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Lesson 2: Renewable Energy - Agricultural applications  
Section 1. Introduction 

Agriculture requires energy as an important input to production and agro-processing for 

adding value. Energy requirements in agriculture are separated into two groups direct and 

indirect. Direct use of fuels (including diesel and gasoline) and electricity is required mainly 

on farms and fields. For example, direct energy use is required to operate machineries for 

field operations and crop production processes such as planting, harvesting, land 

preparation, irrigation, transportation of agricultural inputs and farm produce. Direct energy 

use consistently accounted for the majority of total energy use on agricultural operations 

[1.1]. Moreover, electricity is used largely for lighting, heating and cooling in homes and 

barns. The indirect use of energy is mainly used in the manufacture, fertilizers, pesticides 

and farm machinery. Indirect energy is not directly used on the farm. In Table 3, a list of 

various energy uses (direct and indirect) is presented [1.2], [1.3].  

Table 3. Direct and indirect use of energy 

Direct use of energy Fuel 

Operating farm machinery and large trucks Diesel 

Operating small vehicles (farm activities) Gasoline 

Operating small equipment: 
- Irrigation equipment 
- Drying of grain or fruit 
- Ginning cotton 
- Curing tobacco 
- Heating for frost protection in groves and orchards 
- Crop flamers 
- Animal waste treatment 

Diesel, Natural Gas, Electricity 

General farm overhead 
- Lighting for sheds, and barns 
- Power for farm household appliances 

Electricity 

Custom operations 
- Field work 
- Drying 

Diesel, Gasoline 

Indirect use of energy Unit 

Human and animal labor Hours 

Chemical fertilizers Natural Gas 

Pesticides Petroleum 

 

As can be noticed, fossil energy plays a crucial role in agriculture. In literature, there are 

many energy analysis reports about the energy use in agriculture. Means of production of 

primary vegetal production in world agriculture is presented in Table 4 (according to FAO 

data-set). Assessments of fossil energy used in primary production of crops are given in 
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Table 5. An assessment of fossil energy used in plant and animal production is presented in 

Table 6 [1.4].  
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Table 4. Means of production of primal vegetal production 

 
Arable land 

(Mha) 

Work supply 

(109 h) 

Irrigation 

(Mha) 

H&T 

(1000s) 

Tractors 

(1000s) 
Nitrogen (Mt) Phosphorus (Mt) 

Potassium 

(Mt) 

Pesticides 

(Mt) 

Asia 499 1886 187 1917 7079 43.9 12.6 2.5 0.9 

Africa 175 352 12 39 557 2.2 0.9 0.5 0.1 

Europe 294 56 25 1222 11198 20.7 6.3 12.0 0.8 

North 

America 
222 6 22 794 5511 12.9 4.9 5.2 0.6 

Latin 

America 
134 80 18 159 1587 4.5 3.2 3.1 0.2 

Oceania 55 5 3 60 401 1 1.5 0.5 0.1 
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Table 5. Fossil energy input in primary vegetal production 

 Machinery Fuel Nitrogen Phosphorus Potassium Irrigation Pesticides Other inputs 

Asia 540 1200 3450 240 34 780 380 50 

Africa 35 70 170 20 7 60 40 0 

Europe 995 1960 1600 110 164 100 340 300 

North America 950 1400 1000 90 71 90 250 250 

Latin America 140 270 350 60 42 80 80 0 

Oceania 70 100 80 30 7 20 40 50 
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Table 6. Fossil energy in food production (1018J) 

 Primary 

production 

Fraction for 

feed 

Plant 

production 

Animal 

production 

Input for 

food 

World 18.2 6.5 11.7 9.5 21.2 

Developed 10.3 4.8 5.5 7.3 12.9 

Developing 7.8 1.7 6.1 2.1 8.3 
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Section 2. RES for water pumping 

Section 2.1 Photovoltaic systems for water pumping 

Photovoltaic (PV) systems are used for water pumping from drillings, wells, lakes and rivers, 

using a submersible pump. These water pumping systems are the most cost-effective water 

pumping option in location where there is no grid. The main benefits of PV water pumping 

systems are that they require little maintenance and the size and cost of a PV water 

pumping system depends on the local solar resource, the pumping depth and water 

demand. Today’s prices of PV panels make the pumping systems one of the most cost-

effective systems for crop irrigation and livestock water supply. 

In a PV water pumping system, the submersible pump can consume electricity directly from 

photovoltaic panels via to a DC pump to or via an inverter that converts the current from DC 

to AC without use of batteries. This type of pump is called "solar pump" and works as long as 

the sunshine is available. These stand-alone systems are usually combined with a water 

storage tank to use on days without sunshine. In Figure 1, two direct driven pumping PV 

systems (no battery storage) for water pumping are presented. 

 

 

Figure 1. Autonomous photovoltaic system for pumping water [2.1] 

There are also PV water pumping systems that include a battery bank. The PV panels keeps 

the battery bank charged so it can power the pump on demand. In these systems, the solar 

controller is used to regulate the flow of electricity from the PV module to either the pump 

or to the batteries. A PV water pumping system with batteries is depicted in Figure 2 [2.2]. 
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Figure 2. A PV battery water pumping system [2.2] 

Several systems have been installed in remote areas in order to supply water for crop 

irrigation, such as potatoes, tomatoes and sunflowers [2.3]. A list of PV water pumping 

systems for domestic use and irrigation applications are reported in Table 7. 

Table 7. Examples of PV water pumping systems 

 Country Application 

Pande et al. [2.4] India Irrigation application 

Bhave [2.5] India Irrigation application 

Mahmoud and Nather [2.6] Egypt Drip irrigation application 

Meah et al. [2.7], [2.8] USA Domestic water pumping 

Chandratilleke and Ho [2.9] Singapore Domestic water pumping 

Yu et al. [2.10] China Irrigation application 

Hrayshat and Al-Soud [2.11] Jordan Water pumping application 

Al Ali et al. [2.12] Saudi Arabia Irrigation application 

Mokeddem [2.13] Algeria Irrigation application 

Hamidat [2.14] Algeria Irrigation application 

 

Section 2.2 Wind energy for water pumping 

Windmills were widely used until the middle of the twentieth century for pumping water. 

The windmills on Lassithi Plateau as well as the ingenious windmills in Netherlands were 

primarily water pumps powered by the wind. 

A large impeller is mounted on a tower-like base, so that it is located at a height where there 

are not obstructs in the course of the wind. In addition, a guide blade directs the position of 

the impeller according to the direction of the wind. Therefore, the impeller has the best 

efficiency at all the times. A windmill for water pumping is presenting in Figure 3 [2.15]. 



 
 

10 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

The mechanical energy of the impeller’ turning, converts into a reciprocating movement, 

through suitable connecting rods and moves a piston pump in order to be used for pumping 

water. Figure 4 shows the operating principle of the piston pump. The pump body has a 

cylindrical shape, in which there is a special piston that can move freely. It has two openings 

with inlet and outlet valves. The sealing is provided by flanges with sealing rings.  

When a mechanical force is applied, the piston moves into the chamber and creates a 

vacuum, which ensures water absorption. Then it moves in the opposite direction, the 

pressure is increased, the outlet valve of the fluid is released and the water enters the duct 

outwards. These actions are repeated cyclically. An important point is that there must be a 

rigid tube or reinforced pipe at the pump inlet, otherwise it may collapse under the 

influence of suction force. 

 

Figure 3. Windmill used for pumping water [2.15] 
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Figure 4. Piston pump operating principle 

Moreover, wind turbines have been used to convert the wind energy into electrical power 

energy, where wind powered rotor is coupled to a synchronous generator with permanent 

magnets. Asynchronous generators are usually used in large wind turbines. These systems 

usually designed to charge batteries which drive a centrifugal pump for water pumping [16]. 

A wind energy system with batteries based for water pumping systems is presented in Figure 

5 [2.16].  

Figure 5. Wind energy system for water pumping [2.16] 

A list of investigations on wind energy-based water pumping systems are reported in Table 

8. 

Table 8. Examples of wind energy water pumping systems [2.15] 

Reference Country 

Panda et al. [2.17] India 

Batteries
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Parish and Bhattacharya [2.18] India 

Sinha and Kandpal [2.19] India 

Shi et al. [2.20] China 

Harries [2.21] Kenya 

Mohsen and Akash [2.22] Jordan 

Suleimani and Rao [2.23] Oman 

Lara et al. [2.24] Chile 

Badran [2.25] Jordan 
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Section 3. Drying food and vegetables through renewable energy sources 

Introduction 

During the drying of foods, moisture is removed from them so that they can be kept out of 

the refrigerator for a long time without rotting and spoiling. The water content of dried 

foods is from 5% to 25% depending on the type of food. Dried foods weight is about 1/4 of 

fresh food and require only 1/3 to 1/6 of the original storage space. Maintaining fresh 

canned food normally requires the use of chemical preservatives. In recent years, where 

people are increasingly worried about chemical food preservatives, traditional drying of 

foods seems to regain ground [3.1]. 

Drying is accomplished by vaporizing the existing moisture in the product by providing it 

with the appropriate heat and converting it to a dry product. This heat is provided either by 

conductivity (direct drying), by convention (indirect drying), or by radiation. The main 

method used is direct drying. 

The following Table 9 gives us some of the dried agricultural products and their drying 

conditions. 

Table 9. Drying conditions of some agricultural products 

Product 
Initial humidity 

(%) 
Final humidity 

(%) 
Temperature of drying 

air (oC) 

Garlic 80 4 55 

Rice 25 12 43 

Grapes 74-78 18 50-60 

Tobaco 85 12 35-70 

Onιοns 80-85 8 50 

Peanuts 45-50 13 35 

Oat 20-25 12-13 43-82 

 

Other products that are available for drying are plums, figs, tomatoes, apricots, berries, 

walnuts and other fruits, vegetables, herbs and nuts. 

Solid foods contain two types of moisture: (a) free water which behaves like pure water and 

(b) bound water which acts as a solution. In the first type, the moisture is excreted with free 

evaporation. In the second type, the moisture is excreted with heating.  

During the drying of the food, the main thing to keep in mind is to leave the moisture from 

the food (as soon as possible) at a temperature that will not significantly affect the taste, 

texture and color of the food. 
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Natural drying 

In natural drying, the sun is used in order to dry the foods. A great advantage of drying foods 

in the sun is that using proper temperature control in the driers the foods can keep many of 

their nutrients and their flavor which some of them getting lost by other energy-intensive 

drying methods. Moreover, no chemical or additional sugar is added and nothing more than 

the sun’s energy is needed. 

The disadvantages of natural drying are: 

➢ Possible damage by rodents, birds and animals. 

➢ Impact on product quality due to weather conditions. 

➢ Contamination from dust and pollution. 

➢ Possible damage from insects. 

➢ Development of micro-organisms. 

➢ Insufficient and uniform drying. 

➢ Large area is required for drying. 

 

Solar dryers 

Solar dryers have been designed to dry crops and grain, providing protection from insects, 

rodents, birds and bad weather. The most advanced solar dryers reduce losses, dry faster 

and produce a better quality product. A basic solar dryer consists of an enclosure as a glazed 

box, screened dying trays and a solar collector. The solar energy is collected to heat the air 

inside and then the heated air is moved through the crop material. The southern side of the 

enclosure can be glazed to allow sunlight to dry the material. 

Systems with solar dryers are distinguished in passive and active ones. 

➢ Passive solar systems: These systems operate without mechanical components or 

additional power supply and they heat and cool the structures naturally. 

➢ Active solar systems: These systems collect the solar radiation and transfer it in the 

form of heat to water, air or some other fluid. The applied technology is relatively 

simple and these systems are the most widespread. 

 

The following rules must be observed in order to dry food with solar dryers: 

➢ The temperature inside the dryer must be suitable that the humidity of the food be 

evaporated without "baking" of it (50 - 60 °C). 

➢ Keep constantly the dry air that "absorbs" water vapor. 

➢ Appropriate circulation of cold and hot air that will draw water vapor out of the dryer. 

 

The advantages of solar drying are:  
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➢ Products are recognized as qualitatively superior to those which have been subjected 

to industrial drying, 

➢ Ensures the desired reduction in moisture content, 

➢ The drying time may be reduced relative to the natural drying, 

➢ The drying period is prolonged by successive harvests, 

➢ Small surfaces are required. 

 

There are several types of solar dryers: (a) Direct-type solar dryer, (b) Solar box drier, (c) 

Solar cabin dryer, (d) Solar stage drier, (e) Solar tunnel dryer, (f) Indirect type solar dryer, (g) 

Indirect type solar dryer with chimney and (h) Greenhouse type solar dryer 

 

Direct-type solar dryer 

The principle of direct solar crop drying is shown in Figure 6 [3.2]. It includes a wooden cabin 

painted in black. The solar energy enters through the inclined surface, made of glass, and it 

has a southward direction and a gradient of approximately 35 oC. 

The products to be dried are placed on a horizontal surface inside the chamber. The cold air 

enters through the holes in the underside of the chamber, heated by the sun, drying the 

products and exiting the upper part of the chamber. 

 

Figure 6. A direct solar dryer [3.2] 

Solar box dryer 

These dryers are small portable units for family use. It consists of a frame with a transparent 

cover inside which the product is placed in aluminum discs. The product directly receives the 

sunlight. In this way, the temperature inside the dryer increases, the air entering through 

the front of the dryer is heated and the circulation is facilitated. This dryer is particularly 
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low-cost, easy to carry and has relative independence from weather conditions. The box 

type solar dryer with the natural convection principle is shown in Figure 7 [3.3]. 

 

Figure 7. A Box dryer [3.3] 

 

Solar cabin dryers 

The cabin dryer as well as the box dryer has a low cost with a small drying surface (1-2 m2) 

and is intended for drying a small quantity of products (10-20 kg). They are usually made of 

wood and covered with transparent material, usually glass. The products are placed on a flat 

surface. The solar radiation enters directly through the transparent surface. The remaining 

surfaces are opaque and insulated to absorb the solar radiation transmitted inside the dryer. 

There are holes for entering the air beneath the floor with the product, and then the air is 

heated, circulates through the product and exits through openings in the top of the 

chamber. The maximum temperature inside this dryer reaches 80 oC. Figure 8 shows a 

passive cabinet food solar dryer [3.4]. 
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Figure 8. A cabinet food solar dryer [3.4] 

Solar stage dryer 

This dryer is a variant of the cabin dryer. In this type, the cover is the main building part, 

made of transparent material and with the shape of a stage. These dryers are clearly larger 

than the cabin dryers. This dryer reduces drying time by 25% compared to natural drying, 

but it has the main disadvantage that it is easily destroyed by the very strong winds. 

Solar tunnel dryer 

This dryer has a similar construction to that of the stage dryer but it has a longer length. The 

roof is the solar collector, its distance from the floor (with the product) is limited and the air 

circulation is carried out by means of a fan. The air in this case passes over and not through 

the product and thus the required power is small. A solar tunnel dryer is depicted in Figure 9 

[3.5]. 

 

Figure 9. An illustration of natural convection solar tunnel dryer [3.5]. 

 

Indirect type solar dryer  

In previous dryers we had direct radiation in the product, and for drying larger quantities, 

the surface of the collector had to be increased. In indirect type dryers the product is placed 

on independent horizontal shelves and the necessary heat transfer is achieved by 

convection. The front side of the dryer has a south-facing direction and is made, like the 

upper side, of glass. The rear wall is insulated. The air is dried on a collector level, enters the 
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drying chamber from the bottom and exits through an opening at the top and is circulated 

by means of a fan. In these dryers, large quantities of products are dried and can store 

amounts of heat. An indirect solar drying system is presented in Figure 10 [3.1]. 

 

Figure 10. An indirect solar drying system [3.1] 

For drying large quantities of material, a chimney is connected to the upper side of the 

indirect type of dryer, thereby enhancing the circulation of hot air without requiring the use 

of a fan. The advantage of these dryers is that they can now also be used in remote areas 

because they do not need an auxiliary power source. Their disadvantage is the limitation of 

the chimney height for constructional reasons. 

Greenhouse type solar dryer 

In these dryers, the air is the only means of transmitting heat. The air inlet is placed on the 

north side which is also thermally insulated. The top as well as the southern surface are 

covered with transparent material. The inside of the construction is painted black and the air 

circulation inside the dryer is achieved by means of a small power electric fan placed on its 

eastern or western side. A greenhouse solar dryer is presented in Figure 11 [3.6]. 
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Figure 11. Greenhouse type solar dryer [3.6] 
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Section 4. Space and water heating through renewable energy sources 

Solar water heating systems use the sun to heat either water or a heat-transfer fluid. A 

simple solar water heating system is shown in Figure 12 [4.1]. The solar water system 

consists of a storage tank and an electric pump to circulate the fluid through the collectors 

[4.1].  

 

Figure 12.  Solar water heater [4.1] 

Typical solar water heating systems for agriculture purpose consist of an absorber, a storage 

tank, insulation, piping and a transparent cover. Solar energy heats the absorber surface and 

the heat transfer fluid (indirect) or water (direct) flow through tubes. If a heat-transfer fluid 

is used, there is a heat exchanger that then heats the water as shown in Figure 13. Then, the 

heated water is transferred to an insulated storage tank [4.2]. 

 

Figure 28. Solar water system for agriculture purpose [4.2] 
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Greenhouse heating 

The greenhouse is a sheltered and fenced area, whose main purpose is to protect plants 

from the cold and use efficiently the solar radiation. In greenhouses, plants are grown during 

winter, which cannot thrive in the open space. In recent years the cultivation technique in 

greenhouses has grown to a considerable extent. Thus, products are produced throughout 

the year such as tomatoes, aubergines, pumpkins, etc. Moreover, flowers are grown in 

greenhouses that thrive only in the summer or flowers of tropical countries that in different 

cases would be impossible to cultivate. Such flowers are e.g., orchids, which require a 

temperature above 28 oC and high humidity that is conditions which cannot be achieved 

outside greenhouses. 

The main source of energy for heating the greenhouse during the day is solar energy. When 

the solar radiation is limited and the room temperature is below the desired levels, a 

separate heating system is used. During the night, all the energy required to keep the room 

temperature at the desired level comes from the heating system. The heating of a 

greenhouse provides the possibility of growing more plant species, as well as the ability to 

program production throughout the year. Furthermore, the relative humidity of the space is 

better regulated and mycological diseases are reduced. Heating is achieved by air, hot water, 

steam or radiation. A solar greenhouse reduces also the need for fossil fuels for heating. 

Heating systems must be fully automated and, as far as possible, independent of the rest of 

the structure. 

Depending on how heat is transferred, the different heating systems can be classified into 

the following groups: 

a) Systems that yield most of the heat through the convection in the greenhouse. It includes 

all systems in which the greenhouse air is led to the heater. Then the air is heated and 

distributed to the greenhouse. 

b) Systems that yield most of the heat with a combination of radiation and natural sine. It 

includes all systems in which the heat distribution in the space is made with hot water or 

steam pipes. The relationship between the amount of heat attributed by irradiation and 

convection depends on the temperature of the fluid and the diameter of the tube. In the 

usual (85 °C) hot water conditions, the emitted energy with convection is approximately 

equal to the radiant. 

c) Systems that most of the heat is imparted by conductivity. Floor heating systems are 

included, where the heat is transferred by conductivity to the ground and so the pots and 

roots of the plants are heated. Certainly, however, the plants also receive a lot of energy 

from irradiation and convection from uncovered areas. 

d) Systems that deliver heat by combining conduction, convection, and radiation. Includes 

low temperature water heating systems that circulate in large-area pipes, usually plastic, 



 
 

23 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

which are placed on the greenhouse floor. The heat is transferred by natural convection into 

the air, with thermal radiation to the leaves of the plants and by conductively to the ground. 

 

Solar heating systems for greenhouses                                                               

Solar energy finds several applications in greenhouse heating. The greenhouse itself is a 

passive solar energy collection system. The most common problem in that case is that solar 

energy is available only during the day and the quantity of it changes at different times of 

the year (small amount during winter). 

These solar systems are passive where solar energy is used directly or indirectly, without the 

use of conventional fuels that include an auxiliary system operating on conventional energy. 

Passive solar greenhouses are often good choices for small growers, because they are a cost-

efficient way for farmers to extend the growing season [4.3]. 

 

Figure 14. Greenhouse with external water collector [4.4] 

The excess heat available in the greenhouse during the day by solar energy can be collected 

and stored so that it can be used during the night or the next few days (in days where there 

is no sunshine). In Figure 14, a typical greenhouse heating system with an external solar 

collector is presented [4.4]. 

In addition, geothermal energy can be successfully used to heat greenhouses. Where the 

temperatures of the geothermal fluid are less than 55 °C, plastic tubes can be used, while a 

heat exchanger is inserted at higher temperatures to protect the transport system [5]. 

References 

[4.1] Venkatesh A. (1994) Experimental observations on a continuous flow type domestic solar water 

heater, Energy Convers. Manage. 35, 1041–1048. 

[4.2] Passive and Active Solar Domestic Hot Water Systems, North Carolina Solar Center, Technical 

Paper No. SC122, North Carolina State University, Raleigh, North Carolina, June 2002. 



 
 

24 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

[4.3] Santamouris M., Balaras C.A., Dascalaki E., Vallindras M. (1994) Passive solar agricultural 

greenhouses: a worldwide classification and evaluation of technologies and systems used for heating 
purposes, Solar Energy 53, 411–426. 

[4.4] Taki, M., Rohani, A., & Rahmati-Joneidabad, M. (2018). Solar thermal simulation and applications 

in greenhouse. Information Processing in Agriculture, 5(1), 83-113. 

[4.5] Esen Mehmet, and Tahsin Yuksel. "Experimental evaluation of using various renewable energy 

sources for heating a greenhouse". Energy and Buildings 65 (2013): 340-351. 

 

  



 
 

25 The European Commission's support for the production of this publication does not constitute an 
endorsement of the contents, which reflect the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of the information contained therein. 

 

Section 5. Remote electricity supply through renewable energy sources 

The increase of the human population, urbanization and modernization have led to one of 

most notable issues of the worldwide agenda, which is the outstanding growth in global 

energy demand. According to the International Energy Outlook 2016, the total energy 

consumption until 2040 will be increased by 48%, which reflects to the increase in the 

consumption of fossil fuels. However, although energy demand is expected to grow, 

hundred million of people will still be left without basic energy services [5.1]. Taking into 

consideration that nowadays, more than 1 billion of people do not have access to electricity 

as well as the continuous increase of the use of fossil fuels that have a significant 

environmental impact, renewable energy generation is an alternative, sustainable and 

economically viable solution [5.2].   

Renewable energy sources, energy storage systems and energy consumption units can be 

integrated to low or medium voltage power grids. When renewable energy sources are 

connected to the power grid, they inject power into it in order to regulate power balance 

between power supply and load demand and maximize its operational benefits [5.3]. In the 

grid-connected systems, the excess produced power by the renewable energy sources can 

yield revenue by selling it to the grid. Depending on the agreement between the consumers 

and the local grid energy company, the consumer only needs to pay the cost of electricity 

consumed less the value of electricity generated. This will be a negative number if more 

electricity is generated than consumed [5.4]. A typical grid connected power system with 

renewable energy sources is presented in Figure 15 [5.5]. 

 

Figure 15. Grid-connected PV system [5.5] 
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Renewable energy sources can be also connected to the electrical consumptions directly. In 

this standalone mode, the renewable energy systems operates autonomously and supply 

power to the customers by keeping the electrical interchange between production and 

consumption stable [5.6]. In these systems, due to the intermittent energy production by 

renewable energy technologies, the integration of energy storage subsystems is necessary in 

order to ensure the shifting of energy from periods of low demand when energy is stored, to 

periods of high demand where energy from the storage is supplied to the system (Figure 16) 

[5.7]. 

 

Figure 16. Autonomous hybrid power system. The power is produced by both the PVs and 
the wind turbine [5.7] 

Agri-photovoltaics 

By the term Agrivoltaics or Agri-photovoltaics (APV) we mean the use of photovoltaics over 

an open field agricultural crop and/or the use of photovoltaic crystalline cells or other type 

of photovoltaic materials (such as thin films) embedded in the covering of a greenhouse. 

With APV a dual use of land is achieved and thus the land productivity is considerably 

increased as also the farmer’s income. APV has the potential to reduce land competition 

through the dual use of the land. The APV technology generates renewable electricity 

without taking away arable farmland resources for food production.  

APV offers an opportunity to simultaneously realise the European Green Deal, meet the EU’s 

decarbonisation targets, and achieve the objectives of the Common Agricultural Policy. APV 

offers an innovative, efficient, and cost-effective solution to simultaneously promote 

sustainable agriculture and the clean energy transition. APV reduces land competition 

Electric 

energy

consumption
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between solar and agriculture under conditions that guarantee the efficiency, sustainability, 

and viability of both activities. By combining agricultural infrastructure with solar, the EU can 

make rural communities more competitive and sustainable. Figure 17 shows an illustration 

of an APV system [8]. 

 

Figure 17. An illustration of an APV system [5.8] 

The potential for APV in the EU (and internationally) is immense: if APV were deployed on 

only 1% of Europe’s arable land, its technical capacity would be over 700 GW. It has been 

estimated [5.9] that deploying Agri-PV on only 1% of global cropland could help meet total 

global energy demand. Regions which are attractive for agriculture thanks to their fertile soil 

and mild climate and are suitable for ground-mounted photovoltaic systems thanks to high 

solar radiation are particularly affected by this. Tapping into this potential would place the 

European solar industry at the forefront of global solar innovation. The sector is already 

emerging in Europe, with certain Member States actively supporting its development, and 

this has triggered strong interest from emerging countries faced with the challenge of 

droughts and climate-related transformations.  

Advantages of APV include harmonious combination of ground-mounted PV systems with 

agriculture; Potential additional benefits for agriculture e.g., protection against damage from 

hail, frost and drought; Lower levelized cost of electricity (LCOE) compared to small rooftop 

PV systems; Diversification of source of income on farms. 

Table 10 shows the potential combinations of agricultural infrastructure and crops with APV 

[5.10]. 
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Table 10. APV types and agricultural activities 

AGRI-PV TYPE  TYPE OF AGRICULTURAL ACTIVITY 

Ground PV  Grazing, Beekeeping, Gardening  

Vertical PV plant  Grazing or Gardening  

Fixed shades (heightened)  Field crops, Viticulture, Arboriculture, 
Breeding, Grazing  

Dynamic shades (heightened)  Viticulture, Arboriculture, Gardening, 
Horticulture  

PV Greenhouses  Arboriculture, Gardening, Horticulture  

PV on building  Breeding, Fish Farming, Storage, 
Agricultural Machinery  

Floating Power plant  Fish Farming  

Other Agri-PV solutions  Irrigation Ramps, Machinery 

 

In the following Figures 18 to 22 several combinations and configurations of APV with 

agricultural crops are shown. 

 

Figure 18. Potatoes growing underneath an APV facility. The facility was set up within the 

project APV RESOLA and is located at Heggelbach, administrative district of Sigmaringen, 

Germany. Its implementation in agricultural production is currently investigated (source: 

University of Hohenheim) [5.11] 
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Figure 19. APV-viticulture (left hand side), APV greenhouse (right hand side) [5.10] 

 

Figure 20. APV over raspberry farming [5.10] 
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Figure 21. APV and fish farming [5.10] 

 

Figure 22. PV embedded in the glass cover of a greenhouse [5.12]  
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The following additional resources and fields can be used by the interested farmers: 

1. For machinery and equipment: Center for Ecological Technology, www.cetonline.org.  

2. For water savings: Online tool to estimate energy savings using different irrigation methods, 
http://ipat.sc.egov.usda.gov. Energy Saving Tips for Irrigation, http://attra.ncat.org/publication.html. 
Smart and sustainable use of water on farm, www.sare.org/publications.  

3. For building efficiency: Improve energy efficiency in agricultural buildings, 
http://attra.ncat.org/attra-pub/agbuildings.html.  

4. For energy audits: http://ensave.com  
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