Feasibility Study of a Combined Gas Turbine and a Multi-Effect Distillation Unit


Abstract
Researchers and engineers are creating pertinent solutions to deal with water stress and rising energy demand.A very effective method is the cogeneration of thermal and electrical energy from a single 
primary source. The integration of gas turbines with a multieffect distillation (MED) desalination unit is described in this article. This synergy dramatically increases overall fuel efficiency to approximately 67%, lowers specific 
greenhouse gas emissions per unit of water and power produced, and lowers operating costs 
by using the high temperature exhaust from a gas turbine in a Heat Recovery Steam Generator
 (HRSG) to produce steam for thermal desalination. This study presents a technological scenario, analyzes the energy of each component, and 
looks at the benefits and drawbacks from an economic and environmental perspective. 
This article shows that combining a MED with a gas turbine presents a viable and sustainable alternative for the joint production of energy and drinking water.
This work further emphasizes the applicability of integrated GT–MED cogeneration systems in arid coastal regions, where water scarcity and growing energy demand coexist. By improving fuel utilization and reducing specific emissions, this configuration provides a reliable, efficient, and environmentally sustainable solution for the simultaneous production of electricity and potable water.
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1. Introduction
Freshwater is vital and essential for the economic development of countries. Many countries, including Tunisia, are facing acute water stress. Seawater desalination has emerged as a solution to address water stress.
Concurrently, the energy intensity of desalination contributes significantly to operational costs and environmental footprints [1].
Conventionally, power and water are produced separately, resulting in suboptimal fuel utilization. Cogeneration of Heat and Power (CHP), addresses this inefficiency. Gas turbines, known for their high power-to-weight ratio and rapid start-up, are ideal engines for this system [2]. When their high-energy exhaust is effectively coupled with a thermal desalination process such as MED, it creates a highly efficient system for simultaneous production [3].
This analysis focuses on a true thermal cogeneration configuration: a gas turbine (GT) with a Heat Recovery Steam Generator (HRSG) driving a Multi-Effect Distillation (MED) unit. The GT-MED arrangement was selected for its excellent thermodynamic synergy, suitability for the 20 MW scale, and high thermal efficiency for freshwater production, making it particularly appropriate for the development needs of southern Tunisia.
In recent years, integrated power and desalination systems have gained increasing attention due to their ability to address the interlinked challenges of energy efficiency, water scarcity, and environmental sustainability. In arid and semi-arid regions, where freshwater resources are limited and energy demand continues to rise, the coupling of thermal power generation with desalination processes offers a strategic advantage. By simultaneously producing electricity and potable water from a single fuel source, cogeneration systems significantly reduce fuel consumption per unit output, thereby improving overall system efficiency and reducing greenhouse gas emissions. This integrated approach is particularly relevant for developing regions, where infrastructure investments must maximize economic and social returns while minimizing environmental impact.
2. System Description and Component Analysis
The core principle is the cascading use of energy (Figure 1). The high-value chemical energy in natural gas is first converted to electricity using a gas turbine. The medium-value thermal energy in the exhaust is captured to produce steam. Finally, the latent heat of steam drives the phase-change process in the MED unit, producing freshwater.
The system's high efficiency stems from its principled exergy management, cascading the high-exergy content of the fuel first to high-value electricity generation, then recovering the medium-exergy exhaust for steam production, and finally applying the low-exergy steam to the thermally driven, low-exergy task of desalination. This hierarchical matching of energy quality to task requirements minimizes overall thermodynamic losses.
From a systems engineering perspective, the GT-HRSG-MED configuration represents an optimized thermal cascade in which energy is utilized according to its quality and availability. Unlike conventional standalone systems, this integrated layout minimizes exergy destruction by ensuring that high-temperature exhaust gases are not rejected to the environment but instead recovered for productive use. Such integration enhances operational flexibility, allowing the plant to adjust electricity and water production according to seasonal demand variations. Moreover, the modular nature of the system facilitates scalability and phased deployment, making it suitable for regional development projects where gradual capacity expansion is required.
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Figure 1:  Gas Turbine and MED Seawater Desalination Plant.
2.1. Detailed System Breakdown & Components
2.1.1. The Gas Turbine description
The Siemens Energy SGT-600 [4] was carefully chosen as the representative turbine for the 20 MW class owing to its high exhaust temperature, excellent CHP appropriateness, and strong global deployment. Its key technical data (ISO conditions, DLE burners), [4] are:
· [bookmark: _heading=h.kfpu03rbnw81]Electrical Output: 20 to 22 MWe
· Electrical Efficiency: 36 to 38%
· Fuel Input: 56 MW
· Turbine Inlet Temperature (TIT): 1100-1140°C
· Exhaust Temperature: 515°C
· Exhaust Mass Flow: 84 kg/s
· Pressure Ratio: 18:1
· NOx Emissions: < 25 ppmvd (DLE)
The package includes a multi-stage filter and silencer air intake system, a 10-stage axial compressor (PR=18), an annular Dry Low Emissions (DLE) combustor, and a 2-stage turbine. This 20 MW gas turbine was selected based on its favorable thermal, mechanical, and electrical characteristics, specifically the high exhaust temperature and mass flow suitable for heat recovery. Other comparable models on the worldwide market include the Kawasaki Heavy Industries L20A, Baker Hughes NovaLT20, Solar Turbines Titan 130, GE Vernova Frame 5 variants, and MAN Energy Solutions MGT 20 class, all designed or optimized for CHP applications.
For the performance calculations in this analysis, the following values from the SGT-600 are used, [4]:
· Net Electrical Output (Pnet): 20.5 MWe
· Fuel Input (LHV) (Qfuel): 56 MW
· Exhaust Flow (exh): 84 kg/s
· Exhaust Temperature (Texh): 515°C
· Component-Level Efficiencies: The axial compressor and 2-stage turbine exhibit typical isentropic efficiencies of approximately 86% and 89%, respectively, which underpin the net electrical efficiency of the engine [5, 6].
To validate the performance assumptions and understand the internal energy conversions, a detailed thermodynamic model of the SGT-600 cycle was developed using EES (Engineering Equation Solver) software. The model, based on the published inlet conditions, pressure ratio, and mass flow, allowed for the calculation of key component efficiencies. The analysis yielded an isentropic efficiency of 86.2% for the axial compressor and 89.5% for the two-stage expansion turbine. These calculated values ​​correspond to the performance ranges of certain industrial gas turbines [5, 6] and confirm the thermodynamic performance required to obtain a very high exhaust-gas temperature. These high enthalpies are essential for cogeneration.
2.1.2. The HRSG Unit 
The HRSG is a critical link that enables thermal cogeneration. The SGT-600's high exhaust mass flow (84 kg/s) and temperature (approximately 515°C) allow for the production of approximately 30 - 32 tons per hour of steam. The selected Heat Recovery Steam Generator (HRSG) was a single-pressure, unfired, natural circulation unit. Its internal components include an economizer to preheat the incoming feedwater and an evaporator and drum section to boil the feedwater into dry, saturated steam. The system is designed to produce steam at approximately 2 - 3 bar, saturated (120 - 130°C), which is ideal for the MED process. The calculated steam flow was approximately 8.6 kg/s (31 tons/hour), representing a recovered thermal energy (Qth) of approximately 17 MWth. The stack temperature is maintained at approximately 120°C to maximize heat recovery while avoiding acid dew point corrosion [6].
2.1.3. The Multi-Effect Distillation Unit
The MED unit utilizes the latent heat of the condensing HRSG steam in a series of effects, each at a progressively lower pressure, to repeatedly evaporate seawater [7]. The Gain Output Ratio (GOR) is between 8 and 10 for modern units [8].
With a heating steam supply from the HRSG of approximately 31000 kg/h, the total distillate production is 31000 kg/h * 9 = 279000 kg/h, which is approximately 6696 m³ per day.
2.2. Collection of performance data for the cogeneration system installation
The system performance of the cogeneration plant is presented in Table 1:
Table 1: Cogeneration System Performance 
	Parameter
	Symbol
	Updated Value

	Gas Turbine Net Power
	Pnet
	20.5 MWe

	Fuel Input (LHV)
	Qfuel
	56 MW

	Exhaust Temperature
	Texh
	515°C

	Exhaust Mass Flow
	[bookmark: _GoBack]exh
	84 kg/s

	HRSG Steam
	steam
	31 t/h

	MED GOR
	
	9

	Water Output
	Vwater
	  6700 m³/day

	Thermal Energy Recovered
	Qth
	  17 MWₜₕ

	Cogeneration Efficiency
	ηcogen =
	  67%


Cogeneration Efficiency
The overall efficiency is expressed as follows:
ηcogen = (Pnet + Qth)/Qfuel
So :     ηcogen =  (20.5 + 17)/56 = 67% 
3. Comparative Investigation, Environmental Impact
3.1. Comparison of Thermal Desalination Technologies
MED was selected over other thermal processes such as Multi-Stage Flash (MSF) for its superior efficiency at the moderate steam temperatures provided by a GT-HRSG [9]. As shown in Table 2, MED offers a higher Gain Output Ratio (8 - 13), lower specific thermal energy consumption (between 60 and 80 kWh/m³), and lower scaling tendency at its typical top brine temperature of approximately 70°C, making it an excellent match for GT exhaust heat. MSF requires higher temperatures, and Mechanical Vapor Compression (MVC) requires electrical or mechanical drive, making it less suitable for direct thermal coupling.
Table 2: Comparison of Thermal Desalination Technologies for Cogeneration [8, 10]
	Parameter
	MED
	MSF
	Vapor Compression (VD)

	Typical GOR
	8 to 12
	4 to 8
	10 to 15

	Top Brine Temperature
	70°C
	110°C
	70°C

	Specific Thermal Energy
	60 to 80 kWhₜₕ/m³
	90 to 120 kWhₜₕ/m³
	50 to 70 kWhₜₕ/m³ (electrical)

	Suitability for GT Exhaust
	Excellent
	Good
(Requires higher temperature)
	Poor (requires mechanical/electric drive)

	Scaling Tendency
	Low
	High
	Low


In addition to thermodynamic performance, the selection of MED technology is supported by its favorable operational characteristics and long-term reliability. MED plants operate at relatively low top brine temperatures, which significantly reduces corrosion and scaling risks compared to MSF systems. This translates into lower maintenance requirements and longer equipment lifetimes, both of which are critical factors in remote or resource-constrained regions. Furthermore, MED systems exhibit stable performance under part-load operation, making them well suited for integration with gas turbines whose output may vary due to ambient conditions or grid demand. These attributes reinforce the suitability of MED as the preferred desalination technology for gas turbine–based cogeneration systems.
3.2. Economic and Environmental Analysis
An economic study is necessary for this work; however, emerging countries do not manufacture desalination plants and gas turbines, and investment costs can only be estimated by comparing with similar installations in certain countries. In this study, a preliminary cost estimate for such an installation is provided for informational purposes.
· Capital Costs: The total installed cost for a plant of this scale is estimated to be approximately $42 to $57 million. This encompasses the GT package ($20 to 25M), HRSG & balance of plant ($3 to 5M), MED plant ($10 to 15M), and civil works/seawater intake/outfall systems ($5 to 8M) [11].
· Operational Costs: Natural gas fuel constitutes approximately 70% of the variable O&M costs. MED-specific operational costs include chemicals (primarily antiscalants) and maintenance of the vacuum and air ejection systems.
· Environmental Footprint:
· CO₂ Emissions: The high cogeneration efficiency (67%) dramatically reduces specific CO₂ emissions per unit of water and power produced compared to separate production [12].
· Brine Discharge: MED brine is typically discharged at a temperature only 5-10°C above ambient and at approximately twice the salinity of seawater. A properly designed diffuser system is essential for environmentally sound outfall and to mitigate local ecological impact [13].
Beyond direct economic indicators, the broader socio-environmental benefits of cogeneration desalination plants must also be considered. The reduction in fuel consumption per unit of output leads not only to lower operating costs but also to decreased dependence on energy imports, thereby improving national energy security. Environmentally, the lower specific emissions associated with high-efficiency cogeneration contribute to climate change mitigation efforts and support compliance with international environmental commitments. When combined with appropriate brine management strategies, GT-MED systems can achieve a balanced compromise between water production needs and marine ecosystem protection, reinforcing their role as a sustainable infrastructure solution.
4. Discussion: Opportunity to Southern Tunisia
Certain regions of southern Tunisia, known for their water stress, proximity to the coast, and development needs, are ideal candidates for this cogeneration system.
· Resource Optimization: Maximizes the value of imported or domestic natural gas by producing two critical commodities.
· Grid Stability: Provides reliable, dispatchable power to the local grid.
· Water Security: Offers a drought-proof source of potable water for municipal and industrial use, supporting economic development.
Reduced Carbon Footprint: The high cogeneration efficiency (67%) leads to significantly lower specific CO₂ emissions per cubic meter of water and per megawatt-hour of power produced compared to separate, conventional generation and desalination. The production of drinking water at a low environmental cost is a global sustainable development goal.
 Challenges: These include the high initial capital expenditure, reliance on natural gas market prices, and the need for robust environmental management of brine discharge in sensitive marine ecosystems.
4.1. Scale and Demographic Relevance

The proposed 20.5 MW GT-MED cogeneration plant, producing approximately 6700 m³ of freshwater per day, can significantly affect water and energy security for a regional population. The service capacity can be estimated based on standard Tunisian consumption figures:
Electricity Service Capacity: With net output of 20.5 MWe, the plant can provide the baseload power for approximately 40000 to 50000 people, based on an average annual per capita electricity consumption in Tunisia of roughly 1500 kWh [14]. This approximation considers the residential, commercial, and light industrial characteristics of a medium-sized city in southern Tunisia.
Water Service Capacity: Using a standard benchmark for potable water demand in arid regions of 150-200 liters per capita per day, the daily production of 6700 m³ could theoretically meet the freshwater needs of approximately 33500 to 45000 people. This installation dimension corresponds to the supply of a medium-sized city.
The installation output was well-suited. It can sustainably support a combined community of 35000 to 45000 residents with synchronized power and water, a scale highly relevant for development in southern Tunisia (e.g., city like Zarzis). It provides a drought-proof water source for municipal use and can free up grid capacity while stabilizing the local network. For larger populations, multiple modular units can be deployed.

5. Conclusion
The technical analysis confirmed that a 20 MW gas turbine coupled with an MED plant via an HRSG is a sophisticated and highly efficient cogeneration solution. The strength of the system lies in its thermodynamic integration, cascading energy from high-exergy electricity generation to the lower-exergy task of desalination. Although the initial investment is substantial, the unparalleled fuel efficiency (67%), operational reliability, and simultaneous production of power and water make it an economically and environmentally superior choice for addressing the intertwined challenges of energy and water scarcity in arid coastal regions. For southern Tunisia, a Siemens SGT-600–based cogeneration system can provide approximately 20.5 MW of electricity and approximately 6700 m³/day of desalinated water at a global efficiency of approximately 67%. This work can be supplemented with a more comprehensive economic study in the future.
Future work should extend this analysis through detailed techno-economic optimization and sensitivity studies, particularly considering fuel price variability and demand fluctuations. Additionally, hybridization with renewable energy sources could further enhance system resilience, reduce emissions, and improve long-term sustainability in water-stressed coastal regions.
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Nomenclature
Acronyms and Abbreviations
· CCGT: Combined Cycle Gas Turbine
· CHP: Combined Heat and Power
· DLE: Dry Low Emissions
· GT: Gas Turbine
· GOR: Gain Output Ratio (kg distillate / kg heating steam)
· HRSG: Heat Recovery Steam Generator
· LHV: Lower Heating Value (of fuel)
· MED: Multi-Effect Distillation
· MSF: Multi-Stage Flash
· MWe: Megawatt electrical
· MWth: Megawatt thermal
· PR: Pressure Ratio
· TIT : Turbine Inlet Temperature
Symbols and Units
· ppmvd: Parts per million by volume (dry basis)
· ηcogen: Cogeneration Efficiency (%)
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