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Abstract: The utilization of fossil fuels has accelerated with technological advancements and population growth. The increase in 

harmful gas emissions from non-renewable energy sources is a significant contributor to climate change. To mitigate this threat, there 

has been a shift towards renewable energy sources, particularly solar energy. The placement of solar panel systems on agricultural 

land has given rise to agrivoltaic systems, which combine energy production and agricultural use of the same land. However, the 

installation of agrivoltaic systems often requires considerable agricultural land. In livestock farming, such as water buffalo barns, solar 

panels can be installed on barn roofs or over cooling ponds used by buffaloes, thus preventing the loss of agricultural land. For a closed 

water buffalo barn with a floor area of 588.3 m² (11.1 × 53.0 m), housing 70 animals, 13 fans with a capacity of 9500 m³ h-1 are 

required for ventilation and cooling. Additionally, 23.5 m² of cooling pads and a circulation pump with a 0.2 kWh capacity are 

necessary. A solar panel system of 14–15 kWh can meet the energy requirements for ventilation and cooling. When controlled, the 

panel system would occupy 156 m² of land, which expands to 312 m² if designed as an agrivoltaic system. Installing solar panels over 

buffalo cooling ponds can significantly reduce water loss caused by evaporation in summer. 
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1. Introduction 
Human life depends on the fulfillment of fundamental 

needs such as clean air, water, food, and energy. Among 

these essentials, energy is particularly critical, as it not 

only supports daily activities but also plays a central role 

in economic development, technological progress, and 

environmental sustainability. To address their energy 

needs, people have turned to fossil energy sources, as 

they are the most accessible and convenient to use. 

However, the production and use of fossil-based energy 

bring significant environmental problems. The 

environmental damage caused by fossil fuels increases 

with each passing day (Karaağaç et al., 2020). The 

greenhouse gases released into the atmosphere as a 

result of fossil fuel use, particularly the accumulation of 

CO2 in the troposphere, leading to a greenhouse effect, 

contribute to rising air temperatures and global 

warming. Developed countries, where industrialization 

and technological advancement progress rapidly, 

through increasingly threatening the ecological balance 

of the planet through the emission of gases such as CO2 

and CH4.  

With the increasing global population, the demand for 

energy and food is also rising. Food security necessitates 

an increase in arable land to meet the growing demand 

for food. Generally, the predicted trend of rising 

temperatures in the lower troposphere and surface air 

layers contributes to an accelerated and intensified 

hydrological cycle. This situation indicates that the 

frequency and severity of extreme weather and climate 

events may increase in many regions of the world. 

Extreme events such as heatwaves, floods, and droughts, 

resulting from these intensified and undesirable weather 

phenomena, could disrupt the stability of food supply 

(Türkeş, 2020). 

Policies adopted to reduce fossil fuel-based energy 

production, which contributes to climate change, are 

increasing investments in renewable energy. Investments 

in renewable energy require the use of more land for 

energy production purposes. Among renewable energy 

investments, solar energy is the fastest-growing sector, 

and as a result, solar panels significantly impact land use 

(Adeh et al., 2018). 

The dimensions of solar panels to be used in agrivoltaic 

systems are 1.67 m² (1.67 m x 1.00 m = 1.67 m²). The 

panel thickness is 32 mm, and its maximum power 

output is approximately 275 W. When two panels are 

placed one on top of the other lengthwise, 4 panels 
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generate 1 kWh of electricity. If the panels are placed on 

the ground at a 40° angle, 4 panels occupy a land area of 

2 m x 3.2 m = 6.4 m². A 5 kWh panel array occupies a land 

surface of 10.0 m x 3.2 m = 32.0 m². At least a 2 m wide 

path should be left at the front of the panel rows. This 

path serves two purposes: facilitating panel maintenance 

and preventing shading of the subsequent panel row, 

which could reduce energy production. For a 1 kWh 

panel system, the area occupied by this path is 2.0 m x 2.0 

m = 4.0 m². For a 10 kWh system, this value increases to 

20.0 m x 2.0 m = 40.0 m². Therefore, the total land area 

occupied by a 10 kWh panel system, including the path, is 

64.0 m² + 40.0 m² = 104.0 m². If the panels are arranged 

with spacing suitable for agrivoltaic farming, the system 

occupies a total land area of 208.0 m². Since the planned 

panel system is 14–15 kWh, the required area for the 

panel system and the access path is 156 m². If the system 

is arranged in an agrivoltaic layout, the required area is 

calculated as 312 m².  

Agrivoltaic systems are systems that combine 

photovoltaic panels placed on agricultural land to 

produce energy while allowing agricultural products to 

grow underneath the panels. The solar panels in 

agrivoltaic systems provide shade over plants, helping to 

preserve soil moisture, reduce heat-induced plant stress, 

and promote growth (Kırbaş, 2023). 

However, a disadvantage of cultivating crops under solar 

panels is a reported yield reduction ranging from 5% to 

20%, depending on the cultivated product. Additionally, 

the elevated installation of the panel system significantly 

increases the costs of support structures and wiring. This 

leads to extra expenses compared to traditional panel 

systems (Toledo and Scognamiglio, 2021). 

There is no existing system to protect such investments 

in agricultural production areas. Panel systems utilize 

valuable equipment, such as panels, inverters, and 

chargers. These devices, located in open fields like farms, 

are always at risk of theft (Ağır et al., 2023). 

Another issue is the transfer of energy produced by the 

solar panel system to the operation center. Direct current 

requires cables with a thick cross-section for 

transmission. Furthermore, significant energy loss occurs 

during the transmission of direct current. Therefore, the 

generated direct current should first be converted into 

alternating current using a charge regulator and an 

inverter before attempting to transfer it. 

However, in solar energy electricity production systems 

equipped with photovoltaic technology planned to be 

established in various regions of our country, the 

production of electricity at the point of consumption 

offers high feasibility outcomes. Considering all the 

results obtained, it is stated that investors should 

prioritize investments where electricity is produced at 

the point of consumption, as this represents the most 

profitable investment (Bakır and Yılancı, 2023). 

 

 

 

1.1. Placement Areas of Solar Panels in Crop 

Production 

Agricultural production is divided into two main 

categories: crop production and livestock production, 

forming the foundation of food security. In agrivoltaic 

systems utilized in crop production, areas designated for 

electricity generation and agricultural production often 

overlap. The land is typically shared between the panel 

system and crop cultivation on a 50-50 basis. The key 

factor here is the equitable distribution of photons from 

sunlight. While this division may result in reduced 

agricultural yield, it is highlighted as a system that 

supports food security by mitigating climate change and 

provides an additional income stream to producers 

through electricity generation (Ağır et al., 2023). 

The best locations for installing solar energy systems 

without losing agricultural land are water surfaces such 

as lakes, reservoirs, and ponds. Inactive areas not utilized 

for activities such as transportation or shipping can 

accommodate floating solar panels. A notable example in 

this context is Türkiye's first floating solar power plant 

installed on Büyükçekmece Lake (Yılmaz and Can-Öziç, 

2018). Large energy systems established in these 

locations can be effectively protected against damage, 

theft, and other security risks.  

In climate change scenarios, Türkiye and the 

Mediterranean basin are among the regions most 

affected by rising temperatures, posing significant 

challenges. A major issue here is the evaporation losses 

caused by elevated air temperatures. Approximately 55% 

of the country's water resources are lost to evaporation 

into the atmosphere. Among these losses, reservoirs, 

lakes, and rivers account for nearly 90% of the total. 

However, with floating panel systems installed over 

water surfaces, it is possible to reduce evaporation losses 

by approximately 60%, while simultaneously generating 

electricity (Korkmaz, 2015). 

The impact of wind, another factor that increases 

evaporation from water surfaces, is also mitigated by 

solar panels. With reduced wind effect on water surfaces, 

evaporation rates decrease. 

On the other hand, a regulation introduced by the 

General Directorate of Agricultural Research and Policies 

under the Ministry of Agriculture and Forestry has 

imposed restrictions on installing solar panels on 

agricultural land. 

1.2. Placement of Solar Panels in Livestock 

Production Areas  

In livestock farming, the other form of agricultural 

production besides crop farming, there is no conflict 

between agricultural production areas and solar panel 

system locations. In livestock facilities, solar panels can 

be installed on the roofs of animal barns and feed storage 

areas. Energy can also be generated from locations 

unsuitable for any other purpose. By placing panels in 

elevated positions, potential damage from animals or 

agricultural machinery and equipment can be prevented. 

In this study, solar panel systems were designed for 
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buffalo barns among various types of animal housing. 

Buffaloes are water-dependent animals. Particularly 

during the summer and warmer seasons, their semi-

aquatic nature requires access to water for cooling. 

Therefore, having a pond or water source near the barn 

is beneficial (Koyuncu et al., 2021). 

Using the water surfaces around buffalo barns as 

locations for solar panel placement can be highly 

advantageous. Solar panels installed over water bodies 

near barns can generate electricity for the farm. 

Additionally, placing panels on the water surface 

significantly reduces water evaporation. At the same 

time, the panels block excessive sunlight from reaching 

the water surface, thereby protecting buffaloes from 

intense heat and sunlight. 

1.3. Buffalo Farming 

Buffaloes are known globally as water buffaloes, and in 

our country as the Anatolian water buffalo. The Anatolian 

water buffalo, a subspecies of river buffalo originating 

from the Mediterranean buffalo, is raised in various 

regions. Knowledge about buffalo farming is limited, and 

practices generally known for cattle farming are often 

applied to buffalo farming as well (Satılmış and Kul, 

2024). 

In Türkiye, Anatolian water buffalo farming is typically 

carried out on a pasture-based system within traditional 

family farms (Satılmış and Kul, 2024). Buffaloes can be 

kept in wetlands throughout the year, where cattle 

cannot sustain life. Regions with an abundance of 

marshes, wetlands, and reed-covered pastures are 

suitable for buffalo farming. Due to their thick and dark 

skin with limited sweat glands, buffaloes are highly 

sensitive to heat. In hot weather, they avoid reduced 

productivity by cooling off in water. Maximum 

productivity from buffaloes is achieved in areas like seas, 

lakes, ponds, rivers, and marshes (Koyuncu et al., 2021). 

When buffaloes are kept in barns during summer and hot 

seasons, effective ventilation and humidity control must 

be ensured to prevent them from being affected by the 

heat. 

Buffaloes are economically valuable animals in the 

regions where they are found worldwide. While raised 

for meat and milk production, their hide, horns, and 

manure are also utilized. Additionally, in some countries 

like those in Southeast Asia, buffaloes are used as draft 

animals in agriculture. With these characteristics, buffalo 

farming can play a significant role in rural development 

as an economically viable branch of farming (Kul et al., 

2018). 

Some of the key advantages of buffaloes include their 

ability to produce higher levels of protein, superior 

weight gain, resistance to diseases, and high load-

carrying capacity. Furthermore, they are long-lived 

animals and make better use of low-quality roughage 

compared to cattle (Koyuncu et al., 2021). 

In recent years, buffalo farming has been significantly 

supported by the Ministry of Agriculture and Forestry. 

Through support for projects such as the "On-Farm 

Improvement of Anatolian Buffalo" program, interest in 

buffalo products has increased as part of efforts to 

promote healthy nutrition among the population. This 

has raised awareness about the production and 

consumption of buffalo products in recent years 

(Koyuncu et al., 2021).  

In this study, it was aimed to provide the energy required 

for the fan-pad system used for ventilation and cooling in 

a 70-head closed buffalo barn with an area of 588.3 m² 

under the conditions of Tekirdağ province, using solar 

panel systems installed on the barn roof and over the 

water pool. 

 

2. Materials and Methods 
2.1. Material 

The project area, Tekirdağ province, is located north of 

the Sea of Marmara on the Thrace Peninsula. The Thrace 

Peninsula is the part of Türkiye situated on the European 

continent. It is bordered by the Black Sea to the north, the 

Bosphorus Strait to the east, the Sea of Marmara and the 

Dardanelles Strait to the south, and the Aegean Sea to the 

west. 

The research area, Tekirdağ province, is strategically 

situated in the Marmara Region between the longitudes 

of 26°41' and 28°10' east, and latitudes of 40°35' and 

41°35' north. Tekirdağ covers an area of 6,313 km², with 

an elevation ranging from 0 to 200 meters above sea 

level. Its terrain is slightly undulating, with no high 

mountains, steep slopes, or deep valleys. The geological 

structure is relatively young. Tekirdağ has a semi-humid 

climate type based on its overall humidity conditions. It 

is windy during both summer and winter seasons (MCT, 

2024). 

There are many buffalo barns located to the west of 

Istanbul and around Tekirdağ. These producers supply 

buffalo milk, yogurt, cream, and butter to confectioneries, 

patisseries, and restaurants in Istanbul and the 

surrounding areas. 

To ensure that buffaloes, which are highly sensitive to 

heat, do not experience productivity losses, ventilation 

and cooling systems must be implemented in buffalo 

barns in Tekirdağ and its vicinity. Appropriate ventilation 

and cooling for all seasons require mechanical ventilation 

in the animal barns. 

The barn where the project will be implemented 

accommodates 70 buffalo, arranged in double rows. The 

dimensions of this barn are approximately 588.3 m² 

(11.1 m x 53.0 m = 588.3 m²) (Avcı, 2015).  

2.2. Method 

The internal temperature of animal barns can be reduced 

through various water-based methods. Cooling systems 

for buffalo barns may include misting systems, mini-

sprinkler nozzles, or fan-pad systems. These systems or 

sprinkler nozzles are used to wet the walkways, 

structural elements, and the buffalo inside the barn. 

When water evaporates from these moist surfaces, the 

latent heat of vaporization is drawn from the surfaces 

and the air. This principle is based on the fact that, during 
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evaporation, 1 g of water absorbs approximately 598 

calories (≈2500 J) of latent heat from its surroundings. 

The designed fan-pad system likewise utilizes water 

evaporation to cool the air and lower the barn’s indoor 

temperature. 

A pad is installed on one wall of the barn, while fans are 

placed on the opposite wall. The fans exhaust the indoor 

air, while humidified and cooled air that passes through 

the pad enters the barn. Consequently, the indoor air 

temperature decreases.  

For a closed buffalo barn measuring 11.1 m × 53.0 m = 

588.3 m² and housing 70 buffalo, a fan-pad cooling 

system and a solar photovoltaic (PV) system were 

designed. 

2.3. Solar Energy Potential in Türkiye 

Due to its geographical location, Türkiye benefits from an 

average annual sunlight duration of 7.5 hours, which is 

significantly higher than that of many countries. 

Regarding solar energy potential, the annual total 

sunshine duration is approximately 2.741 hours, and the 

total solar energy yield is about 1.527 kWh m-² year-¹ 

(with a daily average of 4.18 kWh m-²) (MENR, 2024). 

These factors make Türkiye highly suitable for utilizing 

solar energy. 

The radiation intensity in Tekirdağ province, where the 

project was implemented, is 1.450 kWh m-² year-¹ (3.97 

kWh m-² day-¹), which is close to Türkiye's average. The 

adequacy of solar energy encourages electricity use in 

agricultural enterprises in rural areas. In barns, 

electricity generated by solar panel systems is utilized for 

lighting, ventilation, cooling, and milking operations. 

Solar panels, which consist of solar cells, directly convert 

sunlight into electricity. Most solar cells are made from 

inorganic materials, with an efficiency rate of 

approximately 15-20% (Grätzel, 2009). 

2.4. Ventilation and Cooling of Buffalo Barns Using a 

Fan-Pad System 

Buffaloes are physiologically different from other large 

ruminants. Their thick, dark skin and insufficient sweat 

glands make them highly susceptible to heat stress. 

Indoor air temperature is critical for buffaloes, as their 

limited sweat glands make it challenging for them to 

regulate their body temperature. The air temperature in 

the barn significantly impacts milk production and 

lactation duration (Kocaman and Kurç, 2018). A rapid 

deterioration of air quality within the barn induces stress 

in buffaloes, resulting in notable decreases in both meat 

and milk productivity (Avcı, 2015). 

To design a fan-pad cooling system for buffalo barns, 

certain dimensions and parameters of the barn need to 

be considered. Ventilation requirements are calculated 

based on either the volume of the barn or the number of 

animals. Generally, calculations focus on the number of 

animals. The barn in this project houses 70 buffalo. The 

total floor area of the barn is 588.3 m² with a height of 3 

m. 

For water-cooled barns, it is required to have 1 m² of pad 

area per 25 m² of floor space (Yüksel and Yüksel 

Türkboyları, 2018). Based on this ratio, the required pad 

area for the barn is calculated as follows (equation 1):  
 

588.3 25 = 23.5 𝑚2⁄  (1) 
 

In addition to managing excess heat and humidity, 

harmful gases from the animals' metabolism must also be 

removed from the environment (Koç and Şahin, 2023). 

Thus, the ventilation requirements of the fan-pad system 

need to be determined. Along with pad area, the number 

of fans (ventilators) should be calculated. Ventilation 

capacity varies depending on the season and the live 

weight of the animals. For buffaloes, this value is 

approximately 1.925 m³ h-¹ kg-¹ (Wathes and Charles, 

1994). The average live weight of Anatolian buffaloes is 

500 kg (Atasever and Erdem, 2008). Therefore, the 

ventilation volume required for a barn housing 70 

buffaloes of average 500 kg each is calculated as follows 

(equation 2):  
 

1.925 𝑚3ℎ−1𝑘𝑔−1 × 500 𝑘𝑔 × 70 ℎ𝑒𝑎𝑑𝑠

= 67375 𝑚3ℎ−1 
(2) 

Fan systems should be designed to operate both 

individually and collectively. For quiet operation, fans 

with a diameter of 60 cm are preferred. These fans have a 

capacity of 9500 m³ h-¹, a power of 0.75 kW, a speed of 

1400 rpm (dd-¹), and operate on a single-phase 230 V 

power source (Anonymous, 2024a). The number of fans 

needed to ensure proper ventilation is calculated as 

follows (equation 3):  
 

67375 𝑚3ℎ−1 9500 𝑚3ℎ−1 = 7.1 𝑓𝑎𝑛𝑠⁄  (3) 

Due to the barn's length exceeding 30 m (it is 53 m), fans 

should also be placed within the barn at 15–17 m 

intervals for effective ventilation (Yüksel and Yüksel 

Türkboyları, 2018). At least two sets of ventilators should 

be installed at these intervals to increase ventilation 

efficiency. Including six additional fans for interior 

placement, the total number of fans required for the 

system is 13. The system will use 13 fans with a power of 

0.75 kW each and a circulation pump for pad wetting 

with a power of 0.2 kW. The total energy demand of the 

system is calculated as follows (equation 4):  
 

13 × 0.75 𝑘𝑊ℎ + 0.2 𝑘𝑊ℎ = 9.95 𝑘𝑊ℎ (4) 

 

3. Results and Discussion 
Data obtained for the ventilation and cooling systems 

planned for a closed barn housing 70 Anatolian water 

buffaloes are presented in Table 1. 

Table 1 provides the project details for the solar panel 

system designed for a closed buffalo barn with a capacity 

of 70 buffalo. To achieve the desired environmental 

conditions within the barn, a solar panel system with a 

capacity of 9.95 kWh is required. This system 

necessitates 13 ventilators, each 60 cm in diameter, to 

ensure ventilation at a rate of 67375 m³ h-¹. Additionally, 

a pad area of 23.5 m² is required for cooling, along with a 
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circulation pump of 0.2 kWh to supply water to the pad. 

The floor plan of the ventilation and cooling system for a 

closed buffalo barn with a capacity of 70 head is 

presented in Figure 1. 

Climatic conditions may hinder the expected efficiency of 

the solar panel system. Factors such as dirty solar panel 

surfaces, extreme hot or cold temperatures, the oblique 

angle of sunlight during morning and evening hours, 

cloudy weather, or night hours without sunlight could 

prevent the system from generating the desired amount 

of energy (Anonymous, 2024b). To ensure the system 

delivers optimal performance, a system with a capacity of 

14-15 kWh—25-30% higher than the calculated 9.95 

kWh—should be selected. When the system operates at 

full capacity, the excess energy produced can be stored in 

batteries. This stored energy can be utilized during times 

without sunlight, and for other equipment and lighting 

within the barn (Yüksel and Türkboyları, 2021).  

The 15 kWh solar panel system planned for this buffalo 

barn requires an area of 156 m². If designed as an 

agrivoltaic structure, the necessary land area doubles to 

312 m². Installing this system at a height of 3-4 meters 

would be costly due to the need to accommodate the 

operation of agricultural machinery underneath (Toledo 

and Scognamiglio, 2021). Since agricultural production is 

carried out beneath the panels, the operation of 

agricultural machinery and equipment should be enabled 

(Kırbaş, 2023). 

For solar panels intended for buffalo barns, the most 

suitable installation locations are identified as above the 

water pool or on the barn roof (Figure 2). One advantage 

of installing the panels above the water pool is reducing 

water evaporation and loss, as the panels provide shade 

over the pool (Korkmaz, 2015). Furthermore, during the 

summer, the panels shield buffaloes in the pool from 

excessive sunlight, enhancing their comfort and well-

being (Koyuncu et al., 2021). 

 

Table 1. Ventilation and cooling system data for a 70-head Anatolian buffalo barn 

Pad Area (m²) Ventilation Volume (m³ h⁻¹) Number of Fans (units) Energy Requirement (kWh) 

23.5 67375 13 9.95 
 

 
 

Figure 1. Floor plan of the ventilation and cooling system for a closed buffalo barn with a capacity of 70 head. 

 

 
 

Figure 2. Placement of solar panels on the roof of the 

barn and over the water pool in the buffalo barn 

(OpenAI's ChatGPT platform generated this image). 

4. Conclusion  
The increased use of renewable energy sources, 

particularly solar panel systems, in agriculture has been 

causing a loss of arable land. In agricultural areas, 

conflicts can arise between energy production and crop 

cultivation. However, in livestock production, the use of 

solar panels does not result in land loss. In this context, 

the roofs of livestock barns and feed storage facilities can 

be utilized to contribute to energy generation. 

In buffalo barns, the roof of the barn and the top of the 

water pools used by the buffalo for cooling can also be 

utilized as installation areas for solar panels. This 

approach avoids the use of arable land for panel systems, 

as seen in agrivoltaic systems. The energy generated by 

these systems can be used for ventilating and cooling 

buffalo barns. Ventilation systems help remove excessive 

heat, humidity, harmful gases, and dust from the barn. If 

ventilation is inadequate, the development and 

productivity of buffalo’s decline. Proper ventilation and 

cooling conditions in buffalo barns can only be achieved 

through mechanical ventilation systems. The energy 
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required for operating these systems can be supplied by 

solar panel energy systems. 

In rural areas lacking access to electricity grids, 

renewable energy systems can meet the energy demands 

of agricultural operations. Solar panel systems not only 

fulfill energy needs but also provide backup power 

during outages and help reduce energy costs for the 

operation. 
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