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Abstract: 
Numerous methods are invented to capture the dissipating heat from different sectors, among all, the 
combination of power generation and fresh water units in the form of integrated systems based on renewable 
energy has received less attention. In traditional systems, not only was energy wasted to the environment, 
but fossil fuels caused serious damage to the environment. To overcome this problem, a new solar-biomass 
driven integrated system is devised in this investigation. Instead of wasting the energy of sCO2 into the 
environment, a novel system is proposed to increase EUF. Meanwhile, the use of HDH-TVC-RO along with 
the MED unit increases the amount of freshwater rate. The results indicated that the fresh water rate, GOR, 
and EUF are 29.36 kg/s, 14.38, and 3.372, respectively. Hence, the total GOR of the devised system is 
constant with the alteration of input vapor pressure to HDH-TVC; in contrast, the total GOR is increased with 
the increase of the pressure ratio of compressors. In addition, the behaviour of the EUF is linear in the 
presence of alteration of both parameters of input vapor pressure parameters to HDH-TVC and the pressure 
ratio of compressors. 
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1. Introduction
Water and power are two essential resources necessary for human survival and the functioning of modern 
society. Unfortunately, the scarcity of these resources is a growing concern worldwide, particularly in areas 
with growing populations, increased industrialization, and changing weather patterns. Access to clean and 
safe drinking water is a fundamental human right, yet many people in developing countries still lack primary 
access to this resource. Furthermore, power outages and unreliable energy sources can disrupt daily life, 
especially in countries with limited infrastructure. As the world population grows, there is an urgent need to 
address these issues and find sustainable solutions to ensure that everyone has access to these vital 
resources. On the other hand, the production of water and power with fossil fuels has significant 
environmental impacts that damage the planet. The combustion of fossil fuels releases carbon dioxide and 
other greenhouse gases into the atmosphere, contributing to global climate change [1]. In addition to climate 
change, extraction, transportation, and burning of fossil fuels can cause air and water pollution, habitat 
destruction, and soil degradation. For example, coal-fired power plants produce large amounts of air 
pollutants such as sulphur dioxide, nitrogen oxides, and particulate matter, contributing to respiratory 
problems and other health issues[2]. Production of water using fossil fuels can also lead to environmental 
degradation. Given these negative impacts, there is an urgent need to transition towards cleaner and more 
sustainable alternatives to produce water and power, such as renewable energy sources such as solar, 
wind, and biofuels.  
Today, the use of Integrated Systems using renewable resources (ISRR) is a very efficient cure to overcome 
the problems of water and power shortage due to increased efficiency, cost savings, enhanced resilience, 
reduced environmental impact, and increased flexibility. Over the past decade, several investigations have 
pivoted the limelight on the all-round usage of the ISRR via proposing various renewable energies such as 
wind, solar and biofuels (for employing its producing heat) or recommending different thermal-driven 
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desalination systems (for producing drinking water). Xia et al. [3] proposed a solar-powered supercritical 
carbon dioxide (sCO2) cycle for reverse osmosis (RO) desalination. The recommended integrated system 
includes a sCO2 power cycle, solar collectors, RO, and LNG subsystem. They employed thermodynamics 
analysis and maximized the rate of produced drinking water by using a genetic algorithm for parametric 
optimization. They found an optimal value for the turbine input pressure of the sCO2 cycle to obtain the 
maximum exergy efficiency. Under optimal conditions, a proposed ISRR reached the daily exergy efficiency 
of 4.90% and produced 2537.33 m3 of drinking water per day. In 2016, Kouta et al. [4] conducted an 
investigation on ISRR comprised of a solar tower, a sCO2 subsystem (for power generation), and multiple 
effect desalination with thermal vapor compression (MED-TVC) (for freshwater production). They compared 
two sCO2 cycles consisting of regeneration and recompression. ISRR was analysed from thermodynamic 
and exergoencomic points of view; the result showed that the solar tower generated more than 80% of the 
total entropy in both configurations, followed by the MED-TVC system, and the sCO2 subsystem. A case 
study for different cities in Saudi Arabia was conducted and these results were extracted that the cities of 
Yanbu, Khabt, and Al-Ghusn achieved the lowest cost, respectively. The Yanbu LCOE was 0.0826 $/kWh 
and 0.0915 $/kWh for the recompression and regeneration solar cycles at a fraction of 0.5, respectively. 
Then, Sharan et al. [5] found the optimal feed flow in a cogeneration system consisting of a MED and sCO2 
for the production of electricity and freshwater simultaneously. The results showed that the forward feed is 
an optimum configuration compared to the parallel/ cross one. Consequently, the forward feed configuration 
reduced the distilled cost by 2.6% and increased the distilled production by 7.5%. In the same year, Alharbi 
et al. [6] compared two integrated systems consisting of sCO2 as a power supplier combined with multi-
effect desalination coupled with mechanical vapor compression (MED-MVC) and conventional MED. Since 
the efficiency of the MED system is higher in the forward feed configuration[5], they invented both integrated 
systems with forward feed configuration. It was generally perceived that the performance of the conventional 
MED system in universal performance ratio, total water price, and specific power consumption for MED 
systems was better than that of the MED-MVC system. In 2019, Sharan et al. [7] invented an innovative 
concept to reduce the cost of distilled water. In this regard, they introduced an ISRR which includes a sCO2 
Brayton cycle that uses its dissipating heat to run a MED system. Concentrating solar power (CSP) plants 
were responsible for supplying energy to the integrated system. Due to the intermittency of solar radiation, 
the system included tanks for storing solar energy. Optimization of the storage tank led to reduction of the 
cost of distilled water by 19% and increase of the capacity of MED system from 46% to 75%. In addition, 
they compared the MED and RO systems from the point of view thermoeconomic, the comparison revealed 
that the use of MED can decrease the cost of distillation by 16%. In order to compare the distillation methods 
in the ISRR systems, Rostamzadeh et al. [8] conducted a cost comparison in two different ISRR systems. 
They juxtaposed the hybrid HDH-RO system and the solo-RO system, both of them driven by dissipating 
heat of the wind turbine. The results revealed that the drinking water production using a solo RO unit is 
cheaper than one using a hybrid HDH-RO desalination unit. Exergic analysis and operation simulations of 
the concentrated solar-driven power and desalination (CSPD) system are carried out by Wang et al. [9]. 
They showed that the efficiency of the sCO2 cycle could be 36.6%, while the distilled water and output power 
produced by CSPD are 4050.8 t/day and 50.1 MW/day, respectively. In order of thermodynamic metrics, the 
results pointed out that two highest energy destruction and two minimum exergy efficiency are related to 
heat exchanger of the desalination system and solar tower receiver. They concluded that the CSPD systems 
are economically feasible since the system has levelized cost of water (LCOW) of 1.15 $/t and LCOE of 
0.059 $/kWh. Since the use of sCO2 can reduce the cost of solar power generation, Yuan et al. [10] used 
sCO2 in the ISRR combined with the MED unit. One of the concerns about the combination of the sCO2 cycle 
with the MED unit was the possibility of a decrease in the efficiency of the sCO2 cycle, which they showed 
that such a combination does not reduce the efficiency of the sCO2. They showed in the low split ratio (the 
ratio of the mass flow rate of the main compressor to the total mass flow rate), approximately less than 0.6, 
that the amount of freshwater produced decreases with the increase of the split ratio. For values greater than 
0.6 the freshwater rate is increased with the increase in the split ratio. In the optimal state, the LCOE is 0.081 
$/kWh and the LCOW is 0.81 $/m3. Using the five-effect distillation system, the freshwater results indicated 
that the rate is 459 m3/day. Realizing that the heat dissipating from an CSP-sCO2 can be used for free but 
with slightly reduced thermal efficiency, Omar et al. [11] invented a new ISRR based on CSP, a CO2 cycle, 
and Cascade MED system. The results indicated that four-MED systems can maximize freshwater 
production, with 57% dissipating heat energy recovery compared to 26% waste heat recovery using a single-
MED system. In another study, khanmohammadi et al. [12] proposed an ISRR system consisting of a solar 
collector, a humidification and dehumidification (HDH) unit. The system is surveyed using environmental 
simulation and thermodynamic modelling. The results indicated that an increase in the compressor pressure 
ratio leads to a decrease in COP and freshwater flow. Similarly, freshwater production and exergy efficiency 
decrease with an increase in the outlet pressure. Although the authors used a solar collector to supply the 
heat needed for the HDH system, they could use a sCO2 system to increase the efficiency of the system and 
supply the energy by using dissipating the heat of the sCO2 unit. 
The use of clean energy to prevent serious damage to the environment is not limited to solar and wind 
energy. In several scholars, attention has been paid to biomass to supply the heat needed for ISRR 
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consisting of the sCO2 cycle. Balafkandeh et al. [13] proposed a biomass-based heating, power, and cooling 
system configuration consisting of sCO2.The system was analysed from thermodynamic exergoeconomic 
viewpoints, in addition an environmental analysis is carried out to evaluate the CO2 emission of the proposed 
system. Cao et al. [14] introduced a biomass-fueled integrated cycle to generate adequate power. The 
invented system includes two Brayton cycles with working fluids of sCO2 and nitrogen. An economic and 
thermodynamic investigation is performed. To seek the optimum from the exergoeconomic viewpoint, multi-
criteria optimization is conducted. The results indicated that the exergetic efficiency reach 43.51% and the 
power cost leads 19.78 $/GJ in state of optimal point. Finally, in 2023, Hai et al. [15] combined a biomass-
fueled SCO2 cycle with a MED desalination system to product power and freshwater simultaneously with the 
highest efficiency and without harming the environment. 
1.1. Scientific Gaps 
According to the authors of the above-reviewed works, it can be understated that there are considerable 
scientific gaps in previous studies dealing with the integration of the sCO2 cycle with a desalination unit as a 
bottoming cycle for the production of power and drinking water, simultaneously. Although it has been shown 
in the above literature that various sources of clean energy including solar, wind and biomass can be used to 
supply the required heat of the bottoming cycle (e.g., MED unit), each of them has shortage. To date, no one 
has used the combination of two renewable resources for driving one of the desalination methods. It has 
been indicated that using the MED unit as the bottoming cycle of the sCO2 system driven by a biofueled 
heat source is carried out by Hai et al. [15]. However, they did not pay attention to the fact that the fresh 
water produced by the MED unit has a high temperature compared to the ambient temperature. In this case, 
by slightly increasing the temperature of the produced water, it can be used as an energy supplier in low-
temperature cycles such as HDH unit. Furthermore, it is obvious that the drinking water distillated from a 
MED unit is more expensive than an HDH unit due to Khalilzadeh and Nezhad [16]reported a high value of 
16.16 $/kWh for the cost of fresh water. 
1.2. Novelties  
Integration of the Rankine cycle with a distillation system can increase the operating pressure of the 
condenser (in the Rankine cycle), which leads to an increase in the heat-rejection temperature. Still, such a 
combination reduces the efficiency of the power plant's efficiency[5]. To eliminate the defect of reducing 
efficiency, it is possible to utilize the sCO2 Brayton cycle because it has high efficiency compared to the 
Rankine cycle. On the other hand, the sCO2 cycle has high-temperature rejection that is suitable for driving 
an MED system[7]. As mentioned, the biomass-fueled integration of the sCO2 and MED unit was 
investigated in 2023. But in the present study, to increase the amount of freshwater production, the 
freshwater produced by the MED unit, which has a relatively high temperature, was redirected to a new 
subsystem consisting of HDH-TVC-RO. Solar collectors are used to increase the temperature of the 
redirected freshwater that drives the HDH-TVC-RO unit. All in all, the primary purpose of this study is 
multifaceted and is pinched as follows: 

Proposing a novel integrated system using biomass and solar energy as primary sources.
Using MED, HDH, and RO desalination unit and sCO2 cycle in the solar biomass-based multigeneration
unit.
investigating a comprehensive study assessing the impacts of vital parameters on the performance of
the invented integrated system.

2. Description of the setup
A schematic diagram of the proposed system is shown in Fig. 1. The system consists of five subsystems: 
gasifier, supercritical CO2 cycle, Multi-effect desalination system, Parabolic Trough Solar and varied 
pressure humidification-dehumidification system coupled with reverse osmosis.  In the gasification process, 
biomass (68) and environmental air (69) are fed to the gasifier where syngas is produced. Syngas is then fed 
to the combustion chamber (CC) together with the hot air exiting from the Air pre-heating (76). The high-
temperature combustion products (71) are directed to the reactor to supply the energy for the supercritical 
CO2 cycle, which is used to increase the turbine inlet temperature (TIT) in the S–CO2 cycle (2).  The SCO2 
power cycle is actually a combination of the Power system and the MED (multi-effect desalination) so that 
the heat rejected in the gas cooler1 of the S–CO2 system is utilized to run the MED which is used to produce 
fresh water in the MED system. 
Some of the water produced by the MED system increased pressure by the water pump (62). The high-
pressure water then takes its initial energy through the PTC (Parabolic Trough Collector) system, and the 
high-pressure water is converted into steam by the evaporator, which obtains this energy from the exhaust 
gas. The high-pressure steam (46) by thermal vapor compressor enters a humidification-dehumidification 
system coupled with reverse osmosis to produce more water . 
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Figure 1: Schematic of the devised solar-biomass-driven power/desalination unit. 

3. Materials and Methods
3.1. Thermodynamic assumptions 
To analyse the proposed solar-biomass integrated system, below assumptions are developed: 

All Governing equations and thermodynamic process are advanced under steady-state condition.

The freshwater temperature is assumed as the average temperature of the air in the closed loop
of HDH unit.

In addition, other required thermodynamic data for the devised system is illustrated in Table 1. 

Table 1: Set of input parameters for thermodynamic simulation of the devised system. 
The input data Unit Value Ref. 
Ambient temperature 298.15 [17]
Ambient press  1.013 [17]
Gasifier and combustion reactions 
Type of biomass feedstock  [18] 
Biomass flow rate  1.115 [19]
Moisture content % 20 [18] 
Gasification temperature K 1073.15 [18] 
Outlet temperature of combustion chamber K 1520 [20] 
Pressure ratio of compressors 3 [21] 
Temperature output of gas cooler 2 C 35 [22] 
Temperature of Reactor C 550 [21] 
Compressor efficiency % 0.9 [21] 
Turbine efficiency % 0.85 [21] 
Epsilon LTR % 0.86 [22] 
Epsilon HTR % 0.86 [22] 
Pressure output Turbine bar 74 [22] 
Temperature difference of Gas cooler 1 C 10 [22] 
Number of effects 7 [23] 
Seawater salinity gr/kg 35 [23] 
Condensation temperature of the 1st effect K 344.15 [23] 
Temperature difference between effects K 3.3 [24] 
Temperature difference condenser K 0.7 [24] 
Feed/seawater mass flow rate ratio at states 13 
and 14 

0.415 [24]

Number of PTC 3 
Pressure of PTC water bar 15 [25] 
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DNI ptc W/m^2 1000 [25] 
Fluid work Water [25] 
Temperature difference PTC_hex K 10 
Inlet Temp of PTC C 70 [25] 
Mass flow rate of PTC Kg/s 0.8 [25] 
Vapor Pressure inlet TVC bar 50 [26] 
Seawater salinity g/kg 35 [27] 
Humidifier effectiveness % 85 [27] 
Dehumidifier effectiveness % 85 [27] 
Expander efficiency % 50 [26] 
TVC efficiency % 30 [26] 
TVC pressure ratio 1.2 [26] 
Pump efficiency % 70 [27] 
Heat capacity rate ratio 1 [26] 
Recovery ratio % 0.3 [28] 
Salt rejection percentage 0.9944 [28] 
Fouling factor 0.85 [28] 
Element area m^2 35.4 [28] 
Number of elements 7 [28] 
Number of pressure vessels 42 [28] 

3.2. Energy analysis  
Conservation equations including energy and mass can be articulated as [29]: 
Mass balance Eq.: 

 

Energy balance Eq.: 

 

Salinity balance Eq.: 

 

The desalination flow ratio ( ) of the HDH unit is expressed as follows [23]: 

 

The effectiveness of humidifier/dehumidifier (ε) is expressed as below [23]: 

The energy, mass and salinity relations for each component of the invented system are showed in Table 2. 
Table 2: Mass, Salinity, and Energy balance equations for each component of the proposed system. 

Component Mass and energy balance equations
Reactor  
Gas Turbine 

HTR  
LTR  
Compressor 1 

Compressor 2 

Gas cooler 1  
Gas cooler 2  
Effects 
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condenser  
Mixer  
Water Pump 

PTC HX  
Evaporator  
Air preheater  
Dehumidifier  

 

 

Humidifier  
 

 

TVC 

 
 

Expander 

 
High Pressure 
Pump 

 

Energy recovery 
turbine 

3.3. Performance Criteria 
The net power of the gas turbine is articulated as follows. 

 
where,  , , and are the produced power by gas turbine, Power consumed by 
compressors 1 and 2. The net output power of the devised system can be written as follows. 

 
The gain output ratio (GOR) of the HDH-TVC-RO unit, MED unit, and the proposed integrated system is 
expressed as [23]:  

 

 

 

Another important metric in the setup is the Recovery Ratio ( ) which is which is defined as follows for the 
HDH-TVC-RO unit, the MED unit, and the proposed integrated system [23].  
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Finally, the Energy Utilization Factor (EUF) is defined as [27]:  

 

4. Results and discussion
4.1. Model Comparison 
In this subsection, a comparison between devised system (shown in Fig. 1) and the five different studies is 
carried out, and the results are illustrated in Table 3. 
In the current research, we explore the utilization of solar energy and biomass gasifier as the primary energy 
sources, while employing the SCO2 power cycle for efficient electricity generation. Moreover, we have 
incorporated multiple units, namely the MED, HDH-TVC, and RO, which collectively yield a substantial 
amount of freshwater. The proposed cycle exhibits impressive performance, with a power output of 4250 kW 
and a freshwater production rate of 29.36 kg/s. Notably, the recovery ratio, GOR, and EUF are reported as 
23.74%, 14.38, and 3.372, respectively. 
Comparatively, our findings demonstrate superior efficiency when contrasted with previous works. Table 3 
illustrates that the GOR values and EUF values of prior studies range from 6.3 to 10.2 and from 0.516 to 
0.884, respectively, further highlighting the enhanced performance of our present work. 
Table 3: Model comparison between the reference system and the devised WT/HDH-MED-MVC 
system. 

Ref. Similar subsystems Net output 
power (kW) 

Freshwater 
rate (kg/s) 

Recovery 
ratio (%) 

GOR EUF 

Present 
study 

Solar biomass, SCO2-MED, 
HDH-TVC-RO 

4250 29.36 23.74 14.38 3.372

[8] HDH-RO 4459 0.59 13.1 - - 
[30] Solar, MED 419.2 6.8 26.01 8.5 0.884 
[31] SCO2-MED 290960 214.9 - 6.3 0.516
[32] Biomass, GT, MED 220.4 0.48 - - 0.55
[33] Solar, MED-TVC - 34.72 - 10.2 -

4.1. Basic results 
For a base form of the study, the thermodynamic metrics of the devised system are presented in Table 4. 
The most important metrics include the mass flow rate of biomass, total freshwater distilled from the system, 
total GOR and EUF.  

Table 4: Main thermodynamic metrics evaluated for the 
devised system. 

 1.155 kg/s 
4250 kW 

 7.361 kg/s 
 24.38 kg/s 
 10.23 

 6.133 
 14.38 

 26.73% 
 25.36% 

 23.74% 
 3.372 

4.1. Parametric Evaluation 

1860https://doi.org/10.52202/069564-0168



In this section, the impact of the input vapor pressure to HDH-TVC and the compression pressure ratio are 
investigated on the main impressed performance criteria such as GOR, net output power and EUF for HDH-
TVC-RO unit MED unit, and whole invented system. 

4.1.1. Impact of the input vapor pressure to HDH-TVC on the system 
Fig. 2 shows an alteration of the GOR, net output power, and EUF versus the input vapor pressure to HDH-
TVC. As Fig. 2 (a) illustrates, in two subsystems of HDH-TVC-RO and MED, and in the entire system, the 
GOR is slightly increased with the increase in the input vapor to HDH-TVC. In the entire range of input vapor 
pressure to HDH-TVC changes from 40 to 60, the GOR value for the HDH-TVC-RO unit is higher than for the 
MED unit. Fig. 2 (b) shows the net output power as well as EUF versus the input vapor to HDH-TVC. As the 
input vapor pressure of HDH-TVC increases, the EUF value also increases almost linearly. Accordingly, the 
EUF value is almost 3.31 in input vapor pressure to HDH-TVC value of 40 and the value EUF increases until 
it reaches 3.42 at the input vapor pressure to HDH-TVC value of 60. On the other hand, the behaviour of net 
output power is parabolic in relation to the input vapor pressure to HDH-TVC. In this sense, as the input 
vapor pressure for HDH-TVC increases to 50, the net output power decreases and then increases. 

(a) 

(b) 
Figure 2: Impact of the input vapor pressure on HDH-TVC on the: (a) GOR, (b) EUF and net output power. 

4.1.1. Impact of the pressure ratio of compressors on the system 
Fig. 3 displays an alteration of the GOR, net output power, and EUF versus the pressure ratio of the 
compressors. As Fig. 3 (a) shows, the GOR of the MED subsystem remains almost constant and its value is 
equal to 6. In HDH-TVC-RO subsystem, the GOR remains constant and its value is equal to 10, similar to 
what we saw in MED subsystem. It is clear that in general the GOR of the HDH-TVC-RO subsystem is 
higher than that of the MED subsystem in the entire range of the pressure ratio of compressors. First, the 
total GOR increases with increasing pressure ratio of compressors. Its value reaches 15 at the pressure ratio 
of the compressors value of 3.7, then its value remains constant. Fig. 3 (b) shows the net output power as 
well as EUF versus pressure ratio of the compressors. The effect of pressure ratio changes on EUF is almost 
linear and the EUF is increased with increase of the pressure ratio of compressors. The EUF increases from 
3.1 to 3.55, while the pressure ratio of the compressors varies from 2.2 to 4. The behavior pattern of net 
output power with the pressure ratio of compressors change is parabolic. The net output power starts from 
4050 kW at the pressure ratio of compressors value of 2.2, and the net output power increases until it 
reaches its maximum (4250 kW) at the pressure ratio of compressors value of 3. Then the net output power 
decreases until it reaches 4125 kW at a compressor pressure ratio of 4. 

1861 https://doi.org/10.52202/069564-0168



(a) 

(b) 
Figure 3: The impact of pressure ratio of compressors on the: (a) GOR, (b) EUF and net output power. 

5. Concluding remarks
An integrated system with renewable resources is a matured solution to tackle the problems arising during 
the use of fossil fuels. On the other hand, to increase power production, SCO2 cycles can be used, which 
have higher efficiency and the ability to drive a MED system. Consequently, in the present study, in addition 
to using the MED unit, the HDH-TVC-RO unit has also been used in the configuration. In regard to that, the 
following concluding points can be drawn: 

In the base mode, the fresh water rate, the GOR, and the EUF are 29.36 kg/s, 14.38, 3.372,
respectively.
The GOR of the HDH-TVC-RO unit is 40% higher than that of the MED unit, regardless of the value of
input vapor pressure to HDH-TVC and pressure ratio of compressors.
The total GOR of the developed system is constant and equal to 14.38 by changing vapor pressure to
HDH-TVC.
The total GOR enhances by increasing the pressure ratio of compressors
The power generation process exhibits an interesting characteristic where an optimal point is reached

when the pressure ratio of compressors is set to 3.
The Energy Utilization Factor (EUF) experiences a notable improvement of 13.5% as the pressure ratio
of compressors increases from 2.25 to 4.
The EUF of the proposed cycle demonstrates a remarkable achievement, being nearly four times higher
than that of previous works.

Nomenclature 
Symbols Subscripts and superscripts 
GT Gas turbine B Brine 

HTR High Temperature Recuperator CV Control volume 

LTR Low Temperature Recuperator da dry air 
   Multi effect desalination Dhum dehumidifier 

  Recovery Ratio Eff Effect 
EUF  Energy Utilization Factor en energy 

  Low Heat value  F fuel
RO  Reverse Osmosis FW freshwater 
HTR High Temperature Recuperator Hum humidifier
LTR Low Temperature Recuperator in inlet 
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GOR Gained-Output-Ratio max maximum
h specific enthalpy  net net value
RO Reverse Osmosis out outlet 

mass flow rate  pum pump
N Number of effects  Energy recovery turbine 
P pressure  s constant entropy
S Salinity  SW seawater
s specific entropy  tot total
T temperature  v vapor
TTD terminal temperature difference  w work

power  r rated

 Heat  rev reversible

Greek Symbols  Expander 
ω humidity ratio  High Pressure Pump 
ε Effectiveness (%) 

η Efficiency (%)
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