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abSTracT

This study presents a feasibility analysis of supplying the measured load of al baha university in Saudi arabia by renewable resources including solar photovoltaic (PV), wind turbine (WT), and storage banks instead of the current conventional grid. The objective of this paper is to find the optimum system that has the lowest net present cost (NPc) and greenhouse emission cO . The metrological data and 2

load profile are collected at the desired location. The simulation results show that NPc of a proposed combination of grid/PV/WT system, at the current grid’s tariff of 0.085$/kWh, is more efficient than other configurations with power load shortage (<0.1%), with more than 30% reduction in cO  emis-2

sion, and lower cost of energy (cOE). The results also show that the integration of PV and WT sources with the main grid is the best configuration that leads to the minimum cOE of 0.0772 $/kWh, 0.075 $/

kWh, and 0.048 $/kWh at the educational building, administration building, and total campuses’ load, respectively. The developed methods conclude that the objective function and simulation results are feasible for the selected loads at al baha university. The current analyses can be adopted to install the real renewable energy system at the desired university. 

 Keywords: cost of energy (COE), feasibility analysis, net present cost (NPC), hybrid renewable energy system (HRES), power flow analysis. 

1  INTrODucTION

In 2012, the Kingdom of Saudi arabia (KSa) was ranked as the world’s largest oil producer with the second largest oil reserves having 266,455 million barrels of proven oil reserves [1]. 

however, in 2016, KSa was recorded as the world’s 10th largest consumer of its total energy from fossil fuels of which 63% is crude oil and petroleum liquids–based and 37% natural gas 

[2]. a large proportion of fuel fossil consumption belongs to the electricity generation system, with more than 70% of this electricity consumed in the residential and commercial sectors 

[3]. furthermore, according to the population and industry growth, the increasing demand for energy consumption puts more pressure on the economic and environmental sectors of KSa. 

british Petroleum (bP) reported that KSa generated 571 million tons of carbon dioxide (cO ) in 2018 as one of the top producers of greenhouse emissions [4]. Therefore, the need to 2

diversify energy is one of the major energy challenges in Saudi arabia to determine the energy demand and ensure the oil reserves are appropriate for the lucrative export market size. The kingdom is working to develop alternative sources of energy, including nuclear energy and renewable energy, to meet domestic energy needs and free up oil and natural gas for export. 

On april 25, 2016, the government of KSa announced “Vision 2030” to improve Saudi’s economy by depending on renewable resources. The target of producing energy from renewable resources was set to 9.5 gW by the end of 2030. Even renewable resources are available in the arabian Peninsula; solar and wind energies are promising sources of non-hydrocarbon energy in the kingdom to supplement fossil fuel production in the next few decades [5]. 

a study in ref [6] indicated that the average daily solar radiation at KSa varies between 4 

and 7.5 kWh/m2. according to SOlargIS, the average annual sum of global horizontal radiation in the arabian Peninsula is about 2200 kWh/m2/year [7]. The KSa has enough wind 
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 A. F. Tazay et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) energy potential with an average wind speed of 4–8 m/s [8]. The southern region of KSa has higher daily solar radiation and wind speed among other provinces. Since Saudi’s electricity generation is governed by fossil fuels, generating energy from renewable resources for commercial and residential buildings will not only reduce the greenhouse emissions in KSa but will also improve the industrial and economic sectors [9, 10]. 

This study addresses the research gap with regards to a grid-connected hybrid renewable energy system (hrES) for an educational building as well as the following issues:

•  can the developed grid-connected hrES be reliable to supply the required load power to university buildings? 



• What is the most economically viable grid-connected hrES system? 



• can the implementation of hrES reduce the dependence on fossil fuel and greenhouse emissions at KSa by considering the net present cost (NPc) as the basis for comparison? 

•  What are the payback time and sensitivity analyses for the optimal hrES configurations? 

To answer these questions, the hourly load consumption, weather data, and the load profile for al baha university’s buildings must be collected. Thus, the meteorological data were collected from KaPSarc and NaSa during the years from 2003 to 2018. Then the identified data, which include meteorological data, equipment profile, optimization constraints, and search space, as well as load profile were introduced to the hOmEr simulation software. The practical cost of each piece of equipment as well as the search space and constraints were specified to find the optimal configuration of the system. The technical and financial analyses were then compared to find the optimal system among the desired locations for the project lifetime. The environmental features were analyzed by comparing different cases. The sensitivity analysis that includes payback time, load variation, grid’s tariff was conducted using the optimal configuration. 

This study can be considered as a roadmap to meet the sustainability and resilience goals for university applications and load consumption in developed countries such as Saudi arabia. The importance of this study is not only for considering renewable energy application at university campuses in KSa but can also be applied at any campus around the world. The significance of integrating renewable energy resources to share the load includes reducing the dependence on fossil fuels, decreasing the harmful emissions of carbon dioxide cO , as well 2

as increasing the efficiency and sustainability of the grid. In 2050, renewable energy can supply more than 75% of the total global energy demand; this could reduce by up to 94% of the cO emissions [11]. It also helps to achieve the goals of KSa Vision 2030. The study has 2 

three novelties. first, the required load at different buildings of the university campus is supplied and compared by minimizing the cost of energy (cOE) and NPc. Then, two advanced computer-aided analyses are performed to cover the technical and optimization approaches. 

finally, the current analyses can be applied to any university in KSa and around the world with different load consumption and building types. 

The rest of this paper is organized as follows. Section 2 reviews the relevant literature. Section 3 provides a detailed description of the analysis resources and meteorological data of the selected locations. Section 4 addresses the proposed hybrid system configuration. Section 5 

examines the developed system by applying optimizations and sensitivity analysis. Section 6 

presents the discussion of the feasibility analysis. Section 7 provides the conclusion and remarks. 

2  lITEraTurE rEVIEW

Several literature studies exploring the performance of solar irradiation and wind speed at KSa have been published recently. zell  et al. summarized one-year solar resource measurements 
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from a monitoring network in KSa [12]. This paper focused only on analyzing the collection of solar resource data without considering the other renewable resources in the arabian Peninsula. The analysis of current and future performance of solar and wind resources was evaluated in ref [13]. The study concluded that the southern region of KSa has higher daily solar irradiation and wind speed among other regions. The study did not mention the potential for power availability from renewable resources. Depending on renewable energy technology can not only solve the reliability and economic feasibility of electricity generation, but it can also improve the quality of life of people considering the availability of the resource [14]. 

The potential power generation from solar and wind resources in the KSa was analyzed in ref [15]. The research concludes that wind and solar resources in the KSa could generate 50 

gW by the end of 2040. more optimal and analytical studies need to be pursued at different locations to assess the performance of solar and wind data in the KSa. a study in ref [16] 

proved that harvesting solar and wind energies instead of fossil fuel can be more realistic, competitive, and profitable to the kingdom for the next 50 years. generating energy from solar and wind resources are the most trustworthy and reliable electrification resources. Even fuel cell systems have a considerable potential in generating and storing energies, the capital expenses will make the battery storage preferable for renewable resource systems [17]. 

The techno-economic analysis for grid-connected and off-grid systems at different cities in the arabian Peninsula and KSa using a combination of hrES, such as PV, wind turbine, fuel-cells, and battery were provided in refs [18–25]. The authors in ref [18] reviewed the recent control strategies for energy management in hybrid renewable energy systems. This paper focused on the energy management strategies used in smart grids for both standalone and grid-connected hybrid renewable energy systems. The potential of supplying the load demand from renewable resources by considering a comparison of various locations at KSa was presented in ref [19]. The simulation results concluded that the off-grid system at yanbu city has the minimum cOE (0.609 $/kWh) by integrating 2 kW of PV array, 3 kW of the wind turbine, 2 kW of the converter, and 7 battery storage banks with a nominal capacity of 253 ah. another study on the west coast of KSa investigated the potential of PV/Wind energy systems using hOmEr and maTlab [20]. The research concluded that PV energy had more economic features than solar energy with cOE of 0.0637 $/kWh and 0.149 $/kWh, respectively. Krishna and al-Talhi investigated the potential of renewable resources in the north region of KSa as compared with other cities [21]. The paper concluded that Tabuk city in the north region of KSa can generate 110,250 kWh annually from solar energy. The optimization model for an off-grid hrES at the southern region of KSa was analyzed in ref [22]. The optimization results showed that the lowest cOE of the system was 0.289$/kWh, which was based on PV/

Wind/fc/battery with 176 kW of PV array, 20 kW of wind turbines, 98 kW of the fuel cell, and 11 batteries. The feasibility analysis of an autonomous system was presented in ref [23]. 

The authors compared three different optimization techniques using the maTlab coding domain. as in the previous studies, they performed the feasibility analysis for residential load without considering the load consumed by commercial and educational buildings. 

The study by filho  et al. highlighted the significant role played by universities around the world in the improvement of renewable resources with an emphasis on solar energy [24]. The huge engagement of universities to renewable resources has a great potential to reduce energy consumption and carbon emissions. Optimized design and performance of an off-grid system for an educational building at the university of Sharjah, uaE, was presented in ref [25]. The simulation results showed that the developed off-grid renewable energy system could meet the load demand with the best optimization results by sharing 73% of solar energy, 24% from fuel cells, and 3% from a diesel generator. another study to optimize the size of a grid- 
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 A. F. Tazay et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) connected renewable energy system in the same area was carried out in ref [26]. The study concluded that connecting 500 kW of solar PV capacity and 100 kW of fuel cell capacity with the grid leads to a lower cOE of 71 $/mWh and a carbon dioxide emission of 133 kg/mWh. 

The developed system has 40.4% of renewable fraction and 5% of the sell-back energy to the grid. In ref [27], a different configuration of renewable resources was investigated using hOmEr software at the Engineering Department of Islamic azad university, Iran. The optimization results showed that the most economical hybrid system was based on a wind/diesel/

battery hybrid system with nine wind turbines (20 kW), one diesel generator (300 kW), 50 

batteries, and 50 kW power converters. The developed system could satisfy 1,174,935 kWh of an annual load demand of the university with an NPc of 4,281,800$ and a cOE of 0.285 

$/kWh. The study in ref [28] presented different metrological data at four university campuses in KSa. It provided feasibility and financial analyses of hybrid renewable energy systems at the selected campuses. The study concludes that al baha university has the most potential energy generation among other university campuses in KSa. 

The KSa has more than 38 public and private higher education institutions that are primarily connected to the Saudi Electricity company of the national grid. Even with the high potential of wind and solar energies in KSa, few projects for renewable resources research have been implemented at local universities [29]. The contribution of commercial and educational buildings in energy consumption from renewable resources can achieve the KSa Vision 2030. 

3  DEScrIPTION Of ThE caSE STuDy

The location of al baha university campus is selected for analyzing the metrological data. 

The available resources at the desired location include solar irradiation, wind speed, and temperature data. al baha university is located at latitude 20°17′ N and longitude 41°38′ E 

as shown in fig. 1; this has the advantage of high solar irradiation and high wind speed since it is in the region of 30° north of the earth’s equator. The meteorological data are obtained from the NaSa website and King abdullah city for atomic and renewable Energy (K.a. 

carE) and compared with the installed weather stations at selected sites [7, 30]. The detailed monthly meteorological data are given in the following subsections. 

3.1  Solar irradiation data

The monthly variation of average solar energy at al baha university site is given in fig. 2. The peak solar irradiation occurs in the summer season, while it decreases in the winter months. 

The figure shows that the average solar irradiation is approximately 5.84 kWh/m2. The collected data are applied for over 20 years at the selected location. The peak solar irradiation is observed in may at 7.08 kWh/m2, while the lower one occurs in December at 4.23 kWh/m2. 

3.2  Wind speed data

The average variation of a monthly wind speed at al baha university site is given in fig. 3. It is thus recognized that the wind speed is high at the desired location from July to august. The al baha university site has an average annual wind speed of approximately 5.01 m/s. The peak wind speed is approximately 5.99 m/s, while the lowest one is approximately 4.1 m/s. 

3.3  Temperature data

recording the temperature is important to the evaluation of the sizing and performance of the proposed system since it has an impact on the output energy of renewable resources. figure 4 
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figure 1: Topology of the developed system at al baha university. 

figure 2: monthly solar irradiation at the selected location. 

shows the monthly variation of temperature at al baha university site. The average temperature is approximately 25.16 °c which is suitable for a better performance of renewable resources. The peak average temperature is 30.53 °c, while the lower recorded temperature is 17.65 °c. 

3.4  load profile

The load at al baha university is measured in three cases, namely the load of educational building, the load of administration building, and the total annual load of al baha university. 

The current load of the desired location depends on the main grid. The annual load demand of the three measured cases is given in figs. 5, 6, and 7. The energy consumption of electricity is mainly shared by air-conditioning, lighting, and laboratory equipments. 

[image: Image 3]

[image: Image 4]
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figure 4: monthly average temperature at al baha university. 

The average energy demand of the educational building is approximately 13,507 kWh/day, while the daily average load is 563 kW. figure 5 shows the monthly measured average load of the educational building. The peak load occurs during the summer season because of the high temperature and operation of air condition units. The peak load of 1,800 kW occurs in august. 

The average energy demand of the administration building is approximately 24,303 kWh/

day, while the daily average load is 1,013 kW. figure 6 shows the monthly measured average load of the administration building. The peak load occurs during the summer season with a peak of 2,562 kW. The reason for high load consumption is because of air condition and administrative tasks of employees. 

The measured total monthly load consumption is shown in fig. 7. The average energy demand at al baha university is approximately 195,298 kWh/day, while the daily average load is 8,137 kW. The peak load of approximately 8,000 kW occurs in august. This load 

[image: Image 5]
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Figure 5: Annual load demand of the educational building at al baha University. 

Figure 6: Annual load demand of the administration building at al baha University. 

consumption involves all campus buildings, residential and student housing, and other facil-ities. Since the main grid supplies the required load consumption at al baha university, the need for renewable resources is essential to reduce the total consumption cost. 

3.5  Electric grid of al baha university

The distribution network at al baha university is connected with the electricity grid of the Saudi Electricity company (SEc) through two 33 kV overhead lines. The university distribution network consists of 13.8 kV underground cables and 13.8kV/400V distribution transformers that supply the various buildings at the campus [30]. 

4  PrOPOSED hybrID SySTEm cONfIguraTION

The proposed hrES system consists of a PV array, Dc/ac converter, wind turbine (WT), and battery bank. The interconnection of the system components was simulated in the hOmEr software tool, and their technical and economic specifications were provided for 

[image: Image 7]
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simulation purposes. The hrES is designed to operate at grid-connected or autonomous modes as shown in fig. 8. Depending on the weather conditions, renewable energy (solar and wind) systems with a battery storage device were used to supply electricity to the whole load as well as for meeting the peak demand time. In contrast, the grid was connected only in the event of any shortfall in supply to ensure continuous operation and to charge the storage battery depending on the type of dispatch strategies used. 

The different meteorological data at the considered locations are used to optimize each component of the system. figure 8 shows the case of an educational building while the rest of the loads have the same system structure. The cost and the sizing data of the main components used in this analysis are given in detail in Table 1. 

5  SImulaTION aND rESulTS

The developed system is designed to operate at autonomous and grid-connected modes to satisfy the required load demand. Three different combinations of developed systems are simulated using computer-aided renewable energy simulation tool (hOmEr) and PowerWorld. These systems are designed based on al baha university loads that include an administration building, education building, and total university buildings. The configurations of the system are examined to meet the minimum NPc and cOE at each determined load. The load profile, meteorological restriction, optimization constraints, and monetary data are used as input information to the model. 

The goal of the simulation procedure using hOmEr is to find the optimal configuration of each developed system that provides zero load demand and lower NPc. Then, the optimal system will be used for sizing and investigating the power flow using PowerWorld simulation. The search space and constraints of the objective function are selected based on the following steps:

•  The search space of the PV array is varied from 0 to 10,000 kW. 



• The search space of wind turbine is varied from 0 to 10,000 kW. 



• The size of the battery bank is changed from 0 to 10,000 units of batteries. 



• The Dc/ac converter is selected between 0 and 10,000 kW. 

•  The project’s lifetime is set to be 20 years. 

[image: Image 8]

  

 A. F. Tazay et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) 21

figure 8: Schematic diagram of the developed system at al baha university Table 1: Technical and economic characteristics of system’s components. 


 Installation

Replacement  O&M  Lifetime  P

 V


I

Element ($)

($)

($/y)

(y)

(kW)

(V)

(A)

grid

40,000

0

0

∞

33,000

33000 1,000

PV

550

550

10

20

0.35

37.7

9.28

WT

650,000

650,000

80

20

500

690

725

battery

600

600

30

8

2.67

2

1,335

The optimization process for the desired site is given in a flowchart in fig. 9. The input data to the model contain daily load consumption at each building, meteorological information at the university, economic data, sizing of each component, and project constraints. The hOmEr software suggests the optimal configurations based on minimizing the objective function using graham algorithm. The optimal configurations are achieved when the system meets the load demand and accomplishes constraints. The previous methodology has simulated for each selected load by the PowerWorld simulator [31]. The load flow analysis was conducted for the three load types to ensure that underground cables and distribution transformers were not overloaded. The optimization procedures for the feasibility analysis are carried out in the following steps:

1.  record the required weather data and load demand of the selected location. 

2.  Identify the constraints of the objective function. 

3.  Set up the sizing and cost of each component of the system. 

4.  Searching the optimal system by defining the number of iterations that meet the load demand. 

5.  Present the NPc and cOE of the optimal system. 

6.  repeat the previous process for different university buildings. 

7.  apply the sizing of the optimal system to PowerWorld simulation. 

[image: Image 9]
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5.1  Technical evaluation

figure 10 shows the contribution of the electrical sources of the proposed hybrid system to cover the electrical load of the educational buildings at the university. The energy purchased from the Saudi electricity grid covers approximately 75% of the electrical loads in the summer period and 55% in the winter period. renewable energy sources cover the rest of the electrical load, which represents 25% of the electrical load in summer and 45% in winter. 

figure 11 shows the contribution of the electrical sources of the proposed hybrid system to cover the electrical load of the administration building at the university. The energy purchased from the Saudi electricity grid covers approximately 60% of the electrical loads in the summer period and 59% in the winter period. renewable energy sources cover the rest of the electrical load, which represents 40% of the electrical load in summer and 50% in winter. 

figure 12 shows the contribution of the electrical sources of the proposed hybrid system to cover the electrical load of the campus buildings at the university. The energy purchased from the Saudi electricity grid covers approximately 45% of the electrical loads during the year. 

renewable energy sources cover the rest of the electrical load, which represents 55% of the electrical load. 

5.2  Economic evaluation

figure 13 shows the NPc of the optimal hybrid systems suggested options to supply the different loads of al baha university. The optimum options that have the lowest NPc are demonstrated. The suitable option can be implemented according to the availability of financial and technical capabilities and resources of the university. 

5.3  Environmental impact assessment

The detailed pollutant emissions of the possible options of optimum hybrid systems are listed in Table 2. In comparing all options with the grid-only connected system, the latter has the highest emissions. 

[image: Image 10]
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figure 10: monthly energy production for the education building. 

figure 11: monthly average energy production for the administration building. 

5.4  PowerWorld simulator results for the optimal hybrid system The detailed case study is prepared and simulated using the PowerWorld (PW) simulator, which is a computer-aided simulator and easy to exchange power flow cases of different energy resources [30]. Different case studies have been modeled and developed by the authors to investigate the potential of installing real applications of renewable resources at al baha university, KSa. The suggested models of different case studies have been given in detail in figs. 14–16. 

[image: Image 12]
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figure 13: NPc of the three options of the optimal hybrid systems. 

The methodology of load flow is summa r ized in the following major steps:

•  Step 1: Technical and statistical data of al baha university distribution network have been collected. 



• Step 2: The collected technical and statistical data changed to per unit quantities based on nominal voltage values and 100 mVa. 



• Step 3: Data are adopted with the requirements of the PW simulator. 



• Step 4: The electrical single-line diagram is built and edited by the PW simulator. 

•  Step 5: load flow and power loss are conducted for the three load cases. 

[image: Image 14]
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figure 14 shows the first case study of the designed system to install renewable resources at the educational building. The distributed small PV and WT resources can be installed in the educational buildings to meet the load demand of each building. The excess generated power can be used to satisfy the closest building’s load demand as illus-trated in fig. 14. 

The high load demand in the administration building requires a large amount of renewable resources, which is suggested to have values of 1 mW of PV and 1.5 mW of WT as shown in fig. 15. The developed rE system in the administration building can meet more than 35% 

of the total load demand. This system can improve the reliability of the system and decrease the cOE of the total generated power. 

The final case study is designed to generate the required power for the total university load from rE resources. a huge amount of rE resources can be installed at the main distributed line as given in fig. 16. The developed rE system can meet a partial load demand, while the main grid feeds the remaining consumed load. It is worth mentioning that the generated power can only be used to meet the local load because of the main grid’s capability as shown in fig. 16. Thus, the generated power from rE resources cannot be sold to the main electric grid to avoid any disturbance at the distributed feeder. 

Table 2: Detailed environmental results of the different options. 

Element

Education

Administration


All

carbon dioxide (kg/y)

2,079,911

3,637,873

22,771,680

carbon monoxide (kg/y)

0

10,303

64,496

unburned hydrocarbon (kg/y)

0

1,151

7,206

Particular matter (kg/y)

0

806

5,044

Sulphur dioxide (kg/y)

9,017

8,462

52,966

Nitrogen dioxide (kg/y)

4,410

92,098

576,498

Figure 14: Power flow solution of installed RE sources at the educational building. 

[image: Image 15]
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Figure 16: Power flow solution of installed RE sources at the 13.8 kV main substation. 

5.5  comparison analysis

5.5.1  grid-only system

The current electric mode of al baha university is grid-connected whereby the load is connected to the Saudi Electricity company (SEc-SOa) grid. The load demand is covered by the SEc-SOa grid where there are no renewable sources. The total NPc for the three cases of the university’s load over the 20 years project lifetime is given in Table 3. The current electricity tariff from the SEc-SOa for commercial buildings is 0.085 $/kWh, which includes the operational cost and fossil fuel prices. 

It can be seen from Table 3 that the energy consumption produces high annual cO  emis-2

sions because of connecting to the main grid. This emission is approximately 45,051,488 kg/

year for the total university load, which needs to be decreased for environmental concerns. 

5.5.2  grid-connected hybrid system

The technical and economic optimization for all load cases is given in Tables 4, 5, and 6. The load demand involves administration building, education building, and the total university 
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Table 3: current components of grid-connected systems for different university loads. 

NPC

COE

Operating Production Consumption CO2


Load Type

($)

($/kWh) Cost ($/y) (kWh/y)

(kWh/y)

(kg/y)

Education

10.8m 0.0853

419,067

4,930,200

4,930,200

3,115,886

administration 25.8m 0.0851

754,013

8,870,744

8,870,744

5,606,310

Total loads

156m 0.0850

6,060,233 71,284,000 71,284,000

45,051,488

load. The rf of all cases is more than 30%, which could decrease the cO  emissions. The 2

cO  emission varies from 2m kg/year to 35m kg/year for educational load and total load, 2

respectively. This configuration provides a significant reduction of cO  emission compared 2

with a grid-only system. 

The total energy production from the grid-connected hrES system varies from 181,712 

kWh/year to 255,285 kWh/year. It can be recognized from the data in Tables 5, 6, and 7 that the grid/PV/WT system can provide lower Nbc and cOE compared with the other configurations. The optimal system also provides high rf value and low cO  emission. 

2

The optimal configuration of the simulation process is selected to achieve the optimum objective function and satisfy the constraint. The most valuable configuration is the one that has minimum cOE and NPc. The configuration of grid/PV/WT provides a lower NPc and cOE comparing with other system combinations at the current grid’s tariff. It should also have an annual load demand shortage of less than 0.1%. It can be recognized from the data in Tables 4–6 that the combination of different sizing of grid/WT/PV has the minimum cOE 

for all selected loads. 

The results in Table 4 show that the configuration of the grid/WT/PV system has the minimum cOE of 0.0772 $/kWh. The optimal sizing of the system is 525 kW PV array, 1,000 

kW of WT, and 378 kW ac/Dc converter. The developed system of an educational building can minimize about 33% of cO  emissions comparing with the grid-only system. This con-2

figuration can provide the required load of the educational building at al baha university without any load shortage. 

The developed grid/PV/WT in Table 5 presents the lowest cOE for the administration building. The cOE of the system is 0.0750 $/kWh, while the NPc is 22.8 m$. The sizing of the grid-connected hrES is 1,236 kW PV array, 1,500 kW WT, and 908 kW ac/Dc converter. The hrES array shares 35.9% of the building’s load, and the system generates annually 3.5m kg of cO . 

2

In the total load consumption of al baha university, the optimization results show that grid/PV/WT configuration represents the lowest cOE with 0.048 $/kWh and 124 m$ of NPc. comparing with the current operation of the load connecting with the main grid, this configuration shows a significant reduction in cOE of the main grid (0.0853 $/kWh). The optimal sizing of the system is 11,517 kW PV array, 42,000 kW of WT, and 8,098 kW ac/

Dc converter. Since the rf of hrES is approximately 64%, a considerable reduction in cO  

2

emission can be obtained. 

5.5.3  Off-grid system

The hrES covers the load demand where the grid is absent. The optimal size of the hrES is given in Table 7. The hrES provides the required load demands for the three case studies. 
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 A. F. Tazay et al., Int. J. of Energy Prod. & Mgmt., Vol. 7, No. 1 (2022) The NPc and cOE of each different load are also provided. It can be seen from Table 7 that the NPc is significantly increased because of the presence of energy storage. It is worth mentioning that the hrES could not cover the total load of the university because of the huge load demand and reliability purposes. Thus, the highest rf of the system can reach 75%, which is acceptable for reducing the cO  emission. 

2

6  DIScuSSION

The integration of PV array and wind turbines to the main grid can decrease the cOE production for most of the building loads. as seen in Tables 4, 5, and 6, the energy storage can be neglected by integrating PV and wind turbines with the main grid. These tables also show that the system configuration of PV, wind turbines, and the main grid is the optimal system that provides the lowest cOE and NPc among all configurations. It is worth mentioning that operating the proposed system in an autonomous mode can be achieved for single buildings. 

Thus, installing PV and wind turbines to share the total loads of the university can not only reduce the NPc of the system for the project period, but it can also reduce the harmful emission of cO . 

2

cOE is a good indicator for comparing the cost of the proposed systems in different case studies by considering the NPc. The nominal cOE for educational, administration, and all university loads are 0.0772 $/kWh, 0.0750 $/kWh, and 0.0450 $/kWh, respectively. The NPc for the optimal configurations is competitive with the electricity company tariff, which is more than 0.0850 $/kWh for consumption of more than 71,000 kWh. The current NPc measurement of energy supplied from the main grid is approximately 25.8 m$ for the administration building. Integrating PV and wind turbines with the main grid, by avoiding any energy storage, would reduce the NPc by up to 22.8 m$. 

The detailed environmental analysis of all case studies is listed in Tables 4, 5, and 6. The optimal system of PV/WT/grid could reduce the harmful emission by more than 30% 

depending on the case study and connection mode. The factor of rf plays a significant role in reducing harmful emissions. Thus, integrating renewable resources can not only reduce cOE and NPc of the proposed project during the lifetime period, but it can also reduce the harmful emissions of the system. 

7  cONcluSION

The investigation of different configurations of supplying energy power generation is presented for various university load demands at al baha university, KSa. Three types of meteorological data, namely solar radiation, wind speed, and temperature, are measured and used in this study at the desired location. Three types of load consumption at al baha university are considered at autonomous and grid-connected modes. The technical and economic as well as power load flow analyses are carried out at the proposed location using the computer-aided hOmEr and PowerWorld simulators. 

based on the simulation results, it has been demonstrated that, for all load cases, the proposed grid/PV/WT configurations generate a lower energy cost (NPc < 0.0772$/kWh), achieve less than 0.1% of power load shortage and more than 30% reduction in cO  emis-2

sion, which indicates the economic viability of the system. Electric power flow analysis validates the technical effectiveness of the proposed optimal configurations. It is worth mentioning that operating the proposed system at an autonomous mode can be achieved for a 
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single building, but it performs with the worst economic prospects (NPc is significantly increased), which makes its implementation a non-viable option. 

The current analyses can be adopted to install an actual renewable energy system at the study location and can also serve as a reference for similar renewable energy projects at other university buildings in Saudi arabia. 

In future research, a sensitivity analysis of the selected site as well as a performance analysis of a large-scale hybrid grid-connected solar wind will be attempted for various locations in the al baha region. 
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aPPENDIx

The meteorological data are collected from the NaSa website and King abdullah city for atomic and renewable Energy (K.a.carE) as well as from the installed weather stations on the selected sites at al baha university. The electric transmission line characteristics and consumed load data are obtained from the Saudi Electricity company (SEc-SOa). The authors got the authority to use these data based on the funded research. The data that support the findings of this study are available from the corresponding author upon reasonable request. however, readers can access the data, including the location, metrological data, and electric grid characteristics, by contacting online representatives at the following links:

•  Saudi arabia renewable resource atlas [Internet]. rraTlaS. available from: https://

rratlas.energy.gov.sa/rrmmPublicPortal/



• atmospheric Science Data center [Internet]. NaSa langley research center. available from: https://eosweb.larc.nasa.gov

•  Saudi Electric company [Internet]. SEc. available from: https://www.se.com.sa/en-us/

Pages/home.aspx

The distribution network of the bu campus consists of two 33 kV feeders that are connected to al-baha East main Substation that belongs to the SEc through two 33 kV overhead lines. The main bE s/s steps down the 132kV transmission voltage of the South region of Saudi arabia to 33kV sub-transmission and distribution voltage. from 33 kV busbar, two feeders (f3, f4) go out to feed the university campus that is located 19.773 km away from the substation. The two 33 kV feeders are connected with two mobile distribution substations that step down from 33 kV to 13.8 kV. low voltage sides of mobile transforms connect to the main switchgear room through 15 kV underground cables. The 13.8 kV distribution network consists of 15 kV underground cables feeding the university buildings from the main switchgear room through the ring main units room. There are four 13.8 kV outgoing feeders that supply all educational, administrative buildings, student housing building, and housing for faculty members as shown in fig. 17. 

[image: Image 17]
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OF A HYBRID SOLAR-WIND POWER RESOURCE: A CASE
STUDY AT AL BAHA UNIVERSITY, KSA
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ABSTRACT

This study presents a feasibility analysis of supplying the measured load of Al Baha University in
Saudi Arabia by renewable resources including solar photovoltaic (PV), wind turbine (WT), and storage
banks instead of the current conventional grid. The objective of this paper is to find the optimum system
that has the lowest net present cost (NPC) and greenhouse emission CO,. The metrological data and
load profile are collected at the desired location. The simulation results show that NPC of a proposed
combination of Grid/PV/WT system, at the current grid’s tariff of 0.085$/kWh, is more efficient than
other configurations with power load shortage (<0.1%), with more than 30% reduction in CO, emis-
sion, and lower cost of energy (COE). The results also show that the integration of PV and WT sources
with the main grid is the best configuration that leads to the minimum COE of 0.0772 $/kWh, 0.075 $/
kWh, and 0.048 $/kWh at the educational building, administration building, and total campuses’ load,
respectively. The developed methods conclude that the objective function and simulation results are
feasible for the selected loads at Al Baha University. The current analyses can be adopted to install the
real renewable energy system at the desired University.

Keywords: cost of energy (COE), feasibility analysis, net present cost (NPC), hybrid renewable energy
system (HRES), power flow ana

1 INTRODUCTION

In 2012, the Kingdom of Saudi Arabia (KSA) was ranked as the world’s largest oil producer
with the second largest oil reserves having 266,455 million barrels of proven oil reserves [1].
However, in 2016, KSA was recorded as the world’s 10th largest consumer of its total energy
from fossil fuels of which 63% is crude oil and petroleum liquids—based and 37% natural gas
[2]. A large proportion of fuel fossil consumption belongs to the electricity generation system,
with more than 70% of this electricity consumed in the residential and commercial sectors
[3]. Furthermore, according to the population and industry growth, the increasing demand for
energy consumption puts more pressure on the economic and environmental sectors of KSA.

British Petroleum (BP) reported that KSA generated 571 million tons of carbon dioxide
(CO,) in 2018 as one of the top producers of greenhouse emissions [4]. Therefore, the need to
diversify energy is one of the major energy challenges in Saudi Arabia to determine the energy
demand and ensure the oil reserves are appropriate for the lucrative export market size. The
kingdom is working to develop alternative sources of energy, including nuclear energy and
renewable energy. to meet domestic energy needs and free up oil and natural gas for export.
On April 25, 2016, the government of KSA announced “Vision 2030 to improve Saudi’s
economy by depending on renewable resources. The target of producing energy from renew-
able resources was set to 9.5 GW by the end of 2030. Even renewable resources are available
in the Arabian Peninsula; solar and wind energies are promising sources of non-hydrocarbon
energy in the kingdom to supplement fossil fuel production in the next few decades [5].

A study in ref [6] indicated that the average daily solar radiation at KSA varies between 4
and 7.5 kWh/m?. According to SOLARGIS, the average annual sum of global horizontal
radiation in the Arabian Peninsula is about 2200 kWh/mzlyear [7]. The KSA has enough wind
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