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Operating Characteristics Study of a Small Gas/Steam Turbine Combined
System Using Biogas
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ABSTRACT

This study analyzed the influence of firing biogas on the performance and operation of a gas/steam turbine combined system.
A reference gas/steam turbine combined system, designed with biogas fuel(57% volumetric methane) was set up and off-design
simulation was made to investigate operating characteristics when a couple of operating schemes to mitigate turbine blade
overheating were applied. Performance at base-load operation using each scheme was compared and part load operation using
the variable inlet guide vane was analysed. Also, differences in operating characteristics and performance caused by changes

in the methane content of biogas and ambient temperature were examined.
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Fig. 1 GT/ST combined system configuration
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Table 1 Bottoming cycle design parameters

Parameters Value
Pinch Temperature difference(C) 10
Overall heat transfer cgefﬁcient in 0.0454
superheater(kW/m? - K)
Steam turbine inlet temperature(C) 181.5
Steam turbine inlet flow(kg/s) 2.71
Steam pressure(bar) 9.8
Steam turbine efficiency(%) 63.2
Condensing pressure(kPa) 12.7
Cooling water temperature(C) 15
Pressure drop at gas side(%) 24
Table 2 Heat demand for digester
Parameters Value
Inlet water temperature(C) 90
Outlet water temperature(C) 70
Heat demand(kW) 5

NTU=f(e), where 5:M 6)

max

P/ min - NTU
A=l ™

SFEA di= AAA 2R oJulslth HRSGE Z3E= A
280 22 15 C, 7000 kPao|w] ZF AR A] ofjf 2] &
S 1M sk,

2,5 SHFALO|Z EHAA sHA

A SAA] sHEARIE S 57 oY WIS AL 918
7FH A2 (sliding inlet pressure) ®H-S ARESIKTE
712)31 HRSG 2437 AlARe HRSGO| Zh A Lol A 1123
Ul 2) QUG AL ALE 2) Q0D Aol )9
F85] 27| ol FEEAY Are 25 dFE
2 o pgeE Pue, Agage) e et
ol

R
U m;m 08
U [ My yas ] ®
2.6 HiO|2 7tA
2 AFolA= 57143 Hrieel @714 HFE AXA

5= vlo] @ JIAS AR R ARESIQITE o] Blo]e JpA
CHi, CO., NoZ FAETH 7fEk=0l 5 MW Hlo| 9 7}
B2 57 % W[EHelef Blo|e 7EAE Ve dRE AAE
et ey & Aol vt A7 2xiolA WEkE
Blasy] flaf o W vgeley vto] e 7EAE AMESl=
ol thafiA e SiAS aSHRITE e Hlol ks NoE
1% ZJFRL Qlom, UMXA|= CHy, CO= FAEH &5
S0l 57% WEAF o]t JEE|E CHy5T%,
CO2:42%, Noi1%olth, /dH]o] Tl EHlojr},

> rr ruTI

—i

3. Zit A E9J
3.1 HOIRT7IA ALE0] M2 EME U s{zuet
Table 30] A& th2 A 742 9] HHsH(full load) &4 &

YEL BYTh HPATOE B vlolortag ARz A

Table 3 Full load operating strategy

(Ffﬁ‘fz n.lng) A7) g TeE A 97
case 2 A7 Bl £RE fA57] A HElY
(Under-firing) | 7<% A7
case 3 A7 BYols 225 fA8] A% A+F
IGV) s 2E8EA

SHIANE M52, M3=, 2012

53



AL

o

AIBE - Y

rol

o o @A HRIAF2ES FASHH 24(Case DT 7

&
% S0l 227t Ak AA|npRlol
13 ]

Hasle Aoz

.

el ie. Tt of o AAubEe 10 %M Ronw
QPgHQl Aol ZRSekT # 4 QUEk ) mebd B @
AL BelolS & BAZ shast] S8 27t WEe
nEsE of F 24 W) SAL cheat Lot wiek &
Az WEA YESO) WsP} 27 ek, A (o)o)4
o % glzo] HUYTLES WEAAL Y4EY LEE
Wio] M7 Bdol= LEE §AT 4 Uk oleiE WS
Hrgsto] ENIQTRES Wiol LAlsk WS mefsky
on|, Yagr|REE W] 915 PAYT e ol
slo] 957] YPR Bolot AS B0 Y} voy]
£ o WUE gatrh 457 27 4% bleed
WO Belo]S RS WE 5 XN JAHOR A

sp7F AR2 A 2lek3it.

3.2 J}AE{H FHj 22 EXN

Fig. 27 15 Coll 4] wgh gheo] 57921 ulo]o7bAag
g3k FhEle] o] T 7} wetule o] ghe vt

34.0

330 Base load —P»

s 320} J .
< '/r.
o
c
2 310 |- * -
2
i / Case 2
= 0F -
5 30.0

29.0 -« > Under firing=

Part load(using IGV) ==== Using IGV
28.0 [ [ [ 1 [
4400 4600 4800 5000 5200 5400 5600

GT Power(kW)

Fig. 2 Variation in gas turbine efficiency with

gas turbine power

7000.0 T T T T T
Case 2
B |

6500.0 L ase load ——P»-| + i
) Case 1
Z 60000 | k asel ]
g Case 3
o
2 5500.0 i
[
z

5000.0 |- <« — Under firing]

Part load(using IGV) -=== Using IGV
4500.0 L L L L L
4400 4600 4300 5000 5200 5400 5600

GT Power(kW)

Fig. 3 Variation in net power with gas turbine power

54

sy

4

oK

EREEE

Ql

W Aolth, 7] A H3Hbase load, HATFA AMR A] AAZE
2?1 5092 kW)7HAl = ERIdF2%of 7P RIS AL
&sto] 95 2Hsh, I o] &Y ‘M= BF
7HAJT SPlZE ARgSto] Sk Hk, Hpo| ertAE
ARE AR o dAA HRIYFLES FASH A
(Case 1) 3HA =W oF 5430 kWO &2 & o Utk
aey ojuje Edlol=e] wtdo] WAYEHA i A
= olojA|A Hrh, wehA o]t A E dE

A EEole 2%t HER HYYFLEE ¥ 244
(Case 2)3t Y+ 37| Fd= &% &4 (Case 3)= 2
t}. Case 29] 72-ofl+= 2F 5370 kW, 31.7 %, Case 39 7
ofli= ¢F 5120 kW, 31,4 %9 &8 A& 45 4= 9

.,d
o
-

E o (2 2 o x

o

S ook En F g F ENgTeEs 2Eshe
ol B 2 2L e AL & 4 k. 0|2} o] Case 27}
o 2 A4S W ok et 2t B AT 7}

2}e] Caseold gl WSS A2 vl g 7}
=

23 I L] I I I
Base load ——» Case25
22 7 -
3
7’

I 7
0
) 21 Case1 -
=
3
2 2 Case 3 _
k7]
3
£ 19
< -
i

18 <€ > Under firing=

Part load(using IGV) ==== Using IGV
17 1 '] 1 1 1
4400 4600 4800 5000 5200 5400 5600

GT Power(kW)

Fig. 4 Variation in exhaust flow with gas turbine power

520 I I I I I
S 510 Base load =——J» _
éi ™ ~ ~ Case 3
e S~
5 S0 S~ ‘ Case1 "
o S~
g a0 | e~ -
: pe
T 480 | .
[}
=]
S anol \ -
% Case 2
2 460 f ——> -
.‘g 450 Part load(using IGV) Under firing
F B ==== Using IGV ]|

440 1 1 1 1 1

4400 4600 4800 5000 5200 5400 5600

GT Power(kW)

Fig. 5 Variation in exhaust flow with gas turbine power

SHIIAME:M153, M3=, 2012



Hlo| 27t~ RS ALBSHE 28 JIA/BT(EUl B8 W ALY 55N H4
71 918l 371 g Wol EoJof SRR Case 30| Case  o&fdt W= £ % HHIET2%= FFO= <3 EHl
2Rt o A2 s W AoR veiith 2o 42ke) o) Al avkse] A= A7t Heol, 7+ 7o) W
B 7] BN 719 8 de ¢ JeER AL AT ) 4E 5 Se S7IERY S22 Hssh of
g 27 882 Case 29 Aol oF 6510kW, 38.5%, 1100 kWe| 37142l 282 AL 4 e o= Uepilth
Case 39| 9ol 6243kW, 38.2%%] ZO& Uepyth, o] ] A28 582 of 38.2%%Uth WebA] Fig. 7014 &
ol 74 S AR o TRAEE 7R RS 244

3.3 7IAEMY 7|X 25t A R2F8t A28 719 HSet AR et Te]a 74 R

oF AojlA & At o] wfole 7PAE AN AP o & ShEr; W2 RERstollA ZH iE AR v ZhAEw A
e BIE B 7 YA TIARSHA e Bl disl & W ALE e EIE A9 vt AoR Yyt a9
A= helel BolTh ol 948l A s F 7 S Y ERITFREE W 71X1 Foke st HE o W@
A&Hom ARgDte] 7| AL HES ke WS AR 2 oA = 7T tZlE AT 4 9] wEel B
sttt 1A ReE &S stle uf ZEAENS A82 Fig. A%t RAEN EEolA 25 Eﬂ 2 37N Ege 9
204 & = QlEo] T WP AbgSlElElE oF 81.3%=2 X} 4 Qloks o] et
o HolA| o= AR e 181 Fig. 4, 5014 &
kol BHlY2 s W HH el A9 2st 4, HEO|RItAo| HIEH §Ent 27|29 AE
ARk ERl S 2=7F dobde), JeEjan 7Rl Al
ARG EH figo] oS AN ERIETF2 =7} ot Table 40f|4] & 4= Ql50], Hlo] L 7hAo] et Fhefo] 7+

40.0 | | | | | 40.0 | | | | |
Case 1
Base load = Case 3 39.5 |- 7
39.0 |- T Case 1
- _ 390} J
2 S Case 3 \
§ i ? 385 Base load by IGV
g 3 e
& £ 38.0 F -
bt 7 % Case 2
2 2
37.5 | Base load by Under-firing
36.0 |- ——
«< > Under firing 370 k- i
Part Ioad(using |GV) - Using IGV :
350 1 1 1 1 1 365 1 1 1 1 1
4400 4600 4800 5000 5200 5400 5600 5400 5600 5800 6000 6200 6400 6600
GT Power(kW) Net Power(kW)
Fig. 6 Variation in net efficiency with gas turbine power Fig. 7 Variation in net efficiency with net power
Table 4 Performance for each operating strategy
Ambient Full load Gas turbine  Gas turbine System System Blade Turbine inlet
Temperature Fuel operation power efficiency power efficiency temperature temperature
(C) strategy (kW) (%) (kW) (%) deviation (C) (C)
NG case 1 5090 31.2 6200 38.1 0 1104
case 1 5430 31.8 6580 386 +3.6 1104
=70,
tgé case 2 5370 31.7 6510 385 0 1099
15 . case 3 5120 314 6240 382 0 1104
Biogas
case 1 5630 32.1 6300 388 +6 1104
0,
Zéiﬁ case 2 5530 32.0 6690 387 1095
case 3 5130 314 6260 38.3 1104
NG case 1 3970 284 5040 36.1 1104
case 1 4200 289 5290 365 +3.6 1104
40 . 57% = - -
Biogas CH, case 2 4060 28.8 5130 36.3 1085
case 3 3660 28.2 4690 36.2 1104
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