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ARTICLE INFO ABSTRACT
Keywords: The worldwide use of clean and environmentally friendly renewable energy sources, has been
Hybrid renewable energy systems increasing to prevent global warming and climate change. In this study, a hybrid renewable

Techno-economic feasibility
HOMER

Renewable energy resources
Solar energy

Biomass

energy system (HRES) including biomass and solar as the source, has been investigated for
Mehmet Akif Ersoy University Istiklal Campus in Burdur, Tiirkiye. The campus has an animal farm
consisting of 300 cattle and 200 sheep. Therefore, manure of the animals will be used as the
resource for biomass generation. HOMER software is used to simulate the system and to find the
size and the quantity of the equipment according to the meteorological and biomass capacity of
the campus. The optimum system is determined by means of net present cost (NPC) and the cost
of energy (COE). In the simulation, wind energy is also investigated but since the wind speed is
not sufficient to produce energy in the region, it is not considered in the optimum system. The
optimum system is determined to be grid connected biomass-solar system with 5000 kW PV
panels and a 1500 kW biomass generator assisted by the grid of 3000 kW. Also, the NPC of the
system is estimated to be USD 18.800.000 and the COE for the system is calculated as 0,107 USD/
kWh. The system also reduces the emissions causing the global warming.

1. Introduction

Energy is one of the most significant indicators showing the economic, environmental, and industrial development of the countries.
With the increase of population, civilization and industrialization, energy demand has also been going up for decades which results in
the increase of welfare. Conventional energy sources such as natural gas, oil, coal., etc. has been used worldwide for many years,
however, there has been a big trend for using renewable energy sources i.e. wind, solar, hydro and biomass recently. The reason of why
the use of renewable energy sources increases is their clean, sustainable, and environmentally friendly nature. Conventional sources
cause emission of greenhouse gas, global warming, and climate change while the fossil fuels extract CO2 and some other gases into the
atmosphere. Therefore, the use of these sources is decreasing in all around the world [1-7].

According to the Paris agreement made in the United Nations Climate Change Conference 2015, many countries decided to limit
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Nomenclature

Cat Annualized cost in total ($/year)

COE Cost of energy

COHE  Council of Higher Education

CRF Capital recovery factor

Ciot The yearly cost for the system ($/year)

E The total expenses within the life of the project
Epac Basic AC load power (kWh/year)

Eppc Basic DC load power (kWh/year)

Egs The amount of sales to the grid in total (kWh/year)
f The rate of inflation annually

fev The derating factor for losses

Fo The fuel curve intercept

Fio The slope of the fuel curve

GHG Greenhouse Gas

Gr The solar irradiance (W/mz)

Grsd The irradiance at normal conditions (W/m?)

HRES Hybrid Renewable Energy System

HOMER Hybrid Optimization Model for Electric Renewable
1 The total investment ($)

i The percentage of real interest (%)

ip The amount of nominal interest (%)

NASA National Aeronautics and Space Administration
NPC Net Present Cost ($)

Prio The maximal generator output at minimal fossil fractions
Peony The power output of the inverter (kW)

Ppy PV panel output power (kW)

PV Photovoltaic

R The total return finance

R, Project lifetime (year)

ROI The return of invest

T, The outer temperature (°C)

Tc The temperature of solar panel (°C)

T. The temperature of the solar panels at normal conditions (°C)
Tp The lifetime of the project

Xfos The minimal fraction of fossil fuel fraction

Ug [%J The Coefficient of heat transfer within the outer environment
Ybio The nominal capacity of biomass generator

Ypy The power of PV modules (kW)

Zpio The replacement ratio of biogas against fuel

a The absorbance of panels

a, The temperature coefficient of power

T The transmittance coefficient of glass cover on solar panels
Pros The density of fossil fuel

Ne The efficiency of electrical conversion

Neony The efficiency of the inverter

the carbon emissions causing the global warming and climate change. The target of the GHG emission reduction is determined to be 40
% by 2030 and 80 % by 2050. To reach this target, renewable energy sources must be replaced with the conventional ones. It is planned
that 30 % of the energy will be supplied by renewables sources and in 2050, the energy is assumed to be met by completely from
renewable energy sources. Therefore, the significance and the use of renewable energy is increasing worldwide. Especially power
generation companies, policy makers about energy, and governments pay extra attention for this issue [8,8,9,9,10,10].

Among the significant renewable energy sources, solar energy is widely used in energy production worldwide. Being limitless,
clean, and environmentally friendly makes it more charming. Besides, as well as producing energy, it is also used to provide the
thermal comfort in the buildings [11].

Although being free, clean and environmentally friendly, renewable energy sources are also unstable and variable. Therefore, these
sources may not be used alone. Instead, in order to achieve more efficient energy, 2 or more different energy sources i.e. solar/biomass,
biomass/wind, solar/wind/hydrogen can be utilized together which is called as hybrid or combined energy system [1,2,12,13].
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Studies on hybrid and combined renewable energy systems are widely encountered in the literature review.

Even though there are many different HRES studies in the literature, since the wind speed and other sources such as geothermal and
hydro, are not sufficient in the region of the study, optimum system does not include theses sources. Therefore, only biomass and solar
hybrid energy systems are investigated in literature review. Kumar and Channi investigated the suitability of a PV-biomass hybrid
renewable energy system for a small village in India by means of economic and technical issues. The system consists of a 10 kW biomass
generator, 1,1 kW PV panels 5 batteries and a 4 kW inverter. Return of invest of PV panels is about 1,5 years and the construction cost
of the system within the 25 years period is estimated to be USD 21.087 [14]. Similarly, Lata- Garcia et al., evaluated solar PV/biomass
hybrid system in terms of techno-economic for a house in an isolated place in the province of Guayas in Ecuador. According to the
study, the load of 143 kW/day must be supplied by a 50 kW solar panels, a 28 kW biomass generator and 55 units of 140Ah batteries
and a 12.5 kW inverter. The system costs USD 179.346 and the COE is estimated to be 0,253USD/kWh [15]. Another study about
wind-solar-biomass hybrid energy system for the electrification of a rural area was conducted by Murugaperumal et al. They tried to
determine the optimization of the energy supply of village of Korkadu, India from technical design and techno-economic aspect, in
their study. The proposed HRES must meet the load of about 179 kW per day and maximum load of about 20 kW per day and the total
system and power generation costs are INR 1,21 million and INR 13,71 respectively, while the performance of the battery is 36.648
kWh/year [16]. Rajbongshi et al., studied the optimization of energy supplied by grid connected solar-biomass gasifier-diesel HRES for
a non-electrified district in India, for different load types and grid conditions. In the study they estimated the total COE as USD O,
145/kWh for a daily load demand of 19 kW and a maximum energy of 19 kW/day in the off-grid system condition, and if the system is
grid connected, then the COE reaches about USD 0,91/kWh [17]. Similarly, Shahzad et al., proposed a gridless PV/Biomass HRES in
terms of techno-economic aspect for a rural area of Punjab province in Pakistan. The optimum system consists of 10 kW solar panels, 8
kW biogas generator, 32 storage batteries and 12 kW inverter. While the initial cost is estimated to be PKR 2,64 M, total net present cost
(NPC) is calculated to be PKR4,48 M. The cost of energy of the system is determined to be 5,51 PKR/kWh [18]. Also, Smruti et al.,
studied the optimization of a PV-biomass HRES for a house in a remote area. The system has a daily 3,6 kW peak load which is met by a
PV-biomass HRES. The system has a capital cost of around 900.000 RS and the return of invest is estimated to be 12 years. If the
government support of 50 % is added, then this time reduces to 6 years [19]. Kumar presented a grid connected PV-biomass HRES
model for South Australia. In the study, the proposed hybrid power system is analyzed by means of an economic and environmental
view. In the HRES, 200 kW PV panels, 30 kW biomass generator, 150 batteries and 200 kW inverter are used. The NPC and the COE of
the optimum HRES is USD 971.377 $ and 0,129 USD/kWh respectively, and the renewable fraction is 79 % [20].

Eteiba et al., performed a study about techno economic feasibility of a PV-Biomass HRES in a rural area, in Egypt by comparing
some optimization techniques such as the flower pollination, the harmony search, the artificial bee colony and the firefly algorithms.
The best optimization technique for the system is found to be the firefly algorithm consisting of 24 solar panels, 4 biomass generators,
and 298 batteries [21]. Bhattacharjee and Dey performed grid-connected solar/biomass hybrid system for some mills in a state, whose
location is in the north-eastern region of India. According to the study, the optimum system consists of 25 kW solar panels, 6 kW
biomass generator and 20 kW inverter. While the quantity of biomass material used in the system is 11.000 kg, COE and NPC is
estimated to be 0,143 USD/kWh and USD78.980 [22]. Also, Kumar studied feasibility of solar/biomass hybrid power system for
Auckland city, New Zealand by means of economical and clean hybrid renewable system. The modelled system includes 600 kW solar
panels, 60 kW biomass generator, 800 batteries, and 600 kW inverters. 190 tons of biomass is used and the biomass generator operated
8752 h per year. The NPC and the COE of the system is calculated to be USD 1.452.058 and 0,186 USD/kWh respectively [23]. Rajanna
and Saini proposed solar, biomass and biogas based integrated renewable energy systems for Karnataka, India. They analyzed the
proposed renewable energy systems applying with three different scenarios based by means of NPC, COE and air polluting gas emission
[24]. Ghenai and Janajreh studied solar-biomass HRES for the electrical production of Sharjah city by using micropower optimization
model. They performed optimizing with sensitivity analysis of the hybrid renewable system. The annual energy production of the
HRES is calculated to be 51.143.528 kWh, 74 % of which is supplied by solar system and the remaining 26 % is met by biomass system.
The NPC and the COE of the HRES are calculated as USD154.901.904 and 0,328 USD/kWh respectively [25]. Gebrehiwot et al.,
evaluated the potential of a hybrid system for the electrification of a rural area located in Ethiopia. They determined optimum hybrid
system combination with the least cost for the rural area in Ethiopia using HOMER software. The optimum system for the rural area
consists of a 20 kW PV array, a wind turbine with 9 kW power, a diesel generator with 5 kW power, and 24 batteries. The NPC and COE
of the system is USD 82.734 and 0,207 USD/kWh respectively [26]. Zahid et al., carried out a grid connected solar/biomass HRES
model for an industrial area. Moreover, they analyzed the proposed HRES by means of techno-economic aspect. Lastly, they analyzed
the grid connected biomass/solar hybrid system for different power values of the components to assess the optimum configuration with
the least COE, NPC and initial cost. The proposed system constitutes of 70 MW solar panels, 7 MW biomass generator and 82,6 MW
inverter. The system has a NPC of PKR 135 Billion and the COE is PKR 14,11/kW [27].

A feasibility analysis by means of technical, environmental and economic aspects has been demonstrated in this paper. The study
aims to determine the optimum HRES among the biomass, solar and wind sources for Mehmet Akif Ersoy University Main campus in
Burdur, Tiirkiye, by using HOMER. Solar radiation data was obtained from HOMER and then entered in the required section in the
software. Now that the campus has a farm, cattle manure and sheep manure collected from the farm was used as biomass resource.
Lastly, every combinations are evaluated according to NPC and COE and the optimum system was decided.

2. Methodology

As an analysis tool, HOMER computer software designed by the NREL is used to find the optimum HRES for the Istiklal Campus.
HOMER is a well-known software used for the optimization, planning and the design of the hybrid systems. On grid and off grid
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systems can both be modelled and investigated by using HOMER. Optimization and simulation can be applied at the same time. By
means of HOMER, the energy balance calculations can easily be done according to different quantity and size of the energy sources. As
an input, consumed energy, wind data and solar is entered in the software and HOMER performs the sensitivity analysis. As an output,
HOMER calculates NPC, COE and fuel costs. By means of HOMER software simulation, optimization and sensitivity analysis can be
done easily. The block graph of HOMER is presented in Fig. 1.

The mathematical models of the HRES according to the sensitivity analysis and the equations of the models are as follows.

2.1. Model of the solar panels

The PV panel output power (Ppy, kW) can be evaluated by the equation (1).

Ppy = YPVfPV( (iT ) (140, (T = Tesa)] (kW) (@D)]
Std
Here, Ypy (kW) stands for the power of PV modules, fpy corresponds to the derating factor for losses, Gr (W/mz) accounts for the
solar irradiance, Gryq (W/mz) shows the irradiance at normal conditions (1000W/m2), T¢ (°C) stands for the temperature of solar
panel, T, (°C) accounts for the temperature of the solar panels at normal conditions and aj corresponds to the temperature coefficient
of power [27,28].
Considering the energy balance on the solar panels, the temperature of the cell T, can be calculated by equation (2).

Ta n,
T,=T,+G —{——‘] c 2
, + T(UL) - (oC) (2)
Here, T, (°C) corresponds to the outer temperature, a stands for the absorbance of panels, 7 accounts for the coefficient of

transmittance for glass covering on solar panels, U, [-] corresponds to the coefficient of heat transfer within the outer environment,

and 7, accounts for the efficiency of electrical conversion [27,28].
2.2. Model of the biomass generator

The biomass generator can be used in two modes. One of which is biogas and the other is fossil as a resource. Equation (3) shows the
fuel consumption rate of the biomass generator.
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Fig. 1. The block diagram of HOMER software.
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1io = Zpiof s (Fo.bio Yoio + F1.6i0Pbio) (1=Xp05 ) 3

Here, Zp;, corresponds to the substitution ratio of biogas in fuel, py,s stands for the density of fossil fuel, Y;, accounts for the nominal
capacity of biomass generator, Fy, corresponds to the fuel curve intercept, Py, is the maximal output power of the generator for
minimal fossil fuel ratio, Fy p;, stands for the slope of the fuel curve and xy,s accounts for the minimal fraction of fossil fuel fraction [27].

2.3. Model of the inverter

To convert DC voltage produced by solar panels to supply AC loads, a one directional inverter is used. Equation (4) shows the
overall capacity of the inverter according to the efficiency.

Peowy = PPV”cunv (kw) (4)

Here, P,ny corresponds to the power output of the inverter, Ppy stands for the DC power input to inverter and #¢ony accounts for the
efficiency of the inverter which is assumed to be 0,85.

2.4. Model of the costs
In order to determine the feasibility of the HRES, NPC, COE and the return of invest of the system must be calculated.

2.4.1. Net present cost

NPC is achieved by subtracting total incomes from the total costs within the life of the project.

Initial cost, replacement cost, O&M cost, fuel cost and electricity buying cost can be included in the costs where the selling of energy
to the grid is classified under incomes.

The calculation of NPC is given in equation (5) [1,29]:

NPC= L (5)
CRF(i,T,)

Here, Ciot ($/year), stands for annual cost of the system i (%), accounts for the interest rate, Tp, and CRF correspond to the lifetime

of the project, and the capital recovery factor [30].

2.4.2. Cost of energy
COE is defined as the average cost of 1 kWh of electrical energy generated by the system. Equation (6) presents the calculation of

Fig. 2. A view from the satellite for the location of the University Campus.
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COE [1,29,30].

Ca,t

_ (6)
E,ac+Eppc+ Egs

Here E;, ac stands for alternative current basic load (kWh/year), E; pc accounts for direct basic load (kWh/year) and Eg s accounts
for total sales amount to the grid (kWh/year).

2.4.3. Return of invest
The return of invest (ROI) can be evaluated by using equation (7). Here, I stands for the investment in total, R accounts for the total
return amount and E corresponds to the expenses in total within the life of the project [27].
1

ROl = ——
Ol=R—E %

3. Material and methods
3.1. Load assessment

The campus for which the study is made, is located in Burdur, northeastern of Mediterranean region, whose latitude is 37.7144° N
and altitude is 30.2715°E. The campus is located at the 37° 42' 51.9948" and 30° 16’ 17.7132" coordinates [31]. The student population
of the campus is about 32.000 [32]. A view from the satellite for the campus can be seen in Fig. 2.

The current electrification of the campus is provided by the grid. The consumed energy data of the campus are obtained from CK
Akdeniz Electric [33]. According to the load demand data, it can be seen that the peak load is 2189,53 kW and the load varies between
798,21 kWh and 2189,53 kWh, while the daily total load demand is about 34 MWh. The load demand of the campus within a day is
shown in Fig. 3.

The load demand has its minimum amount between the hours 06:00 and 07:00 because the outer lighting is turned off, and the load
demand has the highest rate between 17:00 and 20:00 since there are evening courses in the campus.

3.2. Potential of the resources

Even though there are many different HRES studies in the literature, since the wind speed and other sources such as geothermal and
hydro, are not sufficient in the region of the study, optimum system does not include theses sources. Therefore, only biomass and solar
Hybrid energy systems are investigated in the study.
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Fig. 3. Daily load demand of the Istiklal campus.



E. Aykut et al. Heliyon 9 (2023) e22264

3.2.1. Potential of solar energy

The insolation data of the campus is obtained by HOMER software which gets the information from NASA. The data are compared
with renewable energy directorate and found to be nearly same. The insolation data is used accordingly [34]. Fig. 4 shows the solar
energy density as per months. According to the graph, the solar energy density is 5,85 kWh/m? per day in a year and from the graph,
also the average of the clearness index is 0,621.

3.2.2. Potential of biomass energy

Burdur is a significant city suitable for farming and animal feeding. Therefore, the Council of Higher Education (COHE), designing
and managing the universities and the institutes, authorized Burdur Mehmet Akif Ersoy University in the regional development
focused mission differentiation and expertizing program [35]. In this context, the university established a research and application
center and an animal farm including 160 cattle and 100 sheep. So, the manure of the animals in the farm will be used as a biomass
resource in this study. For biomass data, the animal count has been received from the farm and the manure quantity has been
calculated according to the information from the literature review. According to literature review, one cattle produces 15 kg manure
per day which corresponds to 2400 kg daily production for the farm and also, one sheep gives 0,5 kg manure per day which means 50
kg per day [36-38]. Therefore, the daily total manure production of the farm is 2,45 tons. The monthly feedstock production of the
farm is presented in Fig. 5.

3.3. Components and the used in the HRES

In the study, it is aimed to propose a HRES instead of current conventional system. As a renewable resource, biomass, solar hybrid
system is proposed. In the case of the renewable sources are limited then grid will contribute to the continuity of the electrification and
according to availability and sufficiency of the sources, the optimum system is determined by using HOMER [39]. The components
utilized in the suggested system are presented in Fig. 6.

It is important to choose the correct size and types of the components to meet the load demand.

3.3.1. Solar panel

The solar panels used in HOMER is determined to be 1 kW with 12V DC output. Since solar panels cannot produce energy at night,
the HRES will be assisted by the other sources. The solar panels are simulated between 0 kW and 12500 kW. Generic flat plate PV
model solar panel is used in the study [40]. The technical and economic specifications of the solar panels is presented in Table 1.
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Fig. 4. Density of solar energy and clearness index for the campus.
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Fig. 5. The feedstock quantity of the farm produced in months.
Fig. 6. The components used in the proposed system.

Table 1

The techno-economical specifications of the solar panels.
Parameter Value Unit
Initial cost 600 uUsD
Replacement cost 600 usD
O&M cost 10 UsD
Life 25 years
Nominal power 1 kw
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3.3.2. Biomass generator
In the study, biomass generator is proposed to assist the PV panels. In HOMER Generic biogas genset biomass generator is used and
simulated between 0 kW and 8000 kW [30]. The technical and economic specifications of the solar panels is presented in Table 2.

3.3.3. Inverter

The simulation is made for the inverter with the power between 0 and 7500 kW. The capital cost and replacement cost ABB MGS
100 model inverter are USD 100/kW and USD 100/kW respectively where the operational cost is neglectable. Additionally, the
inverter has the efficiency of 90 % [41].

3.3.4. Grid
In case the produced energy from the renewable sources is not enough to supply the load, grid will be used to maintain the sus-
tainability of the energy supply. Grid is simulated for the values 0 and 3000 kW and the capacity of sale is determined as 1000 kW.

4. Results and discussions

The purpose of the analysis is to decide which is the most feasible hybrid energy sources with minimum COE and NPC, among PV
and biomass. In the study the energy source data and the load data were entered and by using HOMER the optimum system, parameters
were determined [39].

4.1. Analysis of optimum system

Among the renewable energy sources, wind, geothermal and hydroelectric potential is not enough to produce energy, and solar
potential is high, and the campus has an animal farm, the campus has also biomass potential. In case the solar and biomass production
may not be enough, grid option is also included in the proposed system. HOMER presented a few options from which the optimum
system can be determined. The system having the least COE constitutes of a grid connected Biomass system. The COE of this system is
calculated as USD 0,119/kW and the NPC of the system is USD 19.600.000. Moreover, there is another option consisting of a grid
connected biomass-solar system. The COE and the NPC of this system is USD 0,107/kW and USD 18.800.000 respectively. Since the
COE of the latter system is lower, it can be preferred as the optimum system because it is more environmentally friendly and cleaner.
The values of the components of the system such as PV, biomass, inverter, grid, COE, NPC, the operating hours of biomass generator
and biomass quantity used in the system can be seen in Table 3.

According to the analysis, considering the optimum system, the average biomass quantity and average solar global irradiance are
nearly 2,45 tons/day and 5,85 kWh/m? per day, respectively for the campus. The optimum system constitutes of 5000 kW PV and
inverter, 1500 kW biomass and 3000 kW grid.

4.2. Power production of the system

In the optimum system, PV panels produced 7.287.876 kWh/year while the biomass generator produced 227.735 kWh/year and
grid was used for 6.924.194 kWh/year. Total produced energy of the hybrid system is 14.439.806 kWh/year. Considering these values,
the renewable fraction is calculated to be 49,4 %. The system used 683 ton biomass as a fuel and biomass generator worked 152 h per
year. Fig. 7 shows the average production of electrical energy.

Economic analysis is also made by HOMER and the according to the analysis the initial cost of the optimum hybrid system is USD
9.425.000, the COE energy is USD 0,107/kW and the operational cost is USD 941.123. Compared with the present grid connected
system, the COE of the suggested system is nearly same as the system consisting of only grid at the beginning but considering the
environmental parameters and the return of investment, the proposed system will be a better choice. Excess energy to be sold to the
grid is estimated to be 582.519 kWh/year which corresponds to the 4,03 % of the produced energy.

4.3. Emission of the system

In the production of energy, currently, fossil fuel-based energy systems are used. These fossil fuels emit some kinds of gases
polluting the air and causing the global warming. Replacing conventional energy sources with the environmentally friendly renewable
energy sources reduce these emissions. In this proposed study, by using renewable energy sources, it is aimed to reduce the gas

Table 2

The technical and economic data of the biomass generator.
Parameter Value Unit
Initial cost 2450 USD/KkW
Replacement cost 2450 USD/kW
Operational and Maintenance cost 0,10 USD/hour
Lifetime 20000 hours
Nominal power 1500 kw
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Table 3
Parameters of the optimum configuration of the system for the campus.
PV Bio Grid Inverter Cost/NPC Cost/LCOE Cost/Operating cost Bio Bio/Production Bio/Fuel
(kW) kW) kW) (kW) ® ($/kWh) ($/yr) Hours  (kWh) (tons)
0 1500 3000 0 19,6 0.119 1.233.100 287 430.500 1292
million
5000 1500 3000 5000 18,8 0.107 728.083 152 227.735 683
million
1400
1200
1aoa
E 300 |
b Grid
% a00 :
o m Biotmass
400 l B E m sl
200
0
Jun Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec
Months

Fig. 7. Monthly average electrical power produced by the proposed system for the campus.

emissions. The emission values of the proposed hybrid system and the emission from the grid is compared and presented in Table 4.
The only grid system emits 8.931.048 kg of CO,, 38.718 kg of SO, and 18.936 kg of NOy per year while the renewable system emits
4.376.214 kg of CO,, 18.972 kg of SO, and 9.279 kg of NO per year. According to the Table 4, CO3, SO and NOy amount of the system
is much lower than only grid system. The reduction is 4.554.834 kg of CO,, 19.746 kg of SO5 and 9.657 kg of NOy per year.

4.4. Sensitivity analysis

Because the data of the renewable energy sources like solar and biomass are variable, the sensitivity analysis is made to determine
the economic parameters. The biomass quantity values are 2,45, 5, 10, 20 tons/day and the solar radiation value varies between 4,85
and 7,85 kWh/m?/d. The result of sensitivity analysis can be seen in Table 5.

According to the analysis, as of the current average values of 5,85 kWh/m?/d solar radiation and 2,45 ton/day biomass quantity,
the optimum system consists of grid connected biomass-solar system. This configuration seems the best choice from the renewable
sources. The increase in the solar radiation also affects the solar energy produced directly. Similarly, as the quantity of biomass in-
creases, energy produced from biomass will also go up.

Table 4

Gas Emissions of grid and the hybrid renewable system.
Quantity Only from grid From renewable energy Difference in Emissions
Carbon Dioxide (CO5) 8.931.048 kg/year 4.376.214 kg/year 4.554.834 kg/year
Sulfur Dioxide (SO3) 38.718 kg/year 18.972 kg/year 19.746 kg/year
Nitrogen Oxides (NOy) 18.936 kg/year 9.279 kg/year 9.657 kg/year
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Table 5
Result of the sensitivity analysis.
Solar Scaled Average Biomass Scaled PV Bio Grid Converter NPC LCOE Operating Cost Ren. Factor ~ Total Fuel Production O/M Cost
(kW/m?/day) Average (tons/day) kw) kw) kw) kw) (€))] ($/kWh) ($/year) (%) (tons/year) kw) ($/year)
4,85 2,45 2.500 1.500 3.000 2.500 19,5 0,118 1,01 M 23,1 773 257.735 25.800
5,85 2,45 5.000 1.500 3.000 2.500 11\/18,8 0,107 728.083 49,4 683 227.735 22.800
M
6,85 2,45 5.000 1.500 3.000 2.500 18,6 1,104 711.192 50,6 683 227.735 22.800
7,85 2,45 5.000 1.500 3.000 2.500 11\/[8,5 0,103 704.252 51,1 683 227.735 22.800
4,85 5,00 2.500 1.500 3.000 2.500 11\/19,5 0,118 1,01 M 23,1 778 259.500 25.950
M
5,85 5,00 5.000 1.500 3.000 2.500 18,8 0,107 728.142 49,4 688 229.500 22.950
6,85 5,00 5.000 1.500 3.000 2.500 11\/[8,6 1,104 711.250 50,6 688 229.500 22.950
7,85 5,00 5.000 1.500 3.000 2.500 11\/;,5 0,103 704.310 51,1 688 229.500 22.950
4,85 10,00 2.500 1.500 3.000 2.500 11va,5 0,118 1,01 M 23,1 778 259.500 25.950
5,85 10,00 5.000 1.500 3.000 2.500 11\/[8,8 0,107 728.142 49,4 688 229.500 22.950
6,85 10,00 5.000 1.500 3.000 2.500 I1\/[8,6 1,104 711.250 50,6 688 229.500 22.950
7,85 10,00 5.000 1.500 3.000 2.500 11\/[8,5 0,103 704.310 51,1 688 229.500 22.950
4,85 20,00 2.500 1.500 3.000 2.500 1;/19,5 0,118 1,01 M 23,1 778 259.500 25.950
5,85 20,00 5.000 1.500 3.000 2.500 11\/[8,8 0,107 728.142 49,4 688 229.500 22.950
6,85 20,00 5.000 1.500 3.000 2.500 Ilvg,f) 1,104 711.250 50,6 688 229.500 22.950
7,85 20,00 5.000 1.500 3.000 2.500 IIVIS,S 0,103 704.310 51,1 688 229.500 22.950
M
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Conclusions

By using renewable energy sources, the emissions of the hazardous gases causing the global warming, can be reduced. A biomass-
solar on grid hybrid system is modelled according to environmental and techno economical aspects for Burdur Mehmet Akif Ersoy
University Istiklal campus. Since the university has an animal farm, biomass energy from the animal manure is considered to minimize
the fuel cost. According to the outputs of the analysis made by HOMER computer software,

The optimum system constitutes of biomass-solar on grid system with 1500 kW biomass generator, 5000 kW PV and inverter and
3000 kW grid. Besides, the optimum system has the NPC of USD 18.800.000 while the COE is estimated to be 0,107 USD/kWh. In
addition, 2,45 tons of manure can be used daily. The initial cost of the system is evaluated to be USD 941.123.

Excess energy sold to the network is calculated to be 582.519 kWh/year which corresponds to 4,03 % of the produced energy.
Renewable fraction is 49,4 %. Also, by using the proposed renewable system 4.554.834 kg of CO2, 19.746 kg of SO, and 9.657 kg of
NOy per year is reduced. The project life is determined as 30 years. Since the university has a farm, cattle manure is used as biomass
source to produce energy. So, in other universities having similar conditions, biomass energy production may be a good solution to
produce cleaner energy.

The results of the analysis demonstrate that the suggested system has a lower COE compared with the current fossil-based grid
system. Another advantage of the proposed system is that it is cleaner and less pollutant. By using the system CO, and other emissions
will be reduced in parallel with the Paris agreement conditions. Since the wind speed is not sufficient for the energy production in the
campus, it is not considered in this study.

In the future work, other places can be examined by means of the renewable energy sources or other energy source opportunities
may be considered for the university campus.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
Data availability
The data will be available on request.
Additional information
No additional information is available.
Ethics declaration
Informed consent was not required for this study because there is no study on humans or animals.
CRediT authorship contribution statement
Ercan Aykut: Writing — original draft, Supervision, Formal analysis, Data curation, Conceptualization. Bahtiyar Dursun: Writing —

original draft, Visualization, Project administration, Methodology, Data curation, Conceptualization. Serta¢ Gorgiilii: Writing — re-
view & editing, Writing — original draft, Validation, Investigation, Data curation, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgement

We sincerely thank to the rectorships of Istanbul Gelisim University and Burdur Mehmet Akif Ersoy University for their valuable
contribution.

References

[11 B. Dursun, E. Aykut, An investigation on wind/PV/fuel cell/battery hybrid renewable energy system for nursing home in Istanbul, Proceedings of the Institution
of Mechanical Engineers, Part A, Journal of Power and Energy 233 (2019) 616-625, https://doi.org/10.1177/0957650919840519.

[2] B. Dursun, A. Altay, A green university library based on hybrid PV/wind/battery system, Int. J. Energy Environ. 9 (2019) 549-562. http://www.ijee.
ieefoundation.org/vol9/issue6/1JEE_03_v9n6.pdf.

[3] B. Dursun, Determination of optimum renewable energy sources for public libraries, Balkan Journal of Electrical and Computer Engineering 3 (2015) 70-73,
https://doi.org/10.17694/bajece.68861.

12


https://doi.org/10.1177/0957650919840519
http://www.ijee.ieefoundation.org/vol9/issue6/IJEE_03_v9n6.pdf
http://www.ijee.ieefoundation.org/vol9/issue6/IJEE_03_v9n6.pdf
https://doi.org/10.17694/bajece.68861

E. Aykut et al. Heliyon 9 (2023) 22264

[4]
[5]

[6]

[71

[8]
[91

[10]

[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]
[29]

[30]
[31]
[32]

[33]
[34]

[35]

[36]
[37]
[38]
[39]
[40]

[41]

S. Gorgulu, Investigation of renewable energy potential and usage in TR 61 region, J. Clean. Prod. 236 (2019), 117698, https://doi.org/10.1016/J.
JCLEPRO.2019.117698.

A. Altay, B. Dursun, Determination of hybrid renewable energy systems for project type public library building, Int. J. Renew. Energy Resour. 9 (2019) 24-31,
https://doi.org/10.20508/ijrer.v9i1.8685.87560.

W. Jiang, X. Wang, H. Huang, D. Zhang, N. Ghadimi, Optimal economic scheduling of microgrids considering renewable energy sources based on energy hub
model using demand response and improved water wave optimization algorithm, J. Energy Storage 55 (2022), 105311, https://doi.org/10.1016/j.
est.2022.105311.

G. Bo, P. Cheng, K. Dezhi, W. Xiping, L. Chaodong, G. Mingming, N. Ghadimi, Optimum structure of a combined wind/photovoltaic/fuel cell-based on amended
Dragon Fly optimization algorithm: a case study, Energy Sources, Part A Recovery, Util. Environ. Eff. 44 (2022) 7109-7131, https://doi.org/10.1080/
15567036.2022.2105453.

D. Carfi, A. Donato, D. Schilird, Coopetitive solutions of environmental agreements for the global economy after COP21 in Paris, J. Environ. Manag. 249 (2019),
109331, https://doi.org/10.1016/J.JENVMAN.2019.109331.

U.K. Das, K.S. Tey, M. Seyedmahmoudian, S. Mekhilef, M.Y.I. Idris, W. Van Deventer, B. Horan, A. Stojcevski, Forecasting of photovoltaic power generation and
model optimization: a review, Renew. Sustain. Energy Rev. 81 (2018) 912-928, https://doi.org/10.1016/J.RSER.2017.08.017.

M.F. Bashir, B. Ma, H.I. Hussain, M. Shahbaz, K. Koca, I. Shahzadi, Evaluating environmental commitments to COP21 and the role of economic complexity,
renewable energy, financial development, urbanization, and energy innovation: empirical evidence from the RCEP countries, Renew. Energy 184 (2022)
541-550, https://doi.org/10.1016/J.RENENE.2021.11.102.

F. Afshari, B. Muratcobanoglu, E. Mandev, M.A. Ceviz, Z. Mirzaee, Effects of double glazing, black wall, black carpeted floor and insulation on thermal
performance of solar-glazed balconies, Energy Build. 285 (2023), 112919, https://doi.org/10.1016/j.enbuild.2023.112919.

B. Dursun, C. Gokcol, I. Umut, E. Ucar, S. Kocabey, Techno-economic evaluation of a hybrid PV - wind power generation system, Int. J. Green Energy 10 (2013),
https://doi.org/10.1080/15435075.2011.641192.

A. Demirci, O. Akar, Z. Ozturk, Technical-environmental-economic evaluation of biomass-based hybrid power system with energy storage for rural
electrification, Renew. Energy 195 (2022) 1202-1217, https://doi.org/10.1016/j.renene.2022.06.097.

R. Kumar, H.K. Channi, A PV-Biomass off-grid hybrid renewable energy system (HRES) for rural electrification: design, optimization and techno-economic-
environmental analysis, J. Clean. Prod. 349 (2022), 131347, https://doi.org/10.1016/J.JCLEPRO.2022.131347.

J. Lata-Garcia, M.P. Alvarez, H.M. Fiallos, Technical economic evaluation of the implementation of a photovoltaic/biomass/energy storage hybrid energy
system for isolated areas of the Cerecita community, in: 2022 International Conference on Electrical, Computer and Energy Technologies, ICECET), 2022,
pp. 1-6, https://doi.org/10.1109/ICECET55527.2022.9872773.

M. Krishnamoorthy, P.A.D.V. Raj, Optimum design and analysis of HRES for rural electrification: a case study of Korkadu district, Soft Comput. 24 (2020)
13051-13068, https://doi.org/10.1007/s00500-020-04724-y.

R. Rajbongshi, P. Deb, S. Mahapatra, S. Dasappa, Biomass gasifier based hybrid energy system optimization for energy access by using HOMER, in: 24th
European Biomass Conference and Exhibition, 2016, pp. 1612-1618. Amsterdam, The Netherlands.

M.K. Shahzad, A. Zahid, T. ur Rashid, M.A. Rehan, M. Ali, M. Ahmad, Techno-economic feasibility analysis of a solar-biomass off grid system for the
electrification of remote rural areas in Pakistan using HOMER software, Renew. Energy 106 (2017) 264-273, https://doi.org/10.1016/j.renene.2017.01.033.
R. Smruti, P. Prajna, Design of standalone hybrid biomass & PV system of an off grid house in a remote area, Int. J. Eng. Res. Afr. 3 (2013) 433-437. https://
www.ijera.com/papers/Vol3_issue6,/BU36433437.pdf.

H.R. Kumar, Feasibility study: photovoltaic module and biomass based hybrid power system connected to grid- South Australia context, Australia, International
Journal of Engineering Science Invention 2 (2013) 14-22. http://www.ijesi.org/papers/Vol%202(12)/Version-2/D021202014022.pdf.

M.B. Eteiba, S. Barakat, M.M. Samy, W.I. Wahba, Optimization of an off-grid PV/Biomass hybrid system with different battery technologies, Sustain. Cities Soc.
40 (2018) 713-727, https://doi.org/10.1016/J.5CS.2018.01.012.

S. Bhattacharjee, A. Dey, Techno-economic performance evaluation of grid integrated PV-biomass hybrid power generation for rice mill, Sustain. Energy
Technol. Assessments 7 (2014) 6-16, https://doi.org/10.1016/J.SETA.2014.02.005.

H.R.N. Kumar, Feasibility study of photovoltaic (PV) modules, and biomass generator to supply electricity to Auckland city, north island context-New Zealand,
Journal of Clean Energy Technologies 2 (2014) 374-378, https://doi.org/10.7763/JOCET.2014.V2.157.

S. Rajanna, R.P. Saini, Optimal modeling of solar/biogas/biomass based IRE system for a remote area electrification, in: 2014 6th IEEE Power India
International Conference, PIICON, 2014, pp. 1-5, https://doi.org/10.1109/POWERI.2014.7293554.

C. Ghenai, I. Janajreh, Design of solar-biomass hybrid microgrid system in Sharjah, Energy Proc. 103 (2016) 357-362, https://doi.org/10.1016/J.
EGYPRO.2016.11.299.

K. Gebrehiwot, M.A.H. Mondal, C. Ringler, A.G. Gebremeskel, Optimization and cost-benefit assessment of hybrid power systems for off-grid rural electrification
in Ethiopia, Energy 177 (2019) 234-246, https://doi.org/10.1016/J.ENERGY.2019.04.095.

A. Zahid, M.K. Shahzad, S.R. Jamil, N. Igbal, Futuristic feasibility analysis and modelling of a solar-biomass on-grid hybrid system for Hattar Industrial Estate
Phase (VII), Pakistan, Cleaner Energy Systems 4 (2023), 100053, https://doi.org/10.1016/J.CLES.2023.100053.

Anonymous, HOMER Pro Version 3.7 User Manual, 2016, pp. 1-406. www.homerenergy.com. (Accessed 15 April 2023).

B. Dursun, Determination of the optimum hybrid renewable power generating systems for Kavakli campus of Kirklareli University, Turkey, Renewable and
Sustainable Energy Reviews 16 (2012), https://doi.org/10.1016/j.rser.2012.07.017.

E. Aykut, U.K. Terzi, Techno-economic and environmental analysis of grid connected hybrid wind/photovoltaic/biomass system for Marmara University
Goztepe campus, Int. J. Green Energy 17 (2020) 1036-1043, https://doi.org/10.1080/15435075.2020.1821691.

Anonymous, Coordinates of Burdur Mehmet Akif Ersoy University Istiklal Campus, 2023. https://www.haritamap.com/yer/mehmet-akif-ersoy-universitesi2-
merkez. (Accessed 6 May 2023).

MAKU, Catalog of Burdur Mehmet Akif Ersoy University, 2023, pp. 1-21. https://mehmetakif.edu.tr/upload/files/2017-tanitim-katalogu.pdf. (Accessed 6 May
2023).

A. Electric, Electric Bills of Istiklal Campus in Burdur Mehmet, Akif Ersoy University, 2023. https://www.ckakdeniz.com.tr/. (Accessed 6 May 2023).

P.W. Stackhouse, NASA Surface Meteorology and Solar Energy, 2017. https://eosweb.larc.nasa.gov/cgi-bin/sse/grid.cgi?&num=226093&lat=2.
03&submit=Submit&hgt=100&veg=17&sitelev=&email=skip@larc.nasa.gov&p=grid_id&p=wspd50mé&step=2&lon=45 (accessed June 12, 2017).

A. Ayas, F. Ercan, C. Alpaslan, M. Korkmaz, M. Findik, A. Akkalender, Bolgesel Kalkinma Odakli Misyon Farkhilasmasi Ve ihtisaslasmas1 Programi Raporu, 2017.
Ankara, https://yokak.gov.tr/Common/Docs/MisyonFarklilasmasi/2017_Bolgesel Kalkinma_Universiteleri/mehmet-akif-ersoy-universitesi-misyon-
farklilasmasi-raporu-2018.pdf. accessed May 6, 2023.

M.U. Khan, M. Ahmad, M. Sultan, I. Sohoo, P.C. Ghimire, A. Zahid, A. Sarwar, M. Farooq, U. Sajjad, P. Abdeshahian, M. Yousaf, Biogas production potential
from livestock manure in Pakistan, Sustainability 13 (2021), https://doi.org/10.3390/sul13126751.

K. Kaygusuz, Renewable and sustainable energy use in Turkey: a review, Renew. Sustain. Energy Rev. 6 (2002) 339-366, https://doi.org/10.1016/51364-0321
(01)00007-7.

A.O. Avcioglu, U. Tiirker, Status and potential of biogas energy from animal wastes in Turkey, Renew. Sustain. Energy Rev. 16 (2012) 1557-1561, https://doi.
org/10.1016/J.RSER.2011.11.006.

T. Lambert, P. Gilman, P. Lilienthal, Micropower system modeling with HOMER, in: F.A.S.G. Farret (Ed.), Integration of Alternative Sources of Energy, John
Wiley & Sons., USA, 2016, pp. 379-418.

B.A. Aderemi, S.D. Chowdhury, T.O. Olwal, A.M. Abu-Mahfouz, Techno-Economic Feasibility of Hybrid Solar Photovoltaic and Battery Energy Storage Power
System for a Soshanguve Mobile Cellular Base Station in South Africa, 2018, https://doi.org/10.20944/PREPRINTS201804.0318.V1.

D.M. Sackey, M. Amoah, A.B. Jehuri, D.G. Owusu-Manu, A. Acapkovi, Techno-economic analysis of a microgrid design for a commercial health facility in
Ghana- Case study of Zipline Sefwi-Wiawso, Sci Afr 19 (2023), e01552, https://doi.org/10.1016/J.SCIAF.2023.E01552.

13


https://doi.org/10.1016/J.JCLEPRO.2019.117698
https://doi.org/10.1016/J.JCLEPRO.2019.117698
https://doi.org/10.20508/ijrer.v9i1.8685.g7560
https://doi.org/10.1016/j.est.2022.105311
https://doi.org/10.1016/j.est.2022.105311
https://doi.org/10.1080/15567036.2022.2105453
https://doi.org/10.1080/15567036.2022.2105453
https://doi.org/10.1016/J.JENVMAN.2019.109331
https://doi.org/10.1016/J.RSER.2017.08.017
https://doi.org/10.1016/J.RENENE.2021.11.102
https://doi.org/10.1016/j.enbuild.2023.112919
https://doi.org/10.1080/15435075.2011.641192
https://doi.org/10.1016/j.renene.2022.06.097
https://doi.org/10.1016/J.JCLEPRO.2022.131347
https://doi.org/10.1109/ICECET55527.2022.9872773
https://doi.org/10.1007/s00500-020-04724-y
http://refhub.elsevier.com/S2405-8440(23)09472-0/sref17
http://refhub.elsevier.com/S2405-8440(23)09472-0/sref17
https://doi.org/10.1016/j.renene.2017.01.033
https://www.ijera.com/papers/Vol3_issue6/BU36433437.pdf
https://www.ijera.com/papers/Vol3_issue6/BU36433437.pdf
http://www.ijesi.org/papers/Vol%202(12)/Version-2/D021202014022.pdf
https://doi.org/10.1016/J.SCS.2018.01.012
https://doi.org/10.1016/J.SETA.2014.02.005
https://doi.org/10.7763/JOCET.2014.V2.157
https://doi.org/10.1109/POWERI.2014.7293554
https://doi.org/10.1016/J.EGYPRO.2016.11.299
https://doi.org/10.1016/J.EGYPRO.2016.11.299
https://doi.org/10.1016/J.ENERGY.2019.04.095
https://doi.org/10.1016/J.CLES.2023.100053
http://www.homerenergy.com
https://doi.org/10.1016/j.rser.2012.07.017
https://doi.org/10.1080/15435075.2020.1821691
https://www.haritamap.com/yer/mehmet-akif-ersoy-universitesi2-merkez
https://www.haritamap.com/yer/mehmet-akif-ersoy-universitesi2-merkez
https://mehmetakif.edu.tr/upload/files/2017-tanitim-katalogu.pdf
https://www.ckakdeniz.com.tr/
https://eosweb.larc.nasa.gov/cgi-bin/sse/grid.cgi?&amp;num=226093&amp;lat=2.03&amp;submit=Submit&amp;hgt=100&amp;veg=17&amp;sitelev=&amp;email=skip@larc.nasa.gov&amp;p=grid_id&amp;p=wspd50m&amp;step=2&amp;lon=45
https://eosweb.larc.nasa.gov/cgi-bin/sse/grid.cgi?&amp;num=226093&amp;lat=2.03&amp;submit=Submit&amp;hgt=100&amp;veg=17&amp;sitelev=&amp;email=skip@larc.nasa.gov&amp;p=grid_id&amp;p=wspd50m&amp;step=2&amp;lon=45
https://yokak.gov.tr/Common/Docs/MisyonFarklilasmasi/2017_Bolgesel_Kalkinma_Universiteleri/mehmet-akif-ersoy-universitesi-misyon-farklilasmasi-raporu-2018.pdf
https://yokak.gov.tr/Common/Docs/MisyonFarklilasmasi/2017_Bolgesel_Kalkinma_Universiteleri/mehmet-akif-ersoy-universitesi-misyon-farklilasmasi-raporu-2018.pdf
https://doi.org/10.3390/su13126751
https://doi.org/10.1016/S1364-0321(01)00007-7
https://doi.org/10.1016/S1364-0321(01)00007-7
https://doi.org/10.1016/J.RSER.2011.11.006
https://doi.org/10.1016/J.RSER.2011.11.006
http://refhub.elsevier.com/S2405-8440(23)09472-0/sref39
http://refhub.elsevier.com/S2405-8440(23)09472-0/sref39
https://doi.org/10.20944/PREPRINTS201804.0318.V1
https://doi.org/10.1016/J.SCIAF.2023.E01552

	Comprehensive environmental and techno-economic feasibility assessment of biomass- solar on grid hybrid power generation sy ...
	1 Introduction
	2 Methodology
	2.1 Model of the solar panels
	2.2 Model of the biomass generator
	2.3 Model of the inverter
	2.4 Model of the costs
	2.4.1 Net present cost
	2.4.2 Cost of energy
	2.4.3 Return of invest


	3 Material and methods
	3.1 Load assessment
	3.2 Potential of the resources
	3.2.1 Potential of solar energy
	3.2.2 Potential of biomass energy

	3.3 Components and the used in the HRES
	3.3.1 Solar panel
	3.3.2 Biomass generator
	3.3.3 Inverter
	3.3.4 Grid


	4 Results and discussions
	4.1 Analysis of optimum system
	4.2 Power production of the system
	4.3 Emission of the system
	4.4 Sensitivity analysis

	Conclusions
	Funding
	Data availability
	Additional information
	Ethics declaration
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	References


