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Study Case: Cogeneration System
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Economic Analysis

Purchased-equipment costs for each component in the base-
case design are obtained from the cost equations.

The remaining direct costs , as well as the indirect costs , are
estimated using average factors. The total capital Investment of
the cogeneration system in the base case Is estimat ed at
approximately 46 million mid-1994 dollars

The parameters and assumptions used in the economic analysis,
which is based on the revenue-requirement method.

The year-by-year economic analysis results in the | evelized
annual costs for fuel ($10.4x10°), operating and maintenance
($5.9x10°) and carrying charges ($10.5x10°) for a levelization time
period of 10 years.
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Capital Investment Cost
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Thermodynamic Analysis

The objective is to identify the effects of the des

ign variables

on the costs and suggest values of the design varia bles that
would make the system more cost effective. The key design
variables - the decision variables - for the cogeneration
system are
* the compressor pressure ratio P,/ P,
* the isentropic compressor efficiency N ac
« the isentropic turbine efficiency Nat
e the temperature of the air

entering the combustion chamber T,
« the temperature of the combustion products

entering the gas turbine T,
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Thermodynamic Data

Feedwater
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Exergoeconomic Analysis: AC and GT
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Exergoeconomic Analysis: APH and CC
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Exergoeconomic Analysis: HRSG

combustion
gases

Eg - Es = (Ea - E?)_ ED,HRSG
Cg _Cs = ZHRSG +(C6 _C7)
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Exergoeconomic Analysis — Base Case

Mass flow rate, temperature, pressure, exergy rate, and cost data for the streams

Mass flow Tempe- Exergy Cost flow Cost per
State Stream rate, rature, S flow rate, rate, Exergy Unit,
rit [ke/s] T[K] pbar]  Foviw C [$/h] c [$/GJ]
1 Air 91.28 298.1 1.01 0.000 0 0
2 Air 91.28 603.7 10.13 27.538 2756 27.80
3 Air 91.28 850.0 9.62 41.938 3835 25340
4 Combustion 92.92 1520.0 9.14 101.454 5301 14.51
products
5 Combustion 92.92 1006.2 1.10 38.782 2026 14.51
products
6 Combustion 92.92 779.8 1.07 21.752 1137 1451
products
7 Combustion 92.92 426.9 1.01 2.773 145 14.51
products
8 Water 14.00 298.1 20.00 0.062 0 0
9 Water 14.00 485.6 20.00 12.810 1256 27.23
10 | Methane 1.64 298.1 12.00 84.994 1398 4.57
11 Power to air - - - 29.662 2003 18.76
compressor
12 | Net power - - - 30.000 2026 18.76
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Exergoeconomic Analysis — Base Case

Values of the purchased-equipment costs (PEC) and the exergoeconomic variables

Compo- PEC £ E VD Cr Cp C » Z C pt Z F f

nent | (18] [%] | w] | %] 8GN [SGI gdn 860 [agy | %] [

Combustion 0.34 80.37 25.48 29.98 11.45 14.51 1050 68 1118 26.7 6.1

Chamber

Gas 3.74 95.20 3.01 3.54 14.51 18.76 157 753 910 292 | 827

Turbine

Air 3.73 92 .84 2.12 2.50 18.76 27.80 143 753 896 48.2 | 84.0

Compressor

HRSG 1.31 67.17 6.23 7.33 14.51 27.36 326 264 590 885 448

Air 0.94 84.58 2.63 3.09 14.51 20.81 137 189 326 434 | 579

Preheater

For the overall plant: Cp,,~=$3617/h and C ,..~C~= $145/h.
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Exergoeconomic Analysis — Base Case

12

Compo- PEC g E Vo cr cp CD 7 C-D +7 ¥ f

nent [10°] %] | [vw)  [%]  [8/GI] 0 [8/GT] | orgign [8/GT 0 gcn | [l 1%

Combustion 0.34 80.37 2548 2998 11.45 14.51 1050 68 1118 26.7 6.1

Chamber

Gas 3.74 95.20 3.01 3.54 14.51 18.76 157 753 910 292 | 827

Turbine

Air 3.73 92.84 2.12 2.50 18.76 27.80 143 753 896 48.2 | 84.0

Compressor

HRSG 1.31 67.17 6.23 7.33 14.51 27.36 326 264 590 88.5 | 448

Air 0.94 84.58 2.63 3.09 14.51 20.81 137 189 326 434 | 579

Preheater

The Combustion Chamber , the Gas Turbine , and the

Air Compressor
(Z, + Cp,) and are, therefore, the most important

have the highest values of the sum

components from the thermoeconomic viewpoint.
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Exergoeconomic Analysis — Base Case

13

Feedwater

By considering measures for reducing the high cost

rate associated with the exergy destruction in the CC,
two key design variables have been identified, temp  e-
ratures T, and T,. An increase in these temperatures
reduces the value of C, .. and other components but
increases their capital investment costs. /

s

g

~

Exhaust b s evaporator
Gas HRSG

The low value of the variable f.. (6.1 %) shows

that the costs associated with the CC are
almost exclusively due to exergy destruction.

A part of the exergy destruction in a CC can
be avoided by APH the reactants and by

reducing the heat loss and the excess air, but

this usually leads only to a small reduction in
the exergy destruction.
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Exergoeconomic Analysis — Base Case

Feedwater

] APH
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! |
The excess air is determined by the desired } = = - ®
temperature T, at the inlet to the gas turbine. |
The temperature T, is a key design variable for }
it affects both the performance of the entire | AC
system (exergy destruction in the CC, GT, @ 12
APH, and HRSG, and exergy loss associated
with stream 7) and the investment costs of the
components. ; | Al
| AIr
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Exergoeconomic Analysis — Base Case

An increase in the heat transfer rate in the APH
achieved through an increase in T, also results
in a decrease of the exergy destruction in the
CC. Thus, the temperature T, is also a key
design variable because, in addition to the CC,

it affects the exergy loss associated with APH
stream 7 as well as the performance and
investment costs of the APH and the HRSG. | <
The higher the T, the smaller the average l\/
temperature difference in the APH and the l : Natural Gas
HRSG. A decrease in the average temperature \
difference in APH and HRSG results in an 2 13 10
increase in both the exergetic efficiency and 1 CC
the capital investment for APH and HRSG. | |

-

\

\

| AC

@ 12
11 Air
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Exergoeconomic Analysis — Base Case

Feedwater

econoniizery A
7 6
E} l\/ -t
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Gas 1|
|
2 3 10
1N 4 CC
The GT has the second highest value of the :

\
\
sum (Z4+Cy o7) the relatively large value of \ — ®
factor f suggests that the capital investment ;
and O&M costs dominate. The capital | AC
|

investment costs of the GT depend on 72
temperature T,, pressure ratio p,/p,, and @
isentropic efficiency ;. To reduce the high Zg
value of Z,;, we should consider a reduction

| Air

in the value of at least one of these variables.
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Exergoeconomic Analysis — Base Case

Feedwater

] APH
i 6
Exhaust - = i Al
evaporator | Natural Gas
Gas HRSG 7 I
|
2 3 10
I 4 CC
! |
The AC has the highest f value and the | e ®
second highest relative cost difference  r ;
among all components. Thus, we would 1 AC
expect the cost effectiveness of the entire 1) ‘
system to improve if the value of Z,.is @
reduced. This may be achieved by reducing
the pressure ratio p,/p, and/or the isentropic |
compressor efficiency  #,c. IR Air
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Exergoeconomic Analysis — Base Case

18

Feedwater

s

~

Exhaust b s evaporator
Gas HRSG

Thus, we might conclude that a decrease of  Ej res
could be cost effective for the entire system even

if this would increase the investment costs

associated with HRSG. The value of Ej x4 can be
reduced by decreasing the values of Tgand T,. A
decrease in the value of T, also results in a
decrease inthe E_ ;. In terms of the decision
variables, temperatures T, and T, may be reduced
by increasing T, and/or decreasing T, at fixed
values of the remaining decision variables.

Institute for

The HRSG has the lowest value of &, and the
highest value of r,,z; among all the components.
As the f o value indicates, almost 45% of the
relative cost difference is caused by the
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Exergoeconomic Analysis — Base Case

Feedwater

] APH
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The relatively high value of f,;, suggests a |
|

component. This can be achieved by
decreasing T..

\
\
\
\
\
reduction in the investment costs of this | e ®
\
\
\
|

It should be noted, however, that changes AC
suggested by the evaluation of APH should @ 12

only be considered if they do not contradict

changes suggested by components with a

larger value of ( Z,p+Cp app)- ; i Air
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Exergoeconomic Analysis — Base Case

Feedwater The following changes in the design
variables are expected to improve the cost
effectiveness of the system:

steam drum * Increase the value of T, as suggested by
the evaluation of the CC and HRSG.

Exhaust - = i Al
evaporator | Natural Gas
Gas HRsG 7 APH | |
|
2 3 10
I 4 cC
* Decrease the pressure ratio p,/p, (and thus : !
p,/ps) and the isentropic efficiencies  #,. and | e ®
Ner as suggested by the evaluation of the ;
AC and GT. | AC
» Maintain T, fixed, since we get 17 ‘
contradictory indications from the @
evaluations of the CC on one side and the
GT and HRSG on the other side. |
1] Air
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Thermodynamic Data: First Iteration

Base Case
P,/ p, =10| | =0.86 . =086| |T,=850K| |T,=1520K
P,/ p,=9 Ny =0.85 =085 |T,=870K| |[T,=1520K

First iteration
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Exergoeconomic Analysis — First Iteration 22

Component

= E, Vo Cr cp C, 7 C,+Z 7
[*e] [MW] [%e] [$/GT] 3G yan | Y67 s/a [%e] [%e]
Combustion 80.4 25.48 29.98 11.45 14.51 1050 68 26.7 6.1
Chamber 80.3 25.93 29.77 10.50 13.26 980 2 26.3 6.8
Gas 95.2 3.01 3.54 14.51 18.76 157 753 29.2 82.7
Turbine 94.9 3.18 3.66 13.26 16.97 152 647 28.0 81.0
Air 92.8 2.12 2.50 18.76 27.80 143 733 48.2 84.0
Compressor 92.1 2.34 2.69 16.97 23.96 143 546 41.2 79.2
T 67.2 6.23 7.33 14.51 27.36 326 264 88.5 44.8
66.6 6.40 7.35 13.26 25.60 305 261 93.1 46.1
Air 84.6 2.63 3.09 14.51 20.81 137 189 43.4 57.9
Preheater 84.7 3.15 3.62 13.26 18.94 150 206 42.9 57.8

For the overall plant (Base Cage): :.‘CTP,zog:SSBG 17/h and Cp~C7~$145/h.

For the overall plant (First iteration)E Cpw=33355/h and Cp . =C7~$157/h.

.
’.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

®sannnmmnn®

The Combustion Chamber , the Gas Turbine, and the Air
Compressor have the highest values of the sum ( Z, + C,) and are
still the most important components from the thermo economic viewpoint.
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Exergoeconomic Analysis — First Iteration 23

Component e E.D Vo cr cp C-D Z CD + Z F
[%0] [MW] [*o] [$/GJ] [$/GJ] [$/GT] [$/GI] | r1$/G1 [*o] [%0]
Combustion 80.4 25.48 29.98 11.45 14.51 1050 68 1118 26.7 6.1
Chamber 80.3 25.93 29.77 10.50 13.26 980 72 1052 26.3 6.8
Gas 95.2 3.01 3.54 14.51 18.76 157 753 910 29.2 82.7
Turbine 94.9 3.18 3.66 13.26 16.97 152 647 799 28.0 81.0
Air 92.8 2.12 2.50 18.76 27.80 143 753 896 48.2 84.0
Compressor 92.1 2.34 2.69 16.97 23.96 143 546 689 41.2 79.2
e 67.2 6.23 7.33 14.51 27.36 326 264 590 88.5 44.8
66.6 6.40 7.35 13.26 25.60 305 261 566 931 46.1
Air 84.6 2.63 3.09 14.51 20.81 137 189 326 43.4 57.9
Preheater 84.7 3.15 3.62 13.26 18.94 150 206 365 42.9 57.8

The high cost rate associated with the CC can be reduced by increasing the
values of T; and T,. In the evaluation of the cogeneration system we s  hould,
however, consider that the value of ( Z..+Cp ) will always be the highest among
all values for the components of the cogeneration s ystem.
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Exergoeconomic Analysis — First Iteration 2

Component e ED Vo cr cp C-D Z CD + Z F f
[%0] [MW] [*o] [$/GJ] [$/GJ] [$/GT] [$/GT] [$/GT] [%o] [%e]

Combustion 80.4 25.48 29.98 11.45 14.51 1050 68 1118 26.7 6.1
Chamber 80.3 25.93 29.77 10.50 13.26 980 72 1052 26.3 6.8
Gas 95.2 3.01 3.54 14.51 18.76 157 753 910 29.2 82.7
Turbine 94.9 3.18 3.66 13.26 16.97 152 647 799 28.0 81.0
Air 92.8 2.12 2.50 18.76 27.80 143 753 896 48.2 84.0
Compressor 92.1 2.34 2.69 16.97 23.96 143 546 689 41.2 79.2
e 67.2 6.23 7.33 14.51 27.36 326 264 590 88.5 44.8
66.6 6.40 7.35 13.26 25.60 305 261 566 931 46.1
Air 84.6 2.63 3.09 14.51 20.81 137 189 326 43.4 57.9
Preheater 84.7 3.15 3.62 13.26 18.94 150 206 365 42.9 57.8

The GT now has the highest f value. The reduction in this value from 82.7% inth e
base design to 81.0% in the new design is relativel y small. This observation
suggests:

(a) a significant decrease in the values of 55y and/or p,/p; - that is, a decrease that
is greater than the decrease in these variables in the previous step: from 86% to
85:-% and from 10 to 9, respectively, and

(b) a reduction in the values of T,. Note that the decrease in T, value contradicts

the corresponding suggestion from the combustion ch amber.
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Exergoeconomic Analysis — First Iteration

25

Component e R Vo cr cp C-D Z CD + Z F
[%0] [MW] [*o] [$/GJ] [$/GJ] [$/GT] [$/GT] [$/GT] [%o] [%e]
Combustion 80.4 25.48 29.98 11.45 14.51 1050 68 1118 26.7 6.1
Chamber 80.3 25.93 29.77 10.50 13.26 980 72 1052 26.3 6.8
Gas 95.2 3.01 3.54 14.51 18.76 157 753 910 29.2 82.7
Turbine 94.9 3.18 3.66 13.26 16.97 152 647 799 28.0 81.0
Air 92.8 2.12 2.50 18.76 27.80 143 753 896 48.2 84.0
Compressor 92.1 2.34 2.69 16.97 23.96 143 546 689 41.2 79.2
e 67.2 6.23 7.33 14.51 27.36 326 264 590 88.5 44.8
66.6 6.40 7.35 13.26 25.60 305 261 566 931 46.1
Air 84.6 2.63 3.09 14.51 20.81 137 189 326 43.4 57.9
Preheater 84.7 3.15 3.62 13.26 18.94 150 206 365 42.9 57.8 ’5

AC: The high values of f,- and the relative cost difference

in the values of the decision variables

APH: The relatively high value of
noted in the first iteration, however, changes sugg

P./py and aac.

r,c Suggest a decrease

fapy SUggests a reduction in the
ested by the evaluation of APH

should only be considered if they do not contradict

components with a higher value of the sum (
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Exergoeconomic Analysis — First Iterations 2

Component e E.D Vo cr cp C-D Z CD + Z F
[%0] [MW] [*o] [$/GJ] [$/GJ] [$/GT] [$/GT] [$/GT] [%o] [%e]
Combustion 80.4 25.48 29.98 11.45 14.51 1050 68 1118 26.7 6.1
Chamber 80.3 25.93 29.77 10.50 13.26 980 72 1052 26.3 6.8
Gas 95.2 3.01 3.54 14.51 18.76 157 753 910 29.2 82.7
Turbine 94.9 3.18 3.66 13.26 16.97 152 647 799 28.0 81.0
Air 92.8 2.12 2.50 18.76 27.80 143 753 896 48.2 84.0
Compressor 92.1 2.34 2.69 16.97 23.96 143 546 689 41.2 79.2
e 67.2 6.23 7.33 14.51 27.36 326 264 590 88.5 44.8
66.6 6.40 7.35 13.26 25.60 305 261 566 931 46.1
Air 84.6 2.63 3.09 14.51 20.81 137 189 326 43.4 57.9
Preheater 84.7 3.15 3.62 13.26 18.94 150 206 365 42.9 57.8

The anticipated increase in the exergetic efficienc  y of the HRSG (comparing with
the Base Case) was not realized because of the inte rdependence of the
components: The reduction in the values of P./P1, et @nd n,c leads to an increase
in the temperature differences (and therefore a dec rease in the exergetic
efficiency) of the HRSG. Thus, the HRSG thermoecono mic evaluation suggests
that the T, value increases and the T, value decreases.
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Exergoeconomic Analysis — First Iterations 2

Feedwater

Summarizing the foregoing conclusions,
the following changes in the design
steam drum variables are expected to improve the cost
effectiveness of the system:

E)g]aa;St 7777777777 HIRSG 77777 evaporator APH A i Natural Gas
|
2 ; : 3 ]()Iv CC
* Increase the value of T;as suggested by | |
the evaluation of the CC and HRSG. | ®
e Decrease the values of p,/p,, yac and g, |
as suggested by the evaluation | AC
of the AC and GT. 12
e Maintain T, fixed, since we get contradic-
tory indications from the evaluations of |
the CC, GT and HRSG. 1] Air
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28

Thermodynamic Data: Second Iteration

Base Case
p,/ p,=10| |7, =0.86 ;=086 [T,=850K| |T,=1520K
@rst |terat|@ @
P,/ p,=9 . =085 ;=085 |T,=870K| |T,=1520K
@ econd |t£tlon @
p,/ p,=7 . =083 ;=083 |T,=910K| [T, =1480K

Institute for

Ene!‘gy ] G. Tsatsaronis » TU Berlin "
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Exergoeconomic Analysis — Second Iterations

29

Component e ED 'ED Cr cp CD Z CD T Z .,r ;_F

[%o] [MW] [%o] [$/GJ] [$/GI] /gy [$/G7] [o] [o]

Combrsti 80.4 25.48 29.98 11.45 1451 1050 68 26.7 6.1

g.‘l‘l“m::;::“ 80.3 25.93 29.77 10.50 13.26 980 72 26.3 6.8

81.3 27 47 29.92 9.42 11.71 931 55 24.4 55

e 95.2 3.01 3.54 14.51 18.76 157 753 29.2 82.7

T“ﬂ;‘fm 94.9 3.18 3.66 13.26 16.97 152 647 28.0 81.0

943 3.69 4.01 11.71 13.75 155 296 17.5 65.6

. 92.8 2.12 2.50 18.76 27.80 143 753 48.2 84.0

L 92.1 2.34 2.69 16.97 23.96 143 546 689 41.2 79.2
Cﬂll'lll'l"BSSﬂl‘

90.5 2.99 3.25 16.75 18.38 148 324 472 33.6 68.7

67.2 6.23 7.33 14.51 27.36 326 264 390 88.5 44.8

HRSG 66.6 6.40 7.35 13.26 25.60 305 261 566 93.1 46.1

67.6 6.10 6.65 11.71 23 .51 257 284 541 100.7 525

. 84.6 2.63 3.09 14.51 20.81 137 189 326 43.4 57.9

Ll 84.7 3.15 3.62 13.26 18.94 150 206 365 42.9 57.8
Preheater

85.6 4.97 4.90 11.71 64 41.2 592

¢S I I I NI NSNS S S S SN SN SN SN SN NN NN NN ENENENEENEENEE

For the overall plant (Base Case):

For the overall plant (First iteration):

Institute for

Energy

Engineering

Cp:,7=$3617/h and Cj.,~C7=$145/h.
ECp,mi:$3355fh and Cy .~C~$157/h.
For the overall plant (Second iteration): ¥T';,~=$2934/h and C;,.~C~=%$167/h.
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Thermodynamic Data: Additional Iterations

30

Base Case
o,/ p,=10| |7, =086| |n. =086 |[T,=850K| [T, =1520K
ﬂ ﬂ First m@lon ﬂ
p,/ p,=9 =08 T,=870K T,=1520K
ﬂ ﬂ Secon(@@eratmn ﬂ ﬂ
p,/ p, =7 ;=083 T,=910K T,=1480K
ﬂ ﬂ Addlth@ | iterations ﬂ
0,/ p,=577 1n,.=0845 ns; =083 T,=910K T, =1463K
Institute for ,e“ﬂﬂ ahginaeﬂ#ﬁ
Energy G. Tsatsaronis » TU Berlin % &
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Exergoeconomic Analysis: Additional Iterations

Feedwater
For the overall plant

(Base Case):
&oi=00.4%

Cp (oi=$3617/h
CLi=C;=$145/h.

APH

For the overall plant
(Additional iterations):

€—45% o
Cp (,=$2870/h Net Power (G)
C_x=C=$205/h 30 MW/
N =0.845 Air Ner =083 GT
- engine,,,
Institute for P/ P, =5.77 P‘”ﬁﬂ? gj-‘zﬁﬁ“.
Energy G. Tsatsaronis « TU Berlin % %’—F E
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Advanced Exergoeconomic Analysis 3

- — £ UN - AV
ED,k _ ED,k + ED,k

2, =2 + 2"

Splitting the exergy destruction and the investment cost
Into unavoidable and avoidable parts within the Kk-th
component provides a realistic measure of the pote ntial
for improving the thermodynamic efficiency as well as of
the economic effectiveness of a component.

°1“1‘ ﬂﬁginaeﬁl

Institute for & —%
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Advanced Exergoeconomic Analysis =

The exergy destruction rate that cannot be reduced due
to technological limitations such as availability a nd
cost of materials and manufacturing methods is the
unavoidable (UN) part of the exergy destruction.

The avoidable (AV) part of the exergy destruction within
a component can be avoided by Iimproving the

component.
ngi
Institute for Ie“d“ . ‘;&ﬁ%“t
Energy G. Tsatsaronis » TU Berlin e, s ¥
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Advanced Exergoeconomic Analysis

34

The unavoidable investment cost

version of this component.

To adjust for different component sizes, we calcula
each component the unavoidable cost per unit of exe
. UN
the product (i)
E. y
The avoidable investment cost is the difference bet

total investment cost and unavoidable investment co
the component being considered:

Institute for

AV _ - _ 5 UN
ZD,k =Zy ZD,k '

Energy
Engineering

G. Tsatsaronis « TU Berlin
15t Inspire Workshop « Nova Gorica, Slovenija ¢ June 5-8, 2007

( ZN ) for a component
can be calculated by assuming an extremely ineffici
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Advanced Exergoeconomic Analysis =

Range of variation of investment costs

EP,k,A A
Zea
EP,k,A
] -\ UN
ED,I(,A (ZJ
/ Epx.a Ep k
Y
7&— ’
. <unh. AV .
('.EDJ P@J Eox _1-%
Ep E E 5
k P.k,A P.k K
N—H—>

Institute for

&
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Thermodynamic Data

36

Feedwater

UN Investment cost:

T,,=298K (fuel),
ambient pressure for the CC process

oty ﬂnginaeﬂ

T,= 1273K
5
A | Natural Gas
APH |
2 | | 3 JOl, CC
| |
UN Exergy destruction: | - ®
T,,=811K (fuel)
T,=1000 K 1A
T,=1773 K, Net Power (G)
adiabatic combustion DL
AC 1 GT
I Air
Institute for
Energy G. Tsatsaronis « TU Berlin
Engineering 1%t Inspire Workshop ¢ Nova Gorica, Slovenija ¢ June 5-8, 2007
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Thermodynamic Data

37

Feedwater

UN Investment cost:

Ne =0.70, p,/ p, =10, T, = 1273K

APH
5
l\/ - \
\
A | Natural G
! [
\ |
2 3 10
Il i CC
| |
UN Exergy destruction: (= ®
\ 4
Ner =0.92 |
| .
Net Power @ 12
30 MW
AC |
I Air
Institute for
Energy G. Tsatsaronis « TU Berlin
Engineering 15t Inspire Workshop « Nova Gorica, Slovenija ¢ June 5-8, 2007
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Thermodynamic Data 3

Feedwater

UN Investment cost:

Nae =0.70
APH
s
l\/ —
A | Natural Gas
‘ [
1 Ol cC
| |
UN Exergy destruction: e ®
Nac =0.90 — \

Net Power @ 12
30 MW

AC

GT

g“ﬁﬂ angina&r

Institute for & ?;:5?55
Energy ) G. Tsatsaronis ¢ TU Berlin % %?_47@;
Engineering 15t Inspire Workshop « Nova Gorica, Slovenija » June 5-8, 2007 P0mj gm0t




Thermodynamic Data 22

Feedwater

UN Investment cost:
T, =12/0K

jﬁl\j_ APH

| | 6

- M=
A

__________________________ ovaporator A | Natural Gas
Gas HRSG v I
\ 2 | 3 104 cC
UN Exergy destruction: | L . ®
T =10 l

Net Power @ 12
30 MW

AC

GT

g“ﬁﬂ angina&r

Institute for & ?;:5?55
Energy ) G. Tsatsaronis ¢ TU Berlin % %?_47@;
Engineering 15t Inspire Workshop « Nova Gorica, Slovenija » June 5-8, 2007 P0mj gm0t




Thermodynamic Data 40

Feedwater

UN Investment cost:
N\ =0.90, s =0.70, p, / p, =10,

T, =700K, T, =1773K

APH
5
l\/ -
A : Natural Gas
|
‘ [
o I Ol cC
| |
UN Exergy destruction: e ®
T =10 :
|
|
Net Power @ 2
30 MW
AC | GT
I Air
aﬁw ﬂnginﬁ&rf
Institute for < =%
Energy G. Tsatsaronis « TU Berlin e, _E__'—_G 3
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Advanced Exergoeconomic Analysis
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- N N - AV
5 - - . - & - LN - AV ) i S UN S AV Zi +
E EP,F: ED,J: REE Zk E Eﬂ,k Eﬂ,k CD,.R E Zk Zk CAV
g. P /g PJ k

g

S MW MW  $/GI | $h ; MW MW  $h | $/MW $/h $/h $/h
AC | 2754 212 | 18.76 | 753 0.054 149 | 0.63 43 | 3.62 100 652 | 696
APH | 1440 263 1451 189 00164 @ 024 239 125 550 79 110 | 235
cC | 5952 2584 457 | 68 @ 0267 1589 995 164 0126 7 61 225
GT |5966 3.0l 1451 @ 753 0.027 161 140 73  1.92 115 638 711

HRSG | 12.75 623 1451 264 0345 | 440 183 96 546 70 194 290

Institute for
Energy
Engineering
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Advanced Exergoeconomic Analysis
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e Z, . T
Z, +C W e o L=z L=om o
xTChy r TChy Z,+C,, Z,+Cp,, Z, +ChH,
Component ’ ’ ’

[$/h] [$/h] [%] [%0] [%]

Air Compressor 869 696 1.7 84 94

Air Preheater 326 235 72.1 58 47

Combustion 493

Chamber 225 45.6 14 27

Gas Turbine 910 711 78.1 83 90

HRSG 590 290 49.1 45 67

Institute for
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