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Article Info. Abstract

Due to the lack of electric power generation in Iraq and as a step forward to adopting a sustainable campus of the Electrical
Engineering Technical College (EETC), Middle Technical University, in Baghdad, Irag, and the critical demand for energy
in our institutions, particularly educational institutions, this pilot study was proposed. The study aims to analyze the
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possible cases. The existence of backup generators on the campus was also taken into consideration; G1-350kVA and G2-
500kVA. The study has two stages. In the first stage, they used a walkthrough energy audit in the (EETC) to estimate the
load profile of the campus, while in the second stage, they used HOMER Pro to analyze this data. The results show that
adding an on-grid PV system to the campus grid can reduce the COE by 58%, and it is the best scenario when the grid is
present, with an NPC, operation cost ($/yr), and initial capital ($) equal to $77,680, $1,460, and $59,018 respectively.
When the grid was absent, the winning scenario was using a PV solar system with a 100-kWh lithium battery storage and
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1. Introduction

There is no doubt that electrical power is a crucial requirement in all fields of life. Meanwhile, in the education sector electricity is mandatory
due to its impact on developing countries. Unfortunately, Iraq lacks the produced electrical energy, and the power grid is unreliable, unstable,
and scheduled. In the EETC and many other college campuses in Iraq and the world, many studies have been accomplished to adopt alternative
sources of energy. In the same matter using a diesel generator as a backup power source is considered costly, noisy, and not environmentally
friendly.

Scientists optimized that the most cost-effective arrangement consisted of solar cells and a battery energy storage device [1]. Technological
viability of a diesel/PV/storage hybrid system for the Taiwanese island of Pratas using the HOMER program Different capital costs, fuel
economy, COE, and NPC limitations are used to examine each power supply system [2]. HOMER Software is also used to identify the best
hybrid renewable system and the lowest energy cost (COE) with the least NPC, along with reducing carbon emissions. The sensitivity analysis
of the recommended system along with the energy scheme based on the renewable energy system [3].

In terms of renewable energy, the system is planned by the site's wind potential, solar radiation, and temperature; the study of the load profile
throughout the year; system capacity; and the ability to draw power from the grid as necessary [4-6]. The design of an optimal standalone power
supply system for a small, remote off-grid village in Western Australia is the main topic of this study. Different systems are taken into
consideration to increase the cost of power supply and offer the most cost-effective solution for this town. With the help of HOMER software,
data on various energy storage techniques, including a hybrid system to a diesel-generator-based alternative, wind generators, photovoltaic
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Nomenclature & Symbols

HOMER-Pro  Hybrid Optimization Model for Electrical Regeneration COE Cost-of-Energy

NASA National Aeronautics and Space Administration NPC Net Present Cost

NREL National Renewable Energy Laboratory HRES Hybrid Renewable Energy Source
EETC Electrical Engineering Technical College CWEA Campus Walkthrough Energy Audit
g The Enhancement Percentage

systems, and batteries, are analyzed [7]. In the work of [8], Homer Pro and PVsyst software have been used to analyze the performance of solar
photovoltaic systems. For hybrid renewable energy systems, Homer Pro provides an economic and sensitivity analysis. Rooftop on-grid systems
have been examined using simulation in [9].

Similarly, in [10], the benefits of HOMER for the economic analysis of a designed system have been discussed. The system shows the economic
viability of the designed system concerning the available resources and the type of load assumed. A hybrid power system uses backup batteries
and diesel generators with quick responses as it faces reliability and stability issues due to the intermittent nature of renewable energy sources.
The power system must be sustainable at all costs to support the required load. Hybrid system modeling involves multiple approaches, such as
programmable algorithms and compact software tools to design stand-alone or grid-connected systems with real-time data [11]. HOMER Pro
software is a popular tool for energy planning and optimization [12]. HOMER Pro's main types of analysis are simulation, optimization, and
sensitivity analysis [13].

However, renewable energy sources are many, and their availabilities vary based on site to site. In Iraq wind is speed enough and its direction
is not seasonally fixed. But Iraq has very efficient sun radiation that can use to produce energy economically. ON-grid is a very economical
solution due to its low cost; no backup energy storage is required, and it can solve a huge problem, but as we mentioned before the grid is
unstable and it is difficult to synchronize the inverter when the grid is shut down. We attempt to synchronize it with the generator, but it was
not an easy task due to many technical difficulties, one of which is that the used generator on the campus cannot be remotely controlled.

This article adopts a pilot study to compare using the hybrid solar system with; two backup lithium battery storage (100kWh &1MWh), the two
existing diesel generators (350 kVA & 500 kVA), and a PV Solar system (Schneider Electric 540). They are sensitivity analysis, optimization,
and simulation. Numerous power combinations, including those involving generators, utility loads, PV arrays, and battery backup. Estimates
the cost of the power system under consideration across its entire life cycle. The viability of the power system is determined by its cost, which
covers installation and operation.

This study aims to analyze the adoption of PV solar systems on the campus in the presence and absence of grid power, and how that affects our
design discussion, in the matter of Net Present Cost (NPC), Cost of Energy (COE), Operation Cost, initial cost, power production, fuel
consumption, and the annual net consumed energy from the grid. Forty-five different scenarios were analyzed for all possible cases. The
existence of backup generators on the campus was also taken into consideration, G1-360kVA and G2-500kVA. In the first stage of this study,
we adopt a walkthrough energy audit in the (EETC), to estimate the load profile of the campus, while in the second stage, we used HOMER
Pro to analyze these data.

The rest of this article includes section 1, which presents a brief about HOMER Pro software, while section 2 shows the adopted methodology.
In section 3 the results that show initial cost, COE, and NPC are presented. Moreover, the last section includes the article's conclusion.

2. HOMER in Brief

HOMER software makes it easier to construct renewable energy sources, and distributed generation systems for a variety of applications, in
both ON-grid and OFF-grid. The system's configuration is based on what elements should be included in the system design, and the used
quantities and sizes of each component. Evaluation of the numerous potential system configurations is facilitated by HOMER's optimization
and sensitivity analysis techniques.

=  Fundamental abilities (Simulation, Optimization, Sensitivity Analysis).

=  Simulation: HOMER is fundamentally a simulation model. HOMER simulates the operation of a system by making energy balance
calculations at each time step (interval) of the year. HOMER determines whether a configuration is feasible and estimates the cost of
installing and operating the system over the lifetime of the project. When figuring out how much a system costs, costs like capital,
replacement, operation and maintenance, fuel, and interest are taken into account.

= Optimization: There are two optimization algorithms in HOMER Pro. All of the feasible system configurations specified by the search
space are simulated by the original grid search algorithm. The new HOMER Optimizer looks for the least expensive system using a unique,
derivative-free algorithm. Following that, HOMER presents a list of configurations that you can use to contrast different system design
options, sorted by net present cost (also known as life-cycle cost).

= Sensitivity analysis: When you define sensitivity variables as inputs, HOMER performs the optimization procedure for every one of those
variables. With the help of this optional phase, you may model the impacts of variables that are beyond your control, such as wind speed,
fuel costs, etc., and observe how the ideal system changes as a consequence. Steps in the use of HOMER Software shows in Fig. 1.

3. Methodology

Based on the proposed methodology presented in the flowchart, see Fig. 2, which shows the strategy adopted in the article methodology in
steps. In the first step, we did a campus walkthrough energy audit. In this audit, we survey all the campus buildings for consumed energy,
building area, roof area, load profile, energy loss, heated and cooling area, and more. Eight existing buildings are surveyed as well as presented
in the next subsection. The total campus load profile will be generated in the second step. This campus load profile is mandatory for the next
step where we will use it for our design.
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In step three, project location, resources, local weather, and sensitive analysis values input will be gathered, as well as the adopted components
like generators, PV, batteries, and converters. These adopted components are selected based on the selected site and the expectation of effective
renewable energy sources. The budget is very important and will be analyzed in the next step. The last step is to simulate all these data in
HOMER Pro software to get data analysis and discussion to calculate the initial cost, NPC, and COE. Unfortunately, the power grid in Iraq is
unreliable and not stable. For that reason, we adopt two tracks here. In the first track, we will analyze the system with the presence of grid
power, while in the second track, we will consider the absence of grid power. In the next subsection, we will explain all our input data and

components.
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Fig. 2. Methodology Flowchart
3.1. Campus walkthrough energy audit (CWEA)

EECT is one of the sixteen college campuses belonging to the MTU in Irag. It is in Baghdad, Dora District at 33°15.5'N and 44°23.8E. The
CWEA was included for all the main buildings on the campus, as shown in Fig. 3a. Then the campus was drawn using Sketch-up software, as
shown in Fig. 3b. This audit included the following:

= Measuring the consumed energy by each building.

=  Identify the load types as heating, cooling, lighting, office, and other load types.

= | point out the main energy losses in each building and how to reduce them.

=  Measure the total building area, the occupied area, and the roof area.

= Identify the main sunlight obstacles and the possible areas to install the PV panels.
= Identify the possible location of the inverters and the distribution of the PV panels.

3.2. Load profile results

As aresult of the CWEA, the loads' detailed information based on the load types is shown in Fig. 4. According to this study's findings, the audit
shows that cooling energy is the most consumed and is equal to 66% of the annual total load. While the second highest load is office appliances,
which is equal to 15%, followed by heating equal to 9%, then lighting equal to 6%, and the other appliances, which include all the laboratory
equipment, is equal to 4%, (see Fig. 5).
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Fig. 3. Location of the study area A) Campus Layout, and B) Sketch-up Drawing
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Fig. 5. Annual Loads Estimation for Different Campus Buildings

3.3. Site Weather Conditions

In this section, we will describe the two main weather conditions that affect the performance of the PV system: the Solar GHI Resource and the
temperature.

3.3.1. Solar GHI Resource

The average monthly values of solar energy data in the EETC are shown in Fig. 6. A., the minimum solar radiation reaches 2.62 kWh/m#/day
in December, while the maximum solar radiation reaches 7.65 kWh/m2/day, and 7 kWh/mz?/day in June and July. An annual average scale of
5.02 kWh/m?/day is considered permissive.
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3.3.2. Temperature Resource:

The site temperature in Fig. 6. B shows that the minimum temperature is less than 5 °C in winter (December and January), while more than 45
°C in summer (June, July, and August). According to the presented temperature data, the environment is harsh and not PV-friendly in the
summertime, but most of that time is a vacation period for students and academics.
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Fig. 6. (A) Solar GHI Resource Data and Graph, (B) Monthly Average Temperature Data [15]

3.4. Project Component Setting

The components of both two proposed hybrid solar systems are shown in Fig. 7 A and B. The systems are grid-tied, with backup generators
and lithium batteries. Configuring the system after choosing the mentioned components, their initial cost, operation and maintenance cost,
replacement cost, and the lifetime of each component below is a brief description of these components:

Diesel Generators: Currently, there are two diesel generators. The first generator, G1, is a Caterpillar-Model DE550EQ with a capacity of
500kVA, and the second generator, G2, is a Perkins-Model 2300Series with a capacity of 350kVVA. Both generators are not able to handle
the total peak load in the summertime in the period of the final exam of the summer semester, and usually, the operator has to disconnect
some loads. G1 has an initial cost of $56,000.00, replacement costs of $56,000.00, and an operating life of 90,000 hours. While G2's
initial cost is $45,000.00, replacement costs are $45,000.00, and operating life is 15,000 hrs. Finally, the diesel cost per liter is assumed
to be (0.5 $/L).

Solar PV Panels: Schneider ConextCoreXC 540kWp with Generic PV, whose estimated lifetime is 25 years, is the model chosen from
the HOMER library. It is estimated that the installation will cost $900.00 per kW according to local market prices, which cover the cost
of the panel, the wiring, and the mounting hardware.

Converter: The Leonics MTP-4117H 300KW Converter has a capital and replacement cost of $600/kW. Its efficiency is around 96%,
and its lifetime is approximately 10 years.

Battery system: Two types of battery capacity have been chosen from the HOMER library. The first type is a generic (100kWh Li-lon)
model, which has a 90% efficiency. Initial costs are estimated at $70,000 per set. The second type is a generic (LIMWh Li-lon) with a
90% efficiency. The initial price is estimated to be $700,000.00 per set.

Grid System: When there are limited renewable energy resources to support the system and meet load demand, the grid system is used;
the cost is set at $0.10 per kWh.

4. Results and Discussion

As shown in Fig. 7. A. all of the data in this section of the article was entered into HOMER PRO. Two AC and DC buses are connected to the
AC and DC components. On the AC bus, the two generators, the load, the grid, and the converter are connected. While on the DC bus, the PV
panels and the two storage batteries are connected. In the first track test, we connect the smart grid with a net meter. The net meter was set to
sell the energy as in Iraq at 0.1$/kWh and buy it at 0.8 $/kWh. Unfortunately, in Irag, we have not used a smart meter yet, but the electricity
ministry plans to use it soon. In the second track, we recalculate the same configuration but with the absence of a grid to calculate the COE, as
shown in Fig. 7. B. The load profile was uploaded as a table to the HOMER Pro according to our audit report as shown in Fig. 8. The histogram
in Fig. 9 represents the loads frequently appearing and it is produced by HOMER Pro, as is the monthly load profile in Fig. 10.
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4.1. Grid presence system analysis

In this analysis, twenty-four different scenarios were adopted as listed in Table 1. In each scenario, HOMER calculates the NPC, COE, operation
cost, and initial capital in USD. The produced energy and the consumed fuel by each generator are listed too. The data also presents the capital
cost and the energy produced by the PV panels. Finally, in the matter of the grid, the results present the annual purchased, sold, and net energy.
After listing the data for the lowest COE, the first scenario was the winner, as well as explained in detail.

This scenario includes using PV panels, an on-grid converter, and a smart grid.

In the matter of the COE, this scenario has only $0.058 which is 58% less than the grid power cost.

It has the lowest NPC over 25 years, but its initial cost is only $59,018.

The annual purchased energy (31802 kWh/year) is less than the sold energy (31777 kWh/year), which leads us toward near-zero energy
building.

Due to its high cost and impact on the environment, no generator is required in this scenario and all the others. But it will be present on
the next track when the grid is absent.

Moreover, Fig. 11. A shows the annual purchases, sold, and net energy. Many scenarios like S1, S2, S3, S5, S12, S19, and S20 show a near-
zero net, but S1 has the lowest NPC and initial cost. Some scenarios show a negative net value, which means an income for the campus, but a
high initial cost will be required. In Fig. 11. B, the COE, and NPC were shown. According to HOMER, the NPC is defined as: “The net present
cost (or life-cycle cost) of a component is the present value of all the costs of installing and operating the component over the lifetime of the
project, minus the present value of all the revenues that it earns over the lifetime of the project.”. Finally, in Fig. 11. C, the initial capital in
$ and the operation cost in $/year were presented for all the scenarios.

Table 1. Grid Presence Results
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Fig. 11. Grid presence Analysis

4.2. Grid absent system analysis

OPER. COST ($/YR)

In this track, twenty-one scenarios were adopted in the absence of the grid, as shown in Table 2. Here we also calculate the NPC, COE, operation
cost, and initial capital in USD. The produced energy and the consumed fuel by each generator are listed too. The data also presents the capital
cost and the energy produced by the PV panels. Finally, on the matter of the grid, the results show that the annual purchases, sold, and net
energy are zero due to the absence of the grid. After listing the data for the lowest COE, the first scenario was the winner, as well as explained

in detail.

= This scenario includes using PV panels, a converter, and 100kWh of lithium battery storage.
» It has the lowest COE of $0.372, which is 641% higher than the cost in Track 1.

= In this scenario, no generator is used.

As a comparison with the winner from trackZl, this scenario has a higher NPC, COE, operation cost, and initial capital as listed in Table 3.

Fig. 12. A and B show the produced energy by the generators and the fuel consumption for all the scenarios. The current fuel cost in Iraq is
$0.66 for diesel on July 6, 2022. In Fig. 12. C, the PV-produced energy in kWh and its capital cost in USD are shown. In Fig. 12. D, NPC, and
the COE in USD are shown, and finally, in Fig. 12. E, we present the initial capital and the operation cost.

Table 2. Grid Absence Results

. Cost G1-500KVA  G2-350KVA Schn 540 Grid Energy
Architecture
. Prod Capit LGS
NPC COE Oper. Initial Prod. Fuel Fuel al Prod. hase Id t
S PGGBBZC ) ) cost capita (KW WL (kW WL Cost (kwh/ d k (k
*vV1212* ($fyr) 1($) h) h) ©) yr) kW W W
h) h) h)
S
P B $337,29  $0.37 23687 14426
(1) v 5 Cc 1 5 $7,855 8 73042 2 0 0 0
S
P G B $397,23 $0.42 $12,66 23534 1656 14449
(2) v 5 5 C 6 6 4 5 0 5759 73161 8 0 0 0
S
0 P G B c $418,77 $0.44 $9,607 29595 7600 2408 68532 13535 0 0 0
3 V1 2 3 9 8 4
S
P GG B $453,81 $0.48 34113 13549
2 V12 5 Cc 0 6 $8,814 > 7600 2408 0 0 68603 5 0 0 0
g G B c $754,77 $0.80 $44,66 18380 9454 2985 0 0 0
5 1 2 9 9 6 0 9 4
g G B c $76955 $0.82 $46,73 17217 8813 3031 0 0 0
6 2 2 4 5 1 3 0 7
S
G G B $78955 $0.84 $43,86 22880 9454 2985
(7) 12 2 c 6 6 6 0 9 4 0 0 0 0 0
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S
P B $1,040, $1.14 $21,20 76952 10032
8 \Y 1 c 629 7 8 1 50797 7 0 0
S
P G B $1,106, $1.18 $21,64 82990 10938
é v 2 1 C 637 6 8 3 1628 566 55383 6 0 0
S
P G B $1,114, $1.19 $21,36 84144 10948
1 vV 1 1 C 577 4 7 0 1500 475 55435 8 0 0
S
P GGB $1,149, $1.23 $20,56 88644 10948
% V121 C 354 5 7 0 1500 475 0 0 55435 8 0 0
f G B C $1,439, $154 $48,06 82462 8640 2655 0 0
3 1 1 097 2 8 4 4 8
f G B c $1,460, $1.56 $49,78 82442 8680 2798 0 0
4 21 815 5 0 2 2
? GGB c $1,473, $1.57 $47,26 86962 8640 2655 0 0 0 0
5 121 874 9 4 4 8
f P G c $2,665  $2.85 $172,3 46287 5359 1697 37687 74435 0 0
6 V1 512 6 05 5 00 77 5 3
? P GG c $2,700, $2.89 $1715 50787 5359 1697 0 0 37687 74435 0 0
7 V12 289 4 05 5 00 77 5 3
f P G c $2,807, $3.00 $184,2 45187 4823 1677 37687 74435 0 0
8 \Y/ 2 326 8 59 5 10 37 5 3
S
G $3,557, $3.81 $273,9 8760 2775
é 1 586 2 18 %0000 “op" oy 0 0
2 G G $3,592, $3.85 $273,1 10100 8760 2775 0 0 0 0
0 12 364 0 18 0 00 24
S
G $3,796, $4.06 $293,4 7884 2741
i 2 748 9 87 45000 00 88 0 0
Table 3. Comparison between Track 1 and Track 2
Specifications Trackaw Trackow &
NPC ($) $77,680 $337,291 -334%
Cost CoE ($) $0.058 $0.372 -541%
Oper. cost ($/yr) $1,460 $7,855 -438%
Initial capital ($) $59,018 236878 -301%
Prod. (kWh) NA NA NA
G1-500KVA Fuel (L) NA NA NA
Prod. (KWh) NA NA NA
G2-350KVA Fuel (L) NA NA NA
Schin 540 Capital Cost ($) 41305 73042 T7%
Prod. (KWh/yr) 81580 144262 177%
Purchased (kwh) 31802 0 100%
Grid Energy Sold (kwh) 31777 0 100%
Net (kWh) 25 0 100%
1000000 G2 Prod. (KWh)  mG1 Prod. (KWh)
800000
Z 600000
g 400000
S 200000
0 N I | | M
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Fig. 12. Grid Absence Analysis, (A) Generators Power, (B) Generators Fuel Consumption, (C) the PV produced energy & their capital
cost, (D) Net present cost & Cost of Energy, and (E) The initial capital and the operation cost

4.3. Grid Uncertainty Analysis
A comparison has been made between the Winner scenarios (Track 1w & Track 2w) from Track 1 & Track 2 as listed in in Track 1w.

= The initial capital in Track 2w is 301% worse than in Track 1w.

= Inboth Track 1w and Track 2w, no generators are used.

= Allthe Track2 scenarios had no grid, and this included Track 2w which had no purchased energy from the grid as well as sold or net energy.
= PV Capital Cost in the Track 2w) is 77% worse than the Track 1w.

= PV power production in Track 2w is 77% greater than in Track 1w.

To enhance the reliability of our power grid in Irag, we will compare the winner scenarios from Track 1 and Track 2 for all the possibilities of
the grid power absence. In this matter, we will consider adopting using grid annual availability from 0% up to 100% as in Table 4. Here it is
required to consider the worst-case scenario where there is no grid, which led us to design based on data from Track 2. The results show that,
while the grid availability varies from (0 -100%), the NPC is varied from $77,680 to $337,291, the CoE is varied from $0.058 to $0.372, the
operation cost is varied from 1,460$/yr to $7,855 $/yr. while the Initial capital is varied from $59,018 to $236,878. Normally the grid availability
on the campus is varied from 40%-60, so we can consider that.

The comparison includes the percentage of enhancement between Track 1 & 2 if any. The Enhancement Percentage (§) is calculated based on

-

_ Trackyw — Trackow

X 1009 1
Track,w % @
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We can conclude the results as the following:

The NPC in Track 2w is 334% worse than in Track 1w.

The COE in Track zw is 541% worse than in Track w.

The operation cost in Track 2w is 438% worse than in Track 1w.

The initial capital in Track 2w is 301% worse than in Track 1w.

In both Track 1w and Track 2w, no generators are used.

All the Trackz scenarios had no grid, and this included Track 2w which had no purchased energy from the grid as well as sold or net energy.
PV Capital Cost in the Track 2w) is 77% worse than the Track iw.

PV power production in Track 2w is 77% greater than in Track 1w.

To enhance the reliability of our power grid in Irag, we will compare the winner scenarios from Track 1 and Track 2 for all the possibilities of
the grid power absence. In this matter, we will consider adopting using grid annual availability from 0% up to 100% as in Table 4. Here it is
required to consider the worst-case scenario where there is no grid, which led us to design based on data from Track 2. The results show that,
while the grid availability varies from (0 -100%), the NPC is varied from $77,680 to $337,291, the CoE is varied from $0.058 to $0.372, the
operation cost is varied from 1,460$/yr to $7,855 $/yr. while the Initial capital is varied from $59,018 to $236,878. Normally the grid availability
on the campus is varied from 40%-60, so we can consider that.

Table 4. Grid annual availability possibilities
Grid annual availability
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

NPC (%) $77,68 $103,64 $129,60 $155,56 $181,52 $207,48 $233,44 $259,40 $285,36 $311,33 $337,29
0 1 2 3 4 6 7 8 9 0 1

CoE (%) $0.058  $0.089 $0.121 $0.152 $0.184 $0.215 $0.246 $0.278 $0.309 $0.341 $0.372

Oper. cost $1,460 $2,100 $2,739 $3,379 $4,018 $4,658 $5,297 $5,937 $6,576 $7,216 $7,855

($yr)

Initial capital ~ $59,01 $76,804 $94590 $112,37 $130,16 $147,94 $165,73 $183,52 $201,30 $219,09 $236,87

%) 8 6 2 8 4 0 6 2 8

5. Conclusion

These results show the economic and reliable contribution of adopting a solar PV system at an educational institute based on their load profile.
The result shows that the on-grid hybrid system has a high impact on the grid in terms of the cost of energy, especially when there is a usable
area. The engineering implication of this study is represented by an energy audit of the campus to produce a solid design based on real data.
This research will facilitate the future steps to adopting a near-zero energy campus. As summarized in the study, forty-five different scenarios
were analyzed to select only two based on energy costs and other costs. The limitation of this study is that it is based on a specific location that
has a specific number of renewable energy sources, specific weather conditions, and a specific load profile. Different scenarios may be applied
to different circumstances. As a forward-looking change, putting a solar system on the college campus that is connected to the grid will have a
big effect on the Iraqi grid and lower the cost of the solar system because it won't need storage.
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