Financial Viability of Hydroponic Farming in Hyderabad Region of Telangana State, India



Abstract:
Hydroponics is a system of growing plants without soil. The plants grown under hydroponic conditions are having better quality than the crops cultivated under traditional farming methods. Hydroponics is a cost effective, labour-saving and high-yielding method, which reduces losses due to natural calamities and pest infestation. Hydroponic farming was initiated in metropolitan cities like Hyderabad, India targeting the urban market and population. The present study focused on the financial viability of Hydroponic farming under different scales in the Hyderabad region. Data was collected through personal interviews from eight hydroponic farms. Financial viability of the project was evaluated by using the Net Present Value (NPV), Benefit-Cost Ratio (BCR), and Internal Rate of Return (IRR). The results revealed that the total initial investment varied with the farm size (900 sq. ft to 43560 sq. ft) and crops grown (Lettuce, Kale, Basil, Spinach, Amaranthus, Mint, and Coriander) ranging from Rs. 0.42 to 20.4 million. The total fixed cost and variable cost range from Rs. 75,000 to 3.41 million and Rs. 0.12 to 5.95 million respectively. The NPV reported at 10.25 per cent discount rate was between Rs. 1.60 to1.21 million. The B:C ratio was found to be high for 2000 sq. ft hydroponic farming with 2.71 and low for 1000 sq. ft unit (1.75). The Internal Rate of Return also range between 59 to 85 per cent across the farm scales. Hydroponic farming found to be financially viable in the region and there is also lot of scope for export of the produce as it fetches high returns.
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1.Introduction
The term hydroponics was derived from Greek word “hydro” means water and “ponos'' means labor and literally it means water work. The word hydroponics was coined by Professor William Gericke in the early 1930s. Hydroponics is a technique of growing plants in nutrient solutions with or without the use of an inert medium such as perlite, gravel, vermiculite, rockwool, peat moss, saw dust, coir dust etc. The efficient hydroponic production systems can reduce water use by 90% and land requirements by 75% (Bradley and Marulanda, 2000). Hydroponic farming is becoming popular throughout the World due to its technique of cultivating the crops without soil. Hydroponic systems are easy to adopt with local materials and resources, and have shown to be feasible and profitable in multiple developing countries like Abu Dhabi, Arizona, Holland, Iran, Italy, California, Belgium, Japan, Russia, Denmark and Germany (Radhakrishnan, 2019). The Hydroponic systems most commonly focus on high-value crops and the plants are grown in nutrient solution in less space under greenhouse. The Hydroponic operation is an environmentally friendly system since it eliminates the water and fertilizer runoff and the produce is pesticide-free and also protected from the influence of external elements such as rain, disease, pests, climate etc (Gruda, 2009).
The hydroponics system run majorly on five factors such as pH control (5.8 to 6.4), electrical conductivity (1.2 to 3.5 Mho), temperature and environmental control (25to 300Celsius), light and Water (Roberto, 2003). There are different structures of hydroponic farming systems viz., Nutrient Film Technique (NFT), Drip recovery, Ebb and flow system, Wick system, Water culture system and Aeroponics system. Commercially, NFT technique has been used throughout the World for successful production of leafy as well as other vegetables with 70 to 90 per cent of water savings (Yuvaraj and Subramanian, 2020). The lettuce (Lactuca sativa L.) is cultivated in    the larger-scale by NFT-Nutrient Film Technique (Potrich, Pinheiro and Schmitd, 2012). 
Hydroponically cultivated crops have shown to contain similar and sometimes higher, levels of vitamins and minerals than soil-based cultivation systems (Gruda, 2009). The hydroponics system is more effective to face the climate, pest and nutrient challenges and also helps in production of crops and vegetables which are 100% safer to eat. The plants grown in the hydroponic system can achieve 20-25% higher yields and productivity of 2-5 times higher when compared to and productivity of 2-5 times higher when compares to a soil-based system (United Nation, 2017). 
 The hydroponic technology could provide an opportunity for small businesses and entrepreneurs to capitalize on the urban market. The vegetables can provide improved nutrient concentrations, and can demand a higher price or be used to target at-risk populations. The initial investment costs may be the barrier in adoption of hydroponic systems. Minimizing these costs and showing that the investment will be profitable in the long run will be a motivating factor for potential farmers. The major quantitative and qualitative food and land availability problems can be solved by adapting hydroponic production which could be well suited to the diverse urban and semi-urban environments. 
The hydroponics system does not depend on any season or time for planting and harvesting, so crops can be grown all-round the year. Hence, it can be adjusted according to market needs which leads to better price for the produce and hence better income for the investors. The global demand for food grains and other vegetables are increasing every year. India is no exception to this. The Hydroponics technique can be an alternative to Indian agriculture system, which still depends upon age-old techniques. The global hydroponics market is valued at 293.12 million dollars in 2018 and is projected to grow at a healthy Compound Annual Growth Rate (CAGR) of 16.45 percent in its forecast for the period, 2019-2025 (Hydroponics Market Research Report, 2019). 
Leading countries in hydroponic technology are Netherlands, Australia, France, England, Israel, Canada and USA. Tomato forms the largest market segment under hydroponics farming and it accounted for 30.4 per cent share of the tomato global market during 2018. China is the top world producer of lettuce; Spain is the world’s largest exporter of lettuce, with the US ranking second. Western Europe and North America were the original major markets for wide scale lettuce production (FAOSTAT, 2018). As the consumers are becoming increasingly aware of the superiority of quality greenhouse-grown vegetables, the demand for hydroponics culture is rising in Europe and Asia-Pacific. Europe is traditionally the largest market that is implementing advanced techniques in hydroponics. Asia-Pacific forms the second largest market for hydroponics (Sharma, 2018).
In Asia, India is one of the countries that have higher need for increasing food production to meet the needs of growing population. More than 65 per cent of land is cultivated under rainfed conditions of which 48 percent area is under food crops. The people living in metropolitan and big cities like Delhi, Hyderabad, Chandigarh, Noida and Bangalore are growing some leafy greens, small herbs and spices on their rooftops and balconies for fresh consumption through hydroponics. The hydroponic crops have huge demand in the market as they are free from chemicals and as exotic vegetables are mostly cultivated under hydroponic system. The crops grown mostly in hydroponic systems in India are lettuce, cherry tomatoes, spinach, strawberries, bell peppers and these have more demand in urban and metropolitan cities (Prayoga, 2020).
Hydroponics market growth drivers are higher yields and profit, growing food demand and water scarcity. The main market segments of hydroponic products are restaurants, hotels and high-income group. The selling price of produce grown in hydroponic units is higher than non-hydroponic products. The units in India mostly cultivate horticulture crops which are usually not grown in open fields and are of high value. Distribution channels play a vital role in reaching the end customers. The farmers producing their products mostly adopt a channel to reach the consumers directly, which eliminates the middleman (Waldhauer et al., 2015).
     Hydroponic farming can be a good example in urban areas and is best suitable in water scarce countries like India to feed the growing population. Hydroponics farming can be commercially viable. It would help the farmers and unemployed youth to take as start-up opportunities. Hydroponics method has also been planned for future space program (Sardare and Admane 2016). With the given advantages and scope of hydroponics, the farmers in Hyderabad region of    Telangana State have also initiated hydroponic farming. In Hyderabad, there are 15 small to large hydroponic farms growing lettuce, basil, kale and all types of leafy vegetables in the region. The profitability of the existing units and their market in Hyderabad, Telangana State is important for policy makers and start-ups coming-up in this area. Hence, the present study was taken up with an objective to understand the financial feasibility of hydroponics farming in the region at different scales.   
Methodology 
The Hyderabad district from Telangana State was taken as the study area, as more than15 hydroponics farms are located in the region. Eight hydroponic firms that were operating from Hyderabad region were purposively selected to obtain first-hand knowledge about the financial viability of the hydroponic farming. The size of the hydroponic unit is important in planning the investments. In the present study, it is noticed that about half of the respondents were holding 1000 – 5000 square feet size and one-fourth of the farmers were having 5000 – 10000 square feet size. The remaining sample was in small proportions, which were having a hydroponic farm of 1000 square feet size (12.5%) and those having above 10000 square feet size are 12.5%. Thus, majority of the farmers were adopting hydroponics with the unit size ranging from 1000 –10000 square feet. The data was collected from various places like Medchal, Boduppal, Kondapur, Jeedimetla, Jubli hills, Annaram (Gachibowli), Secunderabad zones of Hyderabad Region through a structured schedule.
All the essential information required for the study was collected through survey method by personally interviewing the respondents using the pre-tested schedule. Quantitative data on costs and returns was collected to fulfill the objectives of the study. The data relating to farmers age, education, designation, size of the farm/land and occupation of the respondents was also collected. The financial feasibility analysis is used for analyzing the cost-benefits of hydroponic farming.  Assumptions were made for carrying out business analyses of different scales of hydroponic units. The lifespan of hydroponic units is 15 years. The techniques of project evaluation such as Net Present Value, Benefit-Cost ratio and Internal Rate of Returns are used to analyze the investment feasibility. The initial investment cost, working costs and gross returns from the hydroponic farm were discounted at a 10.25 per cent discount rate, and this represents the opportunity cost of the capital. 
Techniques to evaluate capital budget
NPV (Net Present Value): Net Present Value (NPV) of a financial decision is the difference between the present value of cash inflows and the present value of cash outflow. The general formula for calculating NPV can be written as follows:

NPV (Net Present Value)
Where,
𝐶 t= Cash inflow in period t
𝐶 0= Cash outflow 
 k= Opportunity cost of capital
 n= Investment lifespan,   
  t=Time period
If the calculated NPV is positive it implies the investment is viable and where the NPV is equal to zero implies that the investment breaks even. According to Julian and Seavert (2011, p. 368), the NPV rule should be used to make decisions on the investment. When NPV < 0, investment should be rejected, when NPV > 0, investment should be accepted. 
IRR (Internal rate of return): 
The Internal Rate of Return (IRR) is the rate that equates the investment outlay with the present value of cash inflow received, after one period. It implies that the rate of return is the discount rate which makes NPV = 0. Other terms used to describe the IRR method are yield on an investment, marginal efficiency of capital, rate of return over cost and time adjusted rate of internal return.
IRR can be determined by solving the following equation for:
Internal Rate of Return (IRR)



Rate of Return (r) depends on the projects cash flows, rather than any outside factor. Therefore, it is referred to as the Internal Rate of Return (IRR).



In the NPV method, the required rate of return, k, is known and the net present value is found, while in the IRR method the value of ‘r’ has to be determined at which the Net Present Value becomes zero (Pandey, 2015).
B:C Ratio:-
A Benefit-Cost Ratio (BCR) shows the relationship between the relative costs and benefits of a proposed project in monetary or qualitative terms
The BCR is used for analyzing the overall value for money of a project.
B:C Ratio =  
Where,      
Bt = denotes benefit (Cash inflow) in year t.      
Ct = denotes cost (Cash outflow) in year t.  
 n = Economic life of the project.                          
 t = Number of years.   
 r = Discount rate.
Results and Discussions
Socio-economic characteristics of respondents
The information regarding socio-economic characteristics of the respondents is the demographic and socio-economic characters of respondents with regard to age, education, designation, size of the farm/land and occupation. All the hydroponic farmers in the study sample have a minimum qualification of graduation. It was found that the majority of the respondents farmers belong to the age group of 26 to 35 years (75%) and 50 per cent of the farmers have chosen business as a primary occupation.
Cost of cultivation of hydroponics crops
To assess the total cost of cultivation for the hydroponic crops, the fixed cost and variable costs were calculated.
Initial Investment Cost 
To assess the initial investment cost were calculated.
   The total initial investment cost includes the costs associated with land preparation, polyhouse structures (plastic film, galvanized material structure, metal sliding door and gutter), adoption of NFT cost, drip irrigation and equipment cost, which includes cooling fans, pipes and motor pump/pumping station, the motor pump assembly and other items whose durability is longer than the project life time. The total initial investment cost of hydroponic farms varies with their size (900 to 43460 square feet) and is presented in Table 1.1. 
            The total initial investment cost for 900 square feet of hydroponic unit was Rs. 4.28 lakh, for 1000 square feet of hydroponic unit was Rs. 4.76 lakhs, for 1800 square feet of hydroponic unit was Rs. 8.57 lakhs, for 2000 square feet of hydroponic unit were Rs. 9.53 lakhs, for 4000 square feet of hydroponic unit was Rs. 19.06 lakhs, for 5000 square feet of hydroponic unit was Rs. 23.82 lakhs, 10000 square feet of hydroponic unit were Rs. 47.65 lakhs followed by 43,560 square feet of hydroponic unit was Rs. 207.4 lakhs. 
           The significant cost associated with the initial investment cost of hydroponic farms was polyhouse structures accounting about 52.46 to 52.48 per cent of the total initial investment cost, followed by technology cost (i.e., NFT) with 37.77 per cent. The annual initial investment costs were calculated with the business cycle time period of 15 years. The investment on a hydroponic greenhouse project greatly depends on the type of greenhouse material and local conditions in the Hyderabad region.
           The selection of the polyhouse structure depends on the grower's expectations, experience and need. The cost of polyhouse structure is one of the important elements of the total initial investment cost.  Polyhouses are of different shapes, which also decide their cost, climate, selection of crops production and quality of crops produced year-round (Frazet al. 2018).
 Fixed Cost 	
            The total fixed costs include land rent, depreciation cost on polyhouse structure and equipment, interest on fixed capital cost. Once fixed costs were determined, depreciation was calculated separately for polyhouse structure and equipment, which includes cooling fans, pipes and motor pump/pumping station, the motor pump assembly and other items whose durability is longer than the project lifetime. The results show that the fixed cost varies with the farm size were 0.75 to 34.15 lakhs of the total fixed cost (900 sq. ft to 43560 sq. ft).  
           The land rent value varies with the farm sizes was 19.06 to 23.97 per cent. The depreciation value for polyhouse structure was 15.86 to 16.87 per cent and the depreciation on equipment cost were the least which was about 1.62 to 2.01 per cent and interest on fixed cost highest were 58.53 to 62.27 percent of the total fixed cost respectively.
Variable Cost 
              The variable costs include labour cost, electricity cost, repairing charges, plant protection cost, transportation charges, advertising and publicity cost, operation and maintenance cost, nutritional solution cost, planting material cost as well as interest on working capital. The total variable cost varied from Rs. 1.25 to 59.50 lakhs as per the farm size. 
             It was observed that the total variable cost varies from farm to farm and was majorly seen in planting material cost which in turn depends on the type of crop i.e., exotic (lettuce, basil, kale) and domestic crops (amaranthus, spinach, mint, coriander). The planting material cost was very high in exotic crops when compared to domestic crops. In the case of exotic crops like lettuce the planting material cost was 1.50 rupees per plant and the remaining exotic vegetable crops was 0.50 rupees per plant. In domestic crops like spinach, amaranths, mint and coriander the planting material cost was 0.25 rupees per plant. It was observed the lettuce crop had the highest planting material cost. Planting material cost for 1800 and 5000 square feet farms was less (13.39 and 12.05 %) because these farmers were growing more domestic crops. The remaining farms were growing more exotic crops accounting the highest cost (17.25% to 20.99%) in the total variable cost. Electricity charge was second highest total variable cost, which was 17.40 to 21.52 per cent for 900 to 43560 square feet farm size. The operations and maintenance costs were least which was 2.79 to 3.44 per cent of the total variable cost. 
          The labour costs represented a significant proportion (12.59 to 15.49 %) of total variable costs. The hydroponic system involves a person to check and monitor the pH and ppm of the solutions every day. Prayoga and Putra, 2020 found that cost of nutrient solution and labour cost was very high in small scale hydroponics farming compared to marginal and large-scale farming. In this study interest on fixed capital, planting material cost was high, followed by electricity charge and labour cost.











	Sl. No
	Particulars
	Farmer 1
	Farmer 2
	Farmer 3
	Farmer 4
	Farmer 5
	Farmer 6
	Farmer 7
	Farmer 8

	
	
	900 sq. ft
	1000 sq. ft
	1800 sq. ft
	2000 sq. ft
	4000 sq. ft
	5000 sq. ft
	10000 sq. ft
	43560 sq. ft


	I
	Initial Investment cost

	
	i. i) Land development
	2250
(0.52)

	2,500
(0.52)

	4,500
(0.52)

	5,000
(0.52)

	10,000
(0.52)

	12,500
(0.52)

	25,000
(0.52)

	1,00,000
(0.48)


	
	ii. ii) Polyhouse structures
	2,25,000
(52.46)
	2,50,000
(52.46)
	4,50,000
(52.46)
	5,00,000
(52.46)
	10,00,000
(52.46)
	12,50,000
(52.46)
	25,00,000
(52.46)
	1,08,90,000
(52.48)

	
	iii. iii) Drip irrigation
	12,600
(2.93)
	14,000
(2.93)
	25,200
(2.93)
	28,000
(2.93)
	56,000
(2.93)
	70,000
(2.93)
	1,40,000
(2.93)
	6,09,840
(2.93)

	
	iv. iv) Adoption of NFT cost
	1,62,000
(37.77)

	1,80,000
(37.77)

	3,24,000
(37.77)

	3,60,000
(37.77)

	7,20,000
(37.77)

	9,00,000
(37.77)

	18,00,000
(37.77)

	78,40,800
(37.79)


	
	v. v) Equipment cost
	27,000
(6.29)

	30,000
(6.29)
	54,000
(6.29)
	60,000
(6.29)
	1,20,000
(6.29)
	1,50,000
(6.29)
	3,00,000
(6.29)
	13,06,800
(6.29)

	
	Total initial investment Cost
	4,28,850

	4,76,500

	8,57,700

	9,53,000

	19,06,000

	23,82,500

	47,65,000

	2,07,47,440



Table 1 – Costs associated with initial investment of hydroponic units of different sizes in Hyderabad, Telangana State (In Rupees)




	[bookmark: _Hlk83977983]Table 2 Total Cost associated with the cultivation of hydroponic crops 

	Particulars
	Farmer-1
(900 sq.ft)
	Farmer-2
(1000 sq.ft)
	Farmer-3
(1800 sq.ft)

	Farmer-4
(2000 sq.ft)
	Farmer-5
(4000 sq.ft)
	Farmer-6
(5000 sq.ft)
	Farmer-7
(10000 sq.ft)
	Farmer-8
(43560 sq.ft)

	
	Fixed Cost 

	
	1. i) Land rent
	13,500
(19.12)
	20,000
(23.97)
	27,000
(19.12)
	30,000
(19.12)
	60,000
(10.06)
	75,000
(19.12)
	1,50,000
(19.12)
	6,53,400
(19.12)

	
	1. ii) Depreciation on polyhouse structure
	11,911.63
 (16.87)
	13,235.12
(15.86)

	23,823.26
 16.87

	26,470.29
(16.87)
	52,940.59
(16.82)
	66,175.73
(16.87)

	1,32,351.47
(16.87)
	5,76,523.03
(16.87)


	
	1. iii) Depreciation on equipment cost
	1221.58
(1.73)
	1357.31
(1.62)

	2443.16
 (1.73)

	2,714.62
 (1.73) 

	6,352.87
 (2.01)

	6,786.57
(1.73)
	13,573.14
 (1.73)

	59,124.61
 (1.73)


	
	1. [bookmark: _GoBack]iv) Interest on fixed capital @ 10.25 percent/ annum
	43,957.12
(62.27)

	48,841.25
(58.53)
	87,914.25
 (62.27)

	97,682.5
 (62.27)

	1,95,365
 (62.08

	2,44,206.25
 (62.27)

	4,88,412.5
 (62.27)

	21,26,612.6
(62.27)


	
	1. Total Fixed Cost (TFC)
	70,590.34

	83,433.69

	1,41,180.68


	1,56,867.42

	3,14,658.46

	3,92,168.56
	7,84,337.12

	34,15,660.25


	
	 Variable Cost 

	
	1. v) Labour cost
	16,200
(12.94)
	18,000
(13.27)
	32,400
(13.75)
	36,000
(12.55)
	72,000
(12.59)
	90,000
(15.49)
	1,80,000
(13.01)
	7,84,080
(13.17)

	
	1. vi) Electricity cost
	22,500
(17.98)

	25,000
(18.43)
	45,000
(17.40)
	50,000
(17.85)
	1,00,000
(17.49)
	1,25,000
(21.52)
	2,50,000
(18.08)
	10,89,000
(18.30)

	
	1. vii) Repairing charges
	6,300
(5.03)
	7,000
(5.16)
	12,600
(5.13)
	14,000
(4.99)
	28,000
(4.89)
	35,000
(6.02)
	70,000
(5.06)
	3,04,920
(5.12)

	
	1. viii) Plant protection cost
	14,400
(11.50)
	16,000
(11.79)
	28,800
(71.45)
	32,000
(11.42)
	64,000
(11.17)
	80,000
(13.77)
	1,60,000
(11.57)
	6,96,960
(11.71)

	
	1. ix) Transportation charges
	8,460
(6.76)

	9,600
(7.07)
	17,280
(7.46)
	20,000
(7.14)
	38,400
(6.71)
	48000
(8.26)

	96,000
(6.94)
	4,18,176
(7.02)

	

	1. x) Advertising and publicity cost
	5,400
(4.31)

	6,000
(4.42)
	10,800
(3.20)

	12,000
(4.28)
	24,000
(4.19)
	30,000
(5.16)
	60,000
(4.33)
	2,61,30
(4.39)

	
	1. xi) Operation and maintenance cost
	3,600
(2.87)
	4,000
(2.94)
	7,200
(3.10)
	8,000
(2.85)
	16,000
(2.79)
	20,000
(3.44)
	40,000
(2.89)
	1,74,240
(2.92)

	
	1. xii) Nutritional solution cost
	12,600
(10.07)
	14,000
(10.32)
	25,200
(10.86)
	28,000
(9.49)
	56,000
(9.79)
	70,000
(12.05)
	1,40,000
(10.12)
	6,09,840
(10.24)

	
	1. xiii) Planting material cost
	24,030
(19.20)
	23,400
(17.25)
	31,050
(13.39)
	54,000
(19.28)
	1,20,000
(20.99)
	28,800
(12.05)
	2,58,000
(18.66)
	10,58,508
(17.78)

	
	1. xiv) Interest on working capital
	13,016.47
(9.29)
	14,657.5
(9.29)
	21,558.82
 (9.29)
	29,110
 (9.29)
	59,286
 (9.29)
	58,732.5
 (9.29)
	1,43,910
(9.29)
	6,20,174.61
(9.29)

	
	Total variable cost
(TVC)
	1,25,122.72

	1,35,607.5

	2,31,888.82

	2,80,035

	5,71,536

	5,80,797

	13,82,535

	59,50,285.11


	
	Total Cost (Total Fixed Cost + Total Variable Cost)
	1,95,713.06

	2,19,041.19

	3,73,069.50

	4,36.902.42
	8,86,194.46

	9,72,965.56
	21,66,872.12

	93,65,945.36



























Note: Values in parentheses indicate percentages of fixed cost and variable cost
Yield and income from hydroponic cultivation
The total yield and income of the hydroponic units are presented in Table 3
	Sl.no.
	Yield and income 
	900 
Sq. ft
	1000 Sq. ft
	1800 Sq. ft
	2000 sq. ft
	4000 sq. ft
	5000 sq. ft
	10000 sq. ft
	43560
Sq. ft

	1
	Average Yield / year (Kg)
	3,996

	4,320

	7,560

	9,600

	17,760

	24,000

	42,000

	1,88,179.2


	2
	Gross returns (In rupees)
	4,53,600

	4,96,800

	10,49,760

	13,53,600

	24,96,000

	27,12,000

	61,56,000

	2,69,72,352


	3
	Total annual cost (TVC + TFC)
	1,95,713.06

	2,19,041.19

	3,73,069.50
	4,36,902.42

	8,86,194.46

	9,72,965.56

	21,66,872.12

	93,65,945.36

	4
	Net returns (in lakhs)
	2,57,886.93

	2,77,758.80

	6,76,690.49

	9,16,697.57

	16,09,805.53

	17,39,034.43

	39,89,127.87

	1,76,06,406.64



Table 3 Yield and income of hydroponic farms of different scale (900-43560 sq. ft)
[bookmark: _Hlk84364900]
The gross returns for the hydroponic farm depend on the size of the farm ranging from Rs. 4.53 lakhs to Rs. 2.69 crores. The gross returns depends on the selling price of the crops in the market. The total annual cost were ranging between Rs. 1.95 to 93.65 lakhs (900 sq.ft to 43560 sq.ft). Net returns worked out to be between Rs. 2.57lakhs to 176.06 lakhs.
          In the study area, the majority of the farmers grow exotic crops through hydroponic systems based on consumer demand (selling prices of exotic products is more compared to domestic products) and lettuce was used on a larger scale in hydroponics farms. It was observed lettuce was grown above 60 to 70 per cent of the total cultivation area. However, lettuce is the most economically important leafy vegetable and it is easy to adopt by the NFT system which has shown high performance. Lettuce was the most consumed leafy vegetable in the country and also recognized that lettuce is accountable for the largest portion of income in the productive system. It represents 75 per cent of the total hydroponics production in the world (24,946 M. ton). The production share was 57.1 per cent Asia, 24 per cent America, 16.8 percent Europe, 1.3 per cent Africa and 0.9 percent Oceania. Main producers are China, the USA, Spain and Italy. The main countries exporting lettuce are Belgium-Luxembourg, Kuwait, Congo, Austria and the USA (FAOSTAT, 2014). 
Lettuce is a leafy vegetable mostly consumed in other countries like Brazil, China, America, Africa and is considered as one of the important ingredients in salads. In the study area, usually, each crop showing the best economic returns and a bit of lettuce demand is more compared to other vegetables as most of the people consume it directly as a salad. The results show that the selling price of vegetable in a hydroponics system is higher than the non-hydroponic vegetables. 
 Financial feasibility of hydroponic farming 
          Assumptions were made for carrying out business analyses of different scales and different crops of hydroponic units. The lifespan of hydroponic units is 15 years. The techniques of project evaluation such as Net Present Value, Benefit-Cost ratio and Internal Rate of Return were used to analyze the investment feasibility. The initial investment cost, working costs and gross returns from the hydroponic farm were discounted at a 10.25 per cent discount rate, since it represents the economic viability of all farms. 
          NPV is used to calculate the financial analysis and helps to identify the difference between the present value of discount cash inflows and discount cash outflow those are associated with the project and the initial investment required for the NPV calculation. The NPV regulations should be used to make decisions on the investment. When NPV is less than zero (NPV < 0), investment should be rejected when NPV is greater than zero (NPV > 0), investment should be accepted. The NPV equation accounts for all the costs and desired rates of return. A positive NPV value indicates that the investment project is feasible at the discount rate applied, otherwise the project should be rejected (Julian and Seavert, 2011).
          In the present study, NPV values were positive in all farms i.e., 900 to 43560 square feet of area (Rs. 16.06 to 12.17 crores) Hence, it indicates the feasibility of the investment (Table. 4.). The feasibility of hydroponic production depends on the area, selection of crops and selling price of the hydroponic products.
          Benefit-cost (B:C) ratio helps to find out the profitability of an enterprise and evaluate the worthiness of investment in the project. The project is considered feasible when the value is greater than 1. when the value is equal to 1 it indicates that the project is not profitable; and when the value is less than 1, it means that the project is not feasible (Bordeaux-Rego et al., 2013).  The highest BCR resulted in the2000sq.ft, which was 2.71 because the farm has selected the most exotic crops like lettuce, kale and basil, hence exotic crops are having the highest sale price in the present market. Lowest B:C ratio was 1.75 for 1000 square feet farmers because they were cultivating a large portion of domestic crops and less market price. Hence, 900 to 43,560 square feet of the farm was worthiness of investment on these farms and considered economically viable by this indicator (Table.4). 
            In the study area, people are less aware of hydroponic products and they are not ready to purchase hydroponic products due to the high price compared to traditional farming. The BC ratios also depend on the selling price of the products and the quantity of the products. In this condition, though the investment returns were high, project risk was also bit high.  
             NPV and IRR values changes in some variables that directly interfere with the cash flow estimates, such as selling price, quantity sold and variable unit costs. Selling price has a major influence on the profitability of expected results in the study area. The variations in gross sales revenue had greatest impact on NPV, either due to changes in sales prices or quantity produced. Changes in the variable production costs also affected NPV.
             Internal Rate of Return (IRR) is suggested to be a very suitable measure for evaluating the profitability of investment on different projects. The IRR is the rate of discount at which the net present worth of the project is zero or the discounted costs are equal to the discounted returns. It is superior to the other measures since it takes into consideration the reinvestment opportunities of enterprises during the life span.
            The Internal rate of return resulted in 4000 square feet was 85.08 percent which was the highest. The lowest IRR was for 1,000 square feet farm with 59.22 per cent. It clearly indicated that investment in any square feet of hydroponic farm cultivation is financially feasible. The project proved to be feasible in the study area. 
Table 4: Estimates of investment analysis parameters in different scales of hydroponic units 
	Sl. No
	particulars
	Farmer -1,
900 sq. ft

	Farmer
-2,
1000 sq. ft

	Farmer
-3, 1800
sq.ft
	Farmer-4, 2000
sq.ft
	Farmer -5, 4000
sq.ft
	Farmer-6, 5000
sq.ft
	Farmer-7, 10000 sq. ft
	Farmer-8, 43560 sq. ft

	1
	Net present value
(In lakhs.)
	17.22

	16.06

	46.34

	64.05

	111.46

	106.58

	251.48

	1217.02


	2

	Cost benefit ratio
	2.02



	1.75
	2.43

	2.71
	2.47
	2.10
	2.19

	2.51


	
3
	Internal  rate of return
	61.18
	59.22
	79.01

	78.08

	85.08
	73.00
	84.04


	85.02




Current hydroponic market in Hyderabad region of Telangana state.
           Marketing of the produce is a vital activity and is the major component that makes the business fruitful. In case of hydroponic products, market for the produce is a niche market and there is a massive need to capture the market share and increase sales revenue. The market needs regularity availability of the produce.
            Currently, the demand for hydroponic products and production is very small, because people are not aware of hydroponic technology in the study area. Hydroponic farms presently produce limited types of crops like lettuce, basil, spinach, amaranthus, mint, coriander and kales are catering to a limited market.
           Hydroponic farmers grow crops based on consumer needs. The sale price depends on the quality of hydroponic products. These units target higher income group customers who are willing to pay premium price for quality and safety of food. Generally, the hydroponics products are well packed, boxed and presented in an attractive way, which boosts consumer confidence about the product. From a marketing point of view, these products are marketed as organically produced. Some of the firms also target restraints using exotic vegetables to market their products.
          All the farmers are using channel-I, i.e., direct purchase by the consumer, they do not need any transportation to market their produce. The project would become more attractive with the production of crops such as exotic crops like lettuce, basil and kale.
Conclusion 
             Hydroponic systems are highly effective techniques used in several agricultural domains and also against natural calamities. It can be concluded from the study that these units were financially viable with current quantity of production. The returns from the hydroponic farmers depends on size and the crop being cultivated. Though the cost of cultivation is high, the returns are also high as the business viability. Overall, it can be concluded that, hydroponic cultivation acted as turning point for many farmers to get high income. Based on the study, the following suggestions have been given to improve hydroponic cultivation in the state. Awareness and skill development programs to be organised, developing storage facilities for Hydroponic products, facilitating low interested loans to the hydroponic farmers through government programs and rebate on the plant material and equipment’s for hydroponic farms. The state and central governments can support farmers initially by providing a rebate on establishment costs and exotic planting material costs at lower prices for increasing the area on hydroponic cultivation and to protect the interest of the farmers. 
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