
International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 04 – Issue 07 || July 2019 || PP. 46-59 

46 | P a g e                                                                                                                    www.ijrerd.com 

 

The use of solar cells in energy saving and its impact on the 

architectural configuration of the buildings of the city of Baghdad 
 

1
Raya AAl-Kayal, 

2
Ali AAl-Waeli, 

3
Kadhem A N Alasadi 

1
Youth Ministry-Iraq 

2
Ibn Rushed College, Baghdad University, Iraq 

3
Education College for Human Science, University of Basra, Iraq 

 

Abstract: Solar systems are one of the environmental control systems. They use clean fuels and use them as 

environmentally friendly sources of renewable energy, namely, the sun. Iraq has a high solar brightness with 

very high radiation intensity. As is known, Iraq suffers from a severe problem in the field of electricity 

production and its continuous interruption due to the great damage caused to the electrical stations during the 

American aggression on Iraq in 1991 and the unjust siege imposed by the aggression countries and causing the 

deterioration of all infrastructure of the country and most importantly the production and transmission of electric 

power. 

The current study aims at the possibility of spreading solar cell systems over the buildings and houses 

of the city of Baghdad and to identify the methods of architectural integration with buildings and ways to benefit 

from these cells in enhancing the beauty of the shape of the final architectural building. The need for 

uninterrupted electrical power can be integrated with the aesthetics of buildings. The architectural style of 

Baghdad houses also facilitates the installation and operation of photovoltaic cells. The study developed 

solutions available for longitudinal cell stabilization methods. 
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1. Introduction 
Energy is a basic human need; its degree of availability and diversity of sources determine the way of 

life and the level of progress of society. There is no development without energy. Increased demand for energy 

and limited conventional energy sources have meant that renewable energy sources such as solar cells should be 

addressed as an adjunct to the electricity problem. The evolution of man's energy use and need over time has 

been manifested in various forms and ways [1]. Man has created new energy sources and is still looking and 

adapting to every new and harnessing his actions to the benefit or harm to himself, humanity or life [2]. The 

human need for energy has made the world's energy balance dynamic, which is constantly expanding to various 

sources. Energy sources have diversified from renewable and non-renewable. The dream of mankind as a whole 

has become the use of renewable energy for its abundance and to reduce dependence on the use of renewable 

energy as much as possible as it is on its way to extinction [3, 4]. 

Energy can take various forms including thermal, chemical, electrical, radiological, nuclear, energy 

(electromagnetic, energy, etc.) [5]. All kinds of energy can be converted from one form to another with the help 

of simple or sometimes complicated instruments, such as chemical energy to electric power through batteries or 

accumulators, conversion of thermal energy into mechanical energy, which we find in internal combustion 

engines, or conversion of solar energy into electrical energy, and so on [6, 7]. 

The types of energy used worldwide are divided into oil consumption, coal, natural gas, nuclear power, 

and renewable energy sources [8]. Renewable energies vary from mechanical sources such as waterfalls, dams, 

tides, and wind power. Therefore, power generation plants in dams, waterfalls, high tides, and high winds to 

exploit mechanical momentum in turbine operation [9]. Through direct heating in the heating of water [10, 11], 

heating and cooking [12], and can be directly converted to electric energy by solar cells [13, 14], concentrated 

power stations [15, 16], and solar chimney [17, 18]. There is also bio-residues, and include agricultural residues 

and biomass that are destroyed [19, 20]. The hydrogen is an important type of fuel, and is expected to play a 

major role in future energy production, and hydrogen-powered cars have begun to be used [21, 22]. Hydrogen in 

fuel cells are promising cells with large applications in the future [23]. Electricity is generated directly by 

passing hydrogen and air through it. Through hydrogen and oxygen, we get electrical energy. The remnants of 

this process are water only. Fuel cells do not contribute to polluting the environment. Nuclear power, which is 

produced by nuclear fission in nuclear reactors, is also used in the operation of ships, submarines and power 

generation [24]. The most important disadvantages are the radioactive waste, the disposal problem, and the high 

safety controls necessary to prevent the explosion of the reactor or leakage of radiation from it [25-27]. 

Renewable energy is energy derived from renewable natural resources that can not be implemented. 

Sustainable energy and renewable sources of energy differ from fossil fuels from petroleum, coal and natural 
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gas, or nuclear fuel used in nuclear reactors. They do not create carbon dioxide residues or harmful gases or 

increase global warming, such as fossil fuels or waste [28-30]. Currently, the most renewable energy production 

comes from hydroelectric plants with great dams wherever rivers and waterfalls are located [31]. Wind and 

solar-powered roads are widely used in developed and some developing countries; however, the means of 

producing electricity using renewable sources of energy are becoming commonplace at recent days [32]. Many 

countries have developed plans to increase their proportion of renewable energy production to cover some of 

their energy needs by 20% of their consumption by 2020 [33]         . 

Demand for oil and its derivatives are expected to continue to grow until 2115, despite OPEC's 

expansion in encouraging the use of other sources of energy [34]. Based on the 2015 report of the Organization 

of Petroleum Exporting Countries, oil resources will increase by an average of 2.8%, coal 2.6% and gas Nuclear 

energy 2.7%, hydro energy 0.3%, biomass 3.3%, renewable energy sources 7.5%, which means that the world is 

going to replace renewable energy sources, even partially, fossil energy [35]. This means that the demand for 

renewable energy sources will increase more than the increase in demand for non-renewable energy sources, 

although the demand for renewable energy is still limited compared to the demand for energy. 

Solar energy is the light and heat emitted from the sun that humans have harnessed to their advantage 

since ancient times using a combination of constantly evolving technologies. Solar energy technologies include 

the use of solar thermal energy for direct heating or in the process of mechanical transformation of the 

movement or electric energy, or to generate electricity through photovoltaic phenomena using photovoltaic 

panels as well as architectural designs that rely on the exploitation of solar energy, which can contribute 

significantly to solving some of the most pressing problems of the world today [36-38]. 

The solar energy received by the Earth is the source of life on its surface and the direct and indirect 

source of the various types of energy available to it, with the exception of nuclear energy and tidal energy [39]. 

Solar energy is in various forms, mainly solar radiation and indirect solar energy such as wind power, hydro 

power and plant energy. The irregularity of the distribution of solar energy in the atmosphere causes localized 

atmospheric variations, while solar radiation causes the evaporation of part of the ocean's water to the 

atmosphere and leads to precipitation on the surface of the earth and the return of water to the oceans through 

rivers or natural barriers resulting in its kinetic energy generation is hydropower [40-43]. Solar energy stored in 

agricultural materials is also the result of photosynthesis processes for the production of carbohydrate materials 

and the fermentation of these substances leads to the production of alcohol that can be used as fuel in internal 

combustion engines [44, 45]. 

Solar energy is clean energy as all the transformations necessary to take advantage of solar energy do 

not give by-products the pollution of the environment. The vast amount of energy carried by solar radiation is 

readily available in multiple life facilities. However, the most current uses of solar energy are in the areas of 

housing [46], agriculture [47], and water distillation [48, 49]. The potential for generating electricity (as is 

known, the only energy that is easy to generate, transport and use) is powered by solar energy and will remain 

the main energy we will need in the future. Solar energy can become one of the main sources of electricity 

generation in the future [50]. 

 

The most important problem faced by researchers in the fields of solar energy is the existence of the following: 

1. Dust and try to clean the solar energy devices it: Research has shown on this subject that more than 21% of 

the effectiveness of solar energy lose if the device does not clean the receiver for the sun for a month. The 

best way to get rid of dust is to use continuous cleaning methods, ie at intervals of not more than three days 

for each period and vary from country to country depending on the nature of the dust and nature of the 

weather in that country [51-55]. 

2. Storage and use of solar energy during the night or cloudy days or dusty days: The storage of solar energy 

depends on the nature and quantity of solar energy, the type of use and the period of use in addition to the 

total cost of the storage method and prefer not to use storage devices to reduce the cost and take advantage 

instead of solar energy just when they exist. Solar storage is one of the topics that need more research and 

new discoveries. The storage of heat by water and rock is the best method at present. As for the storage of 

electric power, the most common method is the use of liquid and dry batteries (acid and lead batteries). 

There are currently more than ten methods of storing solar energy such as melting of metals, phase 

conversion of material [56-60].  

3. The high temperature of the solar panel resulting from high solar radiation causes its low electrical 

efficiency and productivity [61-63]. Researchers have worked to find solutions to this issue by using 

photovoltaic thermal (PVT) systems. These systems use a cooling fluid (air, water, nanoscale fluid, variable 

phase material, variable phase material and nanoparticles) [64-70]. Practical experiments and theoretical 

studies demonstrated the high efficiency of solar electric cells with high thermal efficiency of PVT systems 

[71-75]. 
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Solar energy can be converted into electrical energy and thermal energy through photovoltaic 

conversion and solar thermal conversion as follows:  

1. Solar water heating: An integrated system consisting of several parts used in the collection of solar radiation 

falling on them and converted to heat energy is used to heat water during the hours of sunlight, where hot 

water is stored in a thermal tank for use during the day [76]. 

2. Solar heating: Solar water heaters can also be used to heat pool water. Solar collectors heat water to a little 

higher than the ambient temperature. Low-glazed solar panels, usually made of materials, are used for this 

purpose. Plastic specially designed for this purpose.  

3. Desalination of salt water by solar energy: Here are several ways, including: Distillation: a process of 

fumigation of multi-stage or evaporation of solar flash evaporation. There are also many others such as 

icing, reverse osmosis, ion exchange, and wastewater treatment (where solar energy is also used to remove 

toxins from water polluted by photolysis) [77-80]. 

4. Solar cooking: The solar cooker is a device that uses sunlight in cooking, drying and pasteurization [81]. 

5. Use in agricultural activity: Those concerned with the development and development of agriculture seek to 

increase the utilization of solar energy in order to increase the productivity of cultivated plants. Some 

techniques, such as organizing seasons of agriculture by year of the year, adjusting the rows of cultivated 

plants, regulating the height of rows and mixing different plant varieties, can improve yield productivity, as 

well as the management of water pumping machines, drying crops, hatching chickens and drying chicken 

manure. Energy generated by solar panels was also used to make fruit juices [82, 83]. 

6. Use of solar energy to generate electricity: Solar energy can be converted into electrical energy through 

photoelectric conversion and is intended to convert solar or optical radiation directly into electrical energy 

through photovoltaic cells [84, 85]. As is known here some of the materials that conduct the photoelectric 

conversion process are called semi-conductors such as silicon, germanium, etc. Electricity is one type of 

energy found in nature and electricity is one of the energy carriers that can be used in many purposes. 

Electric is used in all human activities, including industrial production and use [86-90]. Electricity is 

produced in the form of primary and secondary energy, which can be obtained from natural sources such as 

energy obtained from water resources, wind, solar energy, tides and waves, and electricity is obtained as a 

secondary energy source of nuclear fission temperature Derived from nuclear fuel, geothermal energy and 

solar thermal energy, and by burning major combustible sources of fuel such as coal, natural gas, oil, 

biomass and waste. Just as the conversion of kinetic energy into electrical energy or double thermal heating, 

or as in batteries, the generated electricity is of constant current. 

 

2. Energy Crisis in Iraq 
Iraq has fought many major wars since 1980 and has been subjected to an unprecedented siege in 

history for the period from 1991 to 2003, if we add to this severe drought, which lasted two decades, the country 

has destroyed its infrastructure in a large and wide [91]. The Fertile Crescent (Mesopotamia) has turned into a 

desert and source of dust storms [92]. The eternal fountain rivers' water salinity has increased to a point where it 

has become unsanitary [93]. As for electricity since 2003 and until today, successive Iraqi governments spent $ 

110 billion and today electricity is still cut for long hours and Iraqi citizens are equipped with 10 to 12 hours of 

electricity in the best of circumstances [94]. Cutting hours increase in the hot summer and increase the suffering 

of Iraqi citizens. So Iraqis relied on diesel and gasoline generators with different capacities from 1 kW to 1 mW 

[95]. The tragedy of electricity in Iraq is the preoccupation of the Iraqi citizen for several decades. Ref. [96] 

concluded in their book that the trend towards renewable energies, especially solar energy and photovoltaic cells 

in particular, allows to get rid of this dilemma. 

The solar system consists of four main components: (PV photovoltaics) - Solar panels; Chargers; 

Batteries, and Power Inverters. 

So the solar panel is a solar cells grouped together can be used to operate some equipment or stored in the 

DC deflected electricity current current batteries are recharged and used more than once and measured the 

strength of the cell tel Watt module, here are small plates starting from 2 watts or 32 watts up to billions of 

waters for large buildings and factories. 

 

3. The relationship between solar cells and architectural configuration 
There is a close connection between the concept of design and architectural design, since they cannot 

be separated. The processes of formation and formation in fact start from the first moments in which the 

architect begins the design. The architecture is a three-dimensional artistic form, using form, texture, material, 

size, light and color as parts of the organization characterized by a cohesive, unbreakable, uniform, harmonious 

and interrelated unity [97]. The shape is the name given to the sum of the parts, their relations with each other, 

and between them and the spaces within or around them which are all a character of that object or body. 
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Architectural formation is known as the external sensory body of materials, which is composed of a system of 

properties of the plastic elements and the sensory relations between them both at the horizontal level and in the 

volumetric or spherical configuration. Architectural design is a process initiated by the designer using visual 

visuals as basic elements and principles and design principles to transform them into blocks and spaces in a 

particular system. The architectural formation begins with the sensory characteristics of the various systematic 

forms, including some of the plastic values that govern the relations between blocks and architectural spaces 

[98-99]. 

The process describes the formation of a group of elements within the framework of the ruler of the 

relationships and foundations determine how these elements exist for each other, and the process of composition 

in the architecture is linked to two basic goals of the use and beauty, where the architecture represents a 

recreational space to meet the requirements of the human and at the same time addresses the space spiritual and 

sensory aspect. The modern technology has strongly influenced the plastic elements and provided a great deal of 

freedom and flexibility in the architectural form. Therefore, we must study these modern plastic elements 

thoroughly and increase the architectural awareness towards them [100, 101].  

Here are several questions about the precedence of the composition of the composition and its 

foundations. The foundations are placed in advance and then are followed to produce the formation? The fact of 

the matter is that the formation comes first and from it devotes bases may contribute to the production of other 

formations, in the Greek architecture created exquisite formations of the temples after the effort of development 

and improvement until these configurations reached the result accepted by the eye and then was To develop the 

foundations of classical architecture. The sources and foundations on which the design and installation process 

depends on architecture, which begin from the first moments when the designer begins the design process that is 

based on its preparation, until the architect shapes the form that is closely related to the meaning through the 

user's point of view. In addition, the architect chooses the appropriate structure that achieves the relative 

importance of meaning as being abstract, structural or explicit [102]. 

Complex mass structures may sometimes form complex space. It is difficult to distinguish between 

these types of spaces, but they are nevertheless integrated, and this is what distinguishes a good architectural 

structure that depends on interdependence. The basic elements of form and space are complemented by other 

secondary elements. Photovoltaic value is only the result of the reflection of the mass on space with a light 

source, as well as the color which is the character of the surfaces of the forms as well as the texture. The line is 

the element located in each place that determines the shapes, blocks and spaces; it gives it texture and separates 

colors [103]. 

 

4. Building Integrated Photovoltaics (BIPV) 
The integrated solar cell systems should be integrated with the building so that BIPV is transferred to 

conscious design techniques and is used with the equipment and systems selected and identified for suitability 

with the building. Costs must be tracked along the cell life cycle to see the total cost that can be reduced by 

avoiding costs especially for construction materials and labor that can raise costs. Steps to design integrated 

solar cells with the building include [104-108]: 

1. Studying the application of energy-related design or energy efficiency measures to reduce the building 

requirements of energy. 

2. Choose between the interactive solar cell system and the independent solar cell system 

3. Provide adequate ventilation, the efficiency of cell conversion decreases with high operating temperature. 

4. Evaluation using hybrid solar cell systems as a choice to improve system efficiency. 

5. Study the direction of daylight and solar aggregation using thin semi-transparent models or crystalline 

models with cells that diverge between two glass models. Designers can use cells to form unique day-to-day 

lighting characteristics with the façade and the roof. The use of solar cell systems in maneuvering with this 

system can also help reduce unwanted cooling or heating with the increase associated with the costs of 

architectural work. 

6. Integrate cell models into shading devices and identify cell lines with the glass vision areas of the building 

that can provide suitable negative solar shades. 

7. Managing designers to fully understand the effects of climate and the environment on photovoltaic energy 

production. 

8. Address the topic of site planning and guidance at the beginning of the design phase. 

9. Using cell systems relatively new, it is important to make sure that those who work in the projects are a 

good trainer and those with experience in solar cells and equipment. 

 

There are many considerations to consider when designing solar cell covers. For example, the balance 

between the issues of design and construction of solar systems is very important because it varies greatly 
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according to the circumstances of each project, which requires consideration of a number of design 

considerations when designing cells and include the following [109-111]: 

Solar considerations include: Maximizing the number of solar panels in the applications of the building 

walls in the sense of increasing the number of solar panels in the building in order to absorb the ideal directions 

of the sun, and solar collectors can provide energy revenues beyond the electricity generated by the production 

of a load of cooling or solar heat negative. Slanted solar assemblies installed as youth openings or as 

circumference of the overhead illuminations will shade the interior spaces from direct sunlight while 

simultaneously combining energy from the sunlight and can also reduce or eliminate the need for electric 

lighting during the day. 

B - Design considerations: include show, display, aesthetics, economics, engineering, and product development. 

C) Considerations of the site: High rise buildings are often included in an urban environment with high real 

estate costs and a dense surrounding environment. The shadows received by high buildings reduce the efficiency 

of solar collectors. Here, the upper floors can only be covered with solar cells, which increase space between 

them and which can be fully exploited by solar systems. 

D) Climatic considerations: The site includes climate, insulation, water, wind loads, ice and earthquakes. 

C) Structural Considerations: For both new and old construction, the method of installation is important for the 

cost effectiveness of the system. For example, does the installation of solar panels require the construction of 

external scaffolding or not. 

(H) Mechanical and electrical considerations such as ventilation of the perimeter of the building and electrical 

wiring. 

Maintenance considerations include cleaning, maintenance, and repairs. 

D. Environmental Considerations: The assessment of the utilization of solar cells on the environment is not 

limited to reducing the need for traditional grid electricity only, but other considerations include reuse 

considerations as well as pollution risks. 

5. How to erect solar cells in different buildings and integrate them with different elements 

The solar cells are installed and integrated into the building by means of two parts, through which the formation 

of the cells on the roof of the building, which are represented in the ceilings and facades, is shown. Here are also 

many ways to install the cells on roofs and facades, both on the roofs of flat or sloping or interfaces of all kinds 

.otnksm installation methods of each type of roofs and facades by installation and construction angle to the 

closed layers and layers open in one direction and layers open in two directions and that for the Bishop of flat, 

while for roofs sloping structure is divided cells in which ways to vehicle cells on the roofs Alordwageh cells 

vehicle roofs tiled roofs unfolded wide, and the cells of the vehicle above the layers, and for facades Here 

facades are closed and will destroy open. 

Advantages of connecting the solar cells with the architectural configuration of the building, here are many 

benefits and advantages of this system which appear in the following points [112-114]: 

1. These systems operate with high efficiency and unlimited capacity. 

2 - These systems have many architectural benefits whether they are structural or structural or on the scale of 

modernization and innovation in ideas and innovations of architecture, as these systems can be used for certain 

devices independent without the work of an integrated network of the building. 

3 - These systems to provide raw materials 

4. Solar systems integrated with buildings in the long run to reduce the cost of electricity. 

5. Reduce the use of fossil fuels and ozone-damaging emissions. 

6. We can replace traditional building materials with solar cell systems, such as glass and others. 

7 - When increasing the amount of electrical energy produced can be returned to the network and use. 

Sites and methods of solar cell integration with the building: 

 

It is necessary not to deal with the design of the various elements, including external termination 

separately materials for some, containing buildings on the multiple and diverse systems connected to each other 

in relationships differ in overlapping and usability in harmony and compatibility levels based on system type 

and location within the building. The complementary relationship between solar systems and architectural form 

is influenced by: 

-Installation sites of solar systems. 

- Formal levels of integration between solar and architectural systems. 

- The functional diversity of solar systems as external finishing materials in architectural form. 

 

The location and space of the solar systems used in the buildings depends on the shape and orientation 

of the building's cover and prefer not to be shaded. In general, there are five main sites in the building that can 

be integrated with the solar systems, including horizontal surfaces. Here the horizontal surfaces in the buildings 
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are exposed to the effect of solar radiation in the summer more than the vertical dimensions of the building, 

most often integrated solar panels with the horizontal surfaces are not visible in The outer shape, however, can 

appear in indoor spaces when transparent panels are used to roof the spaces or in the denture surfaces. 

Horizontal surfaces can provide a good possibility to provide the required space for the installation of systems. 

Here are several different ways to integrate solar panels with horizontal surfaces such as slanted solar modules 

designed for horizontal surfaces, which are slanted at fixed angles, which are fixed on the chassis of the holder. 

There are also solar thermal insulation units with horizontal position, as some types of solar panels contain 

special materials for thermal insulation, which is within the solar module and helps to increase thermal 

insulation of the building because of the insulation contained in this type is most often used in horizontal 

surfaces and can be used in the slanted surfaces are also used in the remodeling of old surfaces because it does 

not require mechanical installation methods. Solar modules can be used as natural roofing lights as they are used 

to cover large spaces with horizontal surfaces or toothpick. When used, the solar panels are placed in the 

direction that receives the largest possible amount of solar energy, which is often the southern orientation, while 

the north comes to receive the natural light. Therefore, the sloping ceilings with the largest surface area are 

directed towards the south and the smaller sloping roofs head towards the north. When using horizontal 

surfaces, translucent or translucent solar panels are used to allow daytime lighting. In this case, this type of 

design is shown in the use of the internal Atriums, particularly in the middle and double layers in the 

composition [115-117]. 

As for the sloping surfaces, this type of surface faces south or south-west, and this does not mean that 

solar modules cannot be placed on other directions, but the optimal design decision is one of these two 

directions because they are the most efficient in receiving direct solar radiation on which the solar units depend 

on Power generation. This type has the ability to install solar units without the need to use the slanting structures 

used in horizontal lines, and sloping surfaces facilitate the process of cleaning units and prevent the collection of 

water on them and preferably there are spaces here 

A comma points between the solar rows to prevent accumulation of dust, tree leaves or snow 

[118,119]. There are several different ways to integrate solar modules with sloping surfaces, such as adding 

solar modules to the slanted surface as units that compensate for the original surface finish materials. Solar units 

used in this type have the characteristics of the usual termination materials for weather conditions, acoustic 

insulation and water resistance in addition to the generation of energy and the back of the solar units is the roof 

of the interior space, so take care of the appearance of pieces located on the interior space. These panels are 

lightweight and may be of a type that allows for natural or semi-transparent lighting. Solar modules sometimes 

need to be darkened to ventilate their internal surfaces to reduce their ambient temperature. Some methods of 

integration with solar systems to take advantage of this heat in cold periods is advised [120-126]. 

The sections of iron or aluminum are added to form the grid on which they will be installed. The 

electrical connections are hidden within the structural sections of the solar modules. The standard ceilings 

carrying the solar units are divided into two types depending on the method of construction. The ceiling is either 

constructed at the site or then installed on it solar modules or ceiling to be with pre-manufactured solar modules. 

The use of solar systems as external termination units will compensate for building materials used for surfaces 

and this is in line with strategies to reduce costs for energy efficient buildings. As recommended. Solar modules 

are installed on the termination materials which are the roof of the internal space and thus will be the basis on 

which the units will be based. These are two ways of integration. Solar modules either directly mounted on 

panels or a distance between the ceiling panels and solar modules is extended by extending sections of 

aluminum or iron. The second method provides ventilation for the solar modules from the bottom. The 

monocrystalline solar cells perform more efficiently when ventilation is available, so it is better to separate them 

from the surface to improve their performance. This increases thermal insulation of the roof [127-131]. 

The addition of solar modules, which are small pieces within traditional surface finish materials, is 

important for the integrated system and is of two types, either small solar modules that are installed with 

external finishing materials or manufactured from within the unit, ie with the traditional finishing material. 

Many of the new developments have been introduced to world markets of this type. One of the most important 

things is their aesthetics, ease of design and light weight. They range from small to small units to sloping 

surfaces instead of traditional materials. 

The solar module techniques have recently begun to provide design possibilities for folded surfaces and 

curved surfaces using thin-film solar modules. The thin solar modules are a type of solar modules that are 

flexible and can be replaced with traditional external finishing materials. They are lightweight, good insulation 

for water and therefore are best used in countries with a rainy climate. It also has applications on slanted and 

horizontal surfaces. Units with fixed dimensions (1.5m) or rounded coil shape that can be up to 12m in dark 

blue. Some species have the advantage of reflecting the colors of the solar spectrum in a light light when the 

direct sunlight falls on it [132]. 
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Of the new types of solar cells are panels with curved surfaces, which can be designed arched surfaces 

using traditional solar units are flexible and used in curved surfaces [133]. 

The integrated solar panels with the building façades are clearly formed and larger than other types of 

integration. Large areas of these façades are exploited and invested in the generation of electric power provided 

that they are proven within the correct direction. Facades are sometimes exposed to shading for longer periods 

than other surfaces. Therefore, the assessment of the utilization of the systems is dependent on the amount of 

surface space available on the different directions of the building's facades and the amount of solar radiation 

received in the region. Solar modules can replace and integrate external finishing materials used in facades, so 

the important features of the solar modules used in the facades are the general appearance, which must be 

architecturally acceptable. The units used in the facades shall be resistant to hardening, stiffness and high 

durability to protect them from vandalism [134-136]. 

Vertical walls with outer cover: In this case, the solar panels cover the whole or part of the building, or 

sometimes a second layer on an internal first layer containing insulating materials and with the use of 

waterproofing materials to prevent condensation. This layer should be sealed and the air spaces And non-

ventilated facades are dependent on the types of cells that withstand a high temperature environment such as 

cladding facades, with aluminum sections placed on the front to be used as solar modules or the sections are pre-

installed on the units. Condition Solar units are subject to ventilation [137]. 

The solar cells can be added unseen. This is achieved when the designer uses the solar panels in the 

building in an invisible or invisible manner, trying to take advantage of its technical function only and avoid as 

far as possible from the employment of a distinctive architectural character. This is due to the designer's desire 

not to change the architectural character of the building, which often occurs in buildings with architectural 

features [138]. 

Solar cells can be added to the design of a pre-built building or buildings under construction when there 

is a lack of functionality for some spaces due to functional changes within the building or there is a need here to 

improve the levels of comfort within certain spaces while at the same time there is a need to increase the 

capacity of the building , and here are added solar systems as shading devices to look as part of the building in 

the case of the designer to control the natural lighting and reduce the impact of direct solar radiation in the 

building or be added instead of glass as transparent elements have the ability to provide the building energy in 

the Guet himself [133]. 

Adding solar cells to the building's architectural expression is through the use of solar modules to add a 

contemporary character to the building. That is, the technique is used to make changes to the architectural image 

of the building but without affecting or dominating the visual presence of the main blocks of design. This level 

of integration can be employed in prefabricated buildings that have lost the character of regeneration over time 

and by adding solar modules it will be possible to show them in a contemporary nature again and are usually 

used in large areas to increase the physical value of the building. 

The use of solar panels to be a dominant part of the overall appearance in the form of the building and 

therefore determine the character of the architectural work. Hence, the idea of integration with solar systems is 

influential in the overall architectural ideas of the designer, since it works to apply the concepts designed for the 

environmental treatments. This level of architectural design is readily available in architectural designs based on 

the utilization of the diversity possibilities available in technology. 

The solar panels today are characterized by a sense of calmness and simplicity of this advanced 

technology, in addition to that it can offer the idea of contemporary and coexist with the spirit of the times 

through the possibilities of interaction with architecture, yet the panels can all appear after they need from 

architects something Of courage or daring to start dealing with it and discover its influence in architectural form. 

The architect may face a problem in achieving the consistency and the outward appearance of space exposed to 

solar radiation, which must have the same appearance. Some parts of surfaces You may need small items that 

can not operate economically like solar panels because of their shaded location. In this case, the use of elements 

known as panels imaginary cells, which are inefficient elements are the same appearance of solar panels used to 

achieve the architectural consistency of the different areas that will require certain parts of the outer shell. 

Another way to obtain the surfaces are consistent is the addition of solar panels with similar external finishing 

materials to her. The shape of the building contributes to determining the relationship between the elements of 

the external climate and the nature of the internal conditions. The shape of the building and its horizontal and 

vertical elements, transparent and dark, all point to the need to pay attention to the performance of the building. 

 

6. Conclusions 
The potential of solar systems is beyond the function of converting buildings from traditional buildings 

to efficient buildings in energy consumption through the ability of the designer to make them integrated as 

architectural elements that have an impact on the design of the building. The aesthetic value or acceptance that 
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needs to be achieved is a very important issue, Today, technology is trying to provide the potential for 

architectural design, but it depends on how the designer uses these techniques to add to the building the aesthetic 

character that had been designed for him in advance as a mental image of what the building wants to look like. 

The choice of the designer for the way he wishes to employ solar systems will depend mainly on the 

specifications of the solar system. Its tools include technical capabilities; it is exciting to accept the final form of 

design. 

 

References 
[1] H. A. Kazem, H. A. S. Al-Badi, A. S. Al Busaidi,M. T. Chaichan, "Optimum design and evaluation of 

hybrid solar/wind/diesel power system for Masirah Island," Environment, Development and 

Sustainability, XIX (5), pp. 1761-1778, 2017. DOI:  10.1007/s10668-016-9828-1 

[2] C. Furlan, C. Mortarino,"Forecasting the impact of renewable energies in competition with non-

renewable sources," Renewable and Sustainable Energy Reviews,LXXXI, pp. 1879-86,2018. 

[3] V. Moutinho, M. Madaleno, R. Inglesi-Lotz, E. Dogan,"Factors affecting CO2 emissions in top 

countries on renewable energies: a LMDI decomposition application," Renewable and Sustainable 

Energy Reviews, XC, pp. 605-622, 2018. 

[4] S. Wurster, C. Hagemann,"Two ways to success expansion of renewable energies in comparison 

between Germany's federal states," Energy Policy, CXXC, pp. 610-619. 

[5] M. T. Chaichan, H. A. Kazem, A. M. J. Mahdy, A A. Al-Waeely, "Optimal sizing of a hybrid system of 

renewable energy for lighting street in Salalah-Oman using Homer software," International Journal of 

Scientific Engineering and Applied Science (IJSEAS), II (5), pp. 157-164, 2016. 

[6] M. T. Chaichan, K. I. Abass,H. A. Kazem, "The effect of variable designs of the central receiver to 

improve the solar tower efficiency," International J of Engineering and Science, I (7), pp. 56-61, 2012. 

[7] M. T. Chaichan, D. S. M.Al-Zubaidi, "A practical study of using hydrogen in dual – fuel compression 

ignition engine," International Journal of Mechanical Engineering (IIJME), II (11), pp. 1-10, 2014. 

[8] C. Helm, M. Mier,"On the efficient market diffusion of intermittent renewable energies," Energy 

Economics,LXXX, pp. 812-30, 2019. 

[9] H. A. Kazem,M. T. Chaichan, "Wind Resource Assessment for nine locations in Oman," International 

Journal of Computation and Applied Sciences IJOCAAS, III(1), pp. 185-191, 2017. 

[10] H. A. Kazem, M. T. Chaichan, J. H. Yousif, "Evaluation of oscillatory flow Photovoltaic/Thermal 

system in Oman," International Journal of Computation and Applied Sciences IJOCAAS, VI (1), pp. 

429-436, 2019. 

[11] H. A. Kazem, H. S. Aljibori, F. N. Hasoon,M. T. Chaichan, "Design and testing of solar water heaters 

with its calculation of energy," Int. J. of Mechanical Computational and Manufacturing Research, I (2), 

pp. 62-66, 2012. 

[12] M. T. Chaichan, K. I. Abass, D. S. M.Al-Zubidi, H. A. Kazem, "Practical investigation of effectiveness 

of direct solar-powered air heater," International Journal of Advanced Engineering, Management and 

Science (IJAEMS),  II(7), pp.1047-1053, 2016. 

[13] H. A. Kazem, F. Hasson,M. T. Chaichan, "Design and analysis of stand-alone solar photovoltaic for 

desert in Oman," The 3
rd

 Scientific International Conference, Technical College, Najaf, Iraq, 2013. 

[14] H. A. Kazem, S. Q. Ali, A. H. A. Alwaeli, K. Mani,M. T. Chaichan, "Life-cycle cost analysis and 

optimization of health clinic PV system for a rural area in Oman," Proceedings of the World Congress 

on Engineering 2013, vol. II, WCE 2013, London, U.K., July 3 - 5, 2013. 

[15] M. T. Chaichan,H. A. Kazem, "Thermal storage comparison for variable basement kinds of a solar 

chimney prototype in Baghdad - Iraq weathers," International journal of Applied Science (IJAS), II (2), 

pp. 12-20, 2011. 

[16] M. T. Chaichan,K. I. Abass, "Practical investigation for improving concentrating solar power stations 

efficiency in Iraqi weathers," Anbar J for Engineering Science, V (1), pp. 76-87, 2012. 

[17] S. T. Ahmed,M. T. Chaichan, "A study of free convection in a solar chimney sample," Engineering and 

Technology J, XXIX (14), pp. 2986-2997, 2011. 

[18] M. T. Chaichan, "Practical study of basement kind effect on solar chimney air temperature in Baghdad-

Iraq weather," Al Khwarizmi Eng. Journal, VII (1), pp. 30-38, 2011. 

[19] M. T. Chaichan,S. T.Ahmed, "Evaluation of performance and emissions characteristics for 

compression ignition engine operated with disposal yellow grease," International Journal of 

Engineering and Science, II(2), pp. 111-122, 2013. 

[20] M. T. Chaichan, "Performance and emission study of diesel engine using sunflowers oil-based 

biodiesel fuels," International Journal of Scientific and Engineering Research, VI (4), pp. 260-269, 

2015. 



International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 04 – Issue 07 || July 2019 || PP. 46-59 

54 | P a g e                                                                                                                    www.ijrerd.com 

[21] M. T. Chaichan, "The impact of equivalence ratio on performance and emissions of a hydrogen-diesel 

dual fuel engine with cooled exhaust gas recirculation," International Journal of Scientific & 

Engineering Research, VI(6), pp. 938-941, 2015. 

[22] M. T. Chaichan, "The Effects of Hydrogen Addition to Diesel Fuel on the Emitted Particulate Matters," 

International Journal of Scientific & Engineering Research, VI (6), pp. 1081-1087, 2015. 

[23] H. A. Kazem, M. T. Chaichan, "Experimental analysis of the performance characteristics of PEM Fuel 

Cells," International Journal of Scientific & Engineering Research, VII(2), pp. 49-56, 2016. 

[24] M. Ram, M. Child, A. Aghahosseini, D. Bogdanov, A. Lohrmann, C. Breyer,"A comparative analysis 

of electricity generation costs from renewable, fossil fuel and nuclear sources in G20 countries for the 

period 2015-2030," Journal of cleaner production,CXCIX, pp. 687-704, 2018. 

[25] C. Kovesdi, J. Joe, R. Boring,"A Guide for Selecting Appropriate Human Factors Methods and 

Measures in Control Room Modernization Efforts in Nuclear Power Plants," International Conference 

on Applied Human Factors and Ergonomics 2018 Jul 21 (pp. 441-452). Springer, Cham. 

[26] R. J.Budnitz, H. H. Rogner, A. Shihab-Eldin,"Expansion of nuclear power technology to new 

countries–SMRs, safety culture issues, and the need for an improved international safety regime," 

Energy policy,CXIX, PP. 535-544, 2018. 

[27] L. Geng, T. Liu, k. Zhou, g. Yang,"Can power affect environmental risk attitude toward nuclear 

energy?" Energy Policy,CXIII, pp. 87-93. 

[28] M. T. Chaichan, "Performance and emissions characteristics of CIE using hydrogen, biodiesel, and 

massive EGR," International Journal of Hydrogen Energy, XLIII, pp. 5415-5435, 

2018.https://doi.org/10.1016/j.ijhydene.2017.09.072 

[29] M. T. Chaichan, H. A. Kazem, T. A. Abid, "Traffic and outdoor air pollution levels near highways in 

Baghdad, Iraq," Environment, Development and Sustainability, XX (2), pp. 589-603, 2018. DOI: 

10.1007/s10668-016-9900-x. 

[30] N. S. Ekaab, N. H. Hamza, M. T. Chaichan, "Performance and emitted pollutants assessment of diesel 

engine fuelled with Biokerosene," Case Study of Thermal Engineering, XIII (2019) 100381. 

https://doi.org/10.1016/j.csite.2018.100381 

[31] A. Intralawan, D. Wood, R. Frankel, R. Costanza, I. Kubiszewski,"Tradeoff analysis between 

electricity generation and ecosystem services in the Lower Mekong Basin," Ecosystem services,XXX, 

pp. 27-35, 2018. 

[32] E. E. Vogel, G. Saravia, S. Kobe, R. Schumann, R. Schuster,"A novel method to optimize electricity 

generation from wind energy," Renewable energy,CXXVI, pp. 724-735, 2018. 

[33] H. M. S.Al-Maamary, H. A. Kazem, M. T. Chaichan, "Renewable energy and GCC States energy 

challenges in the 21st century: A review," International Journal of Computation and Applied Sciences 

IJOCAAS, II(1), pp. 11-18, 2017. 

[34] H. M. S.Al-Maamary, H. A. Kazem, M. T. Chaichan, "The impact of the oil price fluctuations on 

common renewable energies in GCC countries," Renewable and Sustainable Energy Reviews, LXXV, 

pp. 989-1007, 2017. 

[35] J. H. Yousif, H. A. Al-BalushiH. A. Kazem, M. T. Chaichan, "Analysis and forecasting of weather 

conditions in Oman for renewable energy applications," Case Studies in Thermal Engineering XIII 

(2019) 100355 

[36] A. H. A. Al-Waeli, H. A. Kazem, M. T. Chaichan, "Review and design of a standalone PV system 

performance," International Journal of Computation and Applied Sciences IJOCAAS, I (1), pp. 1-6, 

2016. 

[37] A. H. A. Al-Waeli, M. M. K. El-Din, A. H. K. Al-Kabi, A. Al-Mamari, H. A. Kazem, M. T. Chaichan, 

"Optimum design and evaluation of solar water pumping system for rural areas," International Journal 

of Renewable Energy Research, VII(1), pp. 12-20, 2017. 

[38] M. T. Chaichan, H. A. Kazem, A. M. J.Mahdy,A. A. Al-Waeely, "Optimal sizing of a hybrid system of 

renewable energy for lighting street in Salalah-Oman using Homer software," International Journal of 

Scientific Engineering and Applied Science (IJSEAS), II(5), pp. 157-164, 2016. 

[39] H. A. Kazem, J. H. Yousif, M. T. Chaichan, "Modeling of Daily Solar Energy System Prediction using 

Support Vector Machine for Oman," International Journal of Applied Engineering Research, XI(20), 

pp. 10166-10172, 2016. 

[40] N. D.Kaushika, A. Mishra, A. K. Rai,"Introduction to Solar Photovoltaic Power," Solar Photovoltaics 

Book, Springer, Cham, 2018. 

[41] C. Zhang, J. Sun, J. Ma, F. Xu, L. Qiu,"Environmental Assessment of a Hybrid Solar-Biomass Energy 

Supplying System: A Case Study," International Journal of Environmental Research and Public 

Health,XVI (12):2222, 2019. 

https://doi.org/10.1016/j.ijhydene.2017.09.072
https://doi.org/10.1016/j.ijhydene.2017.09.072
https://doi.org/10.1016/j.ijhydene.2017.09.072
https://doi.org/10.1016/j.csite.2018.100381


International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 04 – Issue 07 || July 2019 || PP. 46-59 

55 | P a g e                                                                                                                    www.ijrerd.com 

[42] A. Hussain, B. Mahapatra, G. Rasul,"Adaptation in Mountain Agriculture: Food Security in the Hindu-

Kush Himalayan (HKH) Region," Status of Climate Change Adaptation in Asia and the Pacific, 

Springer, Cham, pp. 211-236, 2019. 

[43] T. Morato, M. Vaezi, A. Kumar,"Assessment of energy production potential from agricultural residues 

in Bolivia," Renewable and Sustainable Energy Reviews,CII, pp. 14-23, 2019. 

[44] M. T. Chaichan, "GEM Ternary Blends utilization as an alternative to conventional Iraqi gasoline to 

suppress emitted sulfur and lead components to environment," Al-Khwarizmi Journal, XII(3), pp. 38-

51, 2016. 

[45] M. T. Chaichan, N. M. Ali, "Experimental investigation of the effect of exhausts gas recirculation 

(EGR) on NOx-Smoke trade-off for SIE fueled with blends of gasoline/bioethanol," Al-Rafidain 

Collage Journal, XXXIX, pp. 388-404, 2016. 

[46] M. T. Chaichan, A. J. Ali, K. I. Abass, "Experimental Study on Solar Air Heating," Al-Khawarizmi 

Eng. Journal, XIV (1),pp. 1-9, 2018. 

[47] A. H. A. Al-Waeli, A. S. A. Al-Mamari, A. H. K. Al-Kabi, M. T. Chaichan, H. A. Kazem, "Evaluation 

of the economic and environmental aspects of using photovoltaic water pumping system," 9th 

International Conference on Robotic, Vision, Signal Processing & Power Applications, Malaysia, 2016. 

[48] M. T. Chaichan, H. A. Kazem, K. I. Abaas, A. A. Al- Waeli, "Homemade Solar Desalination System 

for Omani families," International Journal of Scientific & Engineering Research, VII(5), pp.1499-1504, 

2016. 

[49] M. T. Chaichan,K. I. Abass, "Productivity amelioration of solar water distillator linked with salt 

gradient pond,"Tikrit Journal of Engineering Sciences, XIX(4), pp. 24-34, 2012. 

[50] M. T. Chaichan, H. A. Kazem, "Generating Electricity Using Photovoltaic Solar Plants in Iraq," 

Springer, ISBN: 978-3-319-75030-9. https://doi.org/10.1007/978-3-319-75031-6 

[51] H. A. Kazem, M. T. Chaichan, "The effect of dust accumulation and cleaning methods on PV panels' 

outcomes based on an experimental study of six locations in Northern Oman," Solar Energy, 

CLXXXVII, pp. 30–38, 2019. 

[52] H. A. Kazem, M. T. Chaichan, A. H. Al-Waeli, K. Mani, Effect of Shadows on the Performance of 

Solar Photovoltaic, Mediterranean Green Buildings & Renewable Energy, pp.379-385, 2017, DOI: 

10.1007/978-3-319-30746-6_27 

[53] H. A. Kazem, M. H. Albadi, A. H. A. Al-Waeli, A. H. Al-Busaidi,M. T. Chaichan, "Techno-economic 

feasibility analysis of 1 MW photovoltaic grid connected system in Oman," Case Study of Thermal 

Engineering, X, pp. 131-141, 2017. 

[54] H. A. Kazem,M. T. Chaichan, "The impact of using solar colored filters to cover the PV panel on its 

outcomes," Bulletin Journal, II(7), pp. 464-469, 2016. DOI: 10.21276/sb.2016.2.7.5. 

[55] Z. A. Darwish, H. A. Kazem, K. Sopian, M. A. Alghoul,M. T. Chaichan, "Impact of Some 

Environmental Variables with Dust on Solar Photovoltaic (PV) Performance: Review and Research 

Status," International J of Energy and Environment, VII(4), pp.152-159, 2013. 

[56] M. T. Chaichan, H. A. Kazem,K. I. Abass, "Improving productivity of solar water distillator linked 

with salt gradient pond in Iraqi weather," World Congress on Engineering 2012, London, UK, 4-6 July, 

2012. 

[57] M. T. Chaichan,H. A. Kazem, "Using aluminum powder with PCM (paraffin wax) to enhance single 

slope solar water distillator productivity in Baghdad-Iraq winter weathers," International Journal of 

Renewable Energy Research, I(5), pp. 151-159, 2015. 

[58] M. T. Chaichan, A. H. Al-Hamdani, A. M. Kasem, "Enhancing a Trombe wall charging and 

discharging processes by adding nano-Al2O3 to phase change materials," International Journal of 

Scientific & Engineering Research, VII(3), pp. 736-741, 2016. 

[59] M. T. Chaichan, K. I. Abass, H. A. Kazem, "Design and assessment of solar concentrator distillating 

system using phase change materials (PCM) suitable for desertec weathers," Desalination and water 

treatment, LVII(32), pp. 14897-14907, 2016. DOI: 10.1080/19443994.2015.1069221 

[60] M. T. Chaichan, K. I. Abass, D. S. M. Al-Zubidi, "A study of a hybrid solar heat storage wall (Trombe 

wall) utilizing paraffin wax and water," Journal of Research in Mechanical Engineering, II(11), pp. 1-7, 

2016. 

[61] H. A. Kazem, A. H. A. Al-Waeli, M. T. Chaichan, A. S. Al-Mamari, A. H. Al-Kabi, "Design, 

measurement and evaluation of photovoltaic pumping system for rural areas in Oman," Environment 

Development and Sustainability, XIX(3), pp. 1041-1053, 2017. DOI: 10.1007/s10668-016-9773-z, 

2016. 

https://doi.org/10.1007/978-3-319-75031-6


International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 04 – Issue 07 || July 2019 || PP. 46-59 

56 | P a g e                                                                                                                    www.ijrerd.com 

[62] M. T. Chaichan, H. A. Kazem, A. A. Kazem, K. I. Abass, K. A. H. Al-Asadi, "The effect of 

environmental conditions on concentrated solar system in desertec weathers," International Journal of 

Scientific and Engineering Research, VI (5), pp. 850-856, 2015. 

[63] H. A. Kazem, M. T. Chaichan, "Effect of Environmental Variables on Photovoltaic Performance-Based 

on Experimental Studies," International Journal of Civil, Mechanical and Energy Science (IJCMES), 

II(4), pp. 1-8, 2016. 

[64] A. H. A. Al-Waeli, H. A. Kazem, M. T. Chaichan, K Sopian, “Photovoltaic/Thermal System: 

Principles, Design and Applications”, 1st Edition, Springer Nature 2020, ISBN: 978-3-030-27824-3.  

[65] A. H. A. Al-Waeli, K. Sopian, H. A. Kazem,M. T. Chaichan, "PV/T (photovoltaic/thermal): Status and 

Future Prospects," Renewable and Sustainable Energy Review, LXXVII, pp. 109-130, 2017. 

[66] A. H. A. Al-Waeli, K. Sopian, H. A. Kazem,M. T. Chaichan, "Photovoltaic thermal PV/T systems: A 

review," International Journal of Computation and Applied Sciences IJOCAAS, II(2), pp. 62-67, 2017. 

[67] A. H. A. Al-Waeli, M. T. Chaichan, H. A. Kazem, K. Sopian, "Comparative study to use nano-(Al2O3, 

CuO, and SiC) with water to enhance photovoltaic thermal PV/T collectors,"Energy Conversion and 

Management, CXLVIII(15), pp. 963-973, 2017. https://doi.org/10.1016/j.enconman.2017.06.072 

[68] A. H. A. Al-Waeli, K. Sopian, M. T. Chaichan,H. A. Kazem, H. A. Hasan, A. N. Al-Shamani, "An 

experimental investigation on using of nano-SiC-water as base-fluid for photovoltaic thermal system," 

Energy Conservation and Management, CXLIV, pp. 547-558, 2017. 

[69] A. H. A. Al-Waeli, K. Sopian, M. T. Chaichan, H. A. Kazem, A. Ibrahim, S. Mat,M. H. Ruslan, 

"Evaluation of the nanofluid and nano-PCM based photovoltaic thermal (PVT) system: An 

experimental study," Energy Conversion and Management, CLI, pp. 693–708, 2017. 

[70] A. H. A. Al-Waeli, M. T. Chaichan, K. Sopian, H. A. Kazem,"Energy Storage: CFD Modeling of 

Thermal Energy Storage for a Phase Change Materials (PCM) added to a PV/T using nanofluid as a 

coolant," Journal of Scientific and Engineering Research, IV (12), pp. 193-202, 2017. 

[71] A. H. A. Al-Waeli, K. Sopian, H. A. Kazem, J. H. Yousif, M. T. Chaichan, A. Ibrahim, S. Mat,M. H. 

Ruslan, "Comparison of prediction methods of PV/T nanofluid and nano-PCM system using a 

measured dataset and Artificial Neural Network," Solar Energy, CLXVI, pp. 378-396, 2018. 

[72] A. H. A. Al-Waeli, M. T. Chaichan, K. Sopian,H. A. Kazem, "Comparison study of indoor/outdoor 

experiments of SiC nanofluid as a base-fluid for a photovoltaic thermal PV/T system enhancement," 

Energy, CLI, pp. 33-44, 2018. DOI10.1016/j.energy.2018.03.040 

[73] A. H. A. Al-Waeli, H. A. Kazem, K. Sopian,M. T. Chaichan, "Techno-economical assessment of grid 

connected PV/T using nanoparticles and water as base-fluid systems in Malaysia," International Journal 

of Sustainable Energy, XXXVII (6), pp. 558-578, 2018. DOI: 10.1080/14786451.2017.1323900 

[74] A. H. A. Al-Waeli, M. T. Chaichan, H. A. Kazem, K.Sopian, A. Ibrahim, S. Mat, M. H. Ruslan, 

"Numerical study on the effect of operating nanofluids of photovoltaic thermal system (PVT) on the 

convective heat transfer," Case Study in Thermal Engineering, XII, pp. 405-413, 2018. 

[75] A. H. A. Al-Waeli, K. Sopian, H. A. Kazem, M. T. Chaichan, "Nanofluid based grid connected PV/T 

systems in Malaysia: A techno-economical assessment," Sustainable Energy Technologies and 

Assessments, XXVIII, pp. 81-95, 2018.            https://doi.org/10.1016/j.seta.2018.06.017 

[76] M. T. Chaichan, K. I. Abass,H. M. Salih, "Practical investigation for water solar thermal storage system 

enhancement using sensible and latent heats in Baghdad-Iraq weathers," Journal of Al-Rafidain 

University Collage for Science, XXXIII, pp. 158-182, 2014. 

[77] M. T. Chaichan, "Enhancing productivity of concentrating solar distillating system accompanied with 

PCM at hot climate,"Wulevina, XXIII (5), pp. 1-18, 2016. 

[78] M. T. Chaichan,H. A. Kazem, "Water solar distiller productivity enhancement using concentrating 

solar water heater and phase change material (PCM)," Case Studies in Thermal Engineering, Elsevier, 

XV, pp. 151-159, 2015. 

[79] M. T. Chaichan, K. I. Abass, H. A. Kazem, "Design and assessment of solar concentrator distillating 

system using phase change materials (PCM) suitable for desertec weathers," Desalination and water 

treatment, LVII(32), pp. 14897-14907, 2016. DOI: 10.1080/19443994.2015.1069221 

[80] M. T. Chaichan, K. I. Abass, M. A. Rasheed, H. A. Kazem, "Using paraffin wax as a thermal storage 

material in a solar air heater," International Conference for Renewable Energies, UOT, Baghdad, Iraq, 

2013. 

[81] S. Indora, T. C. Kandpal,"Institutional cooking with solar energy: A review," Renewable and 

Sustainable Energy Reviews, LXXXIV, pp. 131-54, 2018. 

[82] H. Amiri, R. Nabizadeh, S. S. Martinez, S. J. Shahtaheri, K. Yaghmaeian, A. Badiei, S. Nazmara, K. 

Naddafi,"Response surface methodology modeling to improve degradation of Chlorpyrifos in 

http://www.sciencedirect.com/science/journal/01968904
http://www.sciencedirect.com/science/journal/01968904
http://www.sciencedirect.com/science/journal/01968904
https://doi.org/10.1016/j.enconman.2017.06.072
https://www.researchgate.net/publication/316802599_Techno-economical_assessment_of_grid_connected_PVT_using_nanoparticles_and_water_as_base-fluid_systems_in_Malaysia?_iepl%5BviewId%5D=5LiWc1CZnYAUpkvdBwy3Cv54&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BtargetEntityId%5D=PB%3A316802599&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/316802599_Techno-economical_assessment_of_grid_connected_PVT_using_nanoparticles_and_water_as_base-fluid_systems_in_Malaysia?_iepl%5BviewId%5D=5LiWc1CZnYAUpkvdBwy3Cv54&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BtargetEntityId%5D=PB%3A316802599&_iepl%5BinteractionType%5D=publicationTitle
https://doi.org/10.1016/j.seta.2018.06.017


International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 04 – Issue 07 || July 2019 || PP. 46-59 

57 | P a g e                                                                                                                    www.ijrerd.com 

agriculture runoff using TiO2 solar photocatalytic in a raceway pond reactor," Ecotoxicology and 

Environmental Safety,CXLVIII, pp. 919-925, 2018. 

[83] R. Krishnan, J. M. Pearce,"Economic impact of substituting solar photovoltaic electric production for 

tobacco farming," Land Use Policy,LXXII, pp. 503-509, 2018. 

[84] I. Guarracino, J. Freeman, A. Ramos, S. A. Kalogirou, N. J. Ekins-Daukes, C. N. Markides,"Systematic 

testing of hybrid PV-thermal (PVT) solar collectors in steady-state and dynamic outdoor conditions," 

Applied energy,CCXL, pp. 1014-1030, 2019. 

[85] A. R. Jordehi,"How to deal with uncertainties in electric power systems? A review," Renewable and 

Sustainable Energy Reviews,XCVI, pp. 145-155, 2018. 

[86] H. A. Kazem, A. H. A. Al-Waeli, A. S. A. Al-Mamari, A. H. K. Al-Kabi, M. T. Chaichan, "A 

photovoltaic application in car parking lights with recycled batteries: A techno-economic study," 

Australian Journal of Basic and Applied Science, IX(36), pp.43-49, 2015. 

[87] M. T. Chaichan, H. A. Kazem, A. M. J. Mahdy, A. A. Al-Waeely, "Optimization of Hybrid Solar PV/ 

Diesel System for Powering Telecommunication Tower,  IJESET,"VIII(6), pp. 1-10, 2016. 

[88] M. T. Chaichan, H. A. Kazem, A. M. J. Mahdy,A A. Al-Waeely, "Optimal sizing of a hybrid system of 

renewable energy for lighting street in Salalah-Oman using Homer software," International Journal of 

Scientific Engineering and Applied Science (IJSEAS), II(5), pp. 157-164, 2016. 

[89] M. T. Chaichan, H. A. Kazem, "Energy Conservation and Management for Houses and Building in 

Oman-Case study," Saudi Journal of Engineering and Technology, I(3), pp. 69-76, 2016. 

[90] H. M. S.Al-Maamary, H. A. Kazem, M. T. Chaichan, "Climate change: the game changer in the GCC 

region," Renewable and Sustainable Energy Reviews, LXXVI, pp. 555-576, 2017. 

[91] A. A. Alwaely, H. N. Al-qaralocy, K. A. Al-Asadi, M. T. Chaichan, H. A. Kazem, "The environmental 

aftermath resulted from chemical bombardment of Halabja Territory for the period 1988-2014," 

International Journal of Scientific & Engineering Research, VI(9), pp. 40-44, 2015. 

[92] A. A. Kazem, M. T. Chaichan,H. A. Kazem, "Effect of dust on photovoltaic utilization in Iraq: review 

article," Renewable and Sustainable Energy Reviews, XXXVII, pp. 734-749, 2014. 

[93] B. R. Yaseen, K. A. Al Asaady, A. A. Kazem, M. T. Chaichan, "Environmental impacts of salt tide in 

Shatt al-Arab-Basra/Iraq," IOSR Journal of Environmental Science, Toxicology and Food Technology, 

X(1-2), pp. 35-43, 2016. 

[94] H. A. Kazem, M. T. Chaichan,"Status and future prospects of renewable energy in Iraq," Renewable 

and Sustainable Energy Reviews, XVI(1), pp. 6007–6012, 2012. 

[95] A. A. Al-Waeely, S. D. Salman, W. K. Abdol-Reza, M. T. Chaichan, H. A. Kazem,H. S. S. Al-Jibori, 

"Evaluation of the spatial distribution of shared electrical generators and their environmental effects at 

Al-Sader City-Baghdad-Iraq," International Journal of Engineering & Technology IJET-IJENS, 

XIV(2), pp. 16-23, 2014. 

[96] M. T. Chaichan, H. A. Kazem, "Generating Electricity Using Photovoltaic Solar Plants in Iraq," 

Springer, ISBN: 978-3-319-75030-9. https://doi.org/10.1007/978-3-319-75031-6 

[97] G. Brooker, S. Stone,"Re-readings: 2: Interior Architecture and the Principles of Re-modeling Existing 

Buildings,"Routledge; 2019 Jul 10. 

[98] D. Hannah,"Event-space: Theatre Architecture and the Historical Avant-garde,"Routledge; 2018 Jul 11. 

[99] L. M. McCarthy-Cotter, M. Flinders, T. Healey,"Design and Space on Parliament," Oxford: Oxford 

University Press; 2018 Feb 8. 

[100] L. C. Chen, M. Collins, Y. Zhu, G. Papandreou, B. Zoph, F. Schroff, H. Adam, J. Shlens,"Searching for 

efficient multi-scale architectures for dense image prediction," InAdvances in Neural Information 

Processing Systems, pp. 8699-8710, 2018. 

[101] J. Engholt, D. Pigram,"Tailored Flexibility-Reinforcing concrete fabric formwork with 3D printed 

plastics," The Association for Computer-Aided Architectural Design Research in Asia, Apr 15, 2019. 

[102] H. Kwon, M. Eichenhofer, T. Kyttas, B. Dillenburger,"Digital Composites: Robotic 3D Printing of 

Continuous Carbon Fiber-Reinforced Plastics for Functionally-Graded Building Components," 

InRobotic Fabrication in Architecture, Art and Design 2018 Sep 10 (pp. 363-376). Springer, Cham. 

[103] C. W.Totten,"An architectural approach to level design," AK Peters/CRC Press; 2018 Sep 3. 

[104] A. K. Shukla, K. Sudhakar, P. Baredar, R. Mamat,"Solar PV and BIPV system: Barrier, challenges and 

policy recommendation in India," Renewable and Sustainable Energy Reviews,LXXXVIII, pp. 3314-

3322, 2018. 

[105] A. Hepbasli, M. Araz, E. Biyik, R. Yao, M. Shahrestani, E. Essah, L. Shao, A. C. Oliveira, T. del Caño, 

E. Rico, J. L. Lechón,"Thermo-economic Analysis and Evaluation of a Building-Integrated 

Photovoltaic (BIPV) System Based on Actual Operational Data," InThe Role of Exergy in Energy and 

the Environment (pp. 877-886). Springer, Cham, 2018. 

https://doi.org/10.1007/978-3-319-75031-6


International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 04 – Issue 07 || July 2019 || PP. 46-59 

58 | P a g e                                                                                                                    www.ijrerd.com 

[106] K. Kant, R. Pitchumani, A. Shukla, A. Sharma,"Analysis and design of air ventilated building 

integrated photovoltaic (BIPV) system incorporating phase change materials," Energy Conversion and 

Management. CLXIX, pp. 149-64, 2019. 

[107] K. Spiliotis, J. Gonçalves, C. Baert, J. Driesen, D. Saelens,"From BIPV module to system: A modelica-

developed framework for building energy simulations including BIPVs," https://www. eupvsec-

proceedings. com/proceedings? advanced [title]= &advanced [date]= 2018&advanced [author]= 

Spiliotis&advanced [keyword]= &paper= 45528. 2018:1619-22. 

[108] A. K. Shukla, K. Sudhakar, P. Baredar, R. Mamat,"BIPV based sustainable building in South Asian 

countries," Solar Energy,CLXX, pp. 1162-1170, 2018. 

[109] A. S. Abdelrazik, F. A. Al-Sulaiman, R. Saidur, R. Ben-Mansour,"A review on recent development for 

the design and packaging of hybrid photovoltaic/thermal (PV/T) solar systems," Renewable and 

Sustainable Energy Reviews,XCV, pp. 110-129, 2018. 

[110] Z. Yang, H. Lin, K. W. Chee, P. Gao, J. Ye,"The role of front-surface charges in interdigitated back 

contact silicon hetero-junction solar cells," Nano Energy, 2019. 

[111] F. Sahli, J. Werner, B. A. Kamino, M. Bräuninger, R. Monnard, B. Paviet-Salomon, L. Barraud, L. 

Ding, J. J. Leon, D. Sacchetto, G. Cattaneo,"Fully textured monolithic perovskite/silicon tandem solar 

cells with 25.2% power conversion efficiency," Nature materials, XVII (9):820, 2018. 

[112] M. C. Bissaro-Júnior, R. P. Ghilardi, M. R. Bueno, A. Manzoli, F. S. Adorni, F. P. Muniz, E. 

Guilherme, J. P. De Souza Filho, F. R. Negri, A. S. Hsiou,"The total station as a tool for recording 

provenance in paleontology fieldwork: configuration, use, advantages, and 

disadvantages,"Palaios,XXXIII (2), pp. 55-60, 2018. 

[113] J. H. Lee, M. J. Ostwald, N. Gu,"A Justified Plan Graph (JPG) grammar approach to identifying spatial 

design patterns in an architectural style," Environment and Planning B: Urban Analytics and City 

Science,XLV (1), pp. 67-89, 2018. 

[114] B. Liu, R. Lysecky, J. M. Wang-Roveda,"Composable Template Attacks Using Templates for 

Individual Architectural Components," In2018 IEEE 36th International Conference on Computer 

Design (ICCD) 2018 Oct 7 (pp. 1-8). IEEE. 

[115] A. Manzo,"On the Integration of Digital 2D and 3D Survey Models for the Geometrical Configuration 

and the Damage Assessment of a Medieval Building in Venice," InEuro-Mediterranean Conference 

2018 Oct 29 (pp. 677-688). Springer, Cham. 

[116] A. H. Ashouri, G. Palermo, J. Cavazos, C. Silvano,"Design Space Exploration of Compiler Passes: A 

Co-Exploration Approach for the Embedded Domain," InAutomatic Tuning of Compilers Using 

Machine Learning 2018 (pp. 23-39). Springer, Cham. 

[117] I. Gaidarski, Z. Minchev, R. Andreev,"Model Driven Architectural Design of Information Security 

System," InInternational Conference on Soft Computing and Pattern Recognition 2018 Dec 13 (pp. 

349-359). Springer, Cham. 

[118] A. H. A. Al-Waeli, A. H. K. Al-Kabi A H K, A. Al-Mamari, H. A. Kazem,M. T. Chaichan, "Evaluation 

of the Economic and Environmental Aspects of Using Photovoltaic Water Pumping System," Book 

ISBN: 978-981-10-1719-3, pp. 1-9, 2016. 

[119] H. A. Kazem,M. T. Chaichan, "The impact of using solar colored filters to cover the PV panel on its 

outcomes," Bulletin Journal, II(7), pp. 464-469, 2016. DOI: 10.21276/sb.2016.2.7.5. 

[120] M. S. Salim,"Optimizing solar energy for houses with slanting type roofs," International Journal of 

Engineering & Technology, VII (2), pp. 913-916, 2018. 

[121] N. Mohajeri, D. Assouline, B. Guiboud, A. Bill, A. Gudmundsson, J. L. Scartezzini,"A city-scale roof 

shape classification using machine learning for solar energy applications," Renewable energy,CXXI, 

pp. 81-93, 2018. 

[122] J. D. Ginger, C. G. Bodhinayake, S. Ingham,"Wind loads for designing ground-mounted solar-panel 

arrays," Australian Journal of Structural Engineering,pp. 1-5, 2019. 

[123] X. Song, Y. Huang, C. Zhao, Y. Liu, Y. Lu, Y. Chang, J. Yang,"An Approach for Estimating Solar 

Photovoltaic Potential Based on Rooftop Retrieval from Remote Sensing Images," Energies,XI (11), 

pp. 3172, 2018. 

[124] N. M. Kumar, K. Sudhakar, M. Samykano, S. Sukumaran,"Dust cleaning robots (DCR) for BIPV and 

BAPV solar power plants-A conceptual framework and research challenges,"Procedia Computer 

Science,CXXXIII, pp. 746-754,2018. 

[125] J. M. Gorman, E. M. Sparrow, S. D. Katz, W. J. Minkowycz,"Convective heat transfer coefficients on 

all external surfaces of a generic residential building in crossflow," Numerical Heat Transfer, Part A: 

Applications,LXXV (2):71-90, 2019. 



International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 04 – Issue 07 || July 2019 || PP. 46-59 

59 | P a g e                                                                                                                    www.ijrerd.com 

[126] A. A. Babatunde, S. Abbasoglu, M. Senol,"Analysis of the impact of dust, tilt angle and orientation on 

performance of PV Plants," Renewable and Sustainable Energy Reviews,XC, pp. 1017-26, 2018. 

[127] K. Mertens,"Photovoltaics: fundamentals, technology, and practice," John Wiley & Sons; 2018 May 

29. 

[128] N. Shukla, A. Watts, C. Honeker, M. Hill, J. Kośny,"Thermal impact of adhesive-mounted rooftop PV 

on underlying roof shingles," Solar Energy,CLXXIV, pp. 957-966, 2018. 

[129] O. Mahmoud, H.Sevinc. "Evaluation of the potential of solar energy utilization in Famagusta, 

Cyprus," Sustainable cities and society, XXXVII, pp. 189-202, 2018. 

[130] N. Mohajeri, D. Assouline, B. Guiboud, A. Bill, A. Gudmundsson, J. L. Scartezzini,"A city-scale roof 

shape classification using machine learning for solar energy applications," Renewable energy,CXXI, 

pp. 81-93,2018. 

[131] Y. Li, T. Si, C. Liu,"Geographical variation in energy yields of rooftop photovoltaic projects in 

Australia," Advances in Building Energy Research,XXI, pp. 1-8, 2018. 

[132] M. P. Tanwar, A. Agarwal, A. Mishra,"Output Power Enhancement by Flexible Solar Panel with 

Optimal Solar Field," InApplications of Computing, Automation and Wireless Systems in Electrical 

Engineering (pp. 1233-1242). Springer, Singapore, 2019. 

[133] N. Bednar, A. Caviasca, P. Sevela, N. Severino, N. Adamovic,"Modelling of flexible thin-film modules 

for building and product integrated photovoltaics," Solar Energy Materials and Solar Cells,CLXXXI, 

pp.38-45, 2018. 

[134] I. A. Carbone, K. R. Frawley, M. K. McCann,"Flexible, Front-Facing Luminescent Solar Concentrators 

Fabricated from Lumogen F Red 305 and Polydimethylsiloxane," International Journal of Photoenergy, 

2019. 

[135] K. O. Bempah, K. Kwon, K. A. Kim,"Experimental study of photovoltaic panel mounting 

configurations for tube-shaped structures," Applied Energy,CCXL, pp. 754-65, 2019. 

[136] H. J. Seok, H. W. Jang, D. Y. Lee, B. G. Son, H. K. Kim,"Roll-to-roll sputtered, indium-free 

ZnSnO/AgPdCu/ZnSnO multi-stacked electrodes for high performance flexible thin-film heaters and 

heat-shielding films," Journal of Alloys and Compounds,DCCLXXVII, pp. 853-864, 2019. 

[137] A. Marucci, I. Zambon, A. Colantoni, D. Monarca,"A combination of agricultural and energy purposes: 

Evaluation of a prototype of photovoltaic greenhouse tunnel," Renewable and Sustainable Energy 

Reviews,LXXXII, pp.1178-1186, 2018. 

[138] S. W. Ren, L. Van Belle, C. Claeys, F. X. Xin, T. J. Lu, E. Deckers, W. Desmet,"Improvement of the 

sound absorption of flexible micro-perforated panels by local resonances," Mechanical Systems and 

Signal Processing,CXVII, pp. 138-56, 2019.  


