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Abstract 

Innovative power plant concepts that utilize gaseous fossil fuels is the subject of interest for many 
researchers in the last decade. Literature studies focus on simulation and thermal analysis of such plants, 
regarding the net electrical efficiency, expressed as % of the low heating value of the coal input, and 
the GHG emission levels, measured in kg of CO2/MWh as the key performance indicators of the plant 
from an energy and environmental perspective.  In order to make a sound analysis of thermal processes 
the concept of physical exergy is introduced, in such a way that it is possible to evaluate the losses that 
take place in each section of the plant from an energy quality perspective, acknowledging that not all 
the thermal input from the fuel can be transformed into useful work. Additionally, the process streams 
undergo composition changes that make the determination of chemical exergy mandatory, accounting 
for composition imbalances with the reference environment.  

The calculation of chemical exergy as presented in Thermodynamics books requires the definition of 
hypothetical states for different substances as well as the assumption of ideal mixing laws. Moreover, 
tabulated values of the change in standard Gibbs free energy for devaluation reactions of the 
components in the mixture are necessary. In order to simplify such calculations, a model in Unisim 
Design R431 was created allowing the determination of the total exergy of a stream by accessing its 
specific enthalpy and entropy given by a predefined thermodynamic property package. Thus, the 
chemical exergy of a stream at environmental conditions is identified with the change of the Gibbs free 
energy of a system that chemically transforms the components in the stream withdrawing the 
stoichiometric co-reactants from the environment and yielding the products present in the environment 
at the same conditions. If the components in the mixture do not undergo a chemical transformation, the 
chemical exergy change that takes place in the system only accounts for mixture separation (gM) and 
the reversible expansion or compression of such components to reach the same chemical potential (i.e. 
partial pressure) as in the environment. The system that achieves such transformations is composed of 
ideal internal devices that are not technologically feasible (isothermal compression, isentropic 
expanders, ideal membranes etc.) However, with basic unit operation models (heaters, conversion 
reactors, splitters, expanders etc.) this ideal system can be effectively represented. 

This simple modelling tool allows researchers to effectively incorporate exergy in their power plant 
evaluations and familiarizes students with the concept making it more accessible and comprehensive. 
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In this work, the exergy model is used to evaluate the performance of an Air Separation Unit (ASU) 
and a Water Gas Shift (WGS) section of an IGCC plant. 

Keywords: energy, exergy, efficiency, thermodynamic analysis, water gas shift, air separation unit 

1.  Fundamental Thermodynamics 

Exergy is defined as the maximum useful work that can be retrieved from a system interacting with the 
environment which is permanently at P0 and T0, (ambient temperature and pressure).  When an exergy 
balance is applied to an open system, flow exergy terms appear, which account for the capacity of a 
given stream (at a certain pressure and temperature) of producing useful work against the predefined 
environment (1). It is straightforward that a system   or stream already at P0 and T0 cannot produce any 
useful work, and that if its state is different from P0 and T0, a thermal machine can be placed between 
the system or stream and the environment to produce useful work. Thus, P0 and T0 are defined as the 
inert thermomechanical state and typically 25ºC and 1.01325 bar are taken. The exergy balance in 
differential form can be expressed as: 

𝑑𝑑𝑑𝑑′𝑗𝑗 = 𝑑𝑑𝑑𝑑𝑗𝑗 �1 −
𝑇𝑇0
𝑇𝑇
� − �𝑑𝑑�̇�𝑊𝑗𝑗 − 𝑃𝑃0𝑑𝑑𝑑𝑑𝑗𝑗� − 𝐼𝐼�̇�𝑗 + �𝑒𝑒′𝑖𝑖,𝑗𝑗�̇�𝑚𝑖𝑖,𝑗𝑗

𝑖𝑖

 Eq. 1 

Where B’j represents the exergy of the system j while. Ij represents the exergy destruction in system j, 
and takes into account the energy loss due to internal irreversibilities of the system. ei,j represents the 
flow exergy of stream i entering or leaving the system j. 

𝑒𝑒′𝑖𝑖 = 𝑒𝑒𝐶𝐶ℎ + 𝑒𝑒𝑃𝑃ℎ + 𝑒𝑒𝑝𝑝 + 𝑒𝑒𝑐𝑐 Eq. 2 
The flow exergy is the addition of the chemical exergy, physical exergy and specific potential and 
kinetic energy. Typically, the kinetic and potential energy are considered negligible compared to the 
other terms. 

The physical exergy term represents the actual mechanical work that can be derived from that stream 
and it is defined by means of its specific enthalpy and entropy and that of the reference environment: 

𝑒𝑒𝑃𝑃ℎ = ℎ − 𝑇𝑇0𝑠𝑠 − (ℎ0 − 𝑇𝑇0𝑠𝑠0) Eq. 3 
Chemical exergy takes into account the composition imbalances relative to an environment where 
several reference substances exist at a given chemical potential. To fully grasp the concept of chemical 
exergy, one must attend the following definition: 

Chemical exergy is the work required to reversibly synthetize a certain substance at ambient pressure 
and temperature taking from the environment (through ideal membranes) the stoichiometric amounts 
of reference substances, bringing them to P0 and T0 (by means of ideal compression devices), reacting 
these substances at T0 and P0 and finally releasing the reference by-products to the environment at the 
same chemical potential as in the environment (through ideal membranes and expanders). The reference 
substances are usually present in the atmosphere and the environment composition must be predefined 
to carry out exergy calculations. 

Alternatively, a negative definition can be used were instead of synthesizing the substance a devaluation 
reaction takes place. Figure 1 shows the steps required to determine the exergy of a pure substance 
(methane) by reacting with and releasing reference substances from and to the environment. The 
devaluation reaction that takes place in the reaction chamber is: 

𝐶𝐶𝐶𝐶4(𝑔𝑔) + 2𝑂𝑂2(𝑔𝑔) → 𝐶𝐶𝑂𝑂2(𝑔𝑔) + 𝐶𝐶2𝑂𝑂(𝑔𝑔) Eq. 4 
This reaction occurs at constant pressure and temperature and, if the final state of the products 
corresponds to a hypothetical ideal state, the reversible work obtained from it can be identified with the 
opposite of the standard’s Gibbs free energy of the reaction. 
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The work input to achieve the separation of co-reactants and products in the conditioning chamber 
(which again operates isothermally and isobarically) is determined by the change in chemical potential 
of these streams evaluated at the pressure of P0 and at the partial pressure of that reference substance in 
the environment Pk. Thus, the expression for the specific chemical exergy of a pure substance results: 

𝑒𝑒𝐶𝐶𝐶𝐶 = −Δ𝐺𝐺𝑑𝑑𝑜𝑜 + �𝜈𝜈𝑘𝑘𝑑𝑑 (𝜇𝜇𝑘𝑘(𝑇𝑇0,𝑃𝑃0) − 𝜇𝜇𝑘𝑘(𝑇𝑇0,𝑃𝑃𝑘𝑘)) Eq. 5 

Where 𝜈𝜈𝑘𝑘𝑑𝑑is the stoichiometric coefficient of component k in the devaluation reaction. 

Reaction 
Chamber

Conditioning 
Chamber

CH4 (Po, To)

2O2 (Po, To)

2H2O, CO2 (Po, To)

Environment  (Po, To)

2O2 (PO2, To)

2H2O (PH2O, To)

2CO2 (PCO2, To)

 
Figure 1 Block flow diagram for chemical exergy determination 

The determination of the chemical exergy of a mixture where more than one component can undergo a 
chemical devaluation requires the addition of a separation chamber as shown in Figure 2 for a mixture 
with syngas components, in such a way that work needed to reversibly separate the mixture in its pure 
species is taken into account. Each of those components must then follow the process described in 
Figure 1. This work of separation corresponds to the specific Gibbs free energy of mixing, that is, the 
composition averaged difference of the partial molar Gibbs free energy of a component in the mixture 
and the specific Gibbs free energy of that component as a pure substance, everything considered at P0 
and T0. 

Separation 
Chamber

Mixture (Po, To)
H2 (Po, To)

CH4 (Po, To)

CO (Po, To)

 
Figure 2 Diagram of a reversible separation chamber 



 XI Congreso Nacional y II Internacional  
de Ingeniería Termodinámica 

 
 

4 
 

𝑔𝑔𝑀𝑀 = �𝑥𝑥𝑘𝑘 (�̅�𝜇𝑘𝑘 − 𝜇𝜇𝑘𝑘□) Eq. 6 

The calculation of the Gibbs’s free energy of mixing becomes much simpler when an ideal gas mixture 
is assumed (which is plausible given the low pressure P0 usually taken as 1 bar or 1 atm), and must be 
added to the terms calculated Eq. 5 to determine the total chemical exergy. 

On the other hand, there can be mixtures where the species do not undergo any devaluation reaction but 
their composition is very different from that of the predefined reference environment. In this situations, 
only the separation and conditioning chambers are required to determine the chemical exergy of a 
stream. In the process examples studied in this work, an exergy analysis for mixtures whose components 
can undergo a chemical devaluation and mixtures without chemical devaluation is performed. 

The exergy balance shown in Eq. 1 can be applied to a process flowsheet or a single unit operation. In 
stationary operation, the total exergy and the volume of the system do not change with time, which 
greatly simplifies the balance. If the system operates in adiabatic conditions and produces or absorbs 
no mechanical work, then the exergy destruction can be easily calculated as the balance of flow exergy 
entering and leaving the system. In systems that produce or demand work, this term must be accounted 
for. In process units such as compressor intercoolers where heat is removed from the process (non-
adiabatic from the process side perspective) the exergy destruction due to temperature differences of 
the process fluid with the cooling media (water or air) is grouped with the exergy loss attributed to heat 
transfer fluid, and therefore it can be assumed to be equal to the exergy flow difference of the process 
stream. 

2. Modelling Tool for Exergy Calculation 

An exergy calculation tool for a chemical mixture consisting of natural gas, syngas and/or air 
components was developed in Unisim. The steps described in Figure 1 and Figure 2 offer the reader a 
comprehensive view of the determination of the chemical exergy of a mixture. However, the search for 
tabulated values for the standard Gibbs free energy of the reactions and calculation of the chemical 
potential of different substances may not be practical when the analysis of many processes, unit 
operations and streams is required. For this reason, in this work a shortcut method is developed in 
Unisim Design R451 to circumvent these time consuming calculations and obtain the total (chemical & 
physical) exergy of a mixture by inputting its compositions and stream conditions. 

The unit operations modelled in Unisim (consisting of expanders, coolers, heaters, splitters, conversion 
reactions and mixers) perform the ideal transformations taking place in the separation, reaction and 
conditioning chambers previously described. In this way, specific enthalpies and entropies of the 
streams are accessed directly, once a thermodynamic property method is selected. Firstly, the model 
brings the mixture stream from its temperature and pressure (resulting from a given real process) to the 
inert thermomechanical state (P0, T0) and determines the physical exergy. Secondly the chemical exergy 
is calculated as depicted in a simplified way in Figure 3, where the stoichiometric amounts of 
correactants are taken from the environment and the products are released with the same chemical 
potential (partial pressure). Other reference substances which are present in the mixture but do not 
participate in the chemical devaluation reactions are also released at the conditions at which these 
substances are present in the environment. The exergy balance applied to system Ch. under stationary 
conditions reveals that the reversible work obtained from the system (provided that all heat exchange 
is assumed to occur isothermally at T0 and that there are no internal irreversibilities) corresponds to the 
change in flow exergy of the streams entering or leaving system Ch. That is: 

𝑤𝑤𝑅𝑅 = 𝑒𝑒𝐶𝐶ℎ,𝑚𝑚 = 1
𝑛𝑛𝑚𝑚

(𝑛𝑛𝑚𝑚𝑒𝑒𝑚𝑚 + ∑𝑛𝑛𝑖𝑖,𝑅𝑅𝑒𝑒𝑘𝑘,𝑅𝑅 − ∑𝑛𝑛𝑖𝑖,𝑃𝑃𝑒𝑒𝑘𝑘,𝑃𝑃 − ∑𝑛𝑛𝑘𝑘,𝑟𝑟𝑟𝑟𝑟𝑟𝑒𝑒𝑘𝑘,𝑟𝑟𝑟𝑟𝑟𝑟) Eq. 7 
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Knowledge of the stoichiometry of the reactions is mandatory and must be supplied in order to 
determine the correactant and product flow rates. The physical exergy in system Ph. is calculated in an 
analogous way. 

Mixture (P, T) Mixture (Po, To)

Reactants (PR, To)

Products (PP, To)

Other Ref. Substances (Pj, To)

Environment  (Po, To)

ePh eCh

Ch.
Ph.

 
Figure 3 Block diagram of the model for the determination of the total exergy of a mixture in the Unisim  

In the calculation tool, the stoichiometry for the combustion (devaluation) of natural gas species (C1 to 
C8) and syngas components (H2 and CO) is introduced. These are typical substances that appear in 
power production applications. The reference substances are those encountered in the earth’s 
atmosphere: N2, O2, Ar, CO2 and H2O and the environment composition’s is fixed once the user 
introduces the relative humidity, temperature (T0) and pressure (P0). A vapour pressure correlation (2) 
determines the water saturation pressure and calculates the water molar fraction accordingly. For all 
cases, the correactant is O2 and the products are H2O and/or CO2. Other reference substances already 
present in the mixture that may not intervene in the devaluation reaction are therefore N2, Ar and 
potentially O2, CO2 & H2O. Finally, the user must supply the thermodynamic property method with 
which the specific enthalpies and entropies of the streams are calculated. There is an extensive variety 
of options available, but a Peng Robinson equation of state is selected as it is flexible enough for a wide 
range of applications and operating conditions. The assumption of an Ideal gas model is acceptable for 
chemical exergy calculations (since the ideal transformations take place at relatively low pressure) but 
it would be unsuitable in general for physical exergy determination and property calculations of 
cryogenic processes. A comparison between the selected thermodynamic package and (3) for the 
chemical exergy of pure components at standard conditions (298K and 1.01325 bar) allows us to 
validate the model with relative errors below 3%. 

Table 1 Chemical exergy comparison for pure components 

Chemical Exergy 
(MJ/kmol) (3) Unisim Model 

(Peng Robinson) Error (%) 

Methane 836,5 847,8 1,35% 
H2 238,5 243,2 2,82% 
CO 275,4 283,2 1,98% 

 

3. Exergy Analysis: Applications 

The model for exergy determination of chemical mixtures developed in Unisim was used to evaluate 
the exergy performance of two different process units that appear in IGCC power plants with pre-
combustion CO2 capture (4): 1) Water Gas Shift unit (WGS) which transforms syngas from the gasifier 
into H2 and CO2 (the latter is removed in a subsequent absorption process) while producing steam for 
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the bottoming cycle. 2) A standalone Air Separation Unit (ASU) with a pumped oxygen cycle delivering 
high pressure O2 and low pressure N2 at ambient conditions. 

- Water Gas Shift Unit 

The WGS unit receives syngas from a Shell Gasifier after quenching and cooling it is shifted to CO2 
and H2 after steam addition from the HP stage outlet of the steam turbine. This is done by means of a 
high temperature shift (HTS) reactor, where the bulk conversion takes place and a subsequent low 
temperature shift (LTS) to achieve an overall CO conversion of 98.2%. The exothermal equilibrium 
chemical reaction taking place is: 

𝐶𝐶𝑂𝑂(𝑔𝑔) + 𝐶𝐶2𝑂𝑂(𝑔𝑔) → 𝐶𝐶2(𝑔𝑔) + 𝐶𝐶𝑂𝑂2 (𝑔𝑔)          ∆𝐶𝐶° = −41.15 𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚 Eq. 8 
HP steam is raised in the heat recovery exchangers of this unit. After removal of CO2 in absorption 
units, high purity H2 is diluted with N2 from the ASU and saturated with water. The reheating and 
saturation of H2 rich fuel which is fed to the gas turbine has been omitted in this configuration for 
simplicity, Also, Hydrogen Sulphide (H2S)  has been removed from the syngas stream since this 
component is not considered in the exergy tool at this point. This will not cause a significant variation 
in the analysis as this species does not undergo any chemical transformation in the process and amounts 
only to 0.16 %mol of the syngas. A temperature pinch of 10ºC between steam and hot syngas limits the 
amount of steam production and heat recovery of the economizers. The inlet temperature to the HTS 
and LTS reactors are 265ºC and 200ºC respectively and the steam to CO ratio was fixed at 1.9. It is 
assumed that equilibrium composition is reached at the reactor outlets. Further equilibrium 
understanding of the WGS reaction is offered in (5). A schematic of the process configuration simulated 
in Unisim is shown in Figure 4. 

 
Figure 4 Block flow diagram of the WGS unit of an IGCC plant with pre-combustion CO2 capture 

The exergy tool was employed to evaluate the exergy of each stream in Figure 4 and Eq. 1 was used 
under stationary conditions to determine the exergy destruction in each of the equipment units. In this 
particular case, no external work is introduced in the process. The results for exergy destruction in kJ/kg 
of treated syngas are shown in Figure 5. The Shift unit constitutes an inherent exergy loss in an IGCC 
plant as the syngas is devaluated at low temperature reducing the potential heat input to the gas turbine 
compared to an unabated IGCC power plant, retrieving only a small fraction of that exergy in the form 
of steam. When looking at the exergy destruction distribution in Figure 6 it can be seen that the exergy 
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losses due to chemical devaluation (HTS & LTS) amount to 56% of the total, followed by the mixing 
of IP steam and syngas with a substantial contribution of 23%, due to the relatively large temperature 
difference of these streams. If the saturation of syngas and preheating are included, a reduction in the 
exergy losses of the low temperature economizer could be expected, albeit at a likely lower HP steam 
production depending on the fuel gas final temperature. All things considered, the total exergy 
destruction given the stream data in Table 3 in the Appendix amounts to 32.4 MW, for an IGCC plant 
with a coal total heat input of 847.9 MW (LHV basis). The chemical exergy contained in the syngas is 
reduced by approximately 6% relative to that of the shifted syngas. The heat released in the reaction 
generates steam from water, increasing its physical exergy content from 19% to 94% of the total.  

 
Figure 5 Specific exergy destruction of a WGS section in an IGCC plant with pre-combustion CO2 capture 

 
Figure 6 Exergy breakdown distribution of the WGS section in an IGCC plant with pre-combustion CO2 capture 

- Air Separation Unit 

A standalone low pressure air separation unit (ASU) with cryogenic pump to deliver high pressure O2 

(95% purity at 45 bar) to the gasification island similar to (6) was simulated in Unisim. Additionally, 
low pressure N2 (>99% purity at 1.2 bar) is obtained. In IGCC plants with pre-combustion capture, N2 
is usually further compressed and added to H2 fuel for NOx emission control. In this analysis, this 
compression step was no accounted for. A main air compressor (MAC) delivers air to the unit, and after 
CO2 and H2O removal part of it is further boosted to 60 bar in the BAC before entering the main 
cryogenic heat exchanger (MCHE). Both BAC and MAC have one interstage cooler to minimize the 
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duty input to the unit. A small portion is also compressed in a compander (compressor-expander linked 
mechanically) to generate enough cold between inlet and outlet streams such that a minimum 
temperature approach of 2ºC is obtained. The main air stream is fed at the bottom stages of the high 
pressure column (HPC) operating at 5.7 bar while the boosted portion is expanded through a valve and 
fed at an intermediate stage. The purified N2 outlet at the top of the column is fully condensed with 
boiling O2 from the low pressure column (LPC) and is partly provided as reflux to the HPC and partly 
sent to the subcooler together with the HPC bottoms product. The subcooler further reduces these 
streams temperature with the LPC tops product before being throttled in Joule-Thompson valves and 
being fed as reflux and feed streams respectively to the LPC, which operates at 1.5 bar. The compander 
cold outlet is also fed to the LPC at an intermediate stage. The pressure of the liquid bottoms from the 
LPC is elevated in a cryogenic pump and evaporated in the MCHE against the hot inlet streams. The 
cold stream outlet leaving the subcooler is also heated up in the MCHE. Table 2 summarizes the 
equipment parameters assumed in the process model. A schematic of the process flowsheet can be seen 
in Figure 7. 

 
Figure 7 Block flow diagram of an ASU unit of an IGCC plant with pre-combustion CO2 capture 

Table 2 Equipment parameters of the ASU model in Unisim 

Parameter Value 
LPC nº stages 40 
HPC nº stages 50 

Minimum approach in exchangers (ºC) 2 
MAC polytropic efficiency / stage (%) 86 
BAC polytropic efficiency / stage (%) 84 

Compressor/expander polytropic/isentropic efficiency (%) 80/87 
O2 Pump isentropic efficiency (%) 80 

Process streams cooled to (ºC) 25 
 

An analogous analysis as in the previous section was performed for this process flowsheet and the 
results are expressed in kJ/kg of O2 delivered. In this case, the work input to the compressor stages was 
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accounted for when performing the balances, while the exergy destruction for the coolers is coupled 
with the exergy loss due to the heat carryover of the cooling media (which was not modelled in this 
study). The segment referred to as useful effect is calculated as the exergy difference between the inlet 
and outlet streams of the unit. The addition of the useful effect and exergy destruction terms yield the 
overall work input to the compression stages. Thus, a rational efficiency can be derived as the ratio of 
the useful effect with respect to the total work input to the process. The resulting value amounts to 
38.2%, similar to the results reported in (7). Given the stream data in Table 4 in the Appendix, the 
overall exergy destruction for this unit amounts to 24.33 MW, with a total work input of 39.39 MW for 
a power plant with the same heat input as referred to in the previous section, the useful effect is dedicated 
to increase the chemical exergy of the product streams (chemical separation) and increasing the O2 
pressure to its delivery conditions. The adiabatic compression and heat rejection account for almost half 
of the exergy destroyed in this unit. 

 
Figure 8 Specific exergy destruction and useful effect of an ASU unit in an IGCC plant with pre-combustion CO2 capture 

 
Figure 9 Exergy destruction breakdown of an ASU unit in an IGCC plant with pre-combustion CO2 capture 

ASU’s are a very revealing industrial application of the fact that temperature differences in heat 
exchanger units must be minimized in order to reduce the power consumption. This is more pronounced 
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in cryogenic applications because of the high value that the Carnot factor acquires at lower temperature 
operation, to the point that the exergy content of heat can be greater than that of work. 

4. Summary & Conclusions 

In this work, an exergy calculation tool for a chemical mixture consisting of natural gas, syngas and/or 
air components was developed in Unisim. The tool determines both physical and chemical exergy of a 
stream, by means of ideal unit operations. Combustion of carbonaceous components and H2 where 
considered as devaluation reactions for the determination of chemical exergy. The fundamental 
thermodynamic framework was detailed in the first section and a shortcut method employing the 
process simulator was presented afterwards. Additionally, an analysis of two processes in IGCC power 
plants with pre-combustion CO2 capture was performed to identify the exergy losses of each of its unit 
operations.  

The first application consists of a WGS section where the syngas is chemically devalued to a H2 rich 
fuel and CO2, which is later removed from the process for capture and storage. The chemical 
degradation accounts for the mayor (>50%) part of the exergy destruction of the process. Some exergy 
is recovered by raising steam in heat recovery exchangers and later used in the bottoming cycle. 

The second process evaluated in this study consists of an ASU which delivers pure O2 and N2 to the 
power plant. In this case, no chemical devaluation takes place but rather the compression work 
introduced in the process is invested in increasing the chemical exergy of the product streams and 
meeting the product specified conditions. The exergy efficiency obtained surpassed 38%, and almost 
half of the exergy losses were found in compression and heat rejection equipment. 

This work shows that with the exergy methodology the different power plant losses can be identified 
from a second law perspective, acknowledging that heat and work are not fully interchangeable. This 
opens new paths for optimization possibilities and further integration of power plant components. It 
also provides a rationale to analyse the plant from its different sections, as reported in (8). Efficiency 
improvements should always be balanced with an economic evaluation to comprehensively assess the 
attractiveness of the identified plant modifications. 
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Table 3 Stream data for WGS section of an IGCC plant with pre-combustion CO2 capture 

Stream Property Composition (%mol) 
Total Exergy (MW) Physical Exergy (MW) Chemical Exergy (MW) T (ºC) P (bar) m (kg/s) N2 Ar CO2 CO CH4 H2O H2 

1 713,4 33,3 680,1 154,2 42,0 75,5 1,80 0,81 7,34 56,19 0,10 14,84 18,92 
2 66,5 62,6 3,8 370,6 42,7 54,6 0,00 0,00 0,00 0,00 0,00 100,00 0,00 
3 772,5 88,7 683,8 265,1 42,0 130,3 0,94 0,42 3,83 29,32 0,05 55,57 9,87 
4 756,6 110,2 646,4 507,4 41,0 130,3 0,94 0,42 28,01 5,14 0,05 31,40 34,04 
5 735,1 88,7 646,4 354,0 41,0 130,3 0,94 0,42 28,01 5,14 0,05 31,40 34,04 
6 718,4 72,0 646,4 200,0 41,0 130,3 0,94 0,42 28,01 5,14 0,05 31,40 34,04 
7 715,9 74,6 641,3 247,4 40,0 130,3 0,94 0,42 32,62 0,52 0,05 26,78 38,66 
8 709,1 67,8 641,3 177,1 40,0 130,3 0,94 0,42 32,62 0,52 0,05 26,78 38,66 
9 3,2 0,6 2,6 35,0 156,5 37,0 0,00 0,00 0,00 0,00 0,00 100,00 0,00 

10 6,4 3,8 2,6 150,0 155,0 37,0 0,00 0,00 0,00 0,00 0,00 100,00 0,00 
11 22,5 19,9 2,6 344,0 153,5 37,0 0,00 0,00 0,00 0,00 0,00 100,00 0,00 
12 41,5 38,9 2,6 345,2 150,5 37,0 0,00 0,00 0,00 0,00 0,00 100,00 0,00 

 

Table 4 Stream Data for an ASU unit of an IGCC plant with pre-combustion CO2 capture 

Stream 
Property Composition (%mol) 

Total Exergy (MW) Physical Exergy (MW) Chemical Exergy (MW) T (ºC) P (bar) m (kg/s) N2 O2 Ar H2O CO2 
Air 0,0 0,0 0,0 15,0 1,0 119,5 77,30 20,73 0,92 1,01 0,04 
1 18,2 18,0 0,2 25,0 5,9 118,7 78,11 20,95 0,93 0,00 0,00 
2 15,6 15,7 0,1 -156,8 5,9 118,7 78,11 20,95 0,93 0,00 0,00 
3 27,9 27,9 0,1 -156,8 59,8 47,6 78,11 20,95 0,93 0,00 0,00 
4 1,6 1,6 0,0 -178,0 1,5 9,5 78,11 20,95 0,93 0,00 0,00 
5 43,1 42,8 0,4 -173,4 5,9 68,8 64,77 33,88 1,35 0,00 0,00 
6 30,3 29,4 0,9 -190,9 5,5 40,4 99,69 0,07 0,25 0,00 0,00 
7 20,6 18,6 2,0 -192,9 1,4 89,6 99,74 0,02 0,24 0,00 0,00 
8 20,7 17,5 3,2 -179,9 45,1 29,1 1,59 95,01 3,39 0,00 0,00 

LP N2 3,4 1,3 2,0 18,5 1,2 89,6 99,74 0,02 0,24 0,00 0,00 
HP LOX 11,6 8,4 3,2 18,5 45,0 29,1 1,59 95,01 3,39 0,00 0,00 
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