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Abstract
Reverse osmosis is a widely used desalination technique, mainly because of its low specific energy 
consumption. Autonomous reverse osmosis processes are increasingly developed because of their 
energy efficiency and the decentralization of numerous water stress areas. In this context, a reverse 
osmosis process powered by an innovative thermo-hydraulic desalination system using heat has been 
developed. This new process aims to autonomously produce fresh water from a brackish water source, 
compatible with the needs of a small remote village. This new reverse osmosis desalination process 
exploits a low temperature heat source (60-80°C) such as the one delivered by solar flat-plate collectors. 
The heat is then converted into hydraulic energy by a thermodynamic engine cycle in which the 
expansion of the working fluid directly pressurizes the brackish water by means of hydro-pneumatic 
tanks, while energy from high pressure brine is recovered by an innovative hydraulic cylinder. Since 
previous numerical work on this process shown a specific energy consumption about 12 kWh.m-3 for a 
4 g.l-1 brackish water, which is close to performances of relatable processes, an experimental full scale 
prototype has been built. The work presented here shows the results of the experiments conducted on 
this prototype, its behavior and performances. Numerical and experimental results are compared and 
discussed, and confirm the feasibility of the process. These tests show a promising cyclic functioning as 
the numerical results suggested. The freshwater production and salinity is remaining under the 
drinkability limit and the experimental specific energy consumption has been calculated to 25 kWh.m-

3. In order to reach better performances, transfer tanks needs to be improved to avoid heat transfer 
between working fluid and saltwater which leads to condensation issues, and another hydraulic cylinder 
design needs to be consider to avoid gasket abrasion.

1. Introduction
More and more areas in the world are concerned by a constantly increasing water demand. Numerous 
desalination systems are designed and evaluated to fulfill this demand. Reverse Osmosis (RO) is the 
most selective membrane process and is widely used for its low energy consumption and cost (Figure 
1) with almost 50% of the world desalination capacity [1]. In the context of climate change, desalination 
technologies are more and more powered by renewable energy sources. Solar driven desalination 
processes particularly fits with decentralized water production, since many areas which suffer from 
water scarcity also benefits of high solar irradiation [2]. RO systems designed for remote area are usually 
powered by photovoltaic panels (PV-RO) coupled with high pressure pumps [3]. Running a RO 
membrane with photovoltaic panels is an interesting solution for its high operating conditions range, but 
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the necessity of electrical storage rises the cost [4] and the environmental footprint of these processes 
[5].

Figure 1 : Costs repartition in several desalination modes [6]

Several Solar Thermal powered RO (STRO) desalination processes are emerging through the scientific 
literature and gaining in maturity over the years, as Manolakos et al. [7] present it as a cheaper solution 
than battery-less PV-RO systems [8], [9]. Organic Rankine Cycle (ORC) is indeed a promising 
technique to power RO from a heat source since it includes basic and robust components [10]–[12] 
which enhance a lower investment cost. However, such coupled processes imply many energy 
conversions, leading to a drop of efficiency and exergy destruction. 

A thermo-hydraulic process was designed to power reverse osmosis desalination with low-grade heat 
such as solar energy or waste heat, as ORC systems do. This process aims to avoid mechanical and 
electrical losses by directly converting thermal energy into hydraulic work and then pressurize the feed 
water to be desalinated. Although some theoretical studies already showed the feasibility of this kind of 
process using a concentrated solar source [13], [14], there is only one experimental study to the author 
knowledge which is evaluating such a low-grade heat source process [15]. There is then still lot of 
uncertainties about the coupling of a highly cycling pressurization process to a RO desalination 
membrane since RO systems are currently running under stable pressure constraints. Challenges of these 
studies are also the optimization of thermal to mechanical energy conversion. Energy transmission from 
the working fluid to saltwater is also challenging since it suffers from important losses and demands an 
effective impermeability to ensure the water drinkability.

The overall goal is to study the feasibility of a solar thermal panel powering a cyclic pressurization 
process coupled to a RO membrane. The main challenge is to design the components permitting thermal 
to mechanical energy conversion and energy recovering, chosen respectively as transfer tanks and 
recovery cylinder and designed especially for the process. Another challenge concerns the energy 
conversion that implies a highly cyclic process which makes the RO membrane resistance facing high 
pressure peaks up to 10 bars in few seconds. Such pressure constraints are yet few studied in the 
scientific literature [16], [17]. To tackle this challenges, the authors developed in a previous study the 
process static modelling, sizing and dynamic modelling in order to build a pilot and assess its 
performances [18]. Simulations results realized over a daytime showed that inertia of such thermal 
process would allow a stable water production, i.e. the desalination occurs even in case of cloud 
disturbances thanks to the solar collectors thermal mass. A next step to complete the numerical study 
and to established proof of concept is to build an experimental prototype.
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The current study presents the design and operation of an experimental pilot of this kind of STRO 
process. First, the system configuration and composition are described and its functioning is explained. 
Then, the previous sizing and dynamic modeling is summarized with its main numerical results (see 
details in [18]). Data from the experimental process operation are finally presented and discussed for 
several running modes and set of operating conditions, and compared with numerical results.

2. Description of the system
As the thermo-hydraulic device works with a low-grade heat source (between 60°C and 100°C), this 
process could be run in many remote areas which benefit from a satisfying solar irradiation or even a 
waste heat source. Then, the heat source can be supplied by a flat plat solar collector which is a cheap 
and robust solution as it needs no specific material and has a lifespan of over 25 years.

The system main parts are a thermo-hydraulic engine cycle, a RO desalination unit and an energy 
recovery device described in Fig. 2. The engine cycle is composed by an evaporator and a condenser in 
which a working fluid circulates thanks to hydraulic cylinders. The working fluid out of the evaporator 
alternatively feeds the transfer tank, enhancing the pressurization of saltwater and pumping it into the 
RO membrane. The process has a cyclic working divided in two half-cycles of two phases. The first 
phase is a pressurization phase, the high pressure (Ph) vapour out of the evaporator goes to high pressure 
transfer tank to pressurize feed water. Hence, high pressure feed water passes through RO membrane to 
be desalinated, and the high pressure brine activates the recovery cylinder by entering the high pressure 
chamber. The cylinder movement triggers the pumping of feed water in one hand and the filling of the 
second tank in another hand. In the second phase, valve between evaporator and transfer tanks is closed, 
there is no more heat supplied to the working fluid. Then, the vapour in the high pressure tank expands 
until it fills the volume. In an ideal case, the working fluid pressure would follow an isentropic 
expansion. Since the pressurized water out of the tank is still higher than its osmotic pressure (Pexp), 
desalination through the RO membrane still occurs. Then, the high pressure brine finishes to push the 
cylinder piston until its end stroke. When this later action is over and the tank is full of working fluid, it 
is connected with the condenser and the first half cycle is over. Sets of valves or a distributor allow to 
switch transfer tanks and cylinder chambers roles, and triggered the second half cycle to begin. In each 
phase, the low pressure or condensation pressure (Pl) vapour coming out of the second transfer tank is 
transferred into the condenser to be liquefied. Independently of these phases, a pumping device (e.g. 
another recovery cylinder driven by the evaporator) allows the working fluid circulation between the 
condenser and the evaporator. The goal of this expansion phase is to improve the process performances 
by exploiting the most of the mechanical energy contained in the working fluid. Desalinating during the 
fluid expansion permits to reduce the heat needed during the pressurization, since the process is still 
working after this phase and without any heat source.
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Figure 2 : Description of the two phases of process running

3. Theoretical approach
In a previous study, the authors developed both a static and a dynamic modelling approaches to 
respectively size the experimental prototype and study the feasibility of the overall process. The present 
section details the prototype sizing as well as the numerical results obtained with inputs parameters 
selected relatively to experimental conditions.

3.1. Prototype sizing
The previously introduced modeling study was used to design and guide the prototype conception. 
Sulfur Dioxide (SO2) has been chosen as a working fluid from the preliminary study, with evaporation 
and condensation temperatures as selection criterion (Fig. 3). Isobutane would allow better cycle 
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efficiency thanks to a lower condensation temperature, but it comes with more technical constraints 
because of explosion risks.

Figure 3 : Saturation curve of sulfur dioxide

A static numerical tool was firstly developed on EES Software to determine the size of main components 
as RO module, recovery cylinder and heat exchangers. Components were chosen to maximize the 
specific daily fresh water production (DWP) calculated with eq. 1 as highlighted in Fig. 4. Recovery 
cylinder was designed from the sizing of pistons diameter. 

 As it can be seen, the piston diameter and the membrane permeability which would allow the process 
to work under the largest expansion end pressure scale and with the maximum water production are 
respectively 100 mm and 46 liters.h-1.bar-1. Evaporator and condenser exchange area has been also 
determined about respectively 2.4 m² and 1.4 m² from these calculations to allow a correct cycling 
behavior. An exchanger efficacy about 0.7 was assumed for the prototype sizing.

3.2. Simulation results
Dynamic simulations have been realized using Python programming language and explicit time 
discretization method [18]. Simulations were run over several cycles to assess the short-term process 
behavior under constant input power. Numerical results show a regular cyclic running, transfer tank 
pressures are alternatively at equilibrium with evaporator and condenser pressures (Fig. 4a). The input 
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power for the presented simulation has been set to 800 W, which allows to reach an upper pressure about 
14 bars in the evaporator. It can be seen in Fig. 4b that permeate flow follows the pressure profile of the 
membrane connected transfer tank, with a slight decrease during the pressurization phase.
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Figure 5 : Evolutions of system main outputs. (a) : Pressures in main component. (b) : Permeate flow rate 

The thermodynamic cycle aims to produce work from a heat source, its efficiency ηcycle is therefore 
defined in eq. (2 as the ratio between produced work W and supplied heat Qin.

in
cycle Q

W
 (2)

The chosen thermodynamic performance indicator is the specific energy consumption (SEC) expressed 
in eq. (3. It gives the amount of required thermal energy to produce a unity of freshwater. This indicator 
is widely used since it gives the energy efficiency independently from the installation size.




day
p

in

m
QSEC

 (3)

This preliminary study shows that this process could offer a daily production of 500 liters per m² of solar 
collector area, with a SEC about 12 kWhth.m-3. These results established a first theoretical proof of 
feasibility of such a cyclic process as its performances are relatable to PV-RO systems which presents 
SEC about 10 to 30 kWheqth.m-3 [16], [19]–[21]. Equivalent thermal energy was calculated here 
considering a PV panel efficiency of 15%, thus representing the incoming solar energy needed to 
produce a cubic meter of water. 



7

4. Experimental set-up
Experiments were conducted on a prototype at full scale to study and evaluate the process behavior. The 
pilot was designed and implanted at the PROMES CNRS Laboratory (Perpignan, France). A picture of 
the installation is shown in Figure 6. and its corresponding flows diagram in Figure 7. The system main 
components are pressure accumulators, an evaporator and a condenser, a RO membrane and a hydraulic 
cylinder. Prototype was built without solar panel as the work focuses on the thermo-hydraulic process 
and no innovation is proposed about the heating technology. Temperature controlled water flow 
circulates in the evaporator and the condenser to ensure heating and cooling. A list of the system 
components and their characteristics is given in Table 1. The pipes and tanks are made out of stainless 
steel for the working fluid loop and PVC for the water flows.

Transfer tanks

RO module

Evaporator

Cylinder

Figure 6 : Picture of prototype set-up
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Phase switch is operated by sets of four solenoid valves controlled by an acquisition program developed 
with NI LABVIEW. An electrical pump permits the working fluid transfer between condenser and 
evaporator. Unlike the theoretical process, condenser is not cooled by feed water entering the system. 
The cooling is obtained by a temperature controlled cold water loop. There is also a hot water loop 
which supplies heat to the evaporator. The power of the hot water loop is regulated to set the maximum 
reached pressure in the evaporator. The pressure accumulators are two tanks of each 3 liters. Two 
chambers are separated by an elastic EPDM membrane, each chamber volume can variate from 0.25 to 
2.85 liters following the membrane position and can stand maximum pressure of 400 bars.

The measured outputs on the system are water conductivity, flow rate, pressure and water temperature. 
Main sensors are listed in Table 2 with their range and accuracy.

Table 1 : Description of process components

Component Design Reference

Evaporator exchange surface of 2.4 m² Spirec E.24.72.T

Condenser exchange surface of 1.4 m² Spirec EC.14.48.T

Separator 1.57 liters Designed by ETE

Condensate tank 5 liters Designed by ETE

Pressure accumulator EPDM membrane, steel wall, volume of 2.85 liters Hydroleduc AS04.P.E/4

Hydraulic cylinder 4 chambers: 2 of 3 L and 140 mm of diameter, 2 of 1.5 L 
and 100 mm of diameter, rod diameter of 20mm

Specialy designed by Maac Hydraulic 

SO2 Pump 30 L/h, pump to 20 bars OBL XRN6.30

RO membrane 8.7 m² of active area, salt rejection > 99.5% Filmtech LC.HR4040

Proportional valve Kvs=0.12 m3/h, inox 316L Burkert Valve 2875 

Solenoid valve Kvs= 0.24 m3/h or 0.21 m3/h (reverse flow) ODE 21L2K1T30
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Table 2 : Characteristics of sensors

Sensor Range Accuracy Reference

Conductivity meters 0-1 mS/cm 

0-50 mS/cm 

1.5% of the range 

1% of the range

Jumo CTI 750

Thermal loops 
flowmeter 

1-15 L/min 0.5% of the range Gems Sensors FT-110

Stroke sensor 0-200 mm 0.055 mm Balluff BTL120H

Flowmeter 0.02-5 L/min 1.1% of the reading for linearity Titan Atrato 740

Pressure sensor 0-25 bar gauge 0.5% of the range Endress Hauser PMP11

During the tests, several input parameters were controlled to assess the process behavior. Flow rate and 
temperature of hot and cold water sources feeding respectively evaporator and condenser were regulated 
while ambient temperature was ranging between 15°C and 20°C over the experiments period.

5. Results and discussions
Experimental study has been carried out with two cycling conditions. In the first one, tests have been 
realized without expansion phase, whereas the working fluid was expanding at the end of the 
pressurization phase during the second set of tests. Results of these two kind of tests are described and 
discussed in this section.

5.1. Tests without expansion phase
A first set of tests was carried out maintaining a constant pressure in the transfer tanks, i.e. without 
expansion phase. The system was operated on a time period about 1 hour, which represents around 11 
cycles. In this time-lapse, no disturbances were observed over the cycles. In that case, pressure in the 
feed tank is always near to evaporator high pressure. Hot water temperature in the evaporator was set to 
65°C, leading to a heating power about 750 W, and the feed water salinity was around 4 g/L. Figure 8a 
shows the pressures evolutions in the main components. It can be seen that pressures in the transfer tanks 
are alternatively equivalent to the evaporator and condenser ones. It should be noticed that the pressure 
control is efficient since the pressure variations in the exchangers are minor.

These measures show that the pressure losses between the tanks and the exchangers are quite low, less 
than 0.2 bar. With these operating conditions, cycles last around 150 seconds, the lower pressure is 4 
bars and upper pressure is 10 bars. Temperature of hot and cold sources are relatively stable with 
evaporation temperature around 55 °C with small variations about 3-4°C. Condensation temperature is 
more constant around 20°C. It can be seen that disturbances occur during some half-cycle changings. 
Fig. 8b describes the permeate flowrate evolution. Given the Darcy law, the permeate flow should follow 
the feed tank pressure tendency as showed by the numerical simulation in Fig. 4, but experimental results 
show it is not the case. The flowrate stopped whereas pressure in the tank is still higher than feedwater 
osmotic pressure. The drop of permeate flow following the peak can be explained by the appearing of a 
diffusive layer at the membrane wall. This phenomenon is named polarization and is known to cause 
the decrease of permeate flux in time [22]. The flow stopped suddenly when maximum brine volume 
needed to fill the cylinder is reached, by closing a valve. The fact that the maximum brine quantity is 
reached before the half-cycle end means that the RO membrane is oversized and its permeate flow is 
higher than the values taken in sizing and simulations. Fresh water salinity (measured here through 
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conductivity) is between 300 ± 5 and 150 ± 2.5 mg/liters which is lower than the freshwater drinkability 
limit. These first tests show that the sudden high pressure peaks do not impact membrane performances 
on a short time lapse.
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Figure 8 : Evolution of the major outputs during test without expansion phase. (a) :Pressure in main components. (b) : 

Permeate flow rate. (c) : Water evolution in transfer tank. (d) : Piston stroke of recovery cylinder

Water level evolutions in transfer tanks are plotted in Fig. 8c. The alternation of phases is clearly 
observed through changes of slope in the level path. An important change of slope can be noticed during 
pressurization phase, while the water volume decreases, precisely when the permeate production 
stopped. These curves show that transfer tanks are symmetrically fully filled and empty over the cycles.

Fig. 8d shows piston position of cylinder over cycles. It appears that the piston behavior is symmetric 
and goes until its end stroke at each half cycle. The piston stroke evolution is linear since the motor 
piston is driven by controlled brine flow rate which is maintained constant.

This first set of experiments confirms that the process configuration allows a continuous working as 
expected in the design phase. However, this configuration is not fully optimal since at the end of each 
half cycle, all of high pressure working fluid is evacuated. This implies a major loss of the mechanical 
work. To exploit this additional work, another operating is tested in which the half cycles are divided in 
two phases, a phase of pressurization and a phase of expansion until the feed water osmotic pressure is 
reached in the feed tank.

5.2. Tests with complete cycle 
The second set of tests was then conducted including the expansion phase of each half cycle. The feed 
water salinity remains 4 g.l-1, the power is about 1.5 kW. Transition between pressurization and 
expansion phase is calculated with perfect gas law fixing a pressure at the end of the expansion, i.e. the 
tank is full of gas. Figure 9 shows the pressures evolution in transfer tanks and in exchangers. 
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By plotting water level evolution in the transfer tanks, it appears that one of them is not behaving as 
expected. Indeed, it can be observed that the later has an important dead space about the half of its 
volume. The explanation is a feedwater leak appearing in one of the low pressure recovery cylinder 
chambers. When the recovery cylinder is filling one the transfer tanks with feedwater, a small part 
escapes by the gasket piston. In consequence, less feedwater has been transferred to the tank as it has 
the same volume than the cylinder low pressure chamber. This is the reason why there is a tank which 
always contains an important dead space of gas which repeat over the cycles. It should be noticed same 
level of pressure than simulations (Fig. 5) have been obtained with an inlet power of two times higher, 
it shows that the energy losses related hypothesis were underestimated.
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The leak in the recovery cylinder has a direct impact of the permeate flow (Figure 11). On the half cycle 
corresponding to the transfer tank misfiling, the permeate flow is much lower, producing 80% less 
freshwater quantity over the half cycle. It can be explained by the limited quantity of feedwater 
contained in the tank, since this quantity has a direct impact on the permeate quantity produced over the 
half cycle. However, in the normally working half cycle, the amount of produced freshwater corresponds 
to the numerical results. It shows that the link between permeate production and transfer tank pressure 
was modelled with correct hypothesis. Moreover, these results confirm that the RO membrane seems 
not impacted by high pressurization peaks over the experimentation time as no permeate production 
decrease has been recorded on the working half cycle.
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Figure 12 describes the engine cycle on a P-V diagram from which is computed the mechanical work 
over the cycles. The cycle efficiency is therefore calculated using eq. (2, and represents the ratio between 
work supplied to feed water and inlet heat. These results show that the cycle efficiency can reach 7% 
which is relatable to ORC efficiencies [23]. Phases can be distinguished in the graph regarding the 
pressure evolution. Phases at constant high and low pressures corresponds respectively to tanks gas 
filling and exhaust. The part where the pressure is variating with the volume corresponds to the 
expansion phase.
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5.3. Evaluation of water salinity influence
Another salinity range was tested to evaluate its influence on the process behavior. The selected other 
value of water salinity was 6 g/l, which is 50% more than feedwater salinity of previous tests. The 
process behavior was studied for two values of the heating power, i.e. with two heating transfer fluid 
temperature of 65°C and 80°C. It leads to two tested powers of respectively 1 kW and 2 kW. These 
results presented in Figure 13 demonstrates that the process can be run for higher salinity, as the 
membrane design aims to. 



13

0

20

40

60

80

100

120

140

160

180

0 100 200 300 400
Fl

ow
 r

at
e 

(l.
h-1

)

Time (s)

High power
Low power

×
•

Figure 13 : Permeate flow rate comparison for two heating powers with feedwater concentration of 6 g/l

The trends are similar compared to the previous set of tests done with a feed water salinity of 4 g.l-1. 
With higher input power, cycles are quicker but pressure losses during the pressurization phase are 
higher as well. Despite the absence of the expansion phase, the test at high pressure shows the same 
asymmetry observed in the test with expansion phase. Both of these flawed tests have been realized at 
higher pressure, leading to an increase of the leak in the cylinder which restrains the complete filling of 
one of the transfer tanks.

5.4. Discussions about the results
Several conclusions and interpretations can be made regarding these experimental results. From the 
operating conditions tested, it appears that the system works well with only pressurization phases. The 
permeate production is high because the pressure is always high, but it implies an important energy 
consumption since a part of the mechanical work is not used. Thus, adding an expansion phase in the 
half cycle as it is presented previously seems to allow a more energy efficient running. 

Results from these tests are promising but shows for this later set of tests that some disturbances occur 
over the cycle due to conception flaws. Cylinder piston gaskets have been deteriorated through the 
cycles, leading to a leak in one of the chambers. Consequences are inefficient filling of one of the transfer 
tanks, leading to severe drop of permeate production in the half cycle. This leak made the comparison 
with numerical results on one of the half cycles difficult and has impacts on the overall performances of 
the process. This defect is not easily correctible in the prototype since the recovery piston has been 
tailor-made for the study, and its origin seems to be a fooling problem. A first solution could be to 
oversize the low pressure chamber to overcome this issue. Since, energy losses come essentially from 
evaporator, separator and condensation in the transfer tanks, it is thus necessary to improve the insulation 
of these components. Evaporator heat losses have been quantified about 150 W to 220 W (for input heat 
power about 750 W to 1.5 kW) which represents 15-20% of losses and then an important source of 
performance degradation. Condensation appearing in transfer tanks is due to heat transfer across the 
membrane separating saltwater from working fluid, but it could not be quantified because adding sensors 
in the tanks was possibly destructive. As there is always cold water in the transfer tanks, the membrane 
temperature remains cold and leads to working fluid condensation. Analytical extrapolations have been 
computed on the process performance in the absence of the recovery cylinder leak. Calculations show 
that the system can reach a SEC about 25 kWh.m-3 following the previous tests conditions, which is not 
including the electrical consumption. This energy consumption appears to be twice as the numerical 
one, which is not surprising given the high amount of energy lost in the non-insulated evaporator and 
the condensation occurring in the transfer tanks.

These losses can be avoided by minimizing the heat transfer between saltwater and working fluid inside 
the transfer tanks, but no relevant membrane technology has been found yet. A solution could be another 
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technology as the one studied by Godart [24], i.e. separating working fluid from saltwater in two distinct 
chambers and assuming the motion transfer by two connected pistons. This system implies more friction 
and mechanical losses, but ensure there is not contact between water and working fluid, which is a 
solution to condensation issues and sanitary constraints. 

From these tests it appears that the process is mostly running as expected. Pressures losses between 
evaporator and transfer tanks are low, leading to an efficient pressurization phase. However, permeate 
production is not following the transfer tank high pressure. Given the Darcy’s law, it means that there 
are pressure losses between transfer tanks and the RO membrane, which is confirmed by the delay 
observed between the membrane permeation and the tank pressurization.

Moreover, these results show that the cycling is working well and cycles quality is not worsening over 
the time. It means the process as it has been designed permits to realize a cyclic working at real scale 
with acceptable freshwater production and quality with a hot source around 60°C and a cold source 
around 20°C. These conditions are suitable to a coupling with a large range of low-grade solar or waste 
heat sources, whereas 20°C is a cold source temperature easily reachable.  The novel cylinder technology 
for water pumping and circulation is very promising since the gasket damaging problem seems the major 
remaining technical issue. 

6. Conclusion
This paper presented experiments on a thermo-hydraulic desalination process. For the purpose of this 
study, a scale up prototype was built, instrumented and run. This work follows a numerical analysis and 
complete the overall feasibility study of the desalination process. For the current study, new hydraulic 
components were designed, such as the transfer tanks and the recovery cylinder. This novel approach 
led to some challenges in process operation and results interpretation. Indeed, several leaks and 
permeability issues appeared and impacted consequently the process behavior and the overall 
performances. 

This experimental study shows that the overall designed process allows a controlled functioning by 
managing the tests conditions such as hot and cold temperature or flows, and it mostly behaves as the 
numerical study predicted.

It can be seen from the two different tests that adding an expansion impacts the process. Expansion 
phase rises the cycle efficiency but implies difficulties in the process setup as it needs more inlet power 
to work. The results showed that the kind of dynamic inducted by the process behavior has minor 
impacts on the RO membrane behavior as there is no noticeable desalination performance decrease over 
the cycle accumulation. Extrapolations of performances were calculated for the test with expansion 
phase and highlights interesting SEC when considering processes of the same kind.

These works proved the feasibility of a coupling between thermo-hydraulic process and RO desalination 
powered by low-grade heat source. Such process which can be run with a 60°C heat source and an 
ambient temperature cold source allows a wide range of couplings and applications by its modularity 
and its resilience. The thermodynamic cycle as it is designed fulfill its role of water pressurization, and 
it has been shown that dynamics of working cycles does not impact the RO membrane behavior, even 
in the long run. Thus, some improvements have to be done to get the process mechanized. The 
conception of recovery cylinder has to be revised to avoid gasket degradation in time. A new membrane 
material or a new technology also has to be found to ensure a hermetic and insulating separation of water 
and working fluid, which is a major health concern. The resolution of the technical issues could allow 
to quantitatively compare and validate experimental and experimental and numerical results. Afterward, 
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an autonomous demonstration pilot would be designed to perform the techno-economic assessment that 
are needed before a potential scaling up to industrialization.
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List of symbols
m : mass
ṁ : mass flow
P : pressure
Q : heat energy

: heat powerQ
V : volume
Y: RO membrane conversion rate

: mechanical powerW
η : efficiency

Subscripts 
cycle : thermodynamic cycle
exp : expansion
f : feedwater
h : high
in : inlet
l : low
p : permeate
tank : transfer tank
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 A prototype of solar thermal process for reverse osmosis desalination has been built
 Low-grade solar heat can be used to run a reverse osmosis process
 Theoretical and experimental results were carried out to prove the feasibility of the process
 Experimental results from the process prototype showed a Specific Energy Consumption 

about 25 kWh.m-3 

 Performances can be improved by solving technical issues as leakage in the cylinder and 
insufficient evaporator insulation
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