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This work is devoted to the study of a new power plant with multiple cascaded sorption heat
transformers and power generation devices. The plant is powered from flat thermal solar
collectors. The project objective is to of meet the electricity needs of up to 100 households,
i.e. the equivalent of 10 kWe. Two assembly schemes are proposed. The first one includes an
Ericsson heat engine as a mechanical work conversion device. While the second includes a
heat to mechanical conversion machine operating according to the subcritical and
supercritical ORC (Organic Rankine Cycles). The mathematical modeling revealed that
mechanical work production is quite possible by the second power plant configuration. The
thermal efficiencies obtained for the absorption and adsorption heat-transformers are equal to
59.6% and 10.4% respectively. For the two ORC subcritical and supercritical these values
are equal to 5.64% and 7.02% respectively for the low heat source temperature TSC equal to
343 K. The concept analysis clearly shows the feasibility of the second configuration which
can satisfy the specified power needs of 10 kWe from thermal solar collectors at 358 K. The
maximal overall conversion efficiency of this second configuration reaches 18%, which is
much above photovoltaic conversion systems efficiency.
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1. INTRODUCTION

times that the heat is introduced at the hot source. The second
one is the term multi-effect (double effect, triple effect...)
which indicates the number of pressure levels. According to
the first terminology, heat transformers with two, three or
more stages can be coupled in three different ways. The first
is to connect the absorber of the first stage to the evaporator
of the second stage and the absorber of the second stage to
the evaporator of the third stage and so on [4]. This
configuration provides maximum temperature rise over other
configurations [5]. The second way is to couple the absorber
of the first stage with the generator of the second stage,
which will achieve a relatively high COP but relatively lower
temperatures. The third way is to deal out the heat delivered
by the absorber of the first stage to the generator and the
evaporator of the second stage. This combination allows
reaching a relatively high maximum temperature but with a
lower performance. This last way is interesting solely in case
of low heat source potential and where the high temperature
requirements are too great [6].
Another version of dual stage absorption heat transformer
has recently been proposed by Yang et al. [7]. It provides
greater system efficiency at the industrial scale and consists
of two absorption heat transformers. The first one operates
with the LiBr / H2O couple, as for the second with the NH3 /
H2O couple. In addition to that, the source of low potential is
divided into two heat flows. According to the second
terminology (multi-effect heat transformer), several studies
[8, 9] have been carried out.
The implementation of thermal cascade of several
thermochemical cycles according to the two terminologies
(multi-stage or multi-effects cycles) could raise the

Considerable efforts must be made to limit the fatal
depletion consequences of global fossil and thermonuclear
energy resources, climate change and population growth. To
do this correctly, it would be advisable to follow
simultaneously the following directions: - the best
management of existing resources, - improvement and
implementation of high energy efficiency power plants and –
finally, the valorization of the different thermal rejections and
the popularization of alternative and renewable energies use.
The exploitation of different alternative energy sources such
as thermal energy is growing because of many advantages,
among which, their presence in large quantities and variety of
origins. Thermal energy is not only available in the natural
elements (sun, geothermal, ..), but it can also come from
many processes resulting from human activity (industry, ..).
However, renewable thermal energy use is not as widespread
because of its potential that remains less attractive for
different applications. In this context, recovery and up-grade
of low-potential heat energy are therefore a promising way
for reducing fossil energy consumption and energy
optimization of systems. The best way to exploit the energy
potential of the abundant and not much attractive heat
sources is to use sorption thermal transformation processes
that are very attractive in terms of energy and economy.
A new concept of thermal cascade assembly of several
heat transformers of the same or different types is reported in
[1-3]. According to this, two different terminologies have
been reported in the literature. The first term is multi-stage
(double stage and triple stage) which indicates the number of
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temperature level of the driving source and thus improve the
energy performance. An identical concept to the thermal
cascade proposed in this work has been reported by Ziegler et
al. [10] for heat pumps called a multi-effect heat pump.
A similar concept has been proposed by Stitou et al. [11].
The authors suggest different possible configurations of the
trithermal machine by coupling the liquid-gas absorption
process with a reversible chemical reaction process to obtain
cooling at 5 °C.
The present study looks at the feasibility of a new cascade
concept consisting of sorption heat transformers fed from low
potential natural sources. The thermal energy upgraded at the
outlet of the cascade is converted into mechanical energy.
These sorption systems are the combination of several
physicochemical processes and can be divided into two
categories. The first one consists of gas absorption by a liquid
solution, while the second category implies the gas
adsorption by a solid with a heat release called isosteric heat
of adsorption. This upgraded heat will subsequently be
converted into mechanical energy by conversion devices. In
fact, the targeted power segment is the one that covers
domestic needs, such as in isolated sites. In this context, it is
worth to mention some pilot projects that show the feasibility
of similar small power systems. A micro solar power station
project has been realized as part of the Solar Power System
(SPS) research program. It is a hybrid system based on
hermetic volumetric expanders-generators of "scroll" type
operating with superposed Rankine cycles where the analysis
of the project demonstrates clearly the feasibility of the
concept, its correct operation over a wide range of power
range from a few Watts to a few kWe [12].
A micro thermodynamic solar power plant by Schneider
Electric expects autonomous production of electricity by a
Stirling engine in isolated sites of developing countries. A
typical consumption of 200 kWh of electrical energy per day
for 100 households was identified in the project with a power
peak of 10 kW. It will have to satisfy well defined
specifications in terms of needs to be satisfied and all-round
constraints to be respected [13].
In the field of micro power, the conversion of thermal
renewable energy into mechanical energy does not seem to
have the same development as for large powers. This success
lack, however, for a very important power segment
(residential and tertiary), is due to systems absence adapted
to this power segment, although volumetric energy
conversion machines are well adapted to it. Especially, hotair engines or engines with external heat input (Stirling and
Ericsson) which are presented as being a very good solution
for the conversion of thermal energy into mechanical one.
Moreover, the Stirling engine is one of the few external heat
transfer engines marketed for small power applications.
The ORC using an organic fluid as a working fluid instead
of the conventional water vapor fluid is also used for heat to
mechanical conversion. The organic fluid evaporates at
medium and low temperatures below 300 °C. This gives
relatively better reliability and efficiency to small power
plants. Finally, it should be pointed out that power plants
with scroll turbines operating on ORC in the low temperature
range between 120 and 200 °C are already available on the
market [14].
To achieve the pre-established objectives, two power
plants configurations are proposed in this study to meet
domestic needs of electricity in isolated regions not
connected to electricity network (urban agglomeration of 600

to 700 peoples) in developing countries, mainly in Africa
with power peak requirement around 10 kWe fed from low
potential source as flat solar collectors with surface
temperature in the range of 323 to 363 K.
The paper is organized as follows: Section 2 describes two
power plant configurations with cascaded sorption heat
transformers and micro-power generation devices followed
by the presentation of the developed mathematical model
with all equations and fundamental laws specific to each
compartment of the proposed power plants in Section 3. The
main results are presented and discussed in Section 4. Finally
the main conclusions drawn are presented in Section 5.

2. DESCRIPTION OF THE POWER PLANT
2.1 The first configuration
The first configuration schematic diagram of the proposed
power plant is shown in Figure 1. It consists of two
subsystems. The first is used to upgrade heat coming from
low-potential heat source. It is composed of two single-effect
heat transformers with different operating cycles. The first is
an AbHT operating with LiBr / water working fluid which is
the best performing pair for this system where the second is
an AdHT operating with physical adsorption cycle using the
zeolite 13X / water pair. The latter is considered as a suitable
pair and adopted for this application with heat upgrading
capability from 80 to 150 °C [15]. This cycle includes
adsorption and desorption phases.
This first subsystem is connected to the second one which
is designed for heat conversion and power generation from
the heat upgraded by the first subsystem. It is composed of a
reciprocating heat engine operating according to Brayton
cycle with external heat input. The heat engine is composed
of an expansion cylinder, a compression cylinder and a heater
(Ht1) supplied with heat from AdHT adsorber. It may be
equipped with a regenerator. In the proposed machine several
fluids can be used such as air, helium (He), dihydrogen (H 2)
and dinitrogen (N2). Depending on the fluid used, the cycle
will be open or closed.
2.2 The second configuration
The second configuration schematic diagram of the
proposed power plant is shown in Figure 2. This power plant
includes two single-effect heat-transformers coupled in series
similar to the ones in the first configuration. The adsorber of
the last heat transformer feed the ORC of the converting
device. Compared to the traditional cycle that uses water as a
working fluid and requires high temperature thermal sources,
the ORC uses organic working fluids suitable for power
generation from low potential heat sources. According to the
ORC operational conditions two configurations are possible.
The first one includes the subcritical cycle which is a
standard cycle without and with heat recuperator used in the
case where the steam of the fluid leaving the turbine is
sufficiently hot, which allows to improve the performance of
ORC. However, the second configuration includes a
supercritical cycle which is most often used in case where the
working fluid critical temperature is much lower than that of
the hot source. Nevertheless, according to several authors,
investigations on the ORC supercritical cycles are of great
interest because of their relatively high efficiency [16].

116

In this study, fluids such as SES36 and hexane reported by
Quoilin et al. [17] were chosen because of their thermophysical, safety and environmental properties. In addition,
other criteria such as hot source temperature level adopted for
the two chosen fluids have coveted this choice.

The preselection study has allowed making a comparison
between the different working fluids and selecting the
appropriate fluid and suitable operating cycle.

Figure 1. The first configuration schematic diagram

Figure 2. The second configuration schematic diagram
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Table 1. The used mathematical expressions
Compartment
Expression

Mass balance
Σ ṁ𝑜𝑢𝑡 = Σ ṁ𝑖𝑛

Generator (or desorber)
Evaporator1
Absorber
Condenser1

ṁ6 = ṁ 1 + ṁ 7
ṁ 9 = ṁ 10
ṁ 3 + ṁ 10 = ṁ 4
ṁ7 = ṁ8
ṁ4 = ṁ5

Solution heat
exchanger

Energy balance
Σ ṁ𝑜𝑢𝑡 ℎ𝑜𝑢𝑡 = Σṁ𝑖𝑛 ℎ𝑖𝑛
Absorber heat transformer
QG1 = ṁ 7 h7 + ṁ 1 h1 – ṁ 6 h6
QE1 = ṁ 10*(h10 - h9)
Qu1 = ṁ 3 h3 – ṁ 4 h4+ṁ 10 h10
QC = ṁ 8 *(h8 - h7)
QHX= ṁ 2*(h3ʹ -h2)= ṁ 4*(h4-h5)

Pump 1
Pump 2

ṁ2= ṁ 3
ṁ9 = ṁ8
ṁ2 = ṁ1

QHX= ε* ṁ 2*(h4 -h2)
ẆP1 = ṁ 8*( h9 – h8)
ẆP2 = ṁ 1*( h2 – h1)

Expander

ṁ5 = ṁ6

/

Generator
Evaporator2
Adsorber

/
/

Condenser2
Pump 3

/

Compressor

/

Heater1

/

Regenerator

/

Expander2

/

Pump 4

/

Heater2
Condenser3

Qu1
(QE1 + QG1 + ∑Ẇp )

𝐶𝑂𝑃𝑟𝑒𝑣1 =

TU1 ∗ (TC1 − TE1 )
TE1 ∗ (TC1 − TU1 )
ṁ3

ṁ 10

𝐶𝑂𝑃𝐴𝑏𝐻𝑇
COPrev1

ηAbHT =

𝐶𝑂𝑃𝐴𝑑𝐻𝑇 =

Qu2
QE2 + QG2 + Ẇp

𝐶𝑂𝑃𝑟𝑒𝑣2 =

TU2 ∗ (TC2 − TE2 )
TE2 ∗ (TC2 − TU2 )

𝑋14

Qu2 =h14 - h13 -∆X*h13''+ ∫𝑋13 𝐻𝑖𝑠 𝑑𝑥
QC2 = ∆X*(h12'- h12)
ẆP3 = ∆X*𝑣𝑠 *( PE2 – PC2)

/

/

𝐶𝑂𝑃𝐴𝑏𝐻𝑇 =

F=

Adsorber heat transformer
𝑋12
QG2 = h12 - h11 + ∫𝑋11 𝐻𝑖𝑠 𝑑𝑥
QE2 = ∆X*(h13''- h13')

/

Expander1

Efficiencies
Energy output/Energy supplied

ηAdHT =

𝐶𝑂𝑃𝐴𝑑𝐻𝑇
COPrev2

ηJoule =

(ẆT1 − ẆC1 )
QH1

ηORC =

(ẆT2 − ẆC2 )
QH2

Joule cycle
ẆT1 = ṁ*(h18 -h19)
ẆC1= ṁ*(h16 -h15)
QH1 = ṁ*(h18 – h17)
QR = ṁ*(h17 – h16) =ṁ*(h19 – h16)
Organic Rankine Cycle
ẆT2 = ṁ*(h17 -h18)
ẆC2= ṁ*(h16 -h15)

/
/

QH2 = ṁ*(h17 – h16)
QC3 = ṁ*(h15 – h18)
Overall efficiency

Ƞppc1= 𝛈𝐀𝐛𝐇𝐓 * 𝛈𝐀𝐝𝐇𝐓 ∗ 𝛈𝐉𝐨𝐮𝐥𝐞
Ƞppc2= 𝛈𝐀𝐛𝐇𝐓 * 𝛈𝐀𝐝𝐇𝐓 ∗ 𝛈𝐎𝐑𝐂

Power plant configuration (PPC) 1
Power plant configuration (PPC) 2

Note:
Subscripts from 1 to 18 in expressions are corresponding to locations with same numbers in Figures 1 and 2.

3. MATHEMATICAL MODELING

irreversibilities in the cycle are taken into account by the
isentropic compression ηSC and expansion ηSE efficiencies
respectively, which vary in the range of 0.7 to 0.9.
The second cycle is the ORC with two configurations
(subcritical and supercritical) exempt of heat recovery. In
both cycles the pipe pressure losses are assumed to be
negligible, the pump and the turbine isentropic efficiencies
are assumed equal to 0.7 and the condensation temperature
is set at 50 °C.
The input parameters are considered temperatures of the
generator T1, condenser TC1, evaporator Te1 and absorber
Tu1. However, access to these temperatures is impossible
since heat transfer is not considered in this study.
Nevertheless, the temperature at each component outlet can
be determined according to inlet and pinch temperatures at
heat exchangers as reported in [18-19] by the following
expressions:

In order to study the proposed energy system as a whole,
each system component (absorption and adsorption heat
transformers, Joule heat engine and the organic Rankine
machine) will be modeled to determine its performance
from its own parameters. In order to analyze its
performance, it would first be useful to establish all
equations and fundamental laws specific to each
compartment of the two proposed power plants. Thus, they
include heat transformers, converting devices and power
plants overall performances, which are well exposed in
Table 1.
In the proposed model, the analysis will also be expanded
to both mechanical conversion cycles. The first one is the
Brayton open cycle achieved in the Ericsson machine. In
particular, the cycle uses air as working fluid ans heat
recovery. Moreover, the compression and expansion
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TC1 =T0 + TC1

the value of F=24 can be considered as operating limit of
the studied absorption heat transformer cycle. So, this
parameter has an influence on the design of this machine. Its
growth leads to an increase in the pump absorbed power
(see energy balances) and therefore the decrease in
performance. As a result, an average recirculation flow ratio
value equal to 12 (F=12) is adopted. This corresponds to a
degassing range equal to 0.05 (5%).
Table 2 represents the maximal absorption temperature
(Tu1) available according to the heat source temperature
(TSC), recirculation flow ratio (F) and the condensation
temperatures. It appears that absorption temperature is
gradually increasing with the heat source temperature
increase (TSC) for the different values of the recirculation
flow ratio (F) and the various condensation temperatures
fixed between 288 and 318 K.
Furthermore, Table 2 allows finding the absorption useful
temperature corresponding to the given values of
recirculation flow ratio and supply temperature. It can be
noted for each condensation temperature ranging between
298 and 318 K that the maximal value of useful temperature
Tu1 (max) ranges between 360 to 401 K and 411 to 472 K
respectively, meanwhile the minimal value is equal to 330
K which corresponds to T SC. This can be explained by the
decrease of the degassing range (ΔX) already very low for
F=24, that would make the cycle physically impossible. A
real machine would stop working before that. This justifies
the choice of F=12.
As shown in figure 4, it is possible to reach high
adsorption temperatures when the external medium or the
condenser temperatures are much lower. It also appears that
the condensation temperature has an influence on the hot
source temperature (Tu1). It limits the range of variation of
the hot source temperature, that is to say that for each
condensation temperature exists a limit or extreme hot
source temperature restricting the cycle operation.
Adsorption cycle temperature variations T ads according to
the hot source temperature for several working pairs and
two concentrations are reported in Table 3 a) and b). Their
influence on the behavior of the adsorber is decisive and is
directly related to the performance of the considered
machine.
Thus, it is also found that increase in hot source
temperature (desorption temperature) induces an increase in
adsorption temperature on the one hand. On the other hand,
an increase in concentration causes a decrease in adsorber
temperature for all proposed adsorbents.
The analysis of the obtained results shows also that the
zeolite-water pair is the most favorable candidate in this
case. For low water concentrations (X=0.1), the zeolitewater pair allowed to obtain relatively high temperatures in
the order of 575 K with desorption temperatures ranging
from 373 to 383K. While the couple silica gel-water
allowed to reach adsorption temperatures in order of 493K.
These temperatures are above 473K for activated carbon
and activated carbon fiber for desorption temperatures
around 373K and an adsorbate concentration equal to X=0.1.

T4 =Tu1 + Tu1
T1 =TSC − Tdes
Te1 =TSC − Te1
where ΔTC1, ΔTu1, ΔTdes and ΔTe1 are the thermal pinches
between the two internal and external media of the heat
exchanger (the condenser, the absorber, the generator and
the evaporator respectively).

4. RESULTS AND DISCUSSION
In order to check the operating conditions, performance
analysis of the two power plants was carried out. The results
of the mathematical modeling are shown in figures 3-7 and
in Tables 2-4.
Figure 3 shows that absorption cycle different
temperatures are strongly related. In this case, it would be
important to know the useful range of absorption
temperatures Tu1 that can be achieved according to the low
potential source temperature (at solar collector) ranging
from 323 K to 373 K.

Recirculation flow ratio (F)

32

Tsc = 343k
Tsc = 353k

Tsc = 363k
Tsc = 373k

28
24
20
16
12
8
4

TC1 = 318 K
0
340 350 360 370 380 390 400 410 420
Absorption temperature (Tu1,K)

Figure 3. The variation of recirculation flow ratio according
to absorption temperature for Tc =318 K at the inlet of the
condenser
In order to determine the range of absorption
temperatures, it would be necessary to determine the
circulating solution specific flow rate variation range
(recirculation flow ratio), which corresponds to two
degassing ranges (ΔXab=Xr-Xp) for two condensation
temperature values (298 K and 318 K respectively). A large
degassing range of 0.2 (20%) is associated with a low
recirculation flow ratio (F=2), while the small degassing
range of 0.02 (2%) is related to a high recirculation flow
ratio (F=24).
It can also be seen that the useful absorption temperature
corresponding to a recirculation flow ratio F=24 is only
slightly different, or even tends to zero, from that
corresponding to a recirculation flow ratio greater than 24
corresponding to a very small degassing range (ΔX). Thus,
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Table 2. Absorption temperature variation (Tu1) according to supply (T SC) and condensation (TC1) temperatures
for several recirculation flow ratio F
T C1= 298 K

560
540
520
500
480
460
440
420
400
380
360
340

T C1= 318 K

2

6

14

24

2

6

14

24

324.2
329.8
335.6
341.5
347.6
353.8
360.1
-----

338.2
345.6
353.0
360.6
368.3
376.1
384.1
-----

345.2
353.4
361.6
370.0
378.5
387.2
396.2
-----

347.9
356.3
364.9
373.5
382.4
391.5
400.9
-----

-----

-----

-----

-----

---------360.3
366.7
373.0
379.4
385.8
392.1
398.5
404.8
411.1

----341.7
349.2
356.7
364.2
371,7
379.3
386.8
394.3
401.8
409.4
417.0
424.6
432.4
440.2

---338.6
346.7
354.8
362.9
371.1
379,2
387.3
395.5
403.7
412.1
420.5
429.0
437.7
446.6
455.8

--332.0
340.2
348.5
356.8
365.2
373.6
381,9
390.3
398.8
407.3
416.0
424.8
433.8
443.0
452.4
472.1

520

Xr-Xp=1%
Xr-Xp=2%
Xr-Xp=3%
Xr-Xp=4%
Xr-Xp=5%

T

C2

Adsorption temperature (Tu2)

Adsorption temperature (Tu2)

Heat source
temperature TSC
323
327
331
335
339
343
347
351
355
359
363
367
371
375
379
383
387
391

= 288 K

Xr-Xp=1%
Xr-Xp=2%
Xr-Xp=3%
Xr-Xp=4%
Xr-Xp=5%

500
480
460
440
420
400
380
360

TC2 = 318 K

340

330 340 350 360 370 380 390 400 410

350

Desorption temperature (Tg2)

360

370

380

390

400

410

Desorption temperature (Tg2)
b)

a)
b)
b)

Figure 4. Variation of the adsorption temperature (T u2) according to supply (T u1) and condensation temperatures.
Table 3. Adsorption temperature variations according to the hot source temperature for several working pairs
a) Adsorption temperature at X= 0.1
Generator
temperature

Zeolite
13x /water

Gel
/water

363
368
373
378
383
388
393
398
403

544.9
552.4
559.9
567.5
575.0
582.5
590.0
597.5
605.0

466.9
473.3
479.7
486.2
492.6
499.0
505.5
511.9
518.3

Activated
carbone
/methanol
447.6
453.7
459.9
466.0
472.2
478.4
484.5
490.7
496.9

b) Adsorption temperature at X= 0.3
Activated
carbone fiber /
Methanol
458.0
464.3
470.6
476.9
483.2
489.5
495.8
502.1
508.4

The choice of zeolite as an adsorbent is subjected to
another decisive criterion besides to the hot source
temperature influence and zeolite thermo physical
characteristics. It is the economic criterion which implies
that the price of zeolite is very low on the worldwide market.
Lastly, the zeolite shows a good stability with water and
other refrigerants such as methanol.
A preselection study of ambient air and helium (He) as
monophasic fluids for the converting device in the first
power plant configuration was carried out on the basis of an
early study exposed in [20]. This study revealed that for

Zeolite
13x /water

Gel
/water

377.1
382.3
387.5
392.7
397.9
403.1
408.3
413.5
418.7

393.3
398.7
404.1
409.5
415.0
420.4
425.8
431.2
436.6

Activated
carbone/
methanol
398.3
403.8
409.3
414.7
420.2
425.7
431.2
436.7
442.2

Activated carbone
fiber /methanol
411.9
417.5
423.2
428.9
434.5
440.2
445.9
451.6
457.2

higher isentropic compression and expansion efficiencies
(ηis,D=ηis,C=0.9), the Brayton machine operating with the
helium as working fluids is operational only from values
greater than 493K. For hot source temperature values
greater than 493K, the Joule cycle operating with helium
shows low efficiency compared to that operating with
atmospheric air, which allows dropping the helium from
working fluids list under these conditions.
From Table 3, the adsorption temperature (T ads) variation
range is much greater for the zeolite 13X-water pair. It
reaches the maximum value of 575 K at the feed source
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temperature ranging in from 373 to 383 K. The adsorption
temperature depends on the other operating temperatures of
the cycle, so it is difficult to set it, since it has the most
important effect on the sorption heat transformation
performance and the behavior of the machine. Its influence
on the evaporator behavior can be verified by the DubininAstakhov model which expresses the dependence of the
adsorbed mass corresponding to this temperature (T ads) and
the saturation pressure at the temperature of evaporation
m=f (Tads, PS (Te)).
Figures 5 a and b show that both heat transformers
efficiencies are decreasing with the increase of the upgraded
temperature. Its maximal value is of the order of 0.49 for the
absorption cycle. It should be noted that the ranges of the
upgraded temperature move upward when solar collector
temperature increases. Even more, those ranges are
widening. However, efficiencies ranges remain almost
unchanged.
Moreover, the adsorption cycle efficiency as shown in
Figure 5 b reaches a higher maximal value with respect to
the absorption cycle equal to 0.58, which corresponds to the
generator maximal feeding temperature T u1 = 403 K. This
efficiency is decreasing with the increase of the upgraded
temperature Tu2. Nevertheless, it should be noted that
efficiencies ranges move more and more upwards with the
increase of the generator heating temperature. That is to say,
for an upgraded temperature Tu1 = to 363 K, the upgraded
heat sink temperature ranges from 363 to 378 K which
corresponds to an almost constant COP of the order of 0.07.
The maximal upgraded heat sink temperature reaches 483 k
for the heat adsorption transformer with a COP equal to
0.44.
0,510

Table 4. Overall efficiency in the first power plant
configuration (with the Joule cycle) according to the
heat source temperature (TSC)
Heat source
temperature (TSC)
357.9
359.4
361.0
362.6
364.2
365.8
367.3
368.9
370.5

The overall efficiency variation of the first power plant
configuration (PPC) with the Joule cycle is shown in Table
4. It follows that the maximal efficiency equal to 0.05
corresponds to the solar collector maximal temperature
adopted equal to TSC=368 K. Moreover, below TSC=358 K
the power plant is not operational, which corresponds to a
higher evaporation temperature equal to 442 K. This means
that it would be impossible to produce mechanical work
under the chosen conditions. However, the specific
mechanical work produced by the power plant is equal to
5.25 kJ / kg and 11.32 kJ / kg for a hot source temperature
(TSC) equal to 363 and 368 K respectively.
Under the same operating conditions, the Organic
Rankine cycle has the best performance with the two fluids
proposed with a small preponderance for the SES36 fluid
(Figure 6). Moreover, for the ORC cycle operating
temperature range, the study revealed that it would be
possible to produce mechanical work over the entire range
of the proposed temperature.
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Figure 6. Variation of the overall efficiency in the second
power plant configuration (with ORC) according to the heat
source temperature (TSC)

0,4
0,3

0,1
0,0
360

The result of the preselection study shown in figure 7
clarifies the effect of the hot source temperature (T u2) on the
thermal efficiency of subcritical organic Rankine cycle. For
this cycle, the thermal efficiency is proportional to the hot
source temperature. This observation is identical to that of
the supercritical cycle where the maximum values of the
thermal efficiency are reached in case of SES36.
The study revealed for the ORC cycle operating
temperature range, that it would be possible to produce
mechanical work over the entire range of the proposed
temperature. Nevertheless, coupling the thermal cascade
with the standard cycle (ORC) using hexane as the working

Tu1=363
Tu1=373
Tu1=383
Tu1=393
Tu1=403

0,2

380

400

420

440

460

480

Upgraded temperature (Tu2, K)

Figure 5. Variation of the COP according to the produced
useful (Tu) and the solar collector (T SC) temperatures in the
a) absorption heat transformer and b) adsorption heat
transformer
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fluid will produce more mechanical work compared to the
supercritical cycle operating with the SES36.

are proposed in this work for power generation from low
potential source of solar origin. The study allowed to
underline the influence of different power plant component
temperatures on its performances and to identify the key
parameters for its optimization. The analysis showed that
growth of the low potential source temperature (solar
collector), is accompanied by the growth of the absorber
and the adsorber temperatures, Joule cycle and ORC
efficiencies and finally the power plant overall efficiency.
This phase has also allowed choosing the working fluid and
the best reactive pair.
A mathematical model has been developed according to
the various power plant components balances. The
modeling revealed that the Joule cycle is not operational for
low potential source temperatures below 358 K. The
configuration operating with the Joule reciprocating
converter remains inefficient to the threshold temperature
mentioned above. Its overall efficiency hardly exceeds 5%.
However, the second power plant assembly scheme with the
organic Rankine conversion machine demonstrated the best
performance over the entire proposed solar collector
temperature range. The maximal overall conversion
efficiency of this second configuration reaches 18%, which
is much above photovoltaic conversion systems efficiency.
Despite the remarkable 2nd power plant configuration
performance, it is important to point out that the adsorption
cycle S/G (solid / gas) operates in a discontinuous manner.
In this case the implementation of a storage system is an
operating constraint. Finally, it must be emphasized that a
technical and economic study is necessary. It will determine
the production costs of the kWh.

with Hexane as thermal agent
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ORC efficiency
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0,220
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a) The subcritical cycle with hexane
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with SES36 as thermal agent
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b) The supercritical cycle with SES36.

Figure 7. The variation of the thermal efficiency of the
ORC according to the hot source temperature
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NOMENCLATURE
COP
T
Tm
P
F
h
ṁ
ORC
PPC
Q
∆T
Ẇ
∆Xab
Xp
Xr

Coefficient of performance
Temperature, K
Average temperature
Pressure, Pa
Recirculation flow ratio
Enthalpy, kJ kg-1
Mass flux rate, kg S-1
Organic Rankine Cycle
Power plant configuration
Heat rate, kJ S-1 or kW
Approach temperature in heat exchangers, °C
Mechanical work rate, kJ s-1 or kW
Concentration difference between weak and
strong absorbent
Absorbent weak concentration
Absorbent strong concentration

Greek symbols
ε
η
μ
∑

Heat exchanger efficiency
First law (or energy) efficiency
Overall efficiency
Total

Subscripts
AbHT
AdHT
C1
C2
E1
E2
G1
G2
HX
in
is
PPC
rev
SC
S1
S2
u and U
out
U1
U2
Ẇp
1,2,3,…
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Absorbtion heat transformer
Adsorbtion heat transformer
Condenser of the absorption heat transformer
Condenser of the adsorption heat transformer
Evaporator of the absorption heat transformer
Evaporator of the adsorption heat transformer
Desorber of the absorption heat transformer
Generator of the adsorption heat transformer
Heat exchanger
Input
Isosteric
Power plant configuration
Reversible
Solar collector
First configuration
Second configuration
Upgraded
Output
Absorber of the absorption heat transformer
Absorber of the adsorption heat transformer
Mechanical pump
State points.

