quarter, Red = Western Quarter. 
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Figure 14: Mapping of the diesel generators location in the subareas in the city. One pin represents 10 diesel 
generators in the specified area. Orange pins indicates fewer than 10. 
 

7.3.2 The output of the DG 
Inside the limits of the city area, there exists 525 diesel generators with a total capacity of 177 MW. The diesel 
generators come in different sizes and have very different installed capacities, where the smallest is 57 kW and 
the largest is 1224 kW. However, the majority range of capacity for diesel generators is between 399 kW to 456 
kW, see figure 15.  
 
The summed value of all the 525 DG in Sulaymaniyah in terms of apparent power is 221 MVA and converted to 
active power the installed capacity is equal to 177 MW. However, the combined capacity of all generators 
operating at an efficiency of 85% is equal to 150 MW. Additionally, there are 163 100 households in the city 
(International Organization for Migration, 2018), resulting in an average diesel generated power of 920 W per 
household. Finally, for an operating time of 8 hours per day for a whole year, the product is an average energy 
supply of 2687 kWh/year for a household (disregarding from the primary energy supply).  
 
 

 
Figure 15: A histogram illustrating the number of diesel generators in specific capacity interval.  
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7.3.3 The price for DG energy 
The price for electricity was calculated for each diesel generator in the city and a histogram is presented in figure 
16, showing different price intervals and the amounts of diesel generators within them. The estimated prices of 
generated electricity differed very much between the diesel generators, where the lowest price was 184 IQD/kWh 
and the highest was 277 IQD/kWh. The majority of the prices was in the interval between 196-202 IQD/kWh. 
Lastly, the average price for diesel generated power was calculated to be 207 IQD/kWh. 
 

 
Figure 16: A histogram over the quantity of diesel generators at a certain price interval. 
 

7.3.4 CO2 emissions by DG 
The annual CO2 emissions of all the diesel generators in the city are calculated and presented the histogram in 
figure 17. Also, for this aspect the diesel generators emit a diversified amount of CO2, all between the intervals of 
100 tons to 2633 tons per year. Where the most amounts of diesel generators are in the interval between 700 to 
800 tons per year, and the average amount of CO2 emissions is 606 tons per generator. Ultimately, if the ratio of 
emitted CO2 is converted to emissions per produced kWh, it results in 0.747 kg of CO2/kWh. 
 
 

 
Figure 17: A histogram over the quantity of DG with a certain range of emission. 
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7.3.5 Annual fuel-, operating- and social costs for DG 
Below, in tables 2, 3 and 4, the annual fuel-, operating- and social costs for all the combined 525 diesel 
generators in Sulaymaniyah is presented.   
 

Annual fuel costs of all diesel generators in Sulaymaniyah 

Working hour for DG per year 2920 Hours 

Total liter consumption per hour 42 160 Liter/hour 

Total consumption of diesel per year 123 100 000 Liter 

Diesel cost per liter 500 IQD 

Total cost of diesel fuel per year 61 560 000 000 IQD 

Table 2: Annual costs for diesel fuel for all diesel generators combined. 
 
 
  

Annual cost of operation and maintenance for all diesel generators in Sulaymaniyah 

Annual cost of oil usage 1 687 000 000 IQD 

Annual cost of spare parts 4 361 000 000 IQD 

Amounts of DG in Sulaymaniyah 525  

Cost of manpower per DG per year 156 000 000 IQD/DG 

Annual Cost for man power for all DG 81 900 000 000 IQD 

Cost of other expenses 4 IQD/kWh 

Energy produced in one year by DG 438 300 000 kWh/year 

Total annual cost of other expenses 1 753 000 000 IQD 

Total cost for operation and maintenance 89 700 000 000 IQD 

Table 3: The operating costs for all diesel generators combined. 
 
  

Annual social costs of all diesel generators in Sulaymaniyah 

Emitted CO2 per liter diesel 2.66 kg/liter 

Diesel consumption per year 22 900 000 Liters/year 

CO2 pollution per year [kg] 60 930 000 kg/year 

CO2 pollution per year [tons] 60 930 Tons/year 

Social cost per ton CO2 497 600 IQD/ton 

Total Cost 30 320 000 000 IQD 

Table 4: The social costs for all diesel generators combined. 
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7.4 Renewable energy potential 
In this section the result regarding the potential of renewable energy will be presented, starting with quotes from 
the interviews to provide an overview of the current situation and then moving on to presenting a possible solution.  

7.4.1 Do you see any potential for renewable energy sources? Are there any obstacles?  
‘’This is the first year it has rained so much that our hydropower plants can really benefit from it. So, for the 
hydropower plants it is weather dependent but mostly reliable. Moreover, we can see potential in solar PV and 
wind power, especially solar PV. But one of the main problems here is the land coverage. It needs a major 
investment in infrastructure and where should you build it? A centralized system that will replace the diesel 
generators is not doable in the urban areas since there is no area available. The solution for that is a decentralized 
system with net-metering. However as of today, the energy surplus produced by a household is put back into the 
grid through a traditional mechanical meter, but the households don’t get payed or any rewards for this, since 
there are no regulations or tariffs.’’ - Rawa Penjweni, Head of Renewable Energy  
 
‘’Unfortunately, there are no policies and regulations yet for connecting a solar system to the grid, that is one of 
the agendas I am currently working on. So, officially you can't connect to the grid, but people have still done it.’’ 
- Yaseen Kareem, Head of Planning and Follow up 
 
‘’As I said in my article: Distributed solar power can help Iraqi Kurdistan provide affordable and reliable 
electricity to its citizens. But to get there, the region needs significant energy system reforms. These reforms are 
linked to transmission lines and huge investment in implementing the solar panels.’’ - Yaseen Kareem, Head of 
Planning and Follow up 
 
‘’To be quite frank, the conditions for wind power plants are not so good here in Kurdistan. It does not blow as 
strongly as coastal cities. Then we have problems as infrastructure and area, the transmission lines cannot handle 
the extra capacity and where they should be placed.’’ - Rawa Penjweni, Head of Renewable Energy 
 

7.4.2 Solar irradiance on a tilted PV 
Based on the intra-hour dataset provided by Meteonorm, the optimal tilt angle was found that maximized the 
annual solar irradiance collected. Evidently, the optimal angle differed, depending on whether DHI was added or 
not. The optimal angle decreases when both are taken into consideration. Furthermore, the optimal angle without 
DHI is a few degrees less than the latitude of Sulaymaniyah which is 35.5. This is in line with previous studies 
conducted. However, the optimal angle with the DHI was calculated to 21° and the summed up solar irradiance 
from both direct and diffuse radiation, striking a 21° surface over the year is equal to It = 1849 kWh/m2. This 
results in an average of 5.065 kWh/m2 per day. 
 

  
Figure 18: Solar irradiance striking a tilted surface in Sulaymaniyah, for angles between 0 to 90 degrees.  
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7.4.3 Replacement of DG with PV 
Based on the annual average amount of supplied energy per household from diesel generators, in Sulaymaniyah, 
an estimation of a dimensioning of a solar PV system was found. A stand-alone solar PV system with the purpose 
of replacing the expensive diesel generators with renewable energy. From earlier it was presented that the average 
household receives Ehouse = 2687 kWh/year, only from diesel generators. With the assumption of a solar PV 
efficiency of 18% it results in a system efficiency of approximately 0.1540%, and thereafter the dimensioning of 
the system was calculated. 
  
The dimensioning of the system resulted in 9.434 m2, a relatively small area needed on the rooftops of households. 
Consequently, the number of modules was estimated by using a standard size of 1.61m2 per module. Thus, the 
number of modules estimated was 5.86 modules, and in order to have a precise number it was rounded up to 6 
modules. The new area is therefore 6 ⋅ 1.61 = 9.66	𝑚2, not a great difference from before. Furthermore, if assumed 
that each module has a Watt-peak of 270 W, then the installed capacity of the solar PV system results in 𝑊| 	=
270 ⋅ 𝑛)*�?�A = 	270 ⋅ 6	 = 1620	𝑊. Thus, in order for each household to replace their energy usage supplied 
from diesel generators, they need a solar PV system capacity of 1.62 kW and a size of 9.66 m2. 
 

7.4.4 Economic analysis 
Below, the result of the NPV model is presented in table 6 for an investment in a solar PV system with a 1.62 kW 
capacity. Calculating with a base annual percentage rate of 9.37% for a period of 25 years, results in a net present 
value of 395 500 IQD, indicating that that an investment of this size would be profitable for a household.  
 

Type Battery storage system 

Initial investment (IQD) 7 733 000 

Present value (IQD) 8 128 000 

Net present value (IQD) 395 500 

Table 6: NPV model with a base annual percentage rate of 9.37%. 
 

7.4.4.1 Scenario analysis  
Due to the unreliability in the discount rate, it was necessary to perform a scenario analysis in which the annual 
discount rate was variable. In table 7 a portion of the scenario analysis is presented. The analysis indicated that 
with a small increase in the discount rate, the investment becomes unprofitable for the households. With an 
increase of 0.5% the investment gets a negative NPV of 2 020 000 IQD. However, if the discount rate decreases, 
then the profit of the investment increases. See figure 19 for all scenarios between the annual discount rates of 7.5 
% to 11 %. In addition, concluding from the graph, the internal rate of return (IRR) for which the NPV is 0, is 
equal to approximately 9.4516%.  
  

Battery Storage system 

Scenario Annual percentage rate (%) Net Present Value (IQD) 

-1.5% 7.87% 5 169 000 

-0.5% 8.87% 2 595 000 

Base 9.37% 395 500 

+0.5% 9.87% -2 020 000 

+1.5% 10.87% -5 358 000 

Table 7: Scenario analysis for different annual discounting rates and the NPV outcomes.  
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Figure 19: The NPV outcomes for different scenarios with discount rates from 7.5-11
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8 Discussion 
The result presents that there is a large difference between primary power supply and demand, however it is worth 
discussing that the actual power demand might not be exactly as high as portrayed in figure 8. The data was 
received from Dispatch Control Center of Sulaymaniyah, and they explained how the demand for the city was 
estimated. Due to the fact that the demand is artificial and estimated through data from previous days it can be 
discussed that the real demand might be different than the artificial demand. Hence, the weather conditions might 
differ from day to day, but the major reason being the behavior of consumers. Consumers might overconsume as 
soon as the primary power supply is turned on, since they don’t know how long it will remain and thus want to 
use as much power as possible until the power is shut off. This behavior can therefore present a misleading and 
false demand for the city and the region in overall.  
 
One of the biggest obstacles, which is likely to hinder households from investing in solar PV, is the net-metering 
issues and the lack of regulations and tariffs. These problems do not give incentives to people to invest in larger, 
grid-connected PV systems, since they won’t get payed for the electricity that is put back into the main grid. The 
only incentives they would have is to be able to produce their own electricity and thus not be dependent on the 
unreliable primary supply or the unsustainable and expensive diesel generators. However, as a result of the 
embedded issues, today’s market for solar PVs is still very young and small in Iraqi Kurdistan. For example, there 
was only one reseller of solar PVs in the whole Sulaymaniyah, and obviously this affects the prices for installing 
solar panels. With no established market and no competition, the prices for solar panels will remain high until any 
changes are made from governmental level. For these reasons, the government needs to reform the regulations, 
implement net-metering in the system and even potentially provide subsidies to promote solar PVs and give 
incentives for households to connect solar PV systems to the grid. Furthermore, now that the threat of ISIS is now 
longer in presence as some years ago, hopefully Iraqi Kurdistan can progress and develop, to be able to expand 
its grid infrastructure and thus be capable to produce power sufficiently to its region. In addition, they could then 
also investigate the opportunity to build large solar farms to become more sustainable and increase the generation 
capacity in the system.  
 
Another obstacle that will hinder is corruption. Iraq, also including Iraqi Kurdistan, have major problems with 
corruption in offices, economics and justice departments. According to the CPI, the Corruption Perception Index, 
Iraq is ranked at 168th of 180 countries surveyed, which is terrible (Transparency International, 2018). This means 
that the degree of efficiency or even the likelihood of implementation of a particular solution becomes very small, 
almost even non-existent. If investments are to be made, it is essential that corruption is reduced or else there is a 
risk that nothing will be implemented or established by interior forces or outsider stakeholders. This can be tackled 
by creating public opinion which inhibit corruption but also political reforms that gives power back to the people. 
These reforms can for example consist of the military being integrated into the state as an independent part 
regardless of the KRG cabinet, establish employment processes based on competence instead of informal 
relationships and offices that constantly review the current institutions.  
 
Given the unfortunate history of civil war within Iraqi Kurdistan, it has been a huge obstacle in order for the 
implementation of a solution being able to take place. The two largest political parties, PUK and KDP, find it very 
difficult to agree on the governance and how the KRG should be managed. Therefore, some sort of federalism has 
occurred even though it is one nation with the same language and goal of independence. Own party’s interests 
and the willingness to remain in power stand in contrast to the needs and demands of the citizen. If these parties 
do not eliminate the commotion between them, the current situation of energy and electricity will most probably 
never change. New institutions and infrastructure are required, and this can only be reached with a stable and 
secure governance which puts the interests of people first. Lastly, this could hopefully pave way for new 
sustainable solutions that are in line with the UNDP. Given that the KRG would work towards the UNDP more 
actively compared to Iraq and other neighboring countries, they could gain publicity, send a message globally to 
other countries and organization and potentially bring legitimacy to Iraqi Kurdistan. This could help the KRG get 
global recognition that could potentially be beneficial if the question for the independence of Kurdistan arises.  
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9 Conclusions 
In conclusion of the study, it can clearly be stated that Iraqi Kurdistan lacks a sufficient energy system, due to 
several reasons. Even though the region has an installed capacity to meet its power demand, it certainly isn’t 
capable of supplying the power sufficiently throughout the year. Due to changing weather conditions in the area, 
we see huge differences in supply and demand during winter and summer. The demand is barely met throughout 
the year, mostly because of fuel stoppages and infrastructure capacity issues. Hence, Sulaymaniyah only received 
an average of 12.85 hours of primary electricity during 2018. In addition, the difference between supply and 
demand was at an average of 350 MW and at a maximum of 1304 MW during the year. Putting this in contrast to 
the installed capacity of all the 525 combined diesel generators in the city, which was 177 MW, we still see 
difference. Even if the generators are operated at installed capacity (which they rarely are), the difference is 173 
MW on average and 1127 MW at maximum demand. This indicates that the diesel generators don’t play a huge 
role in meeting the demand. Furthermore, the households receive an average power of 920 W, resulting in an 
energy usage of 2687 kWh per year. Also, indicating that the diesel generated power for households are weak, 
which limits the use of electronic equipment in the homes during hours when the diesel generators are active. 
Additionally, besides from the primary power invoices, the households also separately pay the owner of the local 
diesel generator for his or her supplied power each month. This gives the consumers a very weakened position, 
since they rely on power supply from two different actors, who both are unreliable and are paying both. Also, the 
price for diesel generated electricity was calculated to 207 IQD/kWh, which is very expensive, especially when 
the limited use of it is taken into consideration. Finally, the CO2 emissions for all the combined diesel generators 
in the city was calculated to 60 930 tons per year. This huge amount is derived from only one type of power 
source, located in urban areas. Therefore, the CO2 emissions can besides from contributing to global warming, 
affect the health of the people in Sulaymaniyah.  
 
For a south-facing panel, the optimal tilt angle was calculated to 21°, resulting in 1849 kWh/m2 of solar irradiance 
per year. In order for households to substitute diesel generated power to solar energy, they need a PV system 
capacity of 1.62 kW and an available rooftop space of 9.66 m2. In other words, a relatively small system.  
For the case of rooftop space, it is believed that most households should not experience any trouble finding space, 
since most houses in Sulaymaniyah are similarly built, with flat and spaced rooftops. Thus, providing great 
conditions in terms of space and adjustability for south-facing and tilted panels. Furthermore, the study found that 
it is economically profitable for households to invest in this solar PV system when using the base annual discount 
rate of 9.37% for calculating the NPV, resulting in approximately 395 000 IQD. Although, a scenario analysis 
revealed that it is worth mentioning that the profitability of the investment changed easily with different discount 
rates. The IRR is approximately 9.45%, meaning that the base discount rate can only increase with 0.08% for the 
investment to still be profitable. Conclusively, the economic conditions are not optimal due to numerous reasons. 
Firstly, the economy in Iraqi Kurdistan is very fluctuating and dependent on politics in the region, important 
incidents, war, etc., all of which affect the economy and thus interest rates, making it difficult for investors to 
predict outcomes. Secondly, as of today the market for solar PVs is still quite small in Iraqi Kurdistan and therefore 
the costs for installing a system are quite expensive. Finally, households cannot officially connect their solar 
systems to the grid and there are no regulations indicating that they will get payed for the energy surplus sent back 
to the grid. These are some reasons why consumers may be skeptical towards an investment in solar PVs, and 
they also have the right to being sceptic. Although, the study concludes that the NPV model showed that the 
investment is profitable with the current conditions, besides the consumers would also gain back control from the 
diesel generators, by making themselves producers and able to control their use of power with the help of battery 
storage. 

9.1 Further studies 
Hopefully in the near future Iraqi Kurdistan can develop and be able to invest in its grid infrastructure, build the 
well needed 400 kV transmission lines and to expand the capacity in the power grid. In this case new investments 
can be made in large renewable power plants and potential solar farms as many other countries in the middle east. 
Many of the countries as Morocco and the United Arab Emirates has made large solar farm investments and placed 
them in desert areas, however unlike these countries Iraqi Kurdistan does not have any deserts but is rich in 
mountains. According to a study published in 2019 at the École Polytechnique Fédérale de Lausanne in 
Switzerland, placing solar panels on top of snow-covered mountains increases the energy production. 
Theoretically, solar panels at higher elevations are able to capture more of the solar energy due to less solar 
irradiance is absorbed by the thinner atmosphere at high altitudes. Other potential benefits of placing solar panels 
on mountaintops over urban installations are that; Mountaintops generally peek through the cloud cover, and 
snow-covered peaks can reflect more of the solar irradiance striking the ground back up at the solar panels (Kate 
Wheeling, 2019). It is very important for researchers, investors and politicians to know that there is a possibility 
for this configuration, and thus investigate and study if this can be a suitable installation for solar farms in the 
future. 
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11 Appendix 

 
Figure A1: Illustration of the energy system in the Sulaymaniyah Governorate, including all power plants. 
(Ministry of Electricity, 2018) 
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Figure A2: Chart over all the power plants in Iraqi Kurdistan (Ministry of Electricity, 2019). 
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Figure A3: Linear relation between DG installed capacity and fuel consumption in liters/hour. 
 
 
 
 
 

 
Figure A4: Relation between DG installed capacity and the volume of its oil tank, in liters.  
 
 

y	=	0.2675x	- 0.0003

0

20

40

60

80

100

120

0 50 100 150 200 250 300 350 400 450

Relation	between	installed	capacity	and	fuel	
consumption	

y	=	0.192x	- 5.119

0

20

40

60

80

100

120

140

160

0 100 200 300 400 500 600 700 800 900

Diesel	generators	full	tank



 

 42 

 
Figure A5: Relation between DG installed capacity and its initial capital investment cost.  
 
 
 

 
Figure A6: Chart for the relationship between  
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Figure A7: Article from Accenture explaining the cost of spare parts. 
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Figure A7: Chart for approximate diesel fuel consumption in relation to DG capacity. 
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