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Abstract. the project's main aims are the development, design, and pilot testing of an innova-16 

tive solar-driven agricultural greenhouse (GH) integrated with a desalination system that grows 17 

its energy and irrigation water. It considers one of the agricultural practices that increase produc-18 

tivity and production, help maintain ecosystems, and strengthen capacity for adaptation to cli-19 

mate change, extreme weather, and drought. Moreover, the project will help in improving the 20 

education quality of the agriculture students and strengthen capacity building in them. the new 21 

technology was adapted by the man and women researchers and has great potential to accelerate 22 

their progress. All these benefits are compatible with the Sustainable development goals. This 23 

paper presents a techno-financial prefeasibility study for the project. The paper determines the 24 

volume and price of production that can start to capture the profit, known as the break-even 25 

point. Moreover, the study compares the benefit and costs of three crops (color pepper, tomato, 26 

and lettuce capuche) to determine which is more profitable to cultivate in the proposed solar GH-27 

desalination system. The usual method used is based on four discounted measures: 1- net present 28 

value (NPV), 2- internal rate of return (IRR), 3- benefit-cost (B/C) ratio, and 4- break-even point 29 

(BEP) for volume and price. Calculating profitability indicators helps answer the question of 30 

whether business farmers should invest in the new solar-GH-desalination system.  The conclu-31 

sion from this paper is that this type of project has a large amount of capital cost, The most ele-32 

vated cost is solar energy cells, a greenhouse structure, and the cost of the transparent cover. this 33 

type of project can be profitable when cultivating with elevated price plants that have high 34 

productivity and can harvest it more than one time in the year. The developed system serves the 35 

SDGs no. 1, 2, 4, 5, 6, 7, and 13. 36 

 37 
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Most world countries are faced with bolstering food security with many challenges 40 

such as global warm phenomena and scarcity of pure water in quantity and quality 41 

which are threatened by climate change, moreover, raising the price of fossil crude 42 

energy. Agricultural technologies such as greenhouses are effective in conserving 43 

water while simultaneously enhancing agricultural productivity. 44 

The main aims of the project are development, design and pilot testing of an 45 

innovative solar-driven agricultural greenhouse (GH) integrated with a desalination 46 

system that grows its energy and irrigation water (i.e., self-sufficient in energy and 47 

irrigating water) Interested reader on the details of the system conceptual design, 48 

modeling and analysis is advised to consult the related sources [1-7]. The developed 49 

pilot integrated system  utilize the excess GH solar energy (above that needed for the 50 

plant photosynthetic process) for producing the irrigating water (via water treatment - 51 

desalination processes), provide suitable GH partial shading to reduce the cooling load 52 

and generate thermal energy (via semi-transparent roof), and provide GH plants with 53 

the required cooling and controlled microclimatic environment via solar-driven cooling 54 

system. Numerical models was developed to simulate the physical phenomena in the 55 

new solar GH desalination system [1, 8]. Figure (1) presents the integrated pilot solar-56 

driven GH desalination system to produce fresh water of 5 m
3
/day. The produced 57 

freshwater could be used for drinking and greenhouse agriculture while the brine water 58 

could be used for planting halophytes to feed animals like cheeps and goats. The high 59 

salinity water (reject)could be used to produce salt by evaporating water. The result is 60 

zero liquid discharge system. 61 

 62 

 63 
Fig. 1.  Solar-GH Desalination System, Overall Site Layout [2]  64 
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The financial analysis is used to document a reasonable expected return on 65 

investment to prospective investors. There are both direct and indirect benefits of the 66 

ongoing solar-GH-desalination project; 1- the direct benefits are increasing crop 67 

production and the productivity of units for both land and water when it is applied on 68 

large scale and 2- the indirect benefit is constructing a research center in the Faculty of 69 

Agriculture at Zagazig University (project site) that will be use used to produce 70 

societal benefits via scientific research based-consultation, graduates studies, and 71 

educational purposes. 72 

2- Materials and Methods 73 

The paper determines the volume and price of production that would start to capture 74 

the profit, known as the break-even point. The study compares the benefits and costs of 75 

three crops (sweet pepper, tomato, and lettuce capuche) to determine which is more 76 

profitable to cultivate in the proposed solar GH-desalination system. A period of 10-77 

years or financial life of the project model is used. The financial feasibility is calculat-78 

ed with several investment feasibility measurement criteria, including the Revenue/cost 79 

(R/C) ratio, Net Present Value (NPV), Internal Rate of Return (IRR) and sensitivity 80 

analysis. 81 

The financial analysis method used is the Discounted Cash Flow method. The fol-82 

lowing rules were adopted [9].  83 

1- Only cash inflows and outflows are considered in the analysis, i.e., depreciation, 84 

reserves price and technical contingencies, and other accounting items which do 85 

not correspond to actual flows are disregarded. 86 

2- An appropriate Financial Discount Rate is adopted to calculate the present value of 87 

the future cash flows. The financial discount rate reflects the opportunity cost of 88 

capital which is equivalent to 8.25%  [10]. 89 

3. Results and Discussion 90 

3.1 Profitability indices 91 

Despite the negative sign of NPV and IRR indicators for the three crops, lettuce 92 

(capuche) has better indices than the other two crops (color pepper and tomato). 93 

Cultivating lettuce capuche in an area of approximately 84 m
2
 we get a gross margin of 94 

7661 L.E. without replacement cost and 4661 L.E. with replacement cost. The 95 

revenue/cost ratio is estimated at 1.55 or 1.28 which means the profitability equals 0.55 96 

or 0.28 L.E. for each invested pound, (see Table 1). 97 

3.2 Break-even point 98 

Table (2) illustrates the break-even point for the three crops under study. We found 99 

that the equilibrium point is 49 thousand heads for lettuce, 154.6 tons for color pepper, 100 

and 3858 tons for tomato. This volume of production ensures that we not only cover 101 

the losses, but we have a return higher than the capital cost. It means the volume that 102 

indicates good investment because it generates a return as high as the capital cost. 103 

 104 
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 105 

Table 1. Profitability indices of lettuce capuche, color pepper, and tomato 106 

Item 

Lettuce Capuche Color Pepper Tomato 

Value 

value with 

replacement 

cost 

value 

value with 

replacement 

cost 

value 

value with 

replacement 

cost 

Revenue 21,600 21,600 14,688 14,688 14,256  14,256  

Total variable costs 13,939 16,939 14,597 17,597 14,597  17,597  

Gross margin 7,661 4,661 91 -2,909 -341 -3,341 

Revenue/cost ratio 1.55 1.28 1.01  0.83 0.98 0.81 

Profitability 0.55 0.28 0.01 -0.17 -0.02 -0.19 

Variable cost for a unit 3.2 4 16.89 20.37 5.63 6.79 

Total production  4320 4320 864 864 2592 2592 

Note: The market prices of the crops under study are determined in the local market (Obour whole-107 

sale market) as an average monthly price for four years, 2018-2021, [11] 108 

Table 2. Break-even point 109 

  Lettuce (capuche) Color pepper Tomato 

Total fixed cost  87837 87837 87837 

Selling price/unit 5 17 5.5 

Variable cost/unit 3.2 16.43 5.48 

Break-even point quantity      48,805       154,564       3,858,873  

* Quantity of lettuce in head and other crops in kg 110 

3.3 Sensitivity Analysis  111 

Sensitivity analysis shows that at sale prices of 5.0, 5.5, 6.0, and 7.50 L.E/head for 112 

lettuce, the NPV(at a discount rate of 8.25%) will be positive after the production of  113 

110.7, 73.8,  and 49.2 thousand of heads respectively. We conclude that when there is 114 

a high investment cost, the profit is sensitive to both the sale price and the size of pro-115 

duction. Regarding color pepper, if the sale price increases to 19.0 and 20.9 L.E., the 116 

NPV will be positive at the production size of 110.5 and 55.3 tons respectively. Final-117 

ly, based on the sensitivity analysis, we conclude that it is very important to produce 118 

tomatoes in large quantities. 119 

The results of sensitivity analysis for cultivating lettuce (capuche) in a greenhouse 120 

(84 m
2
) illustrate that the NPV will be positive if it was an increase in the production 121 

and the price per unit, so we consider calculating the feasibility study for a greenhouse 122 

that has area one feddan (4200 m
2
) and using the same irrigation system.  123 

4 Conclusions  124 

This type of project has a large amount of capital cost, especially greenhouse self-125 

sufficient in energy and irrigating water (The most elevated cost is solar energy, a 126 

greenhouse structure and the cost of transparent cover) can be profitable when cultivat-127 

ing with the elevated price plant and have high productivity or can harvest it more than 128 
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one time in the year. Moreover, his type of project is important that the government 129 

pay attention in the form of capital assistance or participate with about 61% in the 130 

fixed capital cost to apply that technology or can intervene to produce the high-cost 131 

element such as solar energy, greenhouse structure and transparent cover for a green-132 

house for achieving efficiency in the production of these items. 133 
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