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Schematic diagram of cogeneration plant

Natural gas

RQ

 CRecovered heat, Q

 power, W Electricity

equipment is not presented in this example.

The cooling system is used to condensate the steam to reach the liquid state for the boiler. The heat recovery for this 

Process block diagram 1.2.

The yield of this process is greater than 40%. . stemperatureof heat energy at different 

MW  and recover 23 electrical powerMW of 223  sThe cogeneration power plant presented in this example produce

the boiler.   injected in-condensed water (at the outlet of the heat exchangers) is re The

. )in this examplerepresented 

not (an urban heating network  supply couldheat exchangers. These heat exchangers  byturbines is recovered 

, the steam’s heat coming from the To valorise them. Heat can still be recovered from the turbines outlet streams

turbines (LP). pressure -turbines (MP) and low pressure-pressure turbines (HP), medium

-. The pressure cascade is composed of 7 turbines which are: high(screenshot of the simulation file) paragraph 1.3

in  process flowsheet is presented. The process to increase the electrical yield of the helps pressure cascade

. The cityto produce electri surbinestage t-a pressure cascade of multi feedsThe steam produced by the boiler 

 𝑂2𝐻2+2𝑂𝐶→2𝑂2+4𝐻𝐶

reaction takes place:main following 

 The air. with) is burned 4𝐻𝐶% 90 ≈he natural gas (where t by a natural gas boilerprovided The energy production is 

simultaneously produce electricity and heat from the same facility. 

can  plant. Cogeneration cogeneration plant fueled by natural gasThis example presents the simulation of a 

 ocess descriptionPr 1.1.

 ROCESS MODELINGP 1.
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Steam turbines

Heat recovery

system
 Cooling

Boiler

Simulation process 1.3.
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Compounds 1.4.

].91WILPure components physical properties are extracted from the ProSimPlus standard database [. following table

number are presented in the  )*(taken into account in the simulation, their chemical formula and CAS Compounds

sThermodynamic model 1.5.

are defined to simulate the “Power Plant” process: ”calculator“Two thermodynamic 

model. 

thermodynamic “pure water” . Hence, it uses the is composed by the “water” compoundlator : this calcu”Water“ ➢

.  profile ”ideal“he thermodynamic is the . T“Fumes”: this calculator holds all the components listed previously ➢

window.

The thermodynamic models used are documented in the thermodynamic help accessible from the calculator definition 

and may be inaccurateACS have not been verified by  ®. CAS Registry NumbersACSwith the express permission of 
are the intellectual property of the American Chemical Society and are used by ProSim SA  ®*CAS Registry Numbers

Compound Chemical formula number CAS

Water O2H 5-18-7732

8-82-74004CHMethane

9-37-77272NNitrogen

9-43-10102NONitric oxide

9-11-74463SOSulfur trioxide

5-09-74462SOSulfur dioxide

4-06-7783S2HHydrogen sulfide

0-08-630COCarbon monoxide

7-44-77822OOxygen

9-38-12402COCarbon dioxide

0-74-13332HHydrogen
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sInitialization 1.6.

:streams are used in the simulation the. The following initializations of )”HP-HEX2“(outlet of the heat exchanger 

) and “46” ”Other Mixer 2mixer “of the  outlet“37” ( ,)”P1“inlet of the pump ” (30“ ,)”HR6“splitter stream splitter the 

of  outlet” (02tear streams are detected: “ FourThe calculation sequence is automatically determined by ProSimPlus. 

names Stream 02 30 37 46

/h)trate (Partial molar flow

Water 700 550 600 700

Hydrogen 0 0 0 0

Carbon dioxide 0 0 0 0

Oxygen 0 0 0 0

Carbon monoxide 0 0 0 0

Hydrogen sulfide 0 0 0 0

Sulfur dioxide 0 0 0 0

Sulfur trioxide 0 0 0 0

Nitric oxide 0 0 0 0

300(°C) temperatureoutlet Fumes 

Pure counter currentexchangerType of heat 

ValueOperating parameters

exchangerperating parameters of the internal heat O •

rBoile ✓

Operating conditions 1.7.

streams. initializedRemark: the thermodynamic model specific for pure water is used in all 

1601.11.145.35(bar) Pressure

2505030370(°C) Temperature

0000Methane

0000Nitrogen
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Operating parameters of the combustion •

COMBUSTIVE

Type Air
Type of 

Air “ constraint:
” (%)excess

20
Inlet pressure 
atm)(

1

FUEL

Type Gas

Methane molar 
(%)content 

90

pressure Inlet 
atm)(

1

Ethane molar 
(%)content 

5

Propane molar 
(%)content 

1

Butane molar 
(%)content 

0.2

molar  2CO
(%)content 

1.6

Nitrogen molar 
(%)content 

2.2

Heat losses of the heat of combustion5% 

Nominal useful operatingOperating mode

700(°C) Outlet temperature of utility fluid

Useful power imposedConstraint of module

ValueOperating parameters

module: Other parameters of the boiler •

calculators. 

. A new calculator “Fumes” is added to the list of the fumes calculator as the boiler’s calculator

could import the fumes calculator and define button ” the compound of fumes Load: The “Side note

 .button ”stoichiometric coefficients of conventional reactions

Calculate the of the reactions of combustion are obtained by clicking on the “oefficients c

toichiometric are automatically calculated by ProSimPlus. The s LHVThe molar mass, C/H ratio and 

 defined in the “Advanced description” in the “Fuel” tab.The natural gas is 
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Expanders ✓

Name Specification
Outlet 

(bar) pressure
Mechanical 

(%) efficiency
Electrical 

(%) efficiency
Isentropic 

(%) efficiency

T1
supplied by user
Outlet pressure 

45 95 99 75.5

T2
supplied by user
Outlet pressure 

20 95 99 70

T3
supplied by user
Outlet pressure 

10 95 99 70

T4
supplied by user
Outlet pressure 

5.5 95 99 70

T5
supplied by user
Outlet pressure 

2 95 99 70

T6
supplied by user
Outlet pressure 

0.5 95 99 70

T7
supplied by user
Outlet pressure 

0.05 95 99 70

Cooler/Heater ✓

180Bis-HP-3HEX

220Bis-HP-2HEX

Equal to dew point temperatureHR6

Equal to dew point temperatureHR5

Equal to dew point temperatureHR4

Equal to dew point temperatureHR3

Equal to dew point temperatureHR2

Equal to dew point temperatureHR1

Equal to bubble point temperatureONDENSERC

(°C) temperatureOutlet Name
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Generalized heat exchangers ✓

Name ”Other: “Specification type (°C) Temperature deviation

LP-HEX1
HS and CS on output

Temperature difference between 
3

LP-HEX2
HS and CS on output

difference between Temperature 
3

LP-HEX3
HS and CS on output

Temperature difference between 
3

HP-HEX1
HS and CS on output

Temperature difference between 
3

Simple heat exchangers ✓

Name (°C) Outlet temperature

HP-HEX2 Calculated

HP-HEX3 Calculated

Centrifugal pumps ✓

Operating parameters P1 P2 P3

)bar( pressure Exhaust 5 5 160

Volumetric efficiency 65.0 65.0 65.0

Mechanical efficiency 0.95 0.95 0.95

Electrical efficiency 0.99 0.99 0.99

Constraint Fixed liquid physical state Fixed liquid physical state Fixed liquid physical state

Stream splitters ✓

pressures)

s feed of thethe lowest are defined with default operating parameters (the outlet pressure is equal to 

 ») DEAERATOR « and»  Other Mixer 3 », « Other Mixer 2 », « Other Mixer 1 », « Feed («all of the mixers Remark: 

Equal to the feed pressure603HR6 splitter

Equal to the feed pressure3010HR5 splitter

Equal to the feed pressure3014HR4 splitter

Equal to the feed pressure3018HR3 splitter

Equal to the feed pressure4022HR2 splitter

pressure the feedEqual to 4026HR1 splitter

(bar) Outlet pressurerate of stream (t/h)Mass flowStreamName
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:for the balance that consume and produce electricity

 unit operationsthe connection is required) and select  the flowsheet (no material or information ondd the module A

 alance" module.blus by adding an "Electrical PimSIt is possible to perform an electrical balance in Pro

 Electrical balance 1.8.
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33 €/MWh).  ≈450 €/t ( s ofThe boiler with the price of the natural ga ➢

 60 €/MWh; of gainwith a HR6)  to(HR1  The heat exchangers ➢

 35 €/MWh; tricity produced ofelecthe with a constant price for T7)  toturbines (T1  The ➢

 :The unit operations included in the economic evaluation are

.are analysed(OpEx)  and gains only the operational costs, For this example

 .connection is required) the flowsheet (no material or information ondd the module Firstly, a

 " module.Economic evaluationlus by adding an "PimSin Pro economic analysisIt is possible to perform an 

 Economic evaluation 1.9.
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Specification of “T1”’s inlet steam temperature 1.10.

below: illustratedas  )”(SPEC Constraints and Recyclesinclude a module called “to 

HP”. To do so, it is necessary -1the outlet of the heat exchanger “HEX on°C 570 is fixed atThe steam’s temperature 

information stream.  ansent out to the SPEC module via 

module. The difference value between these two temperatures will be measurement compare to the one set in the 

HP” and -1The approach is the following: the module measures the temperature at the outlet of heat exchanger “HEX

570Temperature (°C)

ValueparameterOperating 

:its configuration outlet. Hence,

the heat exchanger’s at stream  utilityin the temperature  point for module is used to define the set easurementmA 
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The configuration of the information stream is presented below:

information stream. The information stream is connected to the boiler from the SPEC module.  an an action variable via

at the outlet of the heat exchanger, the SPEC module must be connected to In order to achieve the set temperature 

is presented below: stream The configuration of the information

prosim.com-www.fivesTous droits réservés  –Copyright © 2024 Fives ProSim, Labège, France 
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The parameters of the two information streams are as follow:

HP”. -HP” and “HEX3-the simple heat exchangers “HEX2duty to 

heat of the he information streams coming out of the “Cooler/Heater 1” and “Cooler/Heater 2” send the information T

of the heat exchangers are linked to the simple heat exchangers via information streams:

. The condensates are cooled in the heat exchangers “Cooler/Heater 1” and “Cooler/Heater 2”. Both boilerthe inlet of 

water at the can be recovered in order to heat up the  and heat is still available from the outlet of HR system Some

heat duty in the simple heat exchangersDetermination of  1.11.

prosim.com-www.fivesTous droits réservés  –Copyright © 2024 Fives ProSim, Labège, France 
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background of the flowsheet:on the clicking -is applied by right scriptletThe 

coolest stream in the process. 

varied from red which represents the hottest stream to blue which represents the  colors. The functionality

 ”letstScrip“the  usingre the temperatudepending on  coloredsheet can be the flow ofstreams material The  ✓

”ips and tricksT“ 1.12.

prosim.com-www.fivesTous droits réservés  –Copyright © 2024 Fives ProSim, Labège, France 
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. by an information stream exchanger

that is not linked with other heat  Cooler/Heateris not available on the  temperature profileRemark: the 

click on the heat exchanger module:-to right hasthe user , scriptlet

. To use the alityfunction ”letstScrip“the  using shownbe  can the heat exchanger The temperature profile in ✓

rate of the stream. ) flowdepending on user choice arbecome proportional to the (mass or mol

 esrate. The streams thicknessadjusted depending on its flow can also be she thickness of the streamT

prosim.com-www.fivesTous droits réservés  –Copyright © 2024 Fives ProSim, Labège, France 
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click on the corresponding heat exchanger:-right just has toTo do so, the user 

below:

as presented format Excel sheet  ™Microsoftalong with the temperature profile. The data sheet is in the 

heat exchanger  the t streams inmass (or molar) and energy balances of the inlet and outledescribing all the 

for an heat exchanger a data sheet possible to generate  also , it isfunctionalities ”criptlets“S theseWith  ✓

prosim.com-www.fivesTous droits réservés  –Copyright © 2024 Fives ProSim, Labège, France 
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SSULTER 2.

power produced alElectric 2.1.

in the following table:summarized results are main All 

Simulation result Notation eValu

T1 (MW) A 56

T2 (MW) B 35

T3 (MW) C 25

T4 (MW) D 19

T5 (MW) E 26

(MW)T6 F 27

T7 (MW) G 35

Electrical power W (MW) H (= A+B+C+D+E+F+G) 223

Natural gas mass flowrate (t/h) I 56

Useful power of the boiler (MW) J 582

Energy yield (%) K (= (H/J)x100) 38.3

Heat recovered 2.2.

Simulation result Notation Value

HR1 (MW) L

./yrThe operating expenses are of 200 M€

. networkr heat recovery for the district fo /yrfor electricity production and 9 M€ /yrThe operating gains reach 62 M€

Economic evaluation 2.3.

23L+M+N+O+P+Q)= R ((MW) RHeat recovered Q

7QHR6 (MW)

5PHR5 (MW)

4OHR4 (MW)

3NHR3 (MW)

3MHR2 (MW)

1
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Properties; Design Institute for Physical Properties, AIChE: New York, NY (2019)

Wilding, W. V.; Knotts, T. A.; Giles, N. F.; Rowley, R. L. DIPPR Data Compilation of Pure Chemical  [WIL19]
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