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ABSTRACT  
 

The shortage of the electricity and water resources are the main challenge against the development 
of rural and remote areas in different countries. So, the recent development planes in the world depend 
mainly on the sustainable, renewable energies to overcome their energy and water shortage. This paper 
describes a prototype of a standalone solar system to provide families in the rural and remote 
communities with the main life necessities of electricity, water and food. The solar system is comprised 
of a greenhouse (GH) of 50 m2 area to produce food through the protected hydroponic cultivation in 
winter and drying agricultural products in summer. A photovoltaic (PV) system is used to supply the 
green house with the required electrical energy for driving water pumps for irrigation purposes as well 
as other electrical requirements such as lighting and fan loads. A thermal system with heat exchangers 
was built in the back front of the PV system to cool the PV system and to supply the GH with hot water 
required for water desalination systems. Different small solar water desalination systems were 
constructed to supply the GH with the necessary water, using the hot water produced by the PV/Thermal 
(PV/T) system. Different scenarios for using the GH as a dryer or for hydroponic cultivation were 
studied for optimization purposes. For evaluation, system feasibility study was carried out indicating 
the system economic benefits. 
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Introduction 
 

In Egypt, 95% of the population inhibits only 4% of the country area that includes mainly the 
cultivated lands in Nile Valley and Delta while the rest of the country area is a large empty remote 
desert lands. In the last few decades, Egyptian Government embarked an ambitious plan to develop new 
rural communities in those deserts to face over population in the banks of the River Nile and Delta and 
encouraging young graduates to settle in those communities. The Government had taken this step 
encouraged by the availability of plenty of underground brackish water in those large desert areas for 
agriculture. Unfortunately, large quantities of this water are of high salinity and are not suitable for 
agriculture unless distilled. As is known, desalination industry is a large energy intensive since it needs 
huge amount of energy which is not available in most remote desert areas (Perakis et al., 2017). So the 
main two challenges facing the Government to develop agriculture activities are to supply those areas 
with the necessary energy and water. Implementing agriculture activities in those areas need special 
kind of management between the three issues; energy, water and agriculture. A sustainable solution for 
one almost always has an impact on the others. The solution for this interact problem is not practical by 
building more conventional power plants or water delivery with the required normal treatment or to use 
the ordinary ways to grow crops. It should implement new thinking for producing energy, water and 
food. It must be solved simultaneously in sustainable smart ways that would not only handle with their 
scarcity but also must concern about cost effective technologies for best use of energy and water to 
grow food. 

Energy management is by using sustainable renewable energy sources and making full use of all 
the produced energy by cogeneration and heat recovery of one type of fuel energy. Solar which is 
sustainable abundant energy in those places can play this role in different agriculture applications. Water 
management would be by using clean energy, storage water, advanced techniques in desalination, 
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irrigation and cultivation. Solar or wind energy or both can be used simultaneously with the desalination 
process in those places have ground water in a reasonable depth. Land management will be through 
small area controlled agriculture as green houses, protected hydroponic cultivation and most suitable 
type of irrigation all year round. Another scenario is by cultivating part of the year and then used the 
GH as agricultural products dryer (Khattab et al., 2016).   

According to the above goals, an applied project is carried out to study the feasibility of using 
prototype of a standalone integrated complex to provide families in the rural and remote communities 
with the main life necessities of electricity, water and food from solar energy. This complex is 
comprised as shown in Fig.1 of a greenhouse of 50 m2 area (10 m x 5 m) and 3.75 m height used to 
produce food through the protected hydroponic cultivation in winter and drying agricultural products 
in summer. A PV/T system was used to supply the GH with the necessary electricity and hot water. 
Different small solar water desalination systems were built to supply the GH with the necessary potable 
water. Theoretical analysis and experimental tests were carried out under actual climatic conditions to 
optimize the system performance and economy by using heat recovery systems, different types of solar 
desalination systems and mutual scenarios for using the GH as a dryer or for hydroponic cultivation. 

 

 
 
Fig. 1: A general view of the test field and the stand alone greenhouse system. 

 
Greenhouse Cultivation 
 

Due to the dramatic increase of population and limited agricultural area, vertical expansion of 
agricultural production is necessary. The areas under controlled-environment cultivation are small 
compared to land areas used for conventional agriculture (Hassanien et al., 2016). Energy is the key 
element to ensure water production for greenhouses besides the environmental control systems of 
greenhouses (water desalination, heating and lighting). PV system is usually used to supply the GH 
with the energy required. Water requirements of crops in protected cultivation have a diurnal and 
seasonal fluctuation which is similar to the productivity variation of solar desalination as both processes 
are depend on solar irradiation. Most studies published in the last decades have focused on small scale 
systems for solar desalination processes used in combination with water efficient greenhouse concepts. 
This combination represents an interesting possibility for the development of small scale cultivation in 
places where only saline water or brackish water is available. In those GH, desalinated water systems 
either combined with GH or separated are used (Chaibi, 2003). Fatteh et al., (2003, 2004) suggest a 
conceptual design for autonomous system for the production of water, food, energy and salts using a 
farm of greenhouses, PV modules and wind turbines for electricity generation and solar stills with 
precipitation basins for fresh water and salts production. El-Awady et al., (2014) studied integrated 
solar GH for water desalination, plantation and wastewater treatment under actual climatic conditions 
of Egypt. The land, water, and energy requirements of hydroponics were compared to those of 
conventional agriculture in USA by Barbosa (2015).  

The more advanced methods adapted in cultivation and irrigation methods suitable for the desert 
area are by controlled cultivation via green houses and protected hydroponic cultivation. With those 
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technologies no soil is needed, the water stays in the system and can be reused - thus, lower water costs, 
and it is possible to control the nutrition levels in their entirety - thus, lower nutrition costs (Putra, 2015). 
The two chief merits of the soil-less cultivation of plants are; i) the hydroponics produce much higher 
crop yields, ii) hydroponics can be used in places where in-ground agriculture or gardening is not 
possible. The Hydroponic needs a system of pumps for water circulation and fans for ventilation. This 
system could be derived by PV energy only or hybrid PV & small wind turbines.  

 
Greenhouse Drying 
 

Recent research on drying reveals the shortcoming of the open sun drying. In order to minimize 
that shortcoming, various drying techniques are proposed. It can be used to do low temperature drying 
of cereal grains, fruits, vegetables, spices etc. Among them previous effort on greenhouse dryer has 
been presented (Prakash and Kumar, 2014). The greenhouse dryer is operated in the two different modes 
of drying, natural convection and forced convection. Prakash and Kumar (2012) have reviewed various 
existing solar dryers. There are mainly three types of solar drying systems: indirect, direct, and mixed 
dryer. Greenhouse dryer comes in the category of the direct solar drying and also sometimes mixed 
mode drying. The Greenhouse dryer is low cost, easy to fabricate and simple in design. This can be 
used in any part of the world (Tiwari, 2003).  

Greenhouse structure can be used throughout the year in either cultivation or drying purposes; it 
makes the greenhouse structure more economically feasible and does not have any operating cost. 
Kumar et al. (2006) have presented the detailed classification of the greenhouse dryer. They concluded 
that greenhouse is mainly classified into two types based on structure i) dome shape and ii) roof even 
type. The objective of dome type greenhouse dryer is to maximum the utilization of global solar 
radiation. The advantage of the roof even type greenhouse dryer is the proper mixing of air inside the 
dryer.  

 
PV/T System (Heat Recovery System) 
 

Co-generation systems are widely spread in which one kind of fuel is used simultaneously to 
produce electricity, heating and cooling or electricity, water and food. Those systems have many 
advantages as they increase the output from the system as well as decrease costs. Different designs of 
those systems are suggested and studied experimentally in semi pilot scale to determine their 
performance and costs. The co-generation complex system suggested here is comprised of a PV/T 
collector field, thermal desalination units and green house for cultivating and drying food. The 
integrated system will produce electricity from the PV/T and simultaneously exploits the waste heat of 
the PV cells to heat water for desalination. As stated in the PV design system, electricity needed for this 
system is about 2 kW to fulfill system requirements (Khattab et al., 2014). The PV/T systems are 
considered as flat collectors which can reach temperatures in the range of 40–60 oC at reasonable 
efficiency. A PV/T system can therefore provide a wide range of temperatures by adjustments of the 
cooling fluid flow rate and could be used simultaneously to heat water and air. PV/T system has two 
main advantages; they are reducing PV temperature which helps to make PV operate efficiently while 
supplying hot water with no additive costs (Moharram et al., 2013). 

 
Samples of the Complex System Results 
 

In addition to the result showed by Khattab et al. (2014), samples of system results under actual 
climatic conditions will be presented in the following sections. Those results will include PV/T system, 
different types of small desalination units, performance of the system as a protected hydroponic 
cultivation and solar drying greenhouse and finally the economic evaluation of the system. 

 
PV/T system results 
 

Theoretical and experimental studies had been carried out to study the performance and operation 
of the heat recovery system which composed of the PV system and water heat exchanger located in the 
back side of the PV to cool the PV and in the same time to heat the water passing through the heat 
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exchanger during daytime operation. Some of these results have been showed by Khattab et al., (2014). 
Fig. 2 shows a photo of the PV system when it is cooled by cold water during day time. The variation 
of the ambient and water temperatures and the temperature inside the water tank during day hours have 
been shown in Fig. 3. From Fig. 3, it can be shown that that water temperature exceeds 50 oC during 
day time while it becomes in the range of 40 oC in the storage tank during night as the dissipated energy 
during day time is recovered during night and could be used for the water desalination. 

 
 Desalination system results 
 

Four small size prototypes of desalination units were manufactured and tested to determine the 
best of them to fulfill water requirements of the complex system economically as follows: 

 
First prototype: Passive-active desalination still using heat recovery system 
 

A passive-active-solar still was designed, constructed and tested with heat recovery system. It 
was heated during day time with solar energy using a reflector and with night heating (using heated 
water collected during day time from PV cooling). A schematic diagram of the still which is a single 
slope double glass layers is shown in Fig. 4. Fig. 5 shows the water temperatures in the upper and lower 
basins (Khattab et al., 2014). 

 

 

 
Fig. 2: PV module with heat recovery system. Fig. 3: Variation of the ambient and water 

temperatures and the temperature inside the water 
tank during a day hours for the PV/T system. 

 
 

 
 

Fig. 4: Schematic diagram of the single slope double glass layers. 
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Fig. 5: Water temperature in the upper and lower still basins of the single slope double glass layers. 
 

Second prototype: single effect desalination system 
 

Usually those types of desalination units are composed of multi-effects desalination (MED) 
system as shown in Fig. 6. It consists of multi-evaporators, condenser, saline water distributer, heating 
energy supply and control systems of pumps, valves and storage tanks. The MED process takes place 
in a series of evaporators called effects, and uses the principle of reducing the ambient pressure in the 
various effects. This process permits the seawater feed to undergo multiple boiling without supplying 
additional heat after the first effect. The system operating conditions is under vacuum and the required 
hot water temperature must be of about 70-80 oC. The research team built a mathematical model for a 
cylindrical evaporator design to determine the optimized system dimensions and different system 
parameters according to the required output from the desalinated water quantities per day under actual 
operation. The operating parameters of the required system which introduced into the model showed 
that an only single effect unit was required to supply the system with the required demand of the GH 
from desalinated water. Fig. 7 shows the dimensions of the cylindrical evaporator system, while Table 
1 shows the change of hot water temp versus distillate produced flow in case of 150 liter/day water 
requirements system. 

The system performance was tested first with electrically heated water supplied from a storage 
tank. Due to the space limitation available for the system, electrical heater was used to heat about 150 
liter/day in an insulated tank to test the system output under constant temperatures (70-80 oC) by 
delivering a hot water at the rate of 2058 kg/hr. It is seen from Table 1 that, at temperature 75 oC, the 
system can supply about 200 liters/day (6 solar hours). The salt water was heated to 60 oC. Based on 
the simulation results the desalinated water at 70 oC was about 16 kg/ hr. Then delivering 150 liter/hr 
flow rate will produce 1.2 liters desalinated water.  
 
Third prototype:  humidification-dehumidification system 
 

Humidification–dehumidification (HD) desalination process is considered a simple and 
promising technique for small capacity production units. The basic idea in HD process is to mix air with 
water vapor and then extract water from the humidified air by the condenser. The system shown in Fig. 
8 composed of a solar collector heating cycle has two heating loops to prevent any salt or scale 
formation in the collector tubes. The solar water heater has double jacket heat exchanger used to heat 
the saline water placed inside the storage tank while the thermo siphonic water loop is a separate loop 
from the collector, passing through the annular space of the water jacket heat exchanger and returned 
back to the collector, i.e. there is no direct contact between the water in the thermo siphonic water loop 
and the saline water. 
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Fig. 6: Multi-effect desalination system. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Dimensions of the cylindrical evaporator system. 
 
Table 1: Operating parameters in case of 150 L/day system water requirements. 

Vs, m/s Ms, kg/hr Ts, (oC) P, bar Tv, (oC) Md, kg/hr 

1 2058 

70 

0.2 60.22 

16.81 
75 35.04 
80 53.27 
85 71.51 
90 89.73 
95 108 

 
The hot saline water is mixed with the pressurized air came from air compressor and make an 
atomization of the hot water in the atomization chamber. A large number of water droplets with very 
small cross sectional area is spread in the atomization chamber, as its temperature is relatively high 
(more than 60 oC), some of the atomized hot water is evaporated and the other is precipitated by gravity 
in the basin installed at bottom of the atomization chamber. The hot saline water is then outlet from the 
atomization chamber and passed through a shell and tube heat exchanger to transfer its thermal energy 
to pre-heat the cold water prior entering the solar water heater. Two condensers are installed in the side 
wall of the atomization chamber to condense the water vapor formed in the atomization chamber. In 
order to create cold surface in the condenser side, cold water is passed through the condenser tubes 
coming from a galvanized steel tank placed in its bottom a thermoelectric refrigeration cooling unit 
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which received its DC electric energy from a solar PV module. The cooling effect is provided to the 
galvanized steel tank and then pumped into the condenser tubes via circulating pump. The humid air 
after passing through the condenser surface, it is drafted to the atmosphere through an electric DC 
blower powered by a solar PV module.  

 

 
Fig. 8: Humidification-dehumidification desalination system. 

 
The amount of daily accumulated condensed water for each condenser was 24.816 liter/day, while 

the total amount for the two condensers was approximately 50 Liters/day. Table 2 shows the amount of 
simulated condensed water in each condenser during the day obtained from the mathematical simulation 
of the system operation.  

 
Table 2: Amount of simulated condensed water in each condenser during the day. 

Time, h mw Time, h mw Time, h mw Time, h mw 
1 0.9768 7 0.8918 13 1.1338 19 1.1352 
2 0.9553 8 0.9139 14 1.1515 20 1.1134 
3 0.9244 9 0.9700 15 1.1604 21 1.0827 
4 0.9070 10 1.0176 16 1.1654 22 1.0855 
5 0.8795 11 1.0581 17 1.1622 23 1.0296 
6 0.8709 12 1.1070 18 1.1559 24 0.9943 

 
Fourth prototype:  Reverse osmosis system 

 
Membrane separation presents a favorable method for desalination of water especially that of 

moderate salinity. The main advantage of the method is a very low energy consumption which is closely 
linked with the salt content of the feed water. If salt concentrations are higher, the process of reverse 
osmosis (RO) can be performed in two stage configurations. Fig. 9 shows a commercially available RO 
unit operated by electric energy.  

Systems sizes with drinking water and irrigation capacities ranging from a few liters per day to 
some hundred tons per day are available from the shelf, for renewable energy powered desalination. In 
such cases specific care should be taken to optimize the energy demand and to adapt the system to the 
operation conditions of solar systems. A favorable means of reducing the energy consumption of the 
process is energy recoupment, but also the reduction of auxiliary energy consumption is an issue of 
high importance. 
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Fig. 9: Reverse osmosis desalination system. 

 
 

Greenhouse Results 
 
Hydroponic Cultivation Results 
 

Starting from October to April, The GH could be used as protected hydroponic cultivation. More 
than one product were cultivated in one round to determine the productivity of each product through 
one round and determine the water demand. Fig.1 showed the complete complex GH system used as a 
dryer and for hydroponic cultivation, while Fig 10 shows the tables inside the complex which will be 
used for cultivation. Also shows the water tanks to irrigate each table and operated with PV modules. 
Fig. 11 shows Kapocha plant inside the GH. The air temperature inside the GH during some days 
through Kapocha plant was showed in Fig. 12. 

 

 
Fig. 10: Tables inside the complex GH which will be used for cultivation. 
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Fig. 11: Kapocha plant inside the GH. 

 
 

 
 

Fig. 12: Air temperature inside the GH during Kapocha plant. 
 
As described above, more than one product were cultivated in one round for the GH, Table 3 

shows the experimental results of these agriculture products cultivation, time of growing, water required 
per day and the total price of the product. 
 
Table 3: The experimental results of product cultivation, time of growing, water required per day and 

the total price of the product. 

No product 
Cultivating 
period in 
Months 

Product 
Kg/round 

Price of kg 
EGP 

Total price 
EGP 

Water demand 
liter/day 

1 Tomato 6 1056 5 5280 100 
2 Cucumbers 2 100 5 500 150 
3 Green pepper 2 50 7 350 150 
4 Kapocha 1.5 600 Units 2 1200 150 
5 Kantalop 2 75 7 525 150 
6 Strawberry 2 20 10 200 150 

 
Greenhouse as a dryer 
 

In summer, the GH can be used efficiently as a solar dryer for drying different agriculture products 
such as; green leaves, medical herbs, fruits and vegetables. In this case, a black corrugated absorber was 
installed under the south facing horizontal and inclined glass surfaces. Two large fans 200 W each with 
two chimneys of square section of length 30 m and 4 m height were used to circulate the heated air 
inside the dryer. The number of trays is 300, each of 0.5x1 m2, made of aluminum angles 3 cm with 
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aluminum grid. Fig. 13 shows the complex GH when it is used as a dryer during drying Molokhia, while 
the air temperature inside the GH during drying of Molokhia was showed in Fig. 14. Table 4 shows the 
different data for agricultural dried products; time of drying and product quantities before and after 
drying. 

 

 
Fig. 13:  The complex GH when it is used as a dryer 

 

 
Fig. 14: Air temperature inside the GH during solar drying of Molokhai. 

 
Table 4: Agricultural dried products; time of drying and product quantities before and after drying. 

No Product 
Wet product 

purchase price 
EGP 

Drying 
capacity 

Kg/round 

Time of 
drying 

day 

Net dried 
kg 

Dried product 
price 

EGP/kg 

Selling price 
EGP/round 

1 Molokhia 0.5 150 2 6 20 120 
2 Mint 0.5 150 2 6 25 150 
3 Grapes 2 150 4 30 50 1500 
4 Plums 4 100 4 20 80 1600 
5 Apricot 3 100 4 20 70 1400 

 
Economical Evaluation of the GH System 
 

The economical evaluation of the complex GH was carried out according to the total capital costs 
of the system components (Table 5), annual operation and maintenance cost (Table 6), system annual 
running costs (Table 7) and annual return income (Table 8). 
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Table 5: Capital costs of the system components. 
Component Total cost,  EGP 
Green house 60000 
Desalination units 20000 
PV system; PV modules, batteries, controllers, heat exchangers. 70000 
Sub total 150000 
Auxiliaries 2% of sub total 3000 
Total capital costs 153000 
Annual cost (25 years life) time                                       6120 

 
Table 6: Annual operation and maintenance costs. 

Component Annual cost, EGP 
Spare parts and maintenance   3,000 
Labors 7000 
Agricultural products for drying 5000 
Chemicals for hydroponic and drying                  5000 
Total annual costs 20,000 

 
Table 7: System annual running costs 

Component Annual  cost, EGP 
Annual capital cost (25 year life) 6120 
Annual operation and maintenance costs 20000 
Total running costs 26120 

 
Table 8: Annual return income. 

Component Annual return, EGP Remarks 
Dried agricultural product 20000  
Cultivated agricultural product 8000  

Water 5 x 365 = 1825 
Expected 5 EGP for 150 Liters per 
day (average for 25 years) 

Electricity 5 x 365 = 5840 
2kWx20 hrx365 
Average price of kWh over 25 
years = 0.4 EGP 

Salts 3000  
Total  annual return income 38665  

 
From the above tables;  
- Annual profit is 12545 EGP (Annual cost - Annual return). 
- Pay back period is 12.2 years (Capital cost/Annual return income). 
 

Conclusions 
 

In this paper a technical and economical study is presented for using solar energy to produce 
simultaneously electrical and thermal energy required to supply a greenhouse with electrical power and 
water and heat energy for cultivation and drying agricultural products. The system was designed, built 
and tested as a greenhouse for hydroponic cultivation and as a solar dryer in summer. The following 
results could be concluded; 

- Solar energy is the only source which produces all required energy for the GH. 
- The GH water requirements could be produced by employing small systems for solar water 

desalination systems. The paper built and tested different technological aspects for water desalination 
systems. 

- Cultivation in the GH was succeeded through hydroponic cultivation, as it save land and water 
consumption. 

- Further research and technical development are needed in order to optimize the performance of 
the GH concept through better design of the shape and desalination systems. 
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- The system feasibility study showed that the payback period was nearly 12 years; however its 
importance surpasses economic benefits, as its output of electricity; water and food are considered to 
be of vital priorities to the inhabitants of remote areas where there isn’t any kind of energy or water 
except for the solar energy. 

 
Abbreviations 

Md Distillate mass flow rate, kg/hr. 
Ms Heating water mass flow rate, kg/hr. 
P  Pressure inside evaporator, bar. 
Ts Temperature of heating water, oC. 
Tv Temperature of vapor distillate, oC. 
Vs Velocity inside evaporator tubes, m/s. 
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