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Abstract—In this study, Hybrid Renewable Power System 

(HRPS) has been designed to meet the energy requirement of 

Istanbul Gedik University Vocational School (IGUVS) in an 

optimum way. The energy requirement will be achieved mainly 

with wind and solar power generation system. The hybrid 

regenerative power system will be requested from the network 

when it can’t meet its energy needs. The optimum configuration 

of grid-connected solar/wind hybrid power generation system 

will be determined by considering the wind speed data and solar 

radiation data of the location of IGUVS. Moreover, sensitivity 

analysis will be carried out taking into consideration the wind 

speed and solar radiation values. If the optimum hybrid power 

generation system specified is used, the carbon emission values 

obtained will be examined.  

 
 

Index Terms—Building Based Renewable Energy Sources; 

Hybrid Power Systems; Distributed Generation.  

I. INTRODUCTION 

ODAY, the production and consumption of energy have 

become a global problem worldwide, which is an 

independent problem that every country is experiencing. 
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75.5% of the world's energy sources are fossil-based 

conventional energy sources. Due to factors such as the 

depletion of conventional energy sources in recent years, the 

generation of carbon emissions from these sources and the 

emission of greenhouse gases, countries have begun searching 

for alternatives to meet their energy needs. When countries 

plan their energy policies, they are mainly concerned with two 

critical parameters [1-3]. These are ensuring the use of 

renewable energy sources and taking measures for efficient 

use of energy. To benefit from renewable energy sources, the 

potential of renewable energy sources (wind, solar biomass, 

hydraulics, etc.) must be sufficient. The feasibility study 

should be carried out for whatever renewable energy source is 

used before making an investment decision [4]. Another 

parameter is to determine the policies that will enable us to 

avoid unnecessary energy consumption through the efficient 

use of energy. The share of energy consumed in buildings in 

the world can reach 45% -50% of the total energy 

consumption of the countries. It is critical to construct 

buildings that consume less energy nowadays due to factors 

such as the energy crisis since the 1970s and the effect of the 

increase in the unit cost of energy resulting from the 

constantly increasing energy production costs to the end users 

[5, 6]. It is projected by the international energy authorities 

that the use of renewable energy will steadily increase [7, 8]. 

Countries, especially developed countries, are creating energy 

maps to identify their potential for renewable energy sources. 

Renewable energy sources-based energy generation systems 

can generate power both as part of or independent of national 

networks. Many buildings use hybrid power generating 

systems, some independent of national network but more 

commonly supported by the national network. Therefore, each 

building must be transformed into an active structure that can 

produce its own energy, instead of being a passive energy 

consumer [9]. As it is well known, the biggest handicap of 

renewable energy sources is the lack of continuity. This 

discontinuity problem stems from the fact that the energy 

produced by the renewable energy sources depends on the 

natural conditions [10]. It is not always possible to achieve 

continuity of energy produced from one source. It is thought 

that this problem will be minimized by the hybrid energy 

system by using more than one renewable energy source 

together [11, 12]. 
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If the choice of renewable energy sources to be used on the 

buildings is made by taking into account the geographical 

location and climate conditions of the building with technical 

and economic analysis, the buildings may produce part of or 

all of their energy needs and may even be able to produce 

more than their own need and reduce the demand on the 

national network. Moreover, the transfer of excess of the 

generated electricity to the interconnection network with 

auxiliary technical equipment provides economical benefits to 

both the producers and the countries.  

II. USE OF RENEWABLE ENERGY SOURCES IN BUILDINGS 

A. Electricity Generation in Building Shell with PV Panels 

PV panels were first applied to the buildings as an additional 

system in 1981, and later PV panels were produced which can 

be used directly as the roof covering. Since 1992, R&D 

studies have shown that PV panels can be used effectively in 

building vertical shells, and pilot applications are increasingly 

used in the form of building facades [13]. Nowadays PV 

panels can be produced in two different kinds, semi-permeable 

or opaque, and various colors. In practice, PV panels are 

applied directly on the roof, vertical walls and auxiliary areas 

such as rain covers or sun shades [9]. In Fig. 1 (a), the usage 

area of PV materials on the building is shown hierarchically. 

 

 
(a) 

 
(b) 

 
Fig.1. (a)Usage areas of externally mounted PV systems for buildings (b) Usage areas of building top wind turbines. 
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B. Electricity Generation in Building Shell with Wind 

Generator 

Medium and small-scale horizontal and vertical axis wind 

turbines are used in the buildings. Wind turbines can be 

located at a suitable point in the surroundings of the building, 

or they can be placed in the horizontal shell (roof) of the 

buildings. There are many applications for the use of 

integrated wind turbines in high buildings such as multi-story 

skyscrapers or residences [10]. Small-scale wind turbines have 

nominal generation values ranging from 50 W to 20 kW. At 

low wind speeds, these turbines continue to produce electricity 

at lower values [14]. As shown in Fig. 1 (b), wind turbines are 

placed on buildings either as an integral part of the building 

when it is constructed or mounted later on as an addition [9, 

15].  

Wind turbines, according to their construction, are divided 

into two categories; horizontal wind turbines and vertical wind 

turbines (straight or angled). The rotor of the horizontal axis 

wind turbines is parallel to the ground. They are economical if 

they are installed in areas with high wind speeds [16]. 

Horizontal axis turbines have drawbacks due to the flexing 

system and generally cannot follow rapid and comprehensive 

changes. The wings of the vertical axis wind turbine are fixed 

perpendicular to the central axis. They are usually used in 

areas with low wind speeds. In such wind turbines, the 

direction of the wind is not important. Thanks to the wing 

structures, they can easily use the winds coming from every 

direction. They are mounted directly on the ground (soil level, 

building base, etc.). The construction is simple and light, easy 

to service with low post cost [2]. In parallel with the 

development of wind turbines, the presence of small vertical 

wind turbines, which can adapt to the direction of the wind on 

the constructions and reduce losses, have made it possible to 

prefer these types of turbines for use on the buildings. 

Principal vertical axis wind turbines are Darrieus, Giromill, 

and Savonius [16]. It is understood that the most appropriate 

wind turbine that can be used in the light of the above 

information may be a small vertical wind turbine. 

 

C. Electricity Generation by HRPSs 

Because renewable energy sources and energy production 

depend on natural conditions, continuity in the produced 

energy is not always ensured. For this reason, the creation of a 

hybrid power system using multiple sources of energy is 

considered. Hybrid renewable power systems (solar, wind, 

biomass, hydraulics, etc.) are designed as complementary 

units to meet the energy demand continuously [17, 18]. To 

design a hybrid renewable power system, the energy 

generation system needs to know the potential of the existing 

renewable energy sources to be utilized. In addition, we need 

to know the energy demand at the facility. Therefore, energy 

planners need to investigate the sun, wind and other potential 

sources of energy in the region concerned, in addition to the 

planned use of energy. This approach can be used to design a 

hybrid power system capable of optimally meeting the energy 

demands of the respective facility or settlement [19]. 

III. HRPS COMPONENTS FOR IGUVS 

A. Energy Claim 

IGUVS is a 4-story building located in Istanbul Pendik. The 

latitude and longitude values at the time of construction are 

400 54’ 3.6’’ and 290 13’ 8.4’’ 'respectively. Fig. 2 shows the 

direction of the building and the front view of the structure. 

The front of the building is facing south-southwest. The 

elevation is 14 m up to the starting point of the building, and 

the corner heights are 16 m. The width of the front is 52 m. 

The total active area to be used for the PV panels is calculated 

as about 400 m2 when the windows and other gaps are 

deducted from the front edge of the structure. Satellite and 

front view of the IGUVS building can be seen in Fig. 2. 

 

 
Fig.2. Satellite and front view of the IGUVS building. 

 

The electricity consumption of the building was evaluated 

and the electricity consumption value was entered to the 

HOMER software as data on an hourly basis per year. The 

daily and hourly load values of IGUVS by using these values 

and HOMER software are shown in Fig. 3. HOMER software 

is a software that performs operations such as modeling, 

analysis and simulation of power systems, and sensitivity 

analysis, and was developed within the American National 

Renewable Energy Laboratory (NREL). The software allows 

the design of power systems as well as the comparison of 

power systems with each other. The hourly load data 

belonging to IGUVS was obtained by considering the monthly 

bills of the school. The daily rate is calculated as 376 

kWh/day. The daily peak load is also calculated as 24 kW. 

While the average hourly minimum load demand of IGUVS is 

9.40 kWh between 19:00 - 06:00 hours, maximum hourly load 

demand is 17 kWh between 16: 00-17: 00 hours.  

 
Fig.3. Hourly energy demand of the building. 
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B. Potential of Solar Energy 

Monthly average solar radiation (kWh/m2) values were taken 

from the nearest meteorological station to the province of 

Istanbul for the last 20 years [20]. Using these values, the solar 

radiation values and the clearness index of IGUVS using 

HOMER software are shown in Fig. 4. The annual average 

solar radiation value is calculated as 4.028 kWh/m2/d At 

HOMER, solar radiation data is synthesized using the Graham 

algorithm. The Graham algorithm is used by the HOMER 

program to obtain the solar radiation data entered into the 

program on a monthly average using latitude and longitude 

coordinates. The annual average clearness index is set at 

approximately 0.502. 

 

 

 
Fig.4. Monthly average solar radiation values. 

 

C. Wind Power Potential 

The monthly average wind speed (m/s) values for the last 20 

years of Istanbul province are taken from the nearest 

meteorological station to the region [20]. The monthly average 

wind speed values of IGUVS using these values and HOMER 

software are shown in Fig. 5. 

 
Fig.5. Average monthly wind speed. 

 

D. Hybrid Power System Components 

The components to be used in electricity production and 

their characteristics will be given in detail. The hybrid power 

system shown in Fig. 6 constitutes the energy production part, 

the wind turbine, and the solar panel unit. The system is 

powered by a grid to meet energy demands when wind and/or 

sun are inadequate [9]. In this hybrid power system, energy 

production is provided by wind turbines and solar panels. The 

energy will be supplied from the hybrid power system when 

wind and/or the sun is built on the level that can produce 

electricity. When there is not enough wind or sun, the building 

buys the energy demand from the network. Therefore, a clean 

electricity generation system with continuity has been 

established. Energy produced more than the demand will be 

sold to the national network. Two-way counters are used in 

these systems for this purpose. The aim here is the 

measurement of electricity consumption or the sale of excess 

energy sold to the network. Turkish law numbered 6094 and 

titled "Law on the Amendment of the Law on the Use of 

Renewable Energy Sources for the Purpose of Electricity 

Generation Production" allows the sale of the excess 

electricity to the network eliminating the need for a battery 

bank for energy storage in this system, which leads to a 

decrease in system installation cost [21, 22]. 

 

 

 
Fig.6. Single line schematic of a wind-solar hybrid power system. 

 

 

1) PV Panel 

The PV panel used in the hybrid power system is Sharp 

ND-Q235FD4-235 W. PV panel output power is 235 W. The 

PV panel is one of the main energy providers in the hybrid 

system. The PV panel only generates energy during the time 

period from 06:00 to 18:00 and does not generate energy at 

other time intervals. The cost of the PV panel is about $ 500, 

and the replacement cost is equal to the initial cost. The cost of 

operation and maintenance is negligible [23]. The number of 

PV panels varies from 0 to 10.  

 

2) Wind Turbine 

The wind turbine used in the hybrid power system is one of 

the main energy providers of the system as is the PV panel. 

The wind turbine suggested here is a model that is not in the 

library of the HOMER software. The Savonius wind turbine 

with the vertical axis is used. The Savonius wind turbine 

consists of the data obtained as a result of tests performed in 

the laboratory environment with power parameters. It was 

entered as an external addition to HOMER. The Helix S594 

model was used as the wind turbine. The initial cost of the 

wind turbine is about $ 17,500. The output power of the wind 
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turbine is 4.5 kW. Wind turbine replacement costs were 

estimated at approximately $ 15,000 and operation and 

maintenance costs at $ 500 per year [24]. 

 

3) Converter 

The power of the converter was chosen at the peak power of 

24 kW. It is used to transfer the power obtained from PV 

panels. The conversion efficiency is 90% and the initial cost is 

655 $/kW. The replacement cost is equal to the initial cost. 

Operation and maintenance cost is negligible. Meanwell 

DC/AC Solar Inverter is preferred as the converter [25]. 

 

4) Network 

If the renewable energy sources in the hybrid power 

generation system cannot meet the load demand, the grid will 

meet the demand. Thus, continuity of energy is ensured. There 

are three different tariffs, which are called "triple tariff" [26]. 

 

E. Operating Characteristics of the Hybrid Power System 

Operating characteristics of the hybrid power system are as 

follows: 

Wind turbine and PV panel are the main energy providers. 

While the wind turbine is directly feeding the load, power 

produced by PV panels reaches the load by means of the 

power converter. 

If the wind turbine and the PV panel cannot meet the 

demand, the grid will meet the demand.  

Project life is set at 25 years. 

The renewable energy ratio in the hybrid power generation 

system is expressed as a minimum of 40%. 

According to The Central Bank of the Republic of Turkey, 

the annual interest rate is 12% [27]. 

IV. DETERMINATION OF OPTIMUM HRPS FOR IGUVS 

A. Sensitivity Analysis of HRPS 

It is the evaluation of which hybrid system is more optimal 

from alternative hybrid power generation systems when the 

wind speed values change between 2.67 m/s and 5.5 m/s and 

the solar radiation values change between 3 kWh/m2/d and 5.5 

kWh/m2/d. The wind speed values and solar radiation values 

used in the sensitivity analysis are given in detail in Table 1. 

 
TABLE I 

EVALUATION OF WHICH HYBRID SYSTEM IS MORE OPTIMAL IN 
WHICH CASE 

Solar radiation values 
(kWh/m2/d) 

Wind speed values 
(m/s) 

4.028 2.670 

3.000 3.500 

5.000 4.500 

6.000 5.500 

 

 

Besides, the optimum hybrid power generation system and 

optimal system configurations obtained in correspondence 

with the values given in Table 1 are detailed in Fig. 7. The 

optimum wind speed and solar radiation data for IGUVS are 

4.028 kWh/m2/d and 2.670 m/s, respectively. Considering 

these values, it is seen that the optimum hybrid renewable 

power generation system is a grid-connected wind/solar power 

system. The optimum configuration of this system was 

obtained as a 30 kW PV panel, 22.5 kW wind turbine, 50 kW 

Grid, and a 24 kW converter.  

 

  

 
Fig.7. Optimum hybrid power system options for each wind speed and solar 

radiation data. 

 

Fig. 8 shows that the optimum system is the Grid/Wind 

hybrid power generation system when the wind speed is 4.5 

m/s or higher with all values of the solar radiation. With lower 

wind speed, the optimum hybrid system will be the 

Grid/Wind/PV system.  

 

 
Fig.8 Sensitivity analysis.  

 

In these cases, the total installation cost and the unit cost of 

energy are the lowest. It is the optimum value with a unit 

energy cost of 0.164 $/kWh. 

 

B. Economic Analysis of the Hybrid Renewable Power 

System 

As a result of optimization performed considering the 

optimum values of wind speed and solar radiation data for 

Gedik Vocational School, unit energy cost is calculated as 
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0.164 $/kWh. The initial capital was $ 235,720 and the 

operating cost was $ 4000. The total net present cost was $ 

286,242. The distribution of this cost among the components 

of the hybrid renewable power generation system is shown in 

Fig. 9 in detail. 

 

 
Fig.9 Cost summary. 

 

 

C. Analysis of Electricity Generation and Consumption 

As shown in Fig. 10, annual electricity generation from PV 

panels is 35,575 kWh/year while yearly electricity generation 

from wind turbines is 49,294 kWh/year.  

 

 
Fig.10 Monthly average electricity production by source types 

 

Finally, the annual amount of energy supplied from the 

network stands at 66,834 kWh/year. The total amount of 

electricity needed for the building is 151,703 kWh/year. In this 

case, the PV panels provide 23% of the demand while the 

wind turbine provides 32% and the network 44%. In other 

words, 44% of the electricity demand is generated by the grid 

and 53.4% by the renewable energy sources. The annual 

electricity consumption of the building is 136,510 kWh/year, 

and the sales-ready excess electricity is 5,367 kWh/year. The 

residual energy is 2,405 kWh/year, 1.59%, which is in the 

acceptable range and corresponds to the other losses of the 

system. 
 

D. Emission Status of Hybrid Power System 

The construction requires 136,510 kWh/year of electrical 

energy per year. Emission values can easily be calculated in 

HOMER software. Before simulating the power system, 

HOMER determines the emissions factor (kg of pollutant 

emitted per unit of fuel consumed) for each pollutant. After 

the simulation, it calculates the annual emissions of that 

pollutant by multiplying the emissions factor by the total 

annual fuel consumption [28]. When this energy is supplied 

from the network, atmospheric emissions of about 236 kg of 

greenhouse gas emission per day are achieved, with CO2 

emissions of 86,274 kg/year for SO2 and 183 kg/year for NO2. 

However, with the grid-connected hybrid renewable 

solar/wind power system, these values are 38047 kg/year CO2 

emissions of 168 kg/year SO2 and 82.4 kg/year NO, 106 

kg/day of carbon dioxide emissions per day. When the 

proposed grid-connected renewable solar/wind power system 

is preferred, there is a 45% reduction in greenhouse gas 

emission. It is also a fact that the system is a renewable, clean 

and environmentally friendly hybrid power system. 

V. CONCLUSION 

The findings obtained as a result of this study are given 

below: 

It is planned to design vertical wind turbine on top of the 

Gedik Vocational School building and PV panels to be 

vertically mounted, unlike conventional horizontal installation. 

In this context, system modeling has been carried out. 

Optimum wind speed and solar radiation data for Gedik 

Vocational School are 4.028 kWh/m2/d and 2.670 m/s 

respectively. Considering these values, it seems that the 

optimum hybrid renewable power generation system is a grid-

connected wind / solar power system. 

Optimum system configuration is a 30 kW PV panel, 22.5 

kW wind turbine, 50 kW Grid, and 24 kW converter. 

The unit energy cost of the optimal hybrid power generation 

system is calculated as 0.164 $/kWh. Besides, the initial cost 

was $ 235,720, and the operating cost was $ 4,000. The total 

net present cost was $ 286,242. 

A reduction in greenhouse gas emission of 45% is obtained 

when a grid-connected hybrid renewable solar/wind power 

system is preferred. It is also a fact that the system is a 

renewable, clean and environmentally friendly hybrid power 

system. 

With the optimum hybrid power generation system, the 

renewable hybrid energy system meets the yearly electricity 

demand required by the building, with 23% solar panel, 32% 

wind turbine, and the renewable hybrid energy system meets 

55% of the annual electricity demand of the designed hybrid 

system. 

As a result of the sensitivity analysis, it is seen that the 

optimum system is the Grid/Wind hybrid power generation 

system when the wind speed is 4.5 m/s and above with all 

values of the solar radiation, and the optimum hybrid system 

in all other cases is the Grid/Wind/PV system. 
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