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abstract
The improvement of specific energy consumption and the reduction of steam temperature to drive 
the system are two of the main challenges to improve the performance of distillation processes 
in desalination plants, especially for multi-effect distillation technique. The low temperature re-
quirement is a suitable characteristic to integrate multi-effect distillation units as bottom system. 
Obviously, one of the best options is to use low-grade heat from power plants or gas turbines as 
a cogeneration system. Mitigation of CO2 emissions from power plants will be a priority for most 
of power companies in a near future, one of the most promising techniques is carbon capture and 
storage. Nevertheless, energy requirements and efficiency penalties in the overall system are some 
of their disadvantages. They are largely caused by CO2 compression above both its critical tempera-
ture and pressure prior storage. There are a huge low-grade heat coming from condensing water 
in the CO2 stream and from compressors intercooling that is suitable to reduce energy penalties 
in CO2 capture process and to produce desalted water. With the aim of analyzing these combined 
systems (desalination unit, power plant and CO2 capture), five different integration configurations 
have been proposed and simulated. Three aspects have been analyzed: the energy penalty in the 
steam cycle, the water costs associated to thermal energy and their environmental impact. Results 
show that although CO2 capture systems reduce power generation and therefore increases its costs, 
available heat from those systems could produce distilled water at affordable costs.
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1. Introduction

Combined power and water desalination plants have 
been widely studied in the literature during last years 
[1–18]. Seawater distillation with both MSF and MED 
is an energy-intensive process, and cogeneration is the 
most suitable technology to reduce this drawback. The 
most common system is to use steam turbines to desalt 
seawater in MSF with steam bleedings [1–6], although gas 
turbines (in open or combined cycle) with RO have been 

also proposed [1,7–10]. With the aim of increasing overall 
system efficiency and reducing distillation cost, several 
researchers have proposed the concept of polygeneration 
[11,12]. This system combines a power plant, in this case 
based on internal combustion engines to provide electric-
ity, a desalination system (RO unit) to supply fresh water, 
an absorption chiller for cooling requirements, and other 
systems for hot sanitary water supply. The use of internal 
combustion engines for hybrid desalination plants have 
been extended coupled with MED and RO [13].

One common characteristic in combined power and 
desalination is the use of low grade heat or waste heat 
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from one top generation cycle. In particular, TVC and 
MED are the most efficient systems when low pressure 
and temperature steam does not directly comes from a 
boiler or a turbine extraction: MED has the ability of using 
this heat in the most efficient (water per heat used) ther-
mal desalination process currently in use [13], reducing 
to a minimum the energy requirements of these installa-
tions. In this way, it could be competitive with respect to 
RO, in which integration with the top cycle is not feasible.

In a carbon constrained world, where the Kyoto 
agreements have been adopted by the majority of devel-
oped countries, is necessary to establish a new energetic 
strategy based on renewable energy sources, reduction 
of energy patterns and introduction of clean technologies 
for power generation. In the last point, the CO2 capture 
and storage systems (CCS) are going to play an essential 
role in a near future [19–23]. CCS process includes the 
separation of CO2 from flue gases (capture), its compres-
sion to supercritical stage and, finally, the injection and 
storage in a safe geological trap (Fig. 1). Three capture 
technologies are at present available in a pre-commercial 
stage for large combustion installations [20].

 • In post-combustion capture technologies the gas treat-
ment is once combustion has been carried out. The 
main technology in this stage is the chemical absorp-
tion with amine derived compounds 

 • Oxy-fuel combustion, in which combustion is carried 
out using oxygen instead of air, having a flue gas 
with CO2 as main component and steam. Part of the 
produced CO2 is recycled for a controlled combustion.

 • Pre-combustion capture systems, requires great 
changes in the whole combustion process. A shift 
reaction takes place before combustion and so, CO2 is 
separated before the combustion process itself.

The CO2 compression and transport process is con-
sidered to be analogous to the process currently used 
for natural gas transport. Before entering into the com-
pression train, CO2 and water mixture produced in the 
postcombustion or oxyfuel capture processes needs to 
be cooled down to separate water from CO2, avoiding 
ice and chlorates formation [21]. In the case of pipeline 
transportation, pressures as high as 100–140 bar would 

Fig. 1. Present CCS stages. 
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be required to achieve a supercritical fluid, increasing 
fluid density and making possible its injection and stor-
age in a deep geological formation (800–1200 m depth). 
For reaching such pressure values several compression 
stages are needed, including intercoolers to reduce power 
needs [24]. 

Any CO2 capture process has important energy re-
quirements, and there are great energy penalties in the 
overall system, i.e. combustion process (power plant) 
with capture system. One of the capture technologies that 
has been used in other sectors and is near a commercial 
stage is the absorption process based on amines. It offers 
high CO2 capture efficiency and a good selectivity at ac-
ceptable costs. Its main drawbacks are the need of flue 
gas pre-treatment and energy penalties [20]. Thermal 
energy requirements are solved with low pressure, low 
temperature steam bleeding from steam turbines, that 
regenerate the amine. Nevertheless, there is a waste heat 
from the condensate of this steam and from multi-stage 
compression intercooling, and although some works have 
analyzed the way of integrating this process in the plant 
itself [25–28] it is impossible to reuse this low temperature 
energy in the power generation cycle.

One of the challenges of both, future CO2 capture 
systems and desalination plants are the economic cost 
reduction. The future combination of power generation 
with CO2 capture (contributing to reduce global warming) 
and desalination could help to tackle this problem. The 
main objective of this paper is to present several schemes 
about the integration of MED in a power plant with CO2 
capture, modelling the system and evaluating the results 
in reduction of CO2 specific emissions per produced 
water and electrical power and in water energy cost and 
highlighting the opportunities that the proposed system 
could have in a near future.

2. Power and water production including CCS

The multi-effect distillation is the oldest and the 
most efficient thermal desalination process for water 
production [3]. In spite of having less capacity per unit, 
compared with MSF process [14], the power consump-
tion of a MED plant is significantly lower than that of an 
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MSF plant (1.8 kWh/m3 of distillate water, compared with 
4 kWh/ m3 in MSF case). Furthermore, distillate produc-
tion per steam consumed is also higher, as GOR values 
confirm [18]. On the other side, although thermal distilla-
tion processes as MSF or MED consume a larger amount 
of primary energy than RO process, thermal distillation 
systems have shown a great reliability [3]. This makes 
that the unit product cost of the distillate systems is close 
to the RO one, around $0.7/m3. 

Besides technical advantages explained above, the 
main feature of MED process is that it operates at a quite 
low TBT between 60–70°C, consuming a low-pressure va-
pour (or even hot water) at around 70°C. This makes this 
technology highly suitable for thermal integration with 
residual heat available at the industrial or tertiary sector. 
New technologies to reduce CO2 emissions are one of the 
providers of those residual heats, which could be freely 
taken to produce desalted water by means of a MED unit.

The case study includes an originally 350 MWe net 
power output coal power plant (36.93% LHV) with CO2 
capture in a postcombustion scheme and a MED for water 
desalination (Fig. 2). Several integration schemes are pro-
posed and the simulation results are analysed to select the 
proper layout of combined water and power production 
with CO2 capture. Power plant steam cycle is composed 
of two high-pressure and three low-pressure feedwater 
heaters and a steam extraction to deaerator. Steam pro-
duction is 342.3 kg/s of live steam (168 bar/540°C) with 
reheat (39 bar/540°C). Combustion flue gases are 472 kg/s 
with 12.7% v. CO2 concentration.

Each absorption train could treat a maximum volume 
flow rate around 300,000 m3/h. Thus, four amine absorp-

Fig. 2. Reference case, power plant with CCS and MED plant for water desalination.
 

tion trains are needed to capture 65% of CO2, what is 
required for fulfil CO2 National Allocations Plan for this 
case. The main disadvantage of amine scrubbing is the 
energetic cost, so it is necessary to regenerate the sorbent 
in a closed cycle. Regeneration heat is required at around 
130°C and it must be extracted from the medium-low 
pressure steam turbine, in order to minimize the global 
energy penalty. Thus, design capacity and efficiency of 
the original coal power plant is considerably reduced, as 
it is shown in Table 1 and Fig. 2. 

The power demand to drive the CO2 compressor is 
25 MWe (around 8% of net power output), but the main 
energy requirement is 260 MWth for amine regeneration. 
Nevertheless, energy penalty could be reduced when 
the heat flows from CO2 compression intercooling are 
integrated into the original steam cycle. Unfortunately the 
temperature level and the quantity of intercooling heat 
make impossible to use it completely. These heat flows 
could be used to desalt water and/or other low-grade heat 
purposes. Table 1 illustrates the available energy from 
intercooling compression with a temperature range of  
40–170°C. That makes suitable steam generation required 
for the thermal distillation system and still it allows tak-
ing advantage of the remaining heat for the power plant 
low pressure train. 

Fig. 3 shows a possible thermal scheme of CO2 in-
tercooling compression (excluding gas conditioning). 
Heat required for steam production to MED unit could 
be obtained: (i) from the flue gas water condenser before 
compression trains (Qcond), where temperature of CO2 
stream leaving condenser is around 108°C and, (ii) from 
the intercoolers between compressors (Qintercool,i), since 
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a Calculation of this efficiency includes electricity requirements of CO2 compression
b Considering cooling down to 50°C for water condensation
c Considering cooling down to 50°C before each compressor

Power plant with CO2 amine 
capture system

Power plant net output, MWe 318.0
Power plant LHV efficiency, % 30.11a

Amine regeneration energy requirement, MWth 260.0
CO2 compression energy requirement, MWe 25.0
Energy to low pressure train, MWth 24.5
CO2 captured, ton/h 214.0

Compression stage Available energy from condenser, MWth 124.0b

Available energy from Intercooling, MWth 38.3c

Table 1
Reference case main data

temperature of each compressor outlet can be as high 
as 170°C.

Part of this residual heat is used as low pressure heat-
ers in the power plant steam cycle avoiding or reducing 
the steam bleedings from low-pressure turbines and 
therefore producing additional power. Also, this tempera-
ture level makes it possible the steam production at 70°C, 
required for a MED plant. It should be also noticed that 
the lower intercooling temperature the lower compressor 
power consumption [27], for this reason a second cooling 
stage should be required to minimize these requirements 
[28]. These very-low quality heat is yet available for other 
purposes (here a total amount of 47 MWth could be used 
for tap water preheating, for instance). 

3. Analysis and discussion of the proposed integration 
configurations

Proposed integration schemes have been simulated 
with Aspen Plus software [29] assuming a continuous 
operation of MED unit driven by steam at 70°C. En-
ergy saving, CO2 emissions and water production are 
compared with reference case. Energy consumptions 

Fig, 3. Available heat from CO2 compression stage.
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associated to the MED unit were calculated by means of 
the Lost Kilowatt Method [30], that is, the ratio between 
the power penalty due to the vapour extraction to MED 
and the distillate production. Fuel cost of water is then 
calculated as that power penalty multiplied by the cost 
of electricity (COE) paid to the power plant owner. Cases 
analysed are illustrated in Fig. 4.

Case 1 (Fig. 4a) .Desalination with MED is driven 
with water-condensing flue gas thermal energy recovery 
heat exchanger before CO2 conditioning and compres-
sion. Heat available makes it possible to produce up to 
32,235 kg/s of steam at 70°C for MED plant. 

Case 2 (Fig. 4b). For comparison purposes, a low-
pressure steam bleeding is used for driving the MED unit. 
Flue gas is cooled down to condensate the water content 
before CO2 conditioning.

Case 3 (Fig. 4c). Compressor power requirements 
are significantly reduced with intercooling stages. The 
cooling process is split in two levels of temperature and 
the heat required by MED could be produced in the high 
temperature heat exchangers. Additionally, part of water-
condensing flue gas thermal energy is still available. 

Case 4 (Fig. 4b). As in case 2, a low-pressure steam 
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Fig. 4. Proposed integrated configurations. Cases a–e.
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bleeding is used for driving the MED unit and flue gas 
is cooled down to condensate the water content before 
CO2 conditioning.

Case 5 (Fig. 4d). Original low pressure part of the 
steam cycle is modified. Condensing steam turbine is 
replaced by back-pressure turbine at 3 bar. This pressure 
level is suitable for amine regeneration and MED water 
production plant operation. 

Table 2 illustrates the advantage of obtaining distilled 
water when heat is delivered from the compression 
intercooling (cases 1 and 3), with respect to deliver the 
same thermal energy from a power plant steam extrac-
tion (cases 2 and 4). Comparison between cases 1 and 2 
shows that there is a reduction of around 3 MWe when 
the low pressure steam bleeding is used to drive the MED. 
The heat stream available at flue gas condenser could 
produce 32.2 kg/s of steam and finally 35,494 m3/d of 
desalted water. When the intercooling energy is used to 
increase the water production, an additional steam flow 
of 3.1 kg/s is produced. In case 4, the reduction in power 
plant production is similar to commented values in case 

1 and 2. Case 5 should be carefully analyzed. Evidently, 
there is an important power production reduction of 
10  MWe due to back-pressure steam turbine, nevertheless 
this heat is used for water desalination at MED and its 
production increases sharply from 38,746 to 119,232 m3/d. 
Fig. 5 shows the enthalpy drops in each process and could 
help to understand the MED integration implications in 
the plant with included CCS. It can be seen that the great 
enthalpy drop caused by the condenser, in a conventional 
power plant can be compared with the necessary enthalpy 
drop for steam production in the MED plant, unlike the 
drop for the capture process. 

It should be noticed that the power penalty caused by 
CO2 capture and compression system (more than 10% of 
the same power plant without CCS) is similar to the effect 
of CO2 capture due to the MEA (net power output from 
350 to 318 MWe). In any case, the reduction by MED inte-
gration and water production is between 3 and 10 MWe. 

The positive effects of producing water desalination 
with very low energy costs and emissions are illustrated 
in Table 2. Water energy consumption and water energy 
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cost are low in cases 1 and 3 due to thermal integration. 
This causes a low specific CO2 emissions related to the 
MWh produced. 

In Table 3 it can be observed how CO2 emissions as-
sociated to MED unit are reduced when steam is obtained 
by the CCS (case 1 and 3), when they are compared with 
steam extracted directly from the steam boiler (case 6), or 
from the LP turbine (case 2 and 4). Calculations about wa-
ter production emissions were made similarly as energy 
and economic analysis, charging the emissions according 
to the power that is not produced when the MED unit is 
integrated into the CCS. Specific emissions calculation 
results are around 0.6 kg CO2 per m3 of fresh water pro-
duced, when steam for MED is produced from CCS waste 
heat. When the same steam is extracted from the turbines, 
specific emissions doubled the original values due to the 
reduction in power output. For comparing these results, 
a sixth case has been simulated, when considering an 
independent boiler for the steam production. Obviously 
emissions are larger in this case even when CO2 capture 

Table 2
Simulation results of a MED plant integrated with the CO2 compression heat train

Case Net 
power 
output 

Power to 
compression

MED 
auxiliaries

Heat from 
compression 
to MED 
plant 

Specific 
emissions

Steam 
to water 
production

MED 
production

Water energy 
consumption

Water 
energy 
cost

 (MWe) (MWe) (MWe) (MWth) (t CO2/MWh) (kg/s) (m3/d) (kWh/m3) (€/m3)*

Ref 318.03 25.00 — — 0.361 — -— — —
1 318.03 25.00 2.22 92.84 0.361 34.24 35,494.8 1.28 0.08
2 315.23 25.00 2.22 — 0.367 34.24 35,494.8 2.89 0.17
3 318.03 25.00 2.42 101.34 0.361 37.37 38,746.2 1.28 0.08
4 314.97 25.00 2.42 — 0.368 37.37 38,746.2 2.89 0.17
5 308.58 25.00 7.45 295.24 0.383 115.00 119,232.0 2.89 0.17

*Considering COE: 60€/MWh

Fig. 5. Enthalpy drop comparison for case 2 (or 4) and case 5.
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is considered for this process as well, up to 8.5 kg/m3 of 
fresh water. Associated emissions to generated water 
could be 45 times higher without any integrated MED 
without a CCS in the power plant (case 6).

In order to have a global perspective of the oppor-
tunities that the proposed integration could suppose, 
calculations for existing littoral coal power plants in Spain 
and Italy have been made. Considering a capture ratio 
of 65% and post-combustion technology for CO2 capture, 
as explained above, Table 4 shows the feasible distilled 
water production that could be produced if the best case 
explained above, case 3, and if new hypothetical MED 
units were linked to those plants in case of installing CCS.

5. Conclusions 

Along this paper it has been highlighted the necessity 
of taking into account the opportunities offered by the 
introduction of CO2 capture and compression systems 
in terms of water production when integrated in coastal 
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Table 4
Distilled water potential in littoral Mediterranean coal power 
plants from CO2 compression integration

Table 3
Specific emissions for m3 of produced fresh water for different steam sources

 Power plant with capture Power plant without capture
 Steam from  

CO2 compression 
Steam from  
the boiler

Steam from  
the turbines

Steam from  
the boiler

Steam from  
the turbines 

(kgCO2/m3 
fresh water)

(kgCO2/m3 
fresh water)

(kgCO2/m3 
fresh water)

(kgCO2/m3 
fresh water)

(kgCO2/m3 
fresh water)

Case 1 0.587 — — — —
Case 2 — — 1.330 — 3.352
Case 3 0.587 — — — —
Case 4 — — 1.329 — 3.352
Case 5 — — 0.744 — 1.877
Case 6 — 8.478 — 25.537 —

power plants. Thus, this type of integration could be a 
sustainable solution for those areas, since water would 
not be extracted from overexploited aquifers or scarce 
surface waters.

Taking advantage of heat from the CO2 compression 
stage, water distillation by MED system could be imple-
mented with very low energy costs. As an example of 
integration, a subcritical power plant producing origi-
nally 350 MWe with an integrating a CO2 post-combustion 
capture system with steam de-rating has been simulated. 
With low-grade steam produced from intercooling and 
CO2-water stream condenser, it can be produced about 
38700 m3 of fresh water per day without any substantial 
modification in the power plant. 

CO2 capture systems suppose good opportunities to 
produce additional desalted water derived from remov-
ing pollution associated to present fossil-fuel power 
plants. This means that the integration of desalination 
and power plant with CCS are a promising combination 

Litoral coal 
power plants

Capacity 
(Mwe)

Produced water 
(m3/d)

Italy* Fumesanto 640 70,850
Sulcis 240 26,569
Brinidisi Nord 640 70,850
Brindisi Sud 1320 146,129

Spain** Litoral Almeria 1160 128,416
Los Barrios 570 63,101
Alcudia II 510 56,459

Total 5,080 562,374

* Source: Asso Carboni [31]
* *Source: Red Eléctrica Española [32]

to overcome the energetic and economic penalties associ-
ated to zero emissions energy generation. 
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Symbols and abbreviations

CCS — Carbon capture and storage 
COE — Cost of electricity
GOR — Gained output ratio 
LHV — Low heating value
MED — Multi-effect distillation
MSF — Multi-stage flash 
RO — Reverse osmosis
TBT — Top brine temperature 
TVC — Thermo-vapour compression
Q — Heat (MWth)

Subscripts

cond — Condensation
intercooli — ith intercooler

References
[1]  M.A. Darwish and N. Al Najem, Co-generation power desalt-

ing plants: new outlook with gas turbines, Desalination, 161 
(2004) 1–12.

[2]  H. Fath, F. Al-Khaldi and B. Abu-Sharkh, Numerical simulation 
and analysis of a patented desalination and power co-generation 
cycle, Desalination, 169 (2004) 89–100.

[3]  I. Kamal, Integration of seawater desalination with power gen-
eration, Desalination, 180 (2005) 217–229.

[4]  N. Bouzayani, N. Galanis and J. Orfi, Comparative study of 



 I. Bolea et al. / Desalination and Water Treatment 7 (2009) 124–131 131

power and water cogeneration systems, Desalination, 205 (2007) 
243–253.

[5]  M.A. Darwish, S. Alotaibi and S. Alfahad, On the reduction 
of desalting energy and its cost in Kuwait, Desalination, 220 
(2008) 483–495.

[6]  M.A. Darwish, F.M. Al-Awadhi and A.M. Darwish, Energy and 
water in Kuwait, Part I. A sustainability view point, Desalination, 
225 (2008) 341–355.

[7]  E. Cardona and A. Piacentino, Optimal design of cogenera-
tion plants for seawater desalination, Desalination, 166 (2004) 
411–426.

[8]  A. Almulla, A. Hamad and M. Gadalla, Integrating hybrid sys-
tems with existing thermal desalination plants, Desalination, 
174 (2005) 171–192.

[9]  S.F. Mussati, P.A. Aguirre and N.J. Scenna, Optimization of al-
ternative structures of integrated power and desalination plants, 
Desalination, 182 (2005) 123–129.

[10]  A.M. El-Nashar, Optimal design of a cogeneration plant for 
power and desalination taking equipment reliability into con-
sideration, Desalination, 229 (2008) 21–32.

[11]  F. Colella, J. Uche and N. Dejo, Desalted water provided by a 
polygeneration scheme for the tourist sector, Desalination, 205 
(2007) 279–297.

[12]  C. Rubio, J. Uche and N. Dejo, Optimization of desalted water 
production in a polygeneration scheme for the tourist sector, 
Desalination, 223 (2008) 464–475.

[13]  A. Ophir and F. Lokiec, Advanced MED process for most eco-
nomical sea water desalination, Desalination, 182 (2005) 187–198.

[14]  M. Al-Sahali and H. Ettouney, Developments in thermal desalina-
tion processes: Design, energy and costing aspects, Desalination, 
214 (2007) 227–240.

[15]  E.W. Perz and S. Bergmann, A simulation environment for the 
techno-economic performance prediction of water and power 
cogeneration systems using renewable and fossil energy sources, 
Desalination, 203 (2007) 337–345.

[16]  E. Mathioulakis, V. Belessiotis and E. Delyannis, Desalination by 
using alternative energy: Review and state-of-the-art, Desalina-
tion, 203 (2007) 346–365.

[17]  E. Cardona, A. Piacentino and F. Marchese, Performance evalu-
ation of CHP hybrid seawater desalination plants, Desalination, 
205 (2007) 1–14.

[18]  A.D. Khawaji, I.K. Kutubkhanah and J.M. Wie, Advances in sea-
water desalination technologies, Desalination, 221 (2008) 47–69.

[19]  Commission of the European Communities, 2007, Communi-
cation from the Commission to the Council and the European 
Parliament: Sustainable power generation from fossil fuels: aim-
ing for near-zero emissions from coal after 2020, COM(2006) 843 
final, Commission of the European Communities.

[20]  B. Metz, O. Davidson, H. de Coninck, M. Loos and L. Meyer, 
eds., Special Report on Carbon Dioxide Capture and Storage 
Intergovernmental Panel on Climate Change, Cambridge Uni-
versity Press, 2005.

[21]  H. Birkestad, Separation and compression of CO2 in an O2/CO2-
fired power plant, Thesis for the Degree of Master of Science, 
Department of Energy Conversion, Chalmers University of 
Technology, Report T2002-262, 2002.

[22]  European Technology Platform for Zero Emission Fossil Fuel 
Power Plants, EU Demonstration Programme for CO2 Capture 
and Storage (CCS), ZEP’s Proposal, European Technology Plat-
form for Zero Emission Fossil Fuel Power Plants (ZEP), 2007, 
http://www.zero-emissionplatform.eu

[23]  H.J. Herzog, What future for carbon capture and sequestration? 
Environ. Sci. Technol., 35 (2001) 148A.

[24]  L.M. Romeo, I. Bolea, Y. Lara and J.M. Escosa, Optimization of 
intercooling compression in CO2 capture systems, App. Thermal 
Eng., 29 (2009) 1744–1751.

[25]  U. Desideri and A. Paolucci, Performance modelling of a carbon 
dioxide removal system for power plants, Energy Convers. 
Manag., 40 (1999) 1899–915.

[26]  C. Ali, Simulation and optimization of a coal-fired power plant 
with integrated CO2 capture using MEA scrubbing, 8th Inter-
national Conference on Greenhouse Gas Control Technologies, 
Trondheim, Norway, 2006, www.ghgt8.no.

[27]  T. Mimura, H. Simayoshi, T. Suda, M. Iijima and S. Mituoka, 
Development of energy saving technology for flue gas carbon 
dioxide recovery in power plant by chemical absorption method 
and steam system, Energy Convers. Manage., 38 (1997) S57–S62.

[28]  L.M. Romeo, I. Bolea and J.M. Escosa, Integration of power plant 
and amine scrubbing to reduce CO2 capture costs, Appl. Thermal 
Eng., 28 (2008) 1039–1046.

[29]  Aspen Plus 12,1 User Guide, Aspen Technology, Inc., 2003.
[30]  J. Uche, L. Serra and A. Valero, Exergy costs and inefficiency 

diagnosis of a dual-purpose power and desalination plant, J. 
Energy Resourc. Technol., 128 (2006) 186.

[31]  Asso Carboni, 2009. http://www.assocarboni.it
[32]  Red Electrica de España, 2009, http://www.ree.es


