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Abstract

The problems of pollution and depletion of traditional energy sources that

arise from the gluttony of industrialized countries in burning fossil energy

sources, in addition to the increase of their prices, that results in consequent

environmental and economic problems for the countries. Those problems are

the most important thing that calls us to pay attention to what God has blessed

our country in terms of renewable energy sources, especially the solar energy

that is important to be exploited. This our study is an attempt to give an
introduction to this energy.

This study aims to study the geographical factors that affect in solar
radiation, and the effect of climate elements on the efficiency of the PV
panales, and it deals to detect the spatial and temporal distribution of solar
radiation in Dohuk Governorate and the energy produced from it, in addition
to determining the most appropriate sites for the establishment of solar energy
farms on the mountainsides of the southern mountains in Duhok Governorate,
and calculating the energy expected from it to fill the shortage by providing
electric energy by relying on solar energy, as it is renewable and good for
environment. To achieve this, the researcher adopted a set of approaches
represented by the regional, applied, fundamentalist, and descriptive
curriculum, in addition to a group of study methods represented by the field
study method, the quantitative (statistical) method, and the use of geographic
information systems (GIS) and remote sensing (RS).

The researcher used (13) climatic stations in Dohuk governorate to study
solar radiation, (8) of them belong to the Renewable Energy Department in
the General Directorate of Electricity of Dohuk Governorate and (5) of them
belong to the Directorate of Meteorology and Seismic Monitoring in Dohuk
Governorate, as well as installing (6) Photovoltaic energy systems in selected
locations of the study area. The temporal limits of the study were the time
period that includes monitoring and collecting data of solar radiation and
climatic data in Dohuk Governorate, which extends from (2010) to (2020)
AD.

The study came in four chapters preceded by an introduction and
followed by a conclusion that included the most important conclusions and
suggestions reached by the researcher, then a list of the references that the
researcher returned.

The first chapter included the concept of solar radiation and solar
energy, and the factors that affect in the availability of solar radiation in the
study area, such as the latitude of the place, solar angles, air mass, day length,
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the direction and degree of slope of the mountainsides, the clarity of the air
and the albedo.

While the second chapter discussed the components and types of
photovoltaic systems and the factors that affect in the photovoltaic panel such
as solar radiation, temperature, tilt angle of the solar panel, shade and dust.

The third chapter explained the spatial and temporal distribution of
solar radiation in Dohuk Governorate and the energy produced from PV
panels on mountainsides of southern mountains.

The fourth chapter focused on the criteria for selecting sites for PV
solar energy farms in the study area, the quantitative evaluation of solar
radiation that harvesting by PV solar energy farms, and the current reality of
electrical energy in Dohuk Governorate.

Among the conclusions of the study, the study area has a good potential for
solar radiation, where the annual average of total solar radiation in Dohuk
Governorate reached (4818.82) wh/m?/day, while the annual average of
theoretical hours of solar brightness was (11:59: 39) in a day. The values of
solar radiation gradually decrease as we go from south to north, where the
highest annual average of total solar radiation came from (Bardarash) station
southly, at an annual rate of (5070) wh/m?/day, that is equivalent to (5.07)
kwh /m2 /day. As For temporal variation of both the theoretical solar
brightness and the total solar radiation, we find that the (June) has recorded a
highest average for the period (2010-2020 AD). The area of the region
suitable for conducting the model of establishing solar energy farms — by
using geographic information systems - in the study area was (281.87 km?)
with a proportion of (29.55%) of the total area of the study area. Conducting
this resulted in four priorities, as we find that the area of the first priority areas
(with excellent appropriate degrees), which are the areas in which the most
conditions for establishing solar farms are met, acquired (33%) of the total
priority area (279.8 km?). It was also found that the potential of the
photovoltaic energy in the study area is equivalent to more than four times
the electrical capacity required to be provided to the governorate.

The study also concluded with a set of suggestions, the most important of
which is the necessity of getting rid of generators and diesel units gradually
and starting with stations with smaller capacities. Due to its high operating
costs, high fuel consumption, low production and environmental damage,
through the expansion of the establishment of solar energy farms on the
southern slopes of the mountains of Dohuk Governorate, while encouraging
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the private sector to invest in this field in particular and in the field of clean
energy in general, and spreading the culture of using solar energy in the study
area, starting with governmental institutions and agencies, schools and
universities, and ending with villages and rural communities that are not
connected to the national electricity grid, and to carry out periodic awareness-
raising operations through various media on the necessity of using renewable
energies and to clarify their multiple benefits as an effective means of energy
security and preserving the environment.




University of Mosul
College of Education for Humanities
Department of Geography

Geographical distribution of solar radiation
cells systems and their investments in
Mountainsides of the southern Mountains
of Dohuk Governorate

Khudhur Rashid Abdulrahman Mohammed

Ph.D. Thesis
Geography/ Physical Geography

Supervised By
Assist. Prof.

Dr. Faten Khalid AbdulBaqi
2021 A. D. 1442 A. H.



