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Fuel chemical LHV input = 423086 kW Power Plant Energy Flow Schematic [kW]
Fuel chemical HHV input = 468377 kW

Fuel enthalpy 470076

Ambient air sensible 16699 Stack gas sensible 65217
Ambient air Iatent 23762 Stack gas latent 70169
Proc returnimakeup 28708 Power Plant GT mechanical loss 993.4
GT generator loss 2017.2
i GT miscellaneous losses 1692.3
Process steam 255452 |
Heat radiated from steam cycle 3678 |
+ | ”
o o o
ol u &
% | Bl 2
GT Output = 140917 8 I 5
Gross Power 140917 I J_ 2| B Net Power 133247 4
_________ A P N I
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| PLANT HEAT BALANCE
Energy In 539245 kW
Ambient air sensible 16699 kw
Ambient air latent 23762 kw
Fuel enthalpy @ supply 470076 kw
External gas addition to combustor 0 kw
Steam and water 0 kw
Makeup and process return 28708 kw
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Plant | Gas Tubine | SteamCycle | IGCC System | Gasifier | Gas Cleanup System | Air Separation Unit

Plant Energy In [kW]

Flant energy in = 528245 kW
Plant fuel chemical LHV input = 423068 kW, HHV = 488377 kW
Flant net LHV elec. eff. = 21.5 % (100% * 122247 / 422068), Net HHV elec eff. = 28.45 %

Ambient sir latent

41 %
Ambient gir sensible
16899, 3.1 %

Makeup & procret
28708,5.32 %

Fuel @ supply
470076, 87.17 %
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PLANT HEAT BALANCE

Energy In 539245 kW

Ambient air sensible 16699 kW
Ambient air latent 23762 kw

Fuel enthalpy @ supply 470076 kw
External gas addition to combustor 0 kW
Steam and water 0 kw

Makeup and process return 28708 kw
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GAS TURBINE/GENERATOR HEAT BALANCE (Physical Model #353)

Energy in = 510537 kw
Compressor Inlet | Compressor Inlet Water Steam | Fuel Enthalpy | Gas/Air
Air Sensible Air Latent Injection Injection | @ Combustor | Addition
16699 23762 0 0 470076 0
Plant | Gas Turbine | SteamCycle | IGCC System | Gasifier | Gas Cleanup System | Air Separation Unit

GT Cycle Energy In [kW]

GT cycle energy in = 510537 kW
GT fuel chemical LHV input = 423068 kW, HHV = 488377 kW

Compressor sir sensible
.......
Compressor gir latent
23762, 4.65 %

Fuel @ combustor
470076, 92.07 %
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STEAM CYCLE HEAT BALANCE

Energy in = 394511 kw
GT Exhaust/Air DB Makeu | Proces | Feedpum | Stea
Ext. GT
Addn. Fuel p S p m

Sensible Latent Enthalp Return (TP /Heat SRS | (RGN

y Load r n

294830 70169 0 0 28708 803 0 0 0
Plant | Gas Turbine |Steam Cycle | |GCC System | Gasifier | Gas Cleanup System &ir Separation Unit

Steam Cycle Energy In [kW]

Steam cycle energy in = 224511 kW

Miscellanscus

Msakeup & process return
28708,7.28 %

LTV LT
802.4,0.2 %

GT exhaust latent
70189, 17.79 %

GT exhaust sensible
294830, 7473 %
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PLANT EXERGY ANALYSIS
Exergy In 428427 | KW
Fuel exergy 426708 | KW
Ambient air exergy 68.89 | kW
Process condensate return 1649.6 | kW

GAS TURBINE EXERGY ANALYSIS - Siemens SGT5-2000E (41MAC) (Physical

Model #353)
Exergy In 42636 | kW
5
GT fuel exergy @ combustor 42670 | kw
8
Air exergy @ compressor inlet -342.8 | kW

GAS TURBINE & PERIPHERAL EXERGY ANALYSIS - Siemens SGT5-2000E
(41MAC) (Physical Model #353)

4267

Exergy In 77 kw

GT fuel exergy @ supply 4(2)27 kw

Ambient air 68.89 kW

HRSG EXERGY ANALYSIS

Exergy In 123135 | kw
HRSG inlet gas exergy 120699 | kw
HRSG feedwater exergy 1632.8 | kW
Feedpump power 803.4 | kW
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Fuel exergy input = 426708 kW Power Plant Exergy Flow Schematic [kW]
Fuel chemical LHV input = 423066 kW
Fuel chemical HHV input = 468377 kW
Fuel 426708
Y
Ambient air 68.89 Stack gas 7290
Power Plant i
Process return 1649.6 Process steamwater 93158
GT Exergy Loss = 164021
HRSG Exergy Loss = 22248 )
Miscellaneous loss =1167.3 |
Other Exergy Loss = 4286 |
| 2
%)
".l e ©
- ]
il g
g & 2
i
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:| =l E
8 g F
Gross Power 140_917_ ______ = J_ E _l-__ _ Net Power 133247 :

Reference: 1.013 bar, 25 C, water as vapor.
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PLANT HEAT BALANCE

Energy In 539245 | kW
Ambient air sensible 16699 | kW
Ambient air latent 23762 | kW
Fuel enthalpy @ supply 470076 | KW
External gas addition to combustor 0| KW
Steam and water 0| KW
Makeup and process return 28708 | kW
Energy Out 539333 | kW
Net power output 133247 | kW
Stack gas sensible 65217 | kW
Stack gas latent 70169 | kW
GT mechanical loss 993.4 | KW
GT gear box loss 0| kW
GT generator loss 2017.2 | KW
GT miscellaneous losses 1692.3 | kW
GT ancillary heat rejected 0| kW
GT process air bleed 0| KW
Fuel compressor mech/elec loss 0| KW
Supercharging fan mech/elec loss 0| kW
Condenser 0| KW
Process steam 255452 | KW
Process water 0| kKW
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PLANT HEAT BALANCE

Blowdown/leakages 0| KW
Heat radiated from steam cycle 3678 | kW
ST/generator mech/elec/gear loss 0| KW
Non-heat balance related auxiliaries 6163 | kW
Transformer loss 704.6 | KW
Steam to desalination plant 0| KW
Energy In - Energy Out -87.33 | kW
GT heat balance error (arising from GT definitions) | -82.55 | kW
Steam cycle heat balance error -4.748 | kW | -0.0012 | %

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
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Plant Energy In [kW] Plant Energy Out [kW]

Plant energy in = 533245 kW Plant energy out = 539323 kW
Plant fuel chemical LHV input = 423068 kW, HHV = 488377 kW
Plant net LHV elec. eff. = 31.5 % (100% " 123247 / 423086), Net HHV elec eff. =28.45%

Stack Istent
70169, 13.01 %

Net power output
133247,2471%

Stack sensible

Zero enthalpy: dry gases & liquid water @ 32 F (272.15K)
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GAS TURBINE/GENERATOR HEAT BALANCE (Physical Model #353)

Energy in = 510537 kw

Compressor Inlet | Compressor Inlet Water Steam | Fuel Enthalpy Gas/Air

Air Sensible Air Latent Injection Injection | @ Combustor Addition
16699 23762 0 0 470076 0
Energy out = 510620 kw
Misc Mech Gbox Gen | Turb(Ql) | Exhaust | Exhaust Electric Steam(Q2) |Proc
Loss Loss Loss Loss | Coolant |Sensible| Latent Output Coolant | Air
1692 993 0 2017 0 294830 | 70169 140918 0 0
Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
Heat Balance Error (In - Out) = |-82.55 kwW = -0.0162 |%
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Ambient air in
1012p

3T
17252 m

80 %RH
0melev.

10 millibar

1003p
%7

17252m
59.41 RH

Fuel = Natural gas

329m
46286 LHV

Siemens SGT5-2000E (41MAC) (ID # 353)
(Physical Model)

GT generstor power = 140917 kW

GT Hest Rate @ gen term = 10808 kJ/kWh

GT efficiency @ gen term = 30.08% HHV = 33.31% LHV
GT @ 100 % rating, infemred TIT control model, CC limit

140917 kW

10808 kJ/kWh LHV
33.31 % LHV eff.
100 % load

2017.2Qrj

21.39 DP millibar

1035p 1013p
54747

1445 m 17581 m
8.278 % airflow

N2=73.38 %
02=1358%
C02=3.142%
H20=9.011%
AR=0.8825%
$02=0.0012%
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GT Cycle Energy In [kW]

GT oycle energy in = 510537 kW
GT fuel chemical LHV input = 423066 kW, HHV = 488377 kW

Compressor air sensible
16699, 3.27 %
Compressor air Iatent
23762, 465 %

Fuel @ combustor
470076, 82.07 %

GT Cycle Energy Out [kW]

GT oycle energy out = 510620 kW

Exhaust latent

Exhaust sensible 70169, 13.74 %

294830, 57.74 %

GT electric output
140917,278 %
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STEAM CYCLE HEAT BALANCE

Energy in = 394511 kw

GT Exhaust/Air Addn.| DB Fuel |Makeup| Process

Feedpump Steam Ext. | GT

Sensible | Latent | Enthalpy Return | Aux. Load /Heat \Water|Return
294830 70169 0 0 28708 803 0 0 0
Energy out = 394516 kw
To GT|Process| Electric

Heat |Blowdown/[Mech/Elec/| Stack |Stack|Condenser|Steam

Water | Output
0

Radiated | Leakages |Gear Loss [Sensible|Latent /Heat
0 65217 {70169 0 255452 0O 0

3678 0

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
-4.748 | KW |=[0.0012 %

Heat Balance Error (In - Out) =

Steam Cycle Energy Out [kW]

Steam Cycle Energy In [kW]

Steam cycle energy in = 394511 KW Steam oycle energy out = 394518 KW

Stack latent
70189, 17.79 %

Process steam
265452, 84.75 %
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ESTIMATED PLANT AUXILIARIES (kW)

GT fuel compressor(s)* 0 kW
GT supercharging fan(s)* 0 kKW
GT electric chiller(s)* 0 kW
GT chiller/heater water pump(s) 0 kW
HRSG feedpump(s)* 803.4 | KW
Condensate pump(s)* 0 kW
HRSG forced circulation pump(s) 92.25 | KW
LTE recirculation pump(s) 0 kW
Cooling water pump(s) 0 kW
Air cooled condenser fans 0 kW
Cooling tower fans 0 kW
HVAC 25 kW
Lights 45 kW
Aux. from PEACE running motor/load list 725 | kW
Miscellaneous gas turbine auxiliaries 327.4 | KW
Miscellaneous steam cycle auxiliaries 0 kW
Miscellaneous plant auxiliaries 70.46 | kW
Constant plant auxiliary load 0 kW
Gasification plant, ASU* 0 kW
Gasification plant, fuel preparation 0 kW
Gasification plant, AGR* 0 kW
Gasification plant, other/misc 0 kW
Desalination plant auxiliaries 4878 | kW
Program estimated overall plant auxiliaries 6966 | kW
Actual (user input) overall plant auxiliaries 6966 | kKW
Transformer losses 704.6 | KW
Total auxiliaries & transformer losses 7671 | kKW

* Heat balance related auxiliaries
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Auxiliaries & Losses [kW]

7046,.9.19%

802.4, 10.47 %

92.25,1.2%
& lighting
70.0.91 %

Transformer losses

HRSG feedpump(s)
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HRSG forced circulation pump(s)

ol g o (539551 LT F—0
axdlle 9 90 CHP ol5 g g w19 (53 351 Jwloni 4 L g9 yo s F—0—

PLANT EXERGY ANALYSIS

Exergy In 428427 kw

Fuel exergy 426708 kw

Ambient air exergy 68.89 kw

Process condensate return 1649.6 kw

Exergy Out 233694 kw

Net electric output 133247 kw

Process steam/water exergy @ delivery 93158 kw

Stack gas exergy 7290 kw

Exergy Loss 194732 kw

GT exergy loss 164021 kw

HRSG exergy loss 22248 kw

Non-heat balance related auxiliaries 6163 kw

Transformer loss 704.6 kw

Miscellaneous exergy loss* 1167.3 kwW
Unaccounted exergy loss** 428.6 kw | 01 [%

* Includes piping loss, ST leakage to external sink, fuel compressor loss, condensate pump loss, etc.

** Includes losses from desuperheating, mixing, and throttling, small water streams, misc. aux. and heat rejection, etc.
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Plant Exergy Analysis [kW]

Plant exergy input = 428427 kW
Fuel exergy input = 428708 kW
Plant fuel chemical LHV input = 423068 kW, HHV = 488377 kW

Process steam/water @ delivery
93158,21.74 %

Misc loss
11687.2,0.27 %

Other

7298.1.7%

GT exargy loss
164021, 28.28 %

Net electric output
133247, 31.1%

AJ&A;J}ACHP e\f‘gﬁﬁ j)}f‘ ﬁj,&ﬂb}«i-\—i JS.Z‘

3L o KW EYAEYY )y o ool 5l 305 65,50 S Olgae vE Ul & a5 L
Rlis ol 85 s 55 b aS El e edalie LB VL g 5 o g 5 15 (5,5
Aalpt KW VAEVRY 5 KW YFTRE s w6555 DUl 5 s 6508 Olgee
oGSl S S ) L S KW YA s et 4 € eisl 63,581 il s

b

(N3 I ) &3 39 513351 Julnd g 4y F—F

390 CHP ol g 921y 31 (i s98 555551 Juld 4 by yo s F—F—)
b

A3l o KW EYW0 5l e o0l 51 83505 S350 JS Ol W8 Jsdr w0 a5
plie b 83 s s b aS EL e edalie LB VL s S 5 e (55555
dalym KWTEYY 3 KW YWYYEE Co 5w 65,550 Ol 5 =5 5 505! Ol
—E S 58 per L 0 KWWY Gl 0585 (S0l (SO s s
sl sdalie LB andlas 5,550 CHP 085,05 (538 IS 55,551 rs = Jlosed V

YA



A:JUQAJJ}A CHP e\f‘gﬁibb ‘_;J\fdg)j ‘55J5§|J.;¢dquf@\:; -¢ dj-&?

GAS TURBINE EXERGY ANALYSIS - Siemens SGT5-2000E (41MAC) (Physical
Model #353)
Exergy In 42236 kw
GT fuel exergy @ combustor 42270 kw
Air exergy @ compressor inlet -342.8 kwW
Exergy Out 26234 kw
GT electric output 14891 kw
GT exhaust exergy 12%42 kw
Exergy Loss 161102 kw
GT combustor exergy loss 13;3174 kw
GT compressor and turbine exergy loss 26266 kW
Mechanical/electrical/gear loss 3011 kwW
* Air starts at compressor inlet and fuel at combustor.

GT Exergy Analysis [kW]

GT exergy in = 428265 kW

ST =x=rgy loss

184021, 28.47 %

Electric cutput
140917, 22.05 %

Exhsust gas
121427, 28.48 %
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GAS TURBINE & PERIPHERAL EXERGY ANALYSIS - Siemens
SGT5-2000E (41MAC) (Physical Model #353)

Exergy In 426777 kw

GT fuel exergy @ supply 426708 kw
Ambient air 68.89 kw

Exergy Out 262344 kw

GT electric output 140917 kw

GT exhaust exergy 121427 kw
Exergy Loss 164433 kw

GT combustor exergy loss 134745 kw
GT compressor and turbine exergy loss 26266 kw
Mechanical/electrical/gear loss 3011 kw
Other 411.7 kw

* Air starts at ambient and fuel at supply.

* GT peripheral includes any compressor inlet air conditioning and/or fuel heating.

GT & Peripheral Exergy Analysis [KW]

GT & peripheral exergy in = 428777 kW

ST exergy loss

184021, 28.42 %

Electric output
140917, 32.02 %

Exhaust gas

121427,
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HRSG EXERGY ANALYSIS
Exergy In 123135 kW
HRSG inlet gas exergy 120699 kKW
HRSG feedwater exergy 1632.8 kW
Feedpump power 803.4 kW
Exergy Out 100887 kW
Steam and water bleed (near HRSG) 93597 kW
Stack gas exergy 7290 kW
Exergy Loss 22248 kW
Heat transfer exergy loss 20682 kW
Blowdown and feedpump losses 57.13 kW
Other 1509.1 kW
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HRSG Exergy Analysis [kW]

HRSG exergy in = 123135 kW

Stack gas exergy
7290,592%

Steam/water bleed {near HRSG)
93597, 76.01 %
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Heat Balance Results

Reverse Osmosis Desalination

Total number of RO trains in plant 3

Number of RO trains in operation 3

Total desalinated water flow 944.4 t/h
Total desalinated water flow (MIGD) 5 MIGD
Total desalinated water flow (m”"3/day) 22730 m”3/day
Water recovery ratio 40 %
Inlet Water

Pressure 1.013 bar
Temperature 35 C
Salinity 3.44 %
Mass flow 2361 t/h
Enthalpy 139.8 kJ/kg
RO Inlet (High Pressure Pump Exit)

Pressure 63.42 bar
Temperature 35.66 C
Salinity 3.44 %
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Heat Balance Results

Mass flow 2361 t/h
Enthalpy 148 kJ/kg
Desalinated Water Exit

Pressure 1.014 bar
Temperature 36.29 C
Mass flow 944.4 t/h
Enthalpy 152 kJ/kg
RO Brine Exit (before Flow Control or ERD)

Pressure 59.97 bar
Temperature 36.29 C
Salinity 5.733 %
Mass flow 1416.6 t/h
Enthalpy 145.3 kJ/Kg
Brine Exit

Pressure 1.013 bar
Temperature 36.32 C
Salinity 5.733 %
Mass flow 1416.6 t/h
Enthalpy 140.2 kJ/Kg
Chemical Consumption (100% equivalent)

Scale inhibitor 4,722 kg/hr
Sulfuric acid 23.61 ka/hr
Caustic soda 4,722 kg/hr
Chlorine 3.778 kg/hr
Total O&M cost per year 276159 USD
Energy Recovery Device (ERD)

Gross energy recovery 2013.3 kw
Mechanical loss 40.27 kw
Net energy recovery 1973 kwW
Total power consumption 4878 kW
HP pump 3727 kwW
Pretreatment 650.6 kw
Miscellaneous 500 kw
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Reverse Osmosis Desalination Circuit
- Total of 3 RO Trains -

Inlet water

1.013p 63.42p Desslinated water
asT 35.86T Membeane S 4o 1.014p
129.8h 148h Assemblies a6 59T 28.29T
2381m 2281m 152h 152h
244w Pre- 344w 944.4m Post- 944.4m
——— pr——

Treatment Treatment 5 MIGD

_ 22720 m*2/dsy
Power consumption o
3727 KW e
145.3h
1418.8m
732w
/ \

Brine discharge Energy recovery
1.012p 1973 kW
26.32T
140.2h
1418.6m
5.733w"

Water recovery ratio = 40%

Specific total power consumption = 5.155 kWh/m3
Total power consumption = 4878 kW
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3. A Stoltmann, M Jaskolski and P Buc¢ko “Optimization of combined heat and
power (CHP) market allocation: The case of Poland *“ 2019.
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10. Catalog of CHP Technologies, U.S. Environmental Protection Agency,
Combined Heat and Power Partnership, December 2008
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Technical analysis of using CHP system for reverse osmosis desalination
plants (Chabahar study area)

Abstract

In recent years, due to the overexploitation of natural water resources and
increase in demand for water, various methods of water desalination have
attracted enormous interest. Seawater desalination process can be used as a
suitable method in order to supply drinking and industrial water. Thermal power
plants are one of the major water consuming industries many of which are located
in coastal area. Therefore, the power and water can be generated simultaneously
using cogeneration technique, which consequently increases the efficiency of the
existing power plants.
In this regard, the present study has been conducted in the field of optimization of
the system of simultaneous production of power and fresh water.
In this regard, energy and exergy analysis calculations and determination of
efficiency and heat rate for the gas unit were performed based on the test
information of the power unit gas unit at base load and 3 desalination units.
Then, after simulation in thermoflow software, the total output energy of the
power plant and electricity produced in the gas unit were obtained 140918 kw and
133247 kw, respectively, which the amount of auxiliary losses and energy
transformers in the gas turbine section is 7671 kW. Be.
The desalination section of this complex consists of 3 units of 5 MIGD, which
produces 22730 m*/ day of fresh water.

Keywords: water desalination - reverse osmosis - simultaneous production of heat
and power - thermoflow
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