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Article History Abstract

Received 12 June 2022 All kinds of energy are one of the basic requirements in life to sustain it. Therefore, the
Accepted 19 September 2022 majority of research and applications have been mostly focused on self-sufficient energy
or zero-energy buildings in developed countries. Most of these countries encounter
energy demand and suffer from carbon dioxide emissions from existing buildings.
Energy-efficient applications must be also spread across developing and undeveloped
countries especially in the Mesopotamia region due to the hot climate. Hence, the
efficiency of a common practice, implementation of photovoltaic panels (PVs), in Iraq is
investigated in this study. PVs were designed and empirically implemented in an existing
conventional primary school building in Baghdad, Iraq as a case study for the
Mesopotamia region. The sustainability and energy analysis of a school building was
conducted in diverse scenarios to explore the potential of energy-saving and payback
period of the PVs. The slope and number of PV panels located on the school building are
the parameters of the current study. Results showed that PV panels with a 30° inclination
angle reduced the energy cost of the building by 50%. The payback for the
implementation of PVs can be obtained approximately in 8 years. Consequently, the PVs
have major potential in energy efficiency and can be implemented in governmental
buildings such as public-school buildings in the Mesopotamia region. Besides, society and
private institutions may become aware of the importance of sustainable energy with this
study. With this case study, the importance of taking advantage of solar energy has been
emphasized for undeveloped countries.
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1. Introduction

Societies face significant challenges concerning
energy consumption, climate change, and energy
demand issues. In addition, the surge in energy
prices has directed communities to the renewable
energy market and led to lower costs of renewable
energy technologies benefit as wind, hydropower,

solar, biomass, biofuels, geothermal, etc. This
situation prompted a major development in energy-
saving technologies. One of these developments is
the design and/or renovation of existing residential
and commercial buildings to achieve energy
neutrality and sustainability. A sustainable building
can be defined as a building that maintains
structural integrity while considering the health,
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safety, and thermal comfort of users, efficiency
measures, and environmental impacts.

The development of novel sources and
technologies yields creative energy and self-
sufficient environments. For instance, Netherland
aimed to reach an energy-neutral built environment
by 2050. Possible alternatives to reach this purpose
were also investigated for low- and mid-rise
structures [1] and applied successfully. Some
efforts have been paid to find out efficient
renovation alternatives for single-family houses or
high-rise apartments in Netherland [1-4]. Wells et
al. [5] stated that the relatively novel concept in
Australia creates substantial opportunities to reduce
greenhouse gas emissions, energy demand from
fossil fuels, and cost. It is also mentioned that
governmental encouragement and acceptance of
net-zero energy buildings have a major role to reach
an energy-sufficient environment.

Attia et al. [6] showed that there are some
factors equally important to the economic challenge
that hinder the renovation of existing buildings or
designing new ones in line with the net or nearly
zero-energy concept in southern European
countries. These factors were listed to be technical
development, organizational issues, legislation, and
enforcement as well as awareness. The Ministry of
Urban and Environment of Turkey has also released
a guide for the design of nearly zero-energy
buildings [7].

Even though there are still some issues that
should be solved, underdeveloped or developing
countries must adapt themselves to the zero-energy
concept to increase their growth speed and reduce
energy expenditures. Current energy sources are not
infinite and should be replaced with renewable
alternatives. Therefore, the main objective of this
study is to explore the efficiency of renewable
energy technology to reduce energy costs and
improve the energy performance of existing
buildings in undeveloped countries. For this
purpose, an almost 1000-square  meters
conventional primary school building located in
Baghdad, Iraq is considered as a case study in this
paper to evaluate and demonstrate the potential

efficiency of photovoltaic panels and their payback
duration.

2. Background

2.1. Zero energy building (ZEB)

Most of the statistics indicate that the consumption
of residential buildings was about 27% to 40% of
the total energy resources in the world [8]. To
reduce the amount of greenhouse gas emissions, the
design of the buildings and the energy source
should be chosen to reduce energy consumption.
[9]. Additionally, economical savings from the
utilized energy by buildings can be employed for
the development of undeveloped countries. Hence,
reduced energy consumption and clean energy
production in these buildings are priceless even for
undeveloped countries. Much research has been
conducted on self-sufficient or
buildings (ZEBs) which is a futuristic iteration of
green buildings. In general, green buildings are
structures designed to enhance resource use such as

zero-energy

energy, water, materials, and sustainability [8].

Zero-energy buildings are known as residential
or commercial buildings that improve energy
efficiency, in addition to making a balance between
the energy consumed and the energy generated by
the building itself, from renewable sources such as
solar or wind energies [10]. These buildings are
connected to the regular electrical network as well,
where the surplus energy produced can be sold or
an additional amount recovered when needed. The
basic elements of zero-energy buildings are
isolation, window openings, heating and cooling
systems, smart energy management systems, and
solar cells. Zero energy buildings are also divided
into two sub-groups nearly zero energy buildings
(Near-ZEB) and net-zero energy buildings (Net-
ZEB). The main difference is that Net-ZEB
buildings produce and consume exactly equal
energy in a certain period whereas Near-ZEB
demands additional energy from the electrical
network to compensate for its requirement.

Early accreditation plans have been used in
western countries including the Building Research
Foundation Environmental Assessment
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Methodology (BREEAM) in the United Kingdom
since 1990 [11], and Leadership in Energy and
Environmental Design (LEED) in the United States
since 1994 [12]. Other major programs include the
Comprehensive Built Environment Efficiency
Assessment System (CASBEE) in Japan [13],
Deutsche Gesellschaft fiir nachhaltiges Bauen
(DGNB) in Germany [14], and the Green Star
System in Australia [15]. The term green building
includes energy indoor
environmental quality, material selection method,
insulation, and construction site impact as a part of
green building definition. From the literature, one
of the first accepted interpretations of ZEBs is that

and water use,

proposed by Lund-Andersen et al. [16], which
includes some terms such as net-zero site energy,
net-zero source energy, net-zero energy costs, and
net-zero emissions.

2.2. Photovoltaic panels (PVs)

It is possible to use solar energy to operate electrical
appliances by converting energy from the sun to
electricity. Where the Mesopotamia region is
characterized by a high amount of solar radiation,
photovoltaic cells are a direct conversion of solar
energy into electricity. PV Systems to harness solar
energy can be used in almost all kinds of
applications. Exploiting solar energy for domestic
use is one of how the energy emitted from the sun
is converted into electricity into energy. From the
solar energy needed for this, first, the appropriate
climatic conditions, and secondly, the delay in the
supply of electricity as Middle East countries suffer
from large interruptions in electricity, especially in
projects for remote areas. Building a photovoltaic
system is a process of design, selection, and
calculation assessments of equipment used in the
system. This process depends on a variety of factors
such as geographical location, solar radiation, and
load requirements [17].

A Photovoltaic (PV) cell array produces a
continuous voltage, which is converted using an
inverter to an alternating voltage, to be used later to
supply the building with the necessary electrical
energy. The produced energy is continuously
measured in these systems.

When the array produces an amount of surplus
energy, it is sent through the existing electrical
network. If the production falls below the required
level, the deficiency is compensated by the
network. Different types of solar panels are used to
serve different needs and purposes depending on
the location of the building and the amount of solar
radiation that enters the site, as there are single-link
solar panels and other multi-link panels that differ
among themselves according to the number of
layers on the surface. A solar panel monitors
sunlight and its direction to get the sunlight
smoothly.

Monocrystalline silicon (Mono-SI) solar panel
is considered the purest one. It can be easily
recognized due to its uniform dark look and
rounded edges. The high purity of silicon embedded
in this type of solar panel provides higher efficiency
rates which reach more than 20%. Monocrystalline
panels stimulate high energy output, established in
less space. So, the most valuable feature of the
Mono-Crystalline Solar Panel is to be slightly less
affected by higher temperatures compared to
polycrystalline panels [18].

The polycrystalline solar panel (p-SI) can be
quickly identified as it is square, has no cut corners,
and owns a blue-spotted appearance. Since it is
manufactured by smelting raw silicon, it is a faster
and cheaper process than that wused for
monocrystalline panels. This results in a lower final
price but also lower efficiency (around 15%), lower
space efficiency, and shorter life since they are
more affected by higher temperatures. However,
the differences between the types of
monocrystalline and polycrystalline solar panels
are not quite large and the choice will depend
strongly on the specific situation. The first option
offers a slightly higher space efficiency at a slightly
higher price but the power output is essentially the
same.

The thin-film solar cell has a lower cost than
other solar cells. Thin-film solar panels are
manufactured by placing one or more films of
photovoltaic materials (e.g., silicon, cadmium, or
copper) on a substrate. These types of solar panels
are the easiest to produce and the most economical
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due to the fewer materials needed to manufacture
them. It is also flexible since it opens up plenty of
opportunities for alternative applications. On the
other hand, it is less sensitive to high temperatures.
The main problem is that it is established in a huge
space, which generally makes it unsuitable for
residential installations. In addition, it has a short
life cycle because its service life is shorter than
monocrystalline solar panels. However, it can be a
good option to choose from different types of solar
panels if there is a huge space available [19].

Amorphous silicon (a-Si) solar cells are another
efficient and widely used solar panel type. They are
the cells used primarily in pocket calculators. This
type of solar panel uses a 3-layer technology, which
is considered the best in the thin film group [20].
The PVs were preferred in the literature intensively
to be achieve an almost energy-self-sufficient
building. Kasim et al. [21] determined the energy
use intensity (EUI) of a dormitory building that uses
photovoltaic panels to produce its electricity needs
by creating different scenarios. Zaferanchi and
Sozer [22] created different improvement scenarios
by applying interventions such as lamp
replacements, sensors, heat pumps, and the
integration of photovoltaic panels. Both of the
studies revealed that PVs are highly effective to
reduce energy need of the building.

2.3. Research statement

The hot climate is one of the primary weather
features of the Mesopotamia region. Thus, there is
a high potential to meet energy demand and
improve the energy efficiency of the existing
buildings in those territories. However, the
advantages of energy-efficient solutions have not
been adequately considered and practiced so far in
this region. The awareness of such potential
applications should be provided for practitioners
and energy users. It is a well-known fact that most
countries in the Mesopotamia regions are either
developing  or  underdeveloped  countries.
Accordingly, the countries have to consider their
energy expenditures and should focus on renewable
energy resources to invest in their goods for
development. PVs are the most efficient, easy-to-

set, and feasible application among alternative
renewable energy applications, especially for
existing buildings. Thus, the main objective of this
study is to explore the effectiveness and reliability
of the PVs for existing buildings in undeveloped
regions by considering their payback period and
clean energy production potential.

This study focused on finding out the best slope
for placing solar panels on the roof, the optimum
number of panels, and their efficiency according to
the coordinates of the site in the summer and winter
seasons. Additionally, contribution of other factors,
i.e. HVAC System, infiltration, lighting efficiency,
etc., to reduce energy demand of the building is
analyzed. It can be stated that understanding the
clean energy production potential of the PVs in the
Mezopotima region will help countries in their
development.

3. Research methodology

3.1. Case Study: A Primary school building in
Baghdad

A reinforced concrete primary school building
located in Baghdad, Iraq has been selected for a
case study to prove the efficiency of photovoltaic
panels in the Mezopotima region. The thermal
properties of the materials used in the building
envelope can contribute to the building economy by
reducing the energy consumed in the buildings [23].
Monocrystalline solar cells are considered in our
research because of their higher efficiency and
easy-to-apply characteristics to existing buildings
[24].

3.2. Properties of the school buildings

The school consists of three parts an administrative
building (one story), classrooms (two-story), and a
health group (one story), see Fig. 1.

The administrative building has approximately
250 m? which is designed for administrative staff
and teachers' rooms and a store. The Health group
of the school is near the administrative building.
Two-story part of the school is designed for 18
classrooms. This part has almost 600 m? of living
area.
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Fig. 1. 3D model

The walls of the building are of regular bricks, with
a thickness of 25 cm The windows in the building
are 50 x 150 cm wide, while the bathroom windows
are 50 x 100 cm. They are made of aluminum
material. As for the heating and cooling systems,
they are ceiling fans and electric conditioners.

3.3. Building information model

Building Information Modeling (BIM) is a process
that provides creating and managing construction
project information throughout the project life
cycle. One of the main outputs of this process is
preparing the numerical description of each of the
original aspects of the building. The digital BIM
can be created and maintained as a database that can
be easily used and updated [25, 26].

3.4. Numeric model parameters

Insight empowers architects and engineers to
design more energy-efficient buildings with
advanced simulation engines and building
performance analysis data integrated into Revit. It
can be accessed through the Revit software in the
analysis bar or on the webpage at the Insight 360
website, and it is a tool for comparisons of design
options for a building model, by analyzing the
sensitivity to the average energy cost by a group of
meters. 360 insight dashboard is an interactive work
platform that allows the user to compare different
Design scenarios without modification to the actual

of the school building

Revit model. Fig.2 shows the model’s insight
dashboard and, location and climate information.

Analysis results of the default model is
considered as a benchmark data to compare with
different scenarios. Care must be taken when
adjusting the parameter ranges. For instance, it is
highly possible to obtain good results according to
the index which is not realistic. For example, the
lowest cost values can be reached when the ratio of
the window is 0%.

The Energy Standard for Buildings Excluding
Low-Rise Residential Buildings (1.90 ASHRAE)
[27] provides minimum requirements for the
energy-efficient design of buildings. Benchmarking
is the process of comparing the measured
performance of a device, process, or organization
with itself, with its counterparts, or with specific
standards, to identify and motivate performance
improvement when applied in the field of energy
use. Performance measurement works like a
mechanism to measure the energy performance of a
single building over time, for buildings. Also, it can
be considered a typical simulation of a reference
building based on a certain standard.

Architecture 2030 is asking the global
engineering and construction community to adopt
the goals of i) designing new buildings and
restoring old buildings considering fuel and energy
efficiency and i) reducing greenhouse gas
emissions by 70% compared to the local or regional
average for the type of building [28].
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Fig. 2. Annual sun of global irradiation

3.5. PV solar calculations

In this research, we studied a residential building in
the Mesepotamia region for its design and energy
use. The data is analyzed and validated by Autodesk
Insight software for energy analysis purposes [29].
Based on case observations, we analyzed traditional
energy consumption with the solar panel system on
the roof.

The solar radiation potential of a region can be
determined from meteorological data and solar
radiation data of national or international energy
organizations or solar radiation maps. or, annual
solar data are measured with a special pyranometer
device and hourly solar radiation power averages
are recorded. The solar radiation data was obtained
from the PV*SOL tool [30]. This tool has the
feature of inputting basic data like location of
country and city or load profile and annual energy
consumption. The annual radiation value for
Baghdad was obtained to be 2069 kWh/m?, [30].

Determining the surface area covered by
photovoltaic panels should be considered the most
important factor in the studies to be carried out. In
this context, while aiming for the maximum surface
area, the interval required for the maintenance and
repair of the panels should also be taken into
account. So, an efficient placement for the
photovoltaic panel system can be achieved as
shown in Fig. 3.

Fig. 3. Module area

The electrical energy produced by the
photovoltaic panel and the electrical energy used in
the building differs monthly. While the
photovoltaic panel can meet the energy needs of the
building in the spring and summer months, it was
not sufficient to compensate the energy demand of
the building during the autumn and winter months.
When the electricity production and consumption
for a year are examined, as can be seen in Fig. 4, the
building started to meet the payback period by
producing electricity with the amount of
accumulated energy.

The cash balance graph obtained by adding the
income electricity generation to the
installation fee spent to calculate the payback

from

period is shared in Fig.5.
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It is observed that the payback period of the
photovoltaic system is 8 years and 3 months. When
the graph obtained with the help of the PV*SOL
tool [30] is examined, it is observed that the gained
value after 21 years is almost 3 times the cost spent.

To calculate the power and payback period of
the photovoltaic panel system, it is first necessary
to calculate the energy production value of the
photovoltaic panel. In Table 1, the parameters
required to calculate the energy consumption of the
photovoltaic panel with a numerical calculation
process are shared.

While the connected load is the energy
consumed by considering all the photovoltaic
system elements, the operational demand load
shows the consumed load. The Demand Load (DL)
is calculated from the connected load value with the
help of the Diversity Factor (DF). Considering the
calculations in Table 1, the one-day energy
production of the PV system is calculated as 240
kWh. In this case, the annual energy production was
calculated as approximately 86400 kWh/year.
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Table 1. Electricity properties for energy consumption of PV systems

Connected Load(CL)

Diversity Factor(DF)

Demand Load (DL)

Power Factor(PF)

Power(P) (V=Voltage, I=Current)
Energy(E) (t=time, from 8 AM to 4 PM)

100 (A)
0.6

CLxDF=60 (A)

0.8

1.732xVxIxPF= 30 kW
Pxt = 240 kWh

After calculating the energy consumption of the
system, the energy produced by the PV system and
the required number of photovoltaic panels will be
needed to be calculated. First of all, to calculate the
daily radiation amount, the annual radiation amount
at the location where the school will be used was
determined with the help of the PV*SOL tool [30].
The annual and monthly radiation values to be used
to calculate the annual energy need are shared in
Fig. 6.

To calculate the energy potential of solar
radiation, daily average radiation and panel
efficiency values are used. The daily average
radiation value is found as 5.67 kWhin"2 per day
in Fig. 6. For the photovoltaic panel to be used on
the roof, a polycrystal-type photovoltaic panel with
an efficiency of 18%, which can be easily found in
the market, was preferred. The energy value that a
panel can produce in a month is calculated by taking
into account the daily average radiation, panel
surface area, estimated panel efficiency, and the
average monthly number of days [31]. The monthly
average energy need is calculated by considering
Fig. 4. Detailed calculations are given in Table 2.
The optimum angle to be used for the photovoltaic
panels used was determined as 30° for Baghdad
[32].

As a result of the calculations, it has been
determined that 145 panels can meet the monthly
electricity consumption. The remaining electrical
energy produced by using 220 panels on the roof
was sold to the grid system, resulting in income
from electricity generation for the existing school.
The energy value generated from the PV system by
using 220 panels has been 130906 kWh per year.
After calculating the energy consumption and

production, the investment fee, annual
maintenance, and annual income values are taken
into account to calculate the payback period of the
PV system. The calculated parameters for the
payback period are shown in Table 3.

In addition to evaluating success of PVs to
produce green energy in undeveloped regions, the
parameters causing energy demand is also
discussed. The parameters that reduce the energy
use intensity of the building are given in Table 4.
The effects of these parameters on the total energy
consumed ratio are expressed as a percentage.

When Table 1 was examined, it was observed
that the highest decrease in energy use intensity
value by 29.72% was in the HVAC System
selection. Along with the HVAC system, wall
construction is the factor that reduces the energy
use intensity by 32 kWh per year. The annual
impact of wall construction is seen as 10.93%. It is
seen that after the HVAC system and wall
construction, the most effective factor is roof
construction. The effect of reducing the intensity of
energy use of roof construction is observed as 12.21
kWh per year, which affects 4.09% of total
consumption per year. Lighting efficiency and plug
load efficiency, reduce the intensity of energy use,
following roof construction with 9.49 and 9.16 kWh
per year. Their impact is estimated at 3.18 and 3.07
percent. Those with the least impact on reducing
Energy Intensity are infiltration at 4.31 kWh per
year at the top of the list. The energy-saving effect
is 1.44%. Daylighting and occupancy control were
the least effective parameters as the energy intensity
reduction effect was 2.84 kWh per year and the
operating schedule was 0.34 kWh per year.
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Table 2. Calculations and parameters to be used for energy production

Daily Average Radiation

5.67 (kWh/m? day)

Panel Efficiency (npy) %18

Panel Surface Area 1,62 (m?)

Monthly Energy Produced (for a panel) 49,58 kW/ panel

Monthly Average Energy Need 7200 kWh/m? month

Number of panels needed 145

Number of panels used 220

Annually Energy produced (for PV system) 130906 kWh / year
Table 3. Calculations and parameters to be used for cash balance

Installation cost 15000 $

Annual maintenance 150§

Electricity price for Iraq (Per year) 0,041 kWh/ §

Annual energy production-consumption difference 44506 kWh

Annual income from electricity 1825 $

Payback period

8 year 3 month

Table 4. Insight Scenario for reducing EUI

Number Scenario Reduce EUI kWh/m? /year (298.11)  Reduce percentage%

1 Building orientation 0 0%
2 Window-to-wall ratio (WWR) 0 0%
3 Windows glass type 0 0%
4 Windows shades 0 0%
5 Wall construction -32.59 10.93%
6 Roof construction -12.21 4.09%
7 HVAC System -88.6 29.72%
9 Infiltration -4.31 1.44%
10 Lighting Efficiency -9.49 3.18%
11 Daylighting & Occupancy Controls -2.84 0.95%
12 Plug Load Efficiency -9.16 3.07%
13 Operating Schedule -0.34 0.11%

Total -159.54 53.49%
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Once all the parameters are looked over, it is
observed that the amount of Energy Use Intensity
reduction per square meter per year is 159.54 kWh
in total. The effect of this was considered as
constituting 53.49% per annum.

Table 5 shows the extent to which home
parameters reduce the dollar price per square meter
per year. Using an appropriate HVAC system
results in $2.98 per meter square per year saving.
Using effective lighting tools reduced the energy
cost by $1.29 per square meter per year. The plug
load efficiency and wall construction's effect were
$1.23 and $1.22 per meter square, respectively.
When all the parameters are examined, the total
benefit results as $7.81 per square meter per year.

4, Discussion

Through the use of 220 solar panels, it is possible
to get enough energy to operate the building. After
making the calculations for the cost of the solar
energy system and comparing it with the cost of
electrical energy used to operate the building, it was
concluded that the payback period is eight years and
three months.

As the negative effect of renewable energy
sources, it can be said that the payback period is
quite high since the installation cost is expensive.

Table 5. Insight Scenario for reducing cost

The use of a solar panel system with a long-term
payback period can be turned into a positive one by
designing a system that works with its own clean
energy.The use of high-speed power plants not only
increases the price of electricity but also increases
harmful emissions. Power plants with a higher
slope rating are significantly more efficient. It is
clear from this study that the current system in use
allows easy integration with renewable resources.
In this research, we dealt with how to use solar
panels to reduce energy consumption in existing
buildings by calculating the number of panels used
and the time required to restore the building's
energy. This is especially useful for existing
buildings to
operation.

Parameters that affect energy consumption in
buildings were analyzed with the help of the
Autodesk insight interface [29]. While the building
consumes 86400 kWh/year of energy annually, it
has started to produce 130906 kWh of energy
annually with more than necessary solar panels
added to the roof. Since the energy production value
is more than the consumption value, the building
has transformed from the energy-consuming state
to the generating state and has remained
independent from the grid especially for spring and
summer terms.

provide more energy-efficient

Number of Scenario Name Reduce cost $/m? /year Reduce percentage%
scenarios from the total cost

1 Building orientation 0 0%
2 Window-to-wall ratio (WWR) 0 0%
3 Windows glass type 0 0%
4 Windows shades 0 0%
5 Wall construction -1.22 6.39%
6 Roof construction -0.34 1.78%
7 HVAC System -2.98 15.61%
9 Infiltration -0.14 0.73%
10 Lighting Efficiency -1.29 6.67%
11 Daylighting & Occupancy Controls -0.39 2.04%
12 Plug Load Efficiency -1.23 6.44%
13 Operating Schedule -0.22 1.15%

Total -7.81 40.81%
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Different scenarios were examined with the
help of Autodesk insight, an interface designed for
energy consumption analysis of the building. In
these scenarios, parameters such as HVAC system,
wall-roof constructions, and lighting system
elements were studied. The reducing effect of the
relevant parameters on energy consumption was
shared. Considering the energy use intensity and
cost, it was observed that the HVAC system
selection was the most effective parameter.

Similarly, Wijeratne et al. [33] mentioned that
PV*SOL tool and Autodesk Revit program are used
quite a lot in solar energy analysis in buildings and
what kind of results can be obtained. Susnik et al.
[34] tested the results by working on two different
software, Design Builder and IES VE, to evaluate
energy performance. however, it has been observed
that BIM energy analysis can have advantages in
both cases where it can be evaluated jointly or
partially with other programs. Kanters et al. [35] in
their study compared the advantages of common
programs such as PV*SOL, PVsyst, IES VE, and
DesignBuilder, which will be used for solar energy
in buildings, according to various stages. PV*SOL
outperformed the other programs mentioned at
almost every stage. Shin et al [36]. In their study
divided a military building into two equal sections
and renovated only one section of it as a net energy
building. To achieve net-zero performance and
reduce the energy demand, several low-energy
building technologies were designed and built
including a high-efficiency HVAC system, a high-
performance building envelope, energy-efficient
lighting, and a solar PV system. As a result, it shows
that there are 37-50% savings for the renovated part
of the building (NZEB) compared to the non-
renovated part, depending on the analysis method.
Kavitha et al. [37] in their study, compared the glass
systems they proposed for the building they
designed with the help of Autodesk-Revit (BIM
software) and the currently used glass system. In
their study, they compared the energy consumption
rate in parameters such as HVAC system, electrical
system, and misc equipment. It has been observed
that the most affecting parameter is the HVAC
system(%45-48). Kasim et al. [21] stated that the

main feature of the efforts to reduce energy
consumption is the selection of air-conditioning
systems. Since it is observed that the energy
consumption is mostly in the parameter of the
HVAC system, it is of great importance to perform
energy analyzes in this area. The accuracy of the
analyzes can be checked with other programs or
numerical calculations, and the studies in this field
will increase significantly. This paper considers
only a case study in Baghdad for estimating
building energy consumption. Since Iraq located on
a quite hot region, the consumption rate will be
significant when energy consumption in buildings
will be used for the cooling system. In addition,
since the capacity to benefit from solar energy is
high, studies on solar energy-based renewable
energy sources will be productive. In this study, it
is available to understand the efficiency of such
renewable energy systems for existing buildings
especially those located in hot climates

5. Conclusion

With the increasing demand for energy and rising
energy prices with wars, the importance of energy
use is increasing gradually. Therefore, it is of great
importance to reduce energy losses by performing
energy analyzes in buildings with high energy
consumption in undeveloped countries. The studies
carried out in this field will expand the use of
renewable energy sources and the dependence on
conventional energy will be reduced. It will also
have an impact on the dissemination and
development of the energy performance calculation
programs used In this case study, numerical energy
demand analyses were performed for an existing
school building in Baghdad, Iraq with and without
photovoltaic solar panels. In addition to produce
green energy through PVs, the parameters that
effects the energy demand of the building is
evaluated. The building information model was
created by wusing Revit software [38]. Solar
radiation analysis were performed by PV*SOL
[30]. Following results might be deriven from the
study.
= The PVs payback duration is as low as 8.3 years
for the evaluated building. Employing PVs
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converts the building into a energy-free one
since its energy production exceeds the
consumption. Hence, an additional income is
obtained by selling the surplus energy to the
grid.

The PVs can supply an income as much as three
times of its investment cost. Hence, the
remaining amoun can be utilized for the
development of the country.

Among the parameters which play an important
role on the energy demand of the building,
HVAC system, wall construction, and lighting
efficiency are significant.

Accordingly, this paper may stimulates the

awareness of such renewable energy systems to
increase the energy efficiency of existing buildings
in the undeveloped regions based on the case study
results. However, further evaluation at city scale is

still required.
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