2

20" International Conference on Renewable Energies and Power Quality (ICREPQ’22)
Vigo (Spain), 27" to 29" July 2022
Reneaable ?{C)w'yy and D otver Q)/m//‘/y. Jewrnal (RE&P QJ )
ISSN 2172-038 X, Volume No.20, September 2022

A

o)
g’xly’/&

Influence of LiBr concentration in the generation of superheated vapor
for a Hygroscopic Cycle

R. Martinez-Pérez', F.J. Rubio-Serrano®, A. Meana-Fernandez' and A.J. Gutiérrez-Trashorras!

! Energy Department, Polytechnic School of Engineering, Universidad of Oviedo,
33203, Energy Building, Campus of Viesques, Gijon, Asturias, Spain
Phone number: +0034 98 518 23 69, email: martinezroberto@uniovi.es / u0219315@uniovi.es

2 IMATECH, IMASA Technologies, S.L.U.
St. Carpinteros 12, 28670 Villaviciosa de Odon, Madrid, Spain
Phone number: +0034 91 781 75 88, email: fj.rubio@imasa.com

Abstract

The novel proprietary Hygroscopic Cycle Technology (HCT) is a
power cycle distinguished for using hygroscopic compounds-
water mixtures as the working fluid to optimize the condensation
process of the turbine exhaust steam by absorption phenomena.
Previous works focused on the performance of the
condensation/cooling section of the cycle as well as in the main
improvements achieved by HCT in comparison to traditional
thermal power generation cycles in terms of efficiency and
profitability. Nevertheless, the thermodynamic characteristics of
the steam generated from hygroscopic-water mixtures in the HCT
boiler are yet to be studied. In this article, a theoretical analysis of
temperature and pressure conditions of pure water steam generated
from different concentrations of LiBr-water mixtures is carried out
by using the Engineering Equation Solver (EES) software. Results
show that LiBr-H2O mixtures display higher saturation
temperatures than pure water, which enables the cycle to directly
generate superheated vapor with no need for superheating
equipment inside the boiler. This fact further improves the
economic advantages previously shown by HCT, since erection,
operation and maintenance costs related to the superheating
process are avoided.
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1. Introduction

Despite the latest strategies followed by developed
countries towards sustainable energies [1] [2], non-
renewable sources still play a significant role in power
generation. According to the 2020 global generation mix,
fossil fuels were accountable for approximately 60% of the
world’s total electricity production, while nuclear and
renewable energies were the source of the 40% remaining
[3]. Due to the limited reserves and recent high increase in
prices of the former, the improvement in generation
processes conversion efficiency becomes key to fully take
benefit from these non-renewable primary energy sources.

In this way, research towards technically improving thermo-
electrical power cycles has become a tendency due to its
worldwide importance. As one of the most used
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technologies, the Rankine cycle, despite its industrial
maturity due to a widely spread exploitation for a vast set
of processes along time, still becomes a target of most
efforts to achieve greater effectiveness when transforming
heat into work. Derived from its worldwide use, Rankine
cycle efficiency marks a great impact on fuel
consumption, greenhouse gases emissions and, ultimately,
on the profitability of power plants [4].

The main methods developed to enhance the thermal
efficiency of Rankine cycles are supercritical, reheated,
regenerative and binary vapor cycles, which are mainly
based on reducing losses due to irreversibilities.
Furthermore, the prevention of vapor from entering the
process pumps and keeping the quality of the steam at the
turbine outlet above 90% are among other objectives of
these approaches [5] [6].

The latest research trends lean towards introducing new
working fluids instead of pure water for the enhancement
of thermal efficiency. In this sense, the Organic Rankine
Cycle (ORC), with a similar configuration to the typical
Rankine cycle, is specifically designed for the conversion
of low-grade heat into power, ranging from 80 to 400 °C
[7]. ORC is differentiated for basing its operation on pure
organic fluids such as refrigerants and other organic
compounds [8], which can be defined as “dry” fluids,
implying no superheating of the vapor is necessary. ORC
manages competitive efficiencies while fluids work at
much lower evaporation temperature and pressures than in
traditional steam cycles [9].

Nevertheless, blends of liquids with different boiling
points, known as zeotropic mixtures, are also suitable as
working fluids for ORC, even so, few have been applied
to this cycle in practical engineering, which implies
uncertainty regarding its efficiency. In this way, multiple
research efforts have been performed to compare both pure
organic fluids and zeotropic mixtures regarding efficiency,
concluding that the latter do not show better results except
under specific process circumstances such as cooling
water fixed temperatures. Nonetheless, these mixtures can
still be considered due to environmental growing concerns
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[10][11]. Moreover, the ammonia-water combination poses
a particular case of zeotropic mixtures being used in the
Kalina cycle. When compared to pure organic ORC, its
main competitor in terms of harnessing low heat sources.
The former thermodynamic power cycle provides an
additional degree of freedom in terms of mixture
composition adjustment but a more complex configuration.
Concerning efficiency, the Kalina cycle shows, generally,
higher values than OCR due to less irreversibility [12],
however, this statement is constrained by several factors
such as OCR working fluid, process optimization and the
number of heat stream sources [13] - [17].

Binary mixtures are also present in the Goswami cycle [18].
That cycle exploits the benefits offered by an ammonia-
water mixture to generate power and provide cooling,
preferably from mid-low-heat sources, by combining
respectively a Rankine and an absorption refrigeration cycle
[19]. Rankine cycle modifications also play a role in low-
grade heat exploitation. In this sense, Chen et. al [20]
evaluate the room for efficiency when reproducing
supercritical conditions in this thermal cycle while using
zeotropic mixtures as the working fluid, achieving an
enhancement up to approximately 15% over the ORC.

The previously displayed thermodynamic power cycles face
several challenges mainly derived from atmospheric and
location site conditions. In this way, current climate
tendencies have a deep influence on the efficiency of
thermal cycles since higher ambient temperatures
significantly decrease the refrigeration capacities of cooling
processes. Furthermore, apart from the raised in global
temperatures, locations with hot climes are not conducive to
thermal cycles implementation [21].

Water scarcity also poses a restriction for the erection of
power plants working on thermal power processes, indeed,
a continuous and guaranteed source of water in power plants
vicinities stands as an inevitable requirement to feed open
refrigeration systems. This water shortage could be both
caused by the increasing lack of precipitations due to
climate change or already existing weather conditions
intrinsic to the location, such as desertic areas. Thermal-
electrical cycles water consumption optimization implies a
great reduction in water withdrawal, for instance,
worldwide power generation accounts for approximately
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10% of total water consumption, primarily as cooling
water [22].

In this sense, the named Hygroscopic Cycle Technology
(HCT), conceived by researchers Rubio-Serrano et al. [6],
[23], positions as a novel, cutting-edge proprietary
thermodynamical power cycle, capable of improving and
addressing debilities of the past cycles while confronting
today and future technical challenges to enhance the
overall efficiency of thermal cycles even further.
Consequently, the HCT marks a new path in the
conversion of heat to power by incorporating hygroscopic
compounds [24] into the working fluid. In this way, the
cooling process poses a key part of the cycle by optimizing
the condensation of the steam exhausted by the turbine
through absorption phenomena.

Nevertheless, these hygroscopic substances must fulfill
several requirements to be suitable for the HCT [25]:

= High hygroscopic properties for strongly attracting
water as vapor of liquid from the surroundings.

= [Easy separable to ease the later desorption of vapor,
achieving in final terms reversible retention.

= Less volatile than water (vapor pressure lower than
pure water).

= Non-flammable

= Non-toxic

= Chemical stable at the cycle working conditions.

Rubio-Serrano et al. [26] proposed LiBr-H>O mixtures as
the adequate working fluid for the HCT, a highly
hygroscopic and soluble salt in all the operating conditions
of the cycle. Furthermore, LiBr experiences a solubility
increase in water as the solution temperature rises [27].

As seen in Fig.1, the HCT diagram initially follows the
layout of the Rankine cycle incorporating a different
cooling scheme based on the physical and chemical
principles of absorption machines leading to several
advantages towards efficiency, ambient adaptation and
consumes respect to the latter.

Even so, HCT does show further improvements when
compared to both Kalina and Goswamy cycles while
displaying fewer components.
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Fig. 1 - Hygroscopic Cycle Technology flow diagram.
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HCT capacity to adapt to any range of power generation
while also not being limited to low-grade heat sources
constitute some of these assets. In this way, HCT
technology has already been successfully implemented in
generation plants with powers ranging from 12,5 MW up to
50 MW [28]. Furthermore, the steam/hygroscopic
compound separation does not require additional heat
sources or special desorption equipment to be used [25].
HCT exhaust pure steam (Fig. 1, point 2) direct
condensation is achieved by absorption when this current
meets the hygroscopic compounds-water solution, which
forms the cooling reflux stream (Fig. 1, point 3), inside the
absorber. This key process results in two main advantages
over other thermal cycles like Rankine [6], [29].

Firstly, a reduction of the condensing pressure for a given
cooling temperature is achieved, effectively raising the
electrical power output of the turbine as well as the overall
electrical performance of the plant. Secondly, an increment
on the condensing temperature for a given condensing
pressure is accomplished, consequently raising the cooling
temperature. As a result, the condensation energy can be
dissipated in dry mode (air-cooler), instead of using typical
open cooling processes, such as cooling towers, leading to
substantial benefits like savings in water consumption [30],
tower purges, plumes as well as operation and maintenance
costs. The increased condensing temperature also implies a
reduction in the heat energy that must be dissipated by the
air-coolers, allowing to also raise the overall electrical
efficiency of the plant due to a lower power demand of the
cooling system [31]. Furthermore, air-coolers offer the
chance to strictly control the reflux water refrigeration
process by regulating the speed of fans according to the
ambient temperature. Therefore, the high performance of
the HCT is evident in several improvements which further
enhance the thermal to power conversion, as a direct
consequence of the new cooling process integrated into this
technology [5]:

= New cooling conditions are translated into a higher
annual production due to a lower turbine outlet
pressure.

* Lower dependency on water and ambient conditions
such as high temperatures allow extending the
availability of power plants operating with HCT.

= Lower electric auto-consumption.

= Overall increment of the electrical efficiency (=2,5 %).
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In this way, HCT is a technology able to replace and
further improve the Rankine cycle for any heat to power
conversion in different types of electric generation plants,
such as combined cycles, thermoelectric plants, biomass
power plants and nuclear power plants [29]. HCT shows
several improvements such as [5]:

= Savings up to 50% regarding consumption of
demineralized water and chemical additives.

= Costs related to investment and O&M are reduced by
5% and 25% respectively.

= Longer service life while increasing reliability and
availability.

However, a key process that has not yet been studied in
detail is the steam generation in the boiler of the HCT, nor
the thermodynamic characteristics of the steam generated
at different hygroscopic compound concentrations.

2. Objective

As previously presented, Rubio-Serrano et al. [25] [26],
studied the benefits and overall performance of
hygroscopic  mixtures, specifically for different
concentrations of lithium bromide-water along the cooling
process of the Hygroscopic Cycle, showing significant
improvements with respect to the traditional Rankine
cycle. However, these efforts were mainly focused on the
cooling section of the HCT. In this way, the main
objective of this paper is to further analyse the
thermodynamical evolution and behaviour of LiBr
mixtures along the heating process to compare pure water
steam conditions coming from both LiBr-H>0 mixtures
and pure liquid water at the same pressures to properly
identify potential benefits of the former during the vapor
generation step with respect to typical Rankine cycles.
Boiler configurations for both HCT and Rankine cycle are
shown in Figs. 1 and 2 respectively. The removal of
superheater equipment, extensively used in the former,
emerges as an opportunity when operating an HCT with a
LiBr-H>0 mixture as the working fluid. This statement
stems from LiBr-H>0 mixtures potentially showing higher
saturation temperatures than pure water at the same
pressure. This LiBr-H0 saturated state offers the chance
to directly generate pure superheated steam from this
hygroscopic dragged due to the nature of the vaporization
process, remaining dissolved in the liquid fraction.
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Fig. 3 - Enthalpy (4:) as a function of concentration (c) and
saturation temperature (Tsar).

For this purpose, saturation temperatures for LiBr-H,O and
water have been determined for further comparison.

In addition, an optimization calculus of the boiler
conditions, for each studied LiBr concentration, has been
developed to determine the best working point at which
steam enthalpy is maximized with the goal of increasing the
performance of the turbine.

3. Methodology

EES is an abbreviation for Engineering Equation Solver,
being this software capable of solving both coupled non-
linear algebraic and differential equations, EES’s high
capacity and accuracy regarding thermodynamic functions
computation is the main reason behind its selection for the
calculations performed along with this research.

Values for thermal characteristics of LiBr-H>O mixtures
reflected in this article have been obtained by simulating
LiBr conditions according to property routines and
databases [32] [33] included in EES software (version
10.833-3D).

The limits analysed for each attribute have been established
according to standard operating conditions of the HCT on

Table 1.

Table 1. Limits for evaluated HCT operating conditions.

Property Range
Pressure (bar) 0-150
Concentration (%) 0-280

Saturation temperature (7s) for both pure water and LiBr-
H>O have been determined in EES as functions of
concentration (c¢) and/or pressure (P) (Equations 1 and 2):

Tsatﬂzo = fl(P) (1)

TsatLiBr—Hzo = fz (Pl C) (2)

Furthermore, enthalpy of the saturated vapor (Fig. 2a, point
1’) is a function of the boiler pressure (P) and corresponds
to a quality (x) equal to 1 (Equation 3).

hy = f3(P,x);x=1 3)
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In addition, enthalpy of the superheated vapor (Fig. 2,
point 1) is a function of the boiler pressure (P) and the

saturation temperature of the mixture (Tsqz;;p. Hy o) at the

concentration (c) considered (Equation 4).

hy = £4 (P Tsatyipr o) )

4. Results and analysis

In Fig. 3, pure steam enthalpies for vapor generated from
both LiBr-H>O mixtures (h;) and pure water (4;°) have
been determined as a function of LiBr concentration and
pressure by using EES.

Simulated results confirm that enthalpies of wvapor
produced by LiBr-H>0 mixtures are higher than those of
pure water at the same pressure.

Consequently, steam generated from the former is directly
located in the superheated steam region. The difference
between the enthalpies mentioned increases with pressure
levels, being more significant at high concentrations (c)
and pressures (P).

An enthalpy optimization has also been carried out to
determine the most favourable HTC operating conditions
for each LiBr concentration to reach the highest possible
steam enthalpy. These specific points allow to maximize
the power output due to a greater enthalpy change in the
turbine and thus the energy efficiency of the cycle.

Phenomena described in Fig. 3 is further evidenced by Fig.
4, where the maximum enthalpies (%;) at the different
concentrations (corresponding to superheated vapor) are
compared to the enthalpies of the saturated vapor (%;°) for
pressures ranging from 30 to 130 bar. Thus, optimized
enthalpies from superheated vapor show the maximum
difference (4h) achieved when LiBr-H>0 mixtures are used
instead of pure water as the working fluid.

Fig. 5 shows the gap (4T) between saturation temperatures
of LiBr-H,O mixtures (7;) and pure water (7)) as a
function of concentration (c¢) and pressure (P). Therefore,
temperature results back-up the behaviour observed in
enthalpies.

Finally, Table 2 quantitatively represents the enthalpy and
temperature increases between HCT and Rankine cycle,
graphically shown in Fig. 3, Fig. 4 and Fig. 5. Therefore,
HCT can directly produce superheated steam without
using a superheating phase inside the boiler.

Ah and AT represent the increment in enthalpy and
temperature that boiler must provide in the Rankine cycle
to reach the same conditions for the steam, directly
obtained in HCT.
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Table 2. Optimized pressure, enthalpy and temperature
differences versus LiBr concentration.

Concentration  Pressure Ah AT
(%) (bar) (KI/kg) O
0 30.82 0.0000 0.00
5 31.48 0.9035 0.26
10 31.79 3.4963 0.96
15 33.16 9.0209 2.46
20 35.76 18.5506 5.00
25 39.88 33.5397 8.88
30 45.88 55.8467 14.43
35 54.04 87.5074 21.92
40 64.22 129.9306 31.47
45 75.67 182.7635 42.96
50 87.32 243.5708 56.04
55 98.16 308.6477 70.23
60 107.49 374.0261 85.03
65 114.89 436.0963 99.89
70 120.09 491.9418 114.33
75 123.03 539.5681 128.00
80 123.76 577.9903 140.64

5. Conclusions

HCT positions as a novel cycle capable of overcoming
limitations previously established in past thermodynamic
power technologies by introducing key improvements to
enhance the overall performance and profitability. These
advantages are evidenced by a reduction in O&M and
investments costs as well as water consumption, and an
extension of the service life of the plant as shown in the
literature.

To further expand HCT benefits, thermodynamic
simulations performed in this article through EES software
reflect the differences in between thermodynamic
characteristics of LiBr-H>0 mixtures and pure water. Vapor
enthalpies and temperatures obtained for the former at
saturation conditions and different LiBr concentrations are
consistently higher than values presented by the pure water
at the same pressure levels.

In this sense, the quantity of this salt in the mixture plays a
significant role while evaluating those differences. In fact,
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temperature and enthalpy increments further rise as
concentrations and pressure levels increase.

These results may be used to find the most convenient
operating conditions in the boiler for increasing the cycle
efficiency over the values of 2,5% reported in the
literature and will be considered for future studies.

Additionally, the enthalpy values of LiBr-H>O mixtures at
saturation conditions ensure the generation of superheated
vapor with no need for further heating. Therefore, it can
be concluded that HCT does not require any superheater
inside the boiler, unlike the Rankine cycle.

Avoiding the need of a superheater has several impacts
which, in final terms, reinforce the advantages of HCT
over other thermodynamic power generation cycles. In this
case both economic and technical aspects of the HCT are
improved since costs related to the erection, operation and
maintenance of this equipment are eliminated.
Furthermore, pressure losses from the boiler to the turbine
are lowered since steam must travel shorter distances,
effectively reducing friction against pipe walls.

Acknowledgements
This work has been supported by:

= The project “Mejora de rendimiento energético del
ciclo higroscopico para produccion de potencia”
PID2019-108325RB-100/AEI/10.13039/501100011033,
financed by the State Investigation Agency from the
Spanish Ministry of Science and Innovation.

= “Severo Ochoa” grant program for training in research

and teaching of the Principality of Asturias
(BP20-176).

* The authors also want to acknowledge the contribution

of the Spanish company IMATECH (IMASA
TECHNOLOGIES), owner of the Hygroscopic cycle
test plant, as well as the support from the University
Institute of Industrial Technology of Asturias (IUTA),
financed by the City Council of Gijon, Spain.

RE&PQJ, Volume No.20, September 2022



References

[10]

[11]

[12]

[13]

[14]

International Energy Agency (IEA),
Review," p. 27, 2021.

European Union Commission, “2030 Climate & energy
framework”, 2020.

International Energy Agency (IEA),
Outlook," p. 191, 2021.

JLAAR. Sarr and F. Mathieu-Potvin. “Increasing thermal
efficiency of Rankine cycles by using refrigeration cycles: A
theoretical analysis”, Energy Conversion and Management,
p. 358-379, 2016.

F. Rubio-Serrano, A.J. Gutiérrez-Trashorras, F. Soto-Pérez,
E. Alvarez-Alvarez and E. Blanco-Marigorta. “Advantages
of incorporating Hygroscopic Cycle Technology to a 12.5-
MW biomass power plant”. Applied Thermal Engineering,
p. 320-327, 2018.

A. Meana-Fernandez, B. Peris-Pérez, A.J. Gutiérrez-
Trashorras, S. Rodriguez-Artime, J.C. Rios-Fernandez and
JM. Gonzélez-Caballin. “Optimization of the propulsion
plant of a Liquefied Natural Gas Transport ship”. Energy
Conversion and Management, 224.113398, 2020.

K.J. DiGenova, B.B. Botros and J.G. Brisson. “Method for
customizing an organic Rankine cycle to a complex heat
source for efficient energy conversion, demonstrated on a
Fischer Tropsch plant”. Applied Energy. 102, p.746-754,
2013.

P. Linke, A.I. Papadopoulos and P. Seferlis. “Systematic
Methods for Working Fluid Selection and the Design,
Integration and Control of Organic Rankine Cycles - A
Review”. Energies, 8, p. 4755 — 4801, 2015.

B. Vanslambrouck, M. van den Broek and M. De Paepe.
“Organic Rankine cycle versus steam cycle: a
thermodynamic comparison”. 3rd International Conference
”Low Temperature and Waste Heat Use in Communal and
Industrial Energy Supply Systems”, 2012.

Y. Li, M. Du, C. Wu, S. Wu and C. Liu.“Potential of Organic
Rankine Cycle using zeotropic mixtures as working fluids
for waste heat recovery” Energy, 77, p. 509-519, 2014.

W. Su, Y. Hwang, S. Deng, L. Zhao and D.
Zhao.“Thermodynamic performance comparison of Organic
Rankine Cycle between zeotropic mixtures and pure fluids
under open heat source”. Energy Conversion and
Management, 165, p. 720-737, 2018.

Y. Wang, Q. Tang, M. Wang and X. Feng. “Thermodynamic
performance comparison between ORC and Kalina cycles
for multi-stream waste heat recovery”. Energy Conversion
and Management, 145, p. 482-492, 2017.

C.E. Campos, J.C. Escobar, O.J. Venturini. E. Silva, V.
Melian, D. Marques, F. Lofrano and V. Gialluca. “Exergetic
and economic comparison of ORC and Kalina cycle for low
temperature enhanced geothermal system in Brazil”.
Applied Thermal Engineering, 52, p. 109-119, 2013.
A.Nemati, H. Nami, F. Ranjbar and M. Yari.“A comparative
thermodynamic analysis of ORC and Kalina cycles for waste
heat recovery: A case study for CGAM cogeneration
system”. Case Studies in Thermal Engineering, 9, p. 1-13,
2017.

P. Roy, M. Désilets, N. Galanis, H. Nesreddine and E. Cayer.
“Thermodynamic analysis of a power cycle using a low-
temperature source and a binary NH3-H2O mixture as
working fluid”. International Journal of Thermal Sciences,
49, p. 48-58, 2010.

A. Elsayed, M. Embaye, R. AL-Dadah, S. Mahmoud and A.
Rezk. “Thermodynamic performance of Kalina cycle system
11 (KCS11): feasibility of using alternative zeotropic
mixtures”  International  Journal of Low-Carbon
Technologies, 8, p. 169-178, 2013.

"Global Energy

"World Energy

https://doi.org/10.24084/repqj20.277

255

[17]

D. Walraven, B. Laenen, W. D’haeseleer. “Comparison of
thermodynamic cycles for power production from low-
temperature geothermal heat sources”. Energy Conversion
and Management, 66, p. 220-233,2013.

[18] G.A. Demirkaya, R.V. Padilla, A. Fontalvo, A. Bula and

[19]

[20]

[25]

D.Y. Goswamy. “Experimental and theoretical analysis of
the Goswami cycle operating at low temperature heat
sources”. Journal of Energy Resources
Technology, 140(7), 2018.

M. Leveni and R. Cozzolino. “Energy, exergy, and cost
comparison of Goswami cycle and cascade organic
Rankine cycle/absorption chiller system for geothermal
application”. Energy Conversion and Management, 227,
113598, 2021.

H. Chen, D. Yogi, M.M. Rahman and E.K. Stefanakos.“A
supercritical Rankine cycle using zeotropic mixture
working fluids for the conversion of low-grade heat into
power”. Energy, 36, p. 549-555,2011.

D.A. Pinilla-Fernandez, B. Foliaco, R. Vasquez-Padilla, A.
Bula and A. Gonzilez-Quiroga. “High ambient
temperature effects on the performance of a gas turbine-
based cogeneration system with supplementary fire in a
tropical climate”. Case Studies in Thermal Engineering,
26. 101206, 2021.

S. Pan, S.W. Snyder, A.I. Packman, Y.J. Lin and P. Chiang.
“Cooling water use in thermoelectric power generation and
its associated challenges for addressing water-energy
nexus”’, Water-Energy Nexus, p. 26-41, 2018.

F.J. Rubio Serrano. “Ciclo Higroscopico: la evolucion
eficiente del Ciclo Rankine”. Solar News, 45, p. 32-35,
2013.

F.J. Rubio Serrano. “Rankine cycle with absorption step
using  hygroscopic compounds”. Publication No.
WO02010133726, Al World Intellectual Property
Organization, Switzerland, 2010.

F.J. Rubio-Serrano, F. Soto-Pérez and A.J. Gutiérrez-
Trashorras, "Experimental study on the influence of the
saline concentration in the electrical performance of a
Hygroscopic cycle", Applied Thermal Engineering, p. 165,
2019.

F.J. Rubio-Serrano, F. Soto-Pérez and A.J. Gutiérrez-
Trashorras. “Influence of cooling temperature increase in a
hygroscopic cycle on the performance of the cooling
equipment”. Energy Conversion and Management, 200,
112080, 2019.

D.A. Boryta. “Solubility of lithium bromide in water
between 50. deg. and 100. deg. (45 to 70% lithium
bromide)”. J. Chem. Eng. Data, 15(1):142-4, 1970.
IMASA Technologies / https://imasatechnologies.com/
F.J. Rubio-Serrano, F. Soto-Pérez F, A.J. Gutiérrez-
Trashorras and G. Abad-Ausin. “Comparison between
existing Rankine Cycle refrigeration systems and
Hygroscopic Cycle Technology. International research
conference on sustainable energy, engineering, materials
and environment, Mieres, Asturias, Spain. p. 25-7, 2018.
F.J. Rubio Serrano. “Saving water in power plants”. Power
Eng. Int. 24 (6) 2016.

F.J. Rubio-Serrano. “An evolution in profitability and
efficiency,” Power Engineering International, 21 (9), 2013.
Z. Yuan and K.E. Herold. “Thermodynamic properties of
aqueous lithium bromide using a multi-property free
energy correlation”. HVAC&R Research, 11(3), p. 377-
393, 2005.

Z. Yuan and K.E. Herold. “Specific heat measurements on
aqueous lithium bromide”. HVAC&R Research, 11(3), p.
361-375, 2005.

RE&PQJ, Volume No.20, September 2022





