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ABSTRACT 
Water desalination using geothermal fluid with low-enthalpy is a long-term solution to the planet's water deficit that can be coupled with 
thermal-based desalination systems. This research offers an extensive approach for techno economically analyzing a geothermal multi-

effect distillation system to be set up in Gujarat, India. To analyze and optimize processes such as an industrial chemical reactor, numerical 

modeling and simulation are essential. In order to better comprehend the influence of design considerations on evaluation outcomes, we 

emphasize an extensive variety of parameters. Heating steam temperature, feed water salinity, boiling temperature, and geothermal 

resource quality are some of the variables. The accuracy of our fundamental plant’s outcomes was evaluated by altering their values. 
According to the geographical location, using a low boiling temperature and an elevated motive pressure of steam results in a higher 

Performance Ratio. A thorough economic analysis of the lay out of this geothermal multi-effect distillation system as discussed in the 

paper would assist us understand and appreciate the plant’s practicability and provide a broader perspective on the subject.  

 

1. INTRODUCTION 

One of the basic necessities for all life on Earth is water. However, due to various contaminants and environmental changes, the quantity 

and quality of drinkable water have decreased within the last few decades. Seawater, ice fragments in the Polar Regions, and 

groundwater are the three types of accessible water that exist. Saline water makes up about 97% of the earth's water and freshwater 

accounts up the remaining 3%. A third of freshwater that is available is used for horticulture. Freshwater accessible to human scopes is 

less than 1%. We must desalinate brackish or saltwater in order to meet the demand for freshwater. (Prajapati et. al. 2021) Desalination 
is a tried-and-true technique for drawing clean water from the ocean, but it has an adverse effect on the environment and calls for 

sustainable energy sources. (Dashputre et. al. 2023) Desalination techniques need a lot of energy, which renewable energy sources can 

supply.(Prajapati et. al. 2021) Concurrent electricity generation, cost effectiveness, and environmental friendliness charact erise 

geothermal desalination. It doesn't release any greenhouse gasses because it uses clean, renewable energy. The location of the 
geothermal resource, the feed and cooling water supplies, the water market, and the disposal site for concentrates are some of the 

elements that affect the plant's viability. Geothermal energy can power plants based on reverse osmosis or directly produce heat for 

desalination. (Dashputre et. al. 2023)  
 

Techno-economic analysis (TEA) is widely regarded as a crucial instrument for assessing the financial viability of industrial operations. 
The rising competitiveness among organizations across many industries has led to an exponential development in the application of 

TEA recently. Process modelling, capital cost estimation, equipment sizing, operating cost estimation, cash flow analysis and Process 

design, are among the comprehensive analyses that make up the methodology used in TEA. These analyses must be finished in the order 

listed. A broad range of economic indicators (such as plant operation, plant design, transport, market behaviour, etc.) are necessary due 

to the intricacy of the issues at hand. (Chai et. al. 2022) When production is carefully optimized, techno-economic assessment can 
reduce environmental impact and offer energy and cost-effective incentives. (Reggiani et. al. 2022) The local energy cost differential, 

plant refit, treatment, and site-specific expenses related to raw materials such as transportation and tariffs have all contributed to 

increased generated water delivery prices. Because it is so volatile, it is very difficult to estimate the final cost of water precisely. 

Therefore, having an extremely transparent and reliable cost estimation approach will be very helpful in choosing the best desalination 

technology for each site accounting for all significant and influencing cost-related elements. (Shokri & Fard 2023) A techno-economic 
assessment (TEA) is crucial for profit-oriented stakeholders to evaluate investment returns. Technical parameters alone are insufficient; 

they must translate into economic indicators. Yet, no universally accepted standard exists for this assessment due to varying 

technological data availability. (Buchner et. al. 2018)  
 

2. TECHNO ECONOMIC METHODS FOR DESALINATION  

 

2.1 Introduction 

Reverse osmosis (RO), Multi-Stage Flash Distillation (MSF), and Multi-Effect Distillation (MED) are examples of techno-economic 

desalination techniques that employ a variety of procedures to extract salt from water. Forward Osmosis (FO) pulls water across a 
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membrane, whereas Electrodialysis (ED) uses an electric field. Solar energy is used in solar desalination, and hybrid systems integrate 
many technologies for maximum efficiency. Each technique strikes a compromise between many aspects such as cost, energy  usage, 

and water quality; RO is a popular choice because of its effectiveness. The selection process is contingent upon project requirements 

and local conditions, with a tendency toward the integration of renewable energy sources for sustainability.  
 

2.2 Procedure for TEA 

When choosing desalination techniques, decision-makers give consideration to energy consumption, plant capacity, and capital and 

operating costs. Various factors lead to inconsistent reported cost information. To accurately assess expenses, an open technique or 

software package is required. The last ten years have seen a decline in desalination costs, particularly in RO technology, as  a result of 

improvements in designs and energy efficiency. Future cost reduction efforts may be impeded by issues such as supply chain 

constraints, environmental requirements, and growing energy costs. Future research could expand to include desalination plant s 
globally, incorporating additional metrics like CO2 emissions and employment rates for a more comprehensive analysis of desalination 

sustainability.  (Shokri & Fard, 2023) Saleh & Mezher presented a techno-economic analysis where they analysed externality costs for 

Multi-Effect Distillation (MED) and Multi-Stage Flash (MSF) desalination technologies in the UAE. Externality costs for MED ranged 

from $0.297/m3 to $0.702/m3, while for MSF, they ranged from $0.548/m3 to $1.04/m3. The study suggests restructuring water tariffs 

to include these costs, emphasizing the need for policies to promote water efficiency and sustainability. It introduced a flexible 
methodology for assessing sustainability impacts, converting disparate data into comprehensible indicators. However, limitations 

include data scarcity and potential overestimation of certain indicators.(Saleh & Mezher, 2021)  
 

3. CASE STUDIES  

 

 Zheng & Hatzell proposed that systems for desalination are required to supply freshwater to rising demands. One way to deal w ith the 

requirement for energy generated from fossil fuels is to combine solar energy technology with desalination facilities. In the paper, they 

constructed a techno economic model to evaluate the feasibility of combining thermal desalination systems with solar collectors. There, 

the model takes into account how certain deferred water manufacturing expenses and payback periods are affected by system lifetime 
and scale, price per unit and performance characteristics for each subsystem, local market, and environmental aspects of the plant 

location. Both geographical and technological limitations are removed by this method. The techno economic model makes an effort to 

forecast a solar multi-stage flash distillation system's financial performance. For an installation producing 1000 m3 per day, the 

particular discounted cost of producing water is $0.97/m3, provided that the solar collector unit costs $100/m2 and runs at 40% 
efficiency. Miami, Florida is the most geographically advantageous place for a solar desalination plant in terms of economic feasibility, 

based on environmental and market considerations in seven coastal regions in the United States. (Zheng & Hatzell, 2020)  
 

In order to increase the energy efficiency of traditional desalination processes, a novel versatile seawater desalination process has been 

proposed by Nikkhah & Beykal that incorporates a Lithium Bromide (LiBr) absorption chiller, humidification-dehumidification (HDH), 
multi-effect evaporator, and mechanical vapour recompression (MVR). The LiBr cycle is activated by the MVR system, and the 

proposed process leverages the LiBr absorption chiller loop to heat the saltwater before steam is generated in the multi-effect 

evaporators. By integrating HDH, it is also possible to retrieve excess water from the process flow and condense brine effluent for 

processing that requires no liquid discharge. To compare the different performances of the combined unit and a stand-alone HDH 

desalination, multiple metrics are evaluated. A study of sensitivity is done to see how altering process factors affects these systems' 
overall performance, and techno economic analysis is conducted as well to evaluate the economic viability. The findings demonstrate 

that the suggested process design, with a levelled production of water costing $8.4/m3 and 6 kW of cooling power that may be utilized 

for air conditioning, produces a gain-output ratio several times higher than a traditional HDH system of equal capacity. (Nikkhah & 

Beykal, 2023) 
 

Contreras et. al. formulated a viable approach to producing inexpensive, low-carbon hydrogen by the cogeneration of hydrogen with 

value-added by-products. This paper proposes a techno economic analysis and a system for producing hydrogen from waste brine while 

also producing sodium hydroxide and chlorine. The system operates at high sun concentrations (50e500x) using a theoretical triple-

junction gallium arsenide (3-J GaAs)-based photo-electrochemical (PEC) reactor. A solar-to-chemical (SCE) efficiency of 15% and a 

levelled cost of hydrogen (LCOH) generation of $15.76/kgH2 are obtained in the basic case of 200x solar concentration. Sodium 
hydroxide accounts for 64% of the total by-product revenue, which is crucial for covering the operating costs. By -product revenue is 

estimated at $45.32/kgH2. The sensitivity study demonstrated that PEC production of hydrogen from waste brine would be feasible and 

have prices as high as $0.78/kgH2 for favourable combinations of the important variables (sodium hydroxide price, waste brine pre-

treatment price, and PEC replacement lifetime). (Contreras et. al. 2023) 
 

Siddiqui & Ishaq proposed that in the worldwide energy shift towards more environmentally friendly and renewable sources, 

geothermal energy can be extremely important. Sustainable sources of energy, base load power production, energy security and 

independence, uses for heating and cooling, economic advantages, and assistance with the transition for places dependent on fossil fuels 

are just a few of the many ways it can help. This study investigates the more effective use of geothermal energy for multi-generational 

applications that also boosts system efficiency, given the relatively low deployment of geothermal energy despite its enormous 
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potential. In this work, a geothermal system of the binary type is built for multi-generation, which includes the production of hot water, 
power, and seawater desalination. The system uses a flash distillation technology for seawater desalination and an isobutane-entailing 

organic Rankine cycle (ORC) to generate electricity. The efficacy of the designed concept is illustrated by a thorough thermodynamic 

study that includes an evaluation of efficiency according to the first and second laws. The system has a 2262 kW power output and an 

11.09 kg/s seawater desalination rate. The system's overall energy efficiency is estimated to be 23.5%. Furthermore, a 28.9% energy 

efficiency is found. Furthermore, it is found that the ORC's energy efficiency is 7.9%, whereas its exergetic efficiency is assessed at 
51.1%. Additionally, the energy and exergetic efficiencies of the flash distillation subsystem are 2.7% and 9.3%, respectively. The 

effects of changing operational parameters and system circumstances on system efficiency are examined through a number of 

parametric experiments. (Siddiqui & Ishaq 2023) 

 

Table 1: Comprehensive study on desalination systems from a techno-economic perspective 

 

4. PROPOSED METHODOLOGY 
For techno-economic analysis, we must select one methodology we wish to proceed with from the options mentioned in the flowsheet 

given below available to us in Figure 1. 

 

Figure 1: Segregation of methods of desalination 

 

We will be proceeding with geothermal multi effect distillation. Compared to other desalination techniques, geothermal multi-effect 

distillation (MED) has advantages. It uses reliable, renewable geothermal energy, which lowers running expenses and has a smaller 
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environmental effect. Since MED is so effective at converting heat into freshwater, it can be used in remote locations without access to 
traditional energy sources. Geothermal MED offers a dependable water supply with low greenhouse gas emissions and long-term 

sustainability. However, site-specific elements like water demand and geological characteristics need to be taken into account. A 

thorough techno-economic analysis must be performed in order to evaluate the viability of geothermal MED in comparison to 

alternative desalination methods. (Prajapati et. al. 2022)  
 

After selecting the methodology, we must look into the technical and economic factors like operating cost, capital cost, energy 

consumption and plant capacity. The initial investment covers the cost of building the geothermal well development, equipment 

installation, and MED plant construction. The plant is to be set up in Gujarat, India where the geothermal water is on the surface so the 

geothermal wells need not be deep. This will reduce the labor & construction cost.  
 

In the heat exchangers, adding Sulfuric acid to the geothermal brine would form a solution which would in return help in reducing the 

formation of silica and sulfate deposits which results in scaling and fouling. The material of construction should primarily be stainless 

steel. Multi-effect evaporator with parallel stream must be used as it provides operational flexibility with varied feed streams. Another 

reason to use parallel stream feed is that the concentration of salt in the water is variable and tends to fluctuate within the range and 

parallel stream provides flexibility (Figure 2).  
 

 

Figure 1: Segregation of multi-effect evaporators 

 

The condenser is used at the end of the last-effect evaporator. Here, the waste residue that is brine, should not be thrown away and 

instead, can be used in-house or can be sent over to other production organizations as for cooling tower or as a boiler effluent. This way, 

waste production can be minimized and additional income can be generated. The computer-aided control unit, power generation 

equipment and auxiliary equipment must be set up for smooth and safe operation of the system. 
 

5. CONCLUSION 

Geothermal multi-effect distillation system is a sustainable and clean method for desalination to provide unadulterated water suitable for 

domestic and industrial usage. The proposed methodology contains various cost optimization and waste optimization techniques for the 

multi-effect distillation plant set-up in the geographical location of Gujarat, India. However, detailed cost analysis can be provided after 
a pilot plant is set up in the same geographical location.   
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