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2~ HERNE
— ~ SRR IR R
AR R R
FAFOBBRE T (Gas turbine) B —REMELR ARSI  EIYESEMEEY 0
PN TGk

BR4aER% (Compressor ) * FRUFHEGRI K A ZE RIBRMEEIRL S HIBE ) - ISR WRRIS i %
BRI SE —(ERESED BE - DR IR EHIABE B RE S 1L AT -

PRiEER (Combustor) * PABEZIE MR MR S2 BT T AV PAGEERIK - TS - AR
U AT BRZE SR o MAERG K IR MR » AR S = R SRUAT ©

e (Turbine ) * JBi e HH SR S BERIRBBBINVEN (T - CERE R BRAE TR E - (F
HAesEs) - ndnrvEE)ee & AN e R EE - [FIit n] DUERE R HLA S i - BIA0TR
PRAVIRTEAE - SRERIRECE EAEN K -

Compressor Turbine

Combustor

IR SR

FEAEIR A S5 £ AR AU BRI (Gas Turbine/GT ) ~ EEZAGHESE (Heat

Recovery Steam Generator/HRSG ) ;2 /5#mi% ( Steam Turbine/ST ) - H.rft GT {HF K

ICourtesy of Business Wire/Mitsubishi Hitachi Power Systems Americas, Inc
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INREL LNT Rlohkl - 6 HIE A RS S B R 25 FUR G VAR - A mr s BRI EAR
SRAEE) GT AT EhE EARAEAE IRy T 1HEE B1E38 Brayton Cycle | 5 Bi1&/fF GT i)
TBITHER BRI ERUA B e U s 7 I EAGR K A 42 280 FHEEN S — /Rl Eh 2 345
teEEEEE ) LR BIE1EER Rankine Cycle 5 45 &t 9IS EER ~ SE BEARAH (6 1 " 18
EER 25 EE1%2H Combined Cycle Power Plant: CCPP | -

To Transmission

9

Y

=z
g

7 AT il TR T

nnnnn
......
||||||||

g
&

_',.
-

[

2. HEAEER ST BRI R

FeHERRSR R

HH R IHES > JeiE AR ER AR E AR SR - EREERCE S HIEE T
(F/E%E 588 psia > €40 Bar) ~ PABERE (2700°F » £ 1482°C) JH{KAY NOx (HEiX
EfEF 9 ppm) » JeHERARISERIRHVES AT LURE I EL © EMEEFEZHIINER -
{8 FEE/DHIIARL ~ TR BE S SR IEERRCR > WA TR EHRIUK - BF & BRGE EE AR
U > SeHEA RIS ER AR IR E & L?J 40%Z 45% (EL{EER ) - 2RI SRR AR
AHEE BRI EREH AR

2Combined-cycle gas turbines,
https://www.ipieca.org/resources/energy-efficiency-database/combined-cycle-gas-turbines-2022
3The National Academies of SCIENCES. ENGINEERING. MEDICINE., Consensus Study Report
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YRR BN - (ERTR SRR RIRA RIS ERAE S (E A S EER] (52E 100% ) SURIE AR
ayi SEINEREERR: ) S

W 3.5 By T ZRGFEMRDENT H AR SRR I 54 3 H g R AR
b S SRR BE RT3 HE A BE SR R [ (BOR = SRACHR R R B 2 - 1F Rope I L IE R P AT
A E (EMECRIMIBIR AR A R R I nI SRRV EE ST BBUHIR D IR & > AT
HIRHENRETRERE © BBSHHEINAIIA RIS S - T REVAGRIITAY S - Rt
HERTHRZERIEONT » NIRRT TR S E] Munich £25); Siemens /3 F] SGT 25 IHAEH
i 2 U TR > A SR EE RS B R D LA A

80 —_— (a.)

T g T

History Projection

70F

60

50 F
. Renewables
30+
E Natural Gas

World Primary Energy Consumption (x10'2 kWh)

20 -
10 Nuclear i
1990 2000 2010 2020 2030 2040 2050
Year

3. 1990 % 2050 FF4x 1t FREFEAE A R A 4R R 5 R T

HIGHLIGHTS:Advanced Technologies for Gas Turbines., 2020
4 U.S. Energy Information Administration. International Energy Outlook 2019, U.S. Department of Energy,
Washington, DC,USA, 2019; https://www.eia.gov/ieo
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— + Siemens Energy /A 5] SGT 25 [RR mfinidk

Siemens Energy HYPASR SR 25 [ SUBIE O aas TRIEHES - DUBSA BT EAYTTE
b Ame E PRYFRK o BRI DR E L 2MW 2] 59O3MW A% -
MARSEAFENEASS - Babl MUGERER

TEFRRISERT% (Industrial Gas Turbines ) :

SGT-50 : iZ/Z 7 2 MW HYPAR R - B HY AR - ET R G PR
JEF - 3wt B (R R RIS L I 5ett - et A ERAR A {EREVE SRS

SGT-100: 2% limté V3 BIRHEE 5 5.1 2 5.4 MW il & AR IR BT E
ﬁ%z@{ﬁﬁﬁ %$$ﬁ%$n\&d%f%*iﬁ .

SGT-400 : EEHHHE - SEIPEFEAE 105 % 143 MW 2 » 845 LA LIE
F » it B R 22 A RIR e 1

SGT-750 : 3% w2 5y 39.8 MW » seat 80 » M & UK IRRITSE » BESfE(R
s MR ERERNYEFERL -

EAMAR SR (Heavy-duty Gas Turbines) :

SGT5-9000HL : 3%\ w] Ry RBIHETE - $2(IE 593 MW HYSS IR » G AMIEE
IR K

SGT6-5000F : Lfj# F 215 2 260 MW » B TREEENRI S #(bRET) > I EIEE ~
[ 2 e BRI

MIZELTE IR R ERT% (Aeroderivative Gas Turbines ) :
SGT-A05 : iEfd 4.0 % 5.8 MW HYPAR R B A S RRE I TRERRIBIRE T > &7 HR
S -

SGT-A35 @ #2313 £ 37.3 MW WU 8EIH%E » BASEEEN - BHAN R KA
SATERE S ERENFISSEER -

BRI IR E A S SaGT BAERnE 8IS U SR ERET T
B FERVEFETFRK -



Heavy-duty SGT6-2000E 1117 uw)
g SGT6-5000F 215 to 260 i
SGT6-8000H (310w
SGT6-9000HL 1440 mw

&8

SGT-600 (24/25uw

Sﬁi‘lffr'f,ff,es SGT-A35 31t037/32t0 39 mw]

% SGT-50 2mw) SGT-700 133to 35/34 to 36 mw] SGT5-2000E (198 mw]
SGT-AQ5 t4to6mul SGT-750 o/ 34041 mwl SGT5-4000F 1329 to 385

PRI | b SGT-800 Hsto 620w SGT5-8000H (4somwi

metstie | "SGI-BRQRERYW SGT5-9000HL 1503 wui

SGT-400 [10to 14111 to 15 Mw]

&

000

AN 110 0O A 110
(1 O T

100 - 600 MW

I 15 — 100 MW
0-15mw
[ 4 Siemens Energy /47 4 75 R AT BB e

H AN F U S B R E 15 B SGT6-2000E FAFIBERHIENT 5 & SST6-4000
SRS I R ETE A TR B 3 1 [EPEB??‘E( 3GT+IST+IHRSG )* /A 1998~1999
fliF’ElEJI@‘iE MEpRE - HELRAHS B Ny 445SMW SRS BE A E LY 2200MW - {4 F] ARG
FEL] 4.9%
References: Heavy-duty gas turbines

Ny
(] o
[ ] u .
| | - oo
g E oo 1]
- g Em
B " " m
. | Combined cycle power plant
| [ | | = Customer: Taiwan Power Company
= Power output: 2,410 MW
e feamar ] = 5 x SCC6-2000E 3x1 with .
| | ghlign 15 x SGT6-2000E gas turbines
for power generation | | (predecessor named V84.2),
.- 5 x SST6-4000 steam turbines,

A\ Reference highlight

for mechanical drive 20 x SGen6-1000A generators

(predecessor named TLRI),
15 x NEM HRSG, and SPPA-T3000
control system

5. Siemens Energy /\ 5] EE R PA R il 4= Bk A B il [ - B 22 EE g
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HRmEEEME

6. AR R SR A 0 T S

FH A 22 SRR RHE PR WA (8 = B2 PRI LA SRl A28 a8 B A JE
HEENPE - N RIS RS E IR » W i RE B 2R ROR R A
IR B E AR EVRE -

PRI ML AE R SRl i SRR oy 2288 TS Ooista T ELis U RARE £ 40 - B2V R IV ZE 3R
e R BRCR T S ~ PASRRER S R AVRE R - RAETE R AR EA R B R

Tl ~ YRR R KBS R T B A RSS2 -

ZE R B NMEEEE

® IERLIE (Fouling) EEFRMEICRIFK o 45052 HIET v N D EEFFIRL DL K,

IR EEFE R KL B2 A (R RIBR IR 5 [FERY - 5 [FEASIEAYFEM A /N 2 £ 10 £ m

BIANESE ~ B% ~ % ~ B -

@&t (Corrosion) 2HNERAZERFPIEEE RSB FR AR iy [

Y« BRAEIEEL IR EE Fy R REN" > B HNE - AR AR RS (B

FOWRAEY ) BRIEIERAY

® {28l (Erosion) Z&1AW AZZ R KEERMINEGER T =6k | B/ MR E
12 o (ZEhE—E N o AR o SRR R bR D B0V 0 (e 2
HEEER AT AREVEE © 10w m BCLL Rk g SR = ah -

|

SAir intake filtration system — most important for reliability of gas turbine power plant,
https://brinitiativeenergy.com/air-intake-filtration-system-most-important-for-relaibility-of-gas-turbine-pow
er-plant/
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AR E=RR S (GIE/AREYREL) JEFBE - Re g AR B EmEZRR
SR m R R A T RIS -

AR R R AR A

ZE R KR EEIEE RS ~ FRZKDEENVRNE % > #E AR Z47 - IE L4 FE
FH DA T POAEEA% I e e B oy S BB Y B Fr P (R A e B

® Eisy (Straining) : EMECLIKEER BT AEIE /T E B EHHIH

® [H#Z (Impingement) : =% 5K EEK T4 AR ROR G M ELRE WA E
EEIEES

® & ( Interception) : MEEM T-HIHEEH Eﬁ%%lﬁﬁﬁﬁi%

® IEHL (Diffusion) : ffv N IKEERL 75 SRR R AR T L TAR B > 550
HEE M E R EINIHR B

YYvyvyvyvy

Figure 3: Interception. Figure 4 Diffusion.

& 7. DU

¥EL/)”§%§E%]JL%/‘EH¢FE%E’J)IEELL ° W PR EE S At A 2B R T A P D
A BIEEEE AR - NI - Ry 7 AT L/E%%%@E’J—%f EEEE A
Al/DHY o ZRIM - IREEfE I R - RS2 BB BT o AL - FERTA AR S i i

5M.D Amir Abdullah, A.M Leman and A.H Abdullah, “Air Filtration Study to Improve Indoor Air Quality :
Proposed Study”, 3rd Scientific Conference on Occupational Safety and Health- Sci-Cosh 2014
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SRIBE AT > BT FHI&@L%E/%? (Pulse Cleaning ) | Z:4f & 2= BRI R E [HIF
[HEULS PR GRS

T Ay —TEREA R SRR RSO~ BB MR RGBT A% 5‘62<‘<L%—
EiEEss (Pre-filter) » FEEAA#IEZS (Final Filter ) ﬁﬁ B ST Y 22 R A A A
BB BT 28 AL Folh i imisp A -

GAS TURBINE INLET AIR FILTRATION

FINAL FILTERS DRIFT ELIMINATOR

Engineered Filtration
Systems
m 4" E
=
- -
=
S
; =
S5
- -
£ BD =
ey
Gas Turbine
Pre-Filter Socks V-Bank Filters Cooling Coils
or o or For your nearest dealer call:
Reverse Pt:iket Filters =% onical & Cylindrical = Evap::Ed'a 1 .8q0.796.4EfS (4337)
Pleated Filters Filters Drift Eliminator EngineeredFiltrationSystems.com
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o~ RS S IR T AR

W5 2ERNVE DT KA R &G 15 B & IEHRE IR E AR —(E R S R
TRIBZEIFEREIRE (IEA) HUFRE - SEREORR LI 3. 5% RS & - ﬁﬁ/\ﬁi)\ 1
RHEINEY 10 (A - ARIRISLETUH > IEA FHETE] 2040 £ EREEIRT KRPE I
30% © HREEHT L ENIBRAIWAREEERL - THEHEARZR 25 FPRETHE 6700GW [
J77 e MEERRALRIAABEIEHLR H 2022 4FHY 635 bem 3 2 2030 49 885 bem » [A]
JE PURA LR ARy SEZERRICHAT A S0 i 52 B A 2 SEI A A 20 P R -

A wave of new LNG export projects is set to overturn gas markets

More than 250 bem per year of new liquefaction capacity is set to come online by 2030. The United States and Qatar account for 60% of this.

Capacity additions
' : United States

~ T Australia o=
2011 — /
: Other 2015\ v ‘

%Total capacity : :
:350 bcm 400 bcm 635 bcm 885 bcm:

-
Canada Russia

[l 9. B EUZ et A AR B R R T B TR A

{RIEERIRSR S A HE 18 S0%HYRCRIM A+ - HAETHREIMERIFRT T > NOx
PR S Ry ELyA SE AR EE(10ppm S54R)  INIEAE S B B FF & VAR
5 - el fOR = RASHHI 2R B -

HEPBASIBERCER - BalEeA RS im il e B E i S IR (RS - JE[EI0F
RIS RCR R BV EREHRIE - NOX BRI R Ry B BB 5942 — © NOx YAk
FBEECITREE RS DR PR B FE P R IR R RS R » BfEZR NOx A2l s % 7a
TRHIEETT - (HIEPREERR R » £ NOx (Zeldovich mechanism ) #HIE T 2R A  BI{E
VR H P (B RS - tAEREERD NOX HEIL - BRI A RFIERLH] - 5K
VB By 1800 K B > £6Fb88 AR BRITEN NOx S HDK I RE = 5] 2100 K BS{EER)
AT NOx & AREHE -

’International Energy Agency, World Energy Outlook, 2017

8International Energy Agency, World Energy Outlook, 2023

TRTE, “EURTEREAFINEE Y NOX S e 4 B 25341, 2000
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Fi BACRHRRE - 07 A Sied T SR AR AR IS ER AR > e (e
HEHZFREIR AL © 1B EE R o B IS R A VAR S SR A B S T A SR s AR ZE IR -
Horp—ELE RNl C AR 56 e I A - T HA R T seripa s 4 -
BRI R ORI ~ PR RSERGT ~ TER AR AR S ARIE - UM ESE R
ST T FH BT 5% e TP IR

FRWRE + NEIEV KGR A N ERPNERIFER M - S e g E L
BEANFENE  FHRIIESOOE BRI 22 AR = i R & B R KOG R
BEM  EWREZ RN RS B ESE - 280 > EECKEEEREE NP EIL
Bt EPREE (stoichiometric combustion zones ) » fEMAEREENEA SREL > B2
s NOx HUFEIE « THR K FEARIAIZE RAT AR = 2 Ak a8 e o &y
KN o TESROKJERIPREE B i » (R NOx BERLE B - {E K IETE B M= -
PRI RROER R TEUR - m] ARG IR == NP LSS T E R - (R S FEYITE
PR LFC TR - EE AR R > 7EMmRYD NOx BYHER - 28 > &
JEVIER R BFETTR » SN R B G et - EHEEmEEES N

FlFZ 2 o

T

— Flame
‘Y
y_4 w
A
P w
Z X __ Ignition

Fuel-air
premixing
zone

Fuel Fuel

Airi' - Air

10 SRR BE(IE] /e A TR EMA BR (B 5 ) Z D FE Hh SR TR

KNG HPRIE (Moderate and Intense Low-oxygen Dilution » MILD ) &5 —Ff&
A A PR AR 2 N KO AR AR A R BRI Yl « 22 (R i B S i B & AT

(Lt RASERIZEE - MEMTRERKIGIRRE - IS NOX HIHEIL - CDC =] DIBE#
AT EAT LR © ELREIREISAVRS - {6 NOX 71 CO HER » URIRFSHANES
R

Bjianchun Mi, Pengfei Li, Feifei Wang, Kin-Pang Cheong, and Guochang Wang, “Review on MILD Combustion
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ultra-low NOx  ultra-low NOx high NOx high NOx

| L | {1 | 1 [ -

g E - -
8 HE £ Pust reaction zone Post reaction zone
E MILD El= MILD &
= e - S W =]
z combustion E =  combustion =
= =
- 2|2 : ”
5 2z 8 Traditional
TiaX: £ <
M{I. Ty =Y T;ﬂhxlglg B ﬂ“me
Premiix \ Premix b W
zone ALY zone o A [
v AN Tin: X,
i | | ]IEJET Tf'“ f T!Ln:“: T:'Jra l
. = X2 : ir Xp.=Xp
Fuel Air Fuoel Xﬂd ¥ KDJ Fuel + Alr Fuel, .’;ll"' 2, 0z Fl.l:l + Air
Y "3:} (T, X35.) (T X, ) (Ti X5, )
Nonpremixed Premixed Nonpremixed Premixed

11. MILD $REETETEUR/IFTEORARI T BUER AR IR 2 St 7

EHYAE (Lean Blowout/Lean Burn ) £Z{iiffE{E NOx HRBAHY [F3HE 1 SEEEMAEE

S FEFIEARER & EEAYEH] o ERAR SRR T - NOx BYA EBLRED R B UIMHRE - &
SRR NOx I REESE - LBO fifiT@aatR MR (lean combustion ) » B[JJE
DR ZE EHR- G TE » EHPAEARHRE IRV - BAE D LA & 22 SRR g b
DK ENEORIEI: - PRI KO RS & AR RS > T KO R S PR g i ploR e
(BER R MEZRARENS O IR 2R AR Y 8812 » s 5 ] DA NOx 1y 3= AR Bl i il

( Zeldovich mechanism ) - R[] - EFEMEFARESRIS G2 e ORI ENE ~ BEIK
YRS B > 2Bl E LBO FRERHVAZ L FTAE « RS (AL BV % ( heat release rate )
Bl R BERE EHURIEAR (heatloss) HVIFENLZ T » EUHERNES ZH R ERRBEE R
(extinction) VIR R A  MEARAT K IEIAEE 2RI t 5 e A LR 5 R A8 2R AR T
flr > PRI ZE AR K EIRBE (blowout or blowoff) SRR TR E VIR S § 12 LRI SR AR K Mg
BEE) ~ KAV B S PIE (flickering) 5 55 » E 7SS /a0 ~ AR TRE BV ER
SH AT RS CO Bl UHC 2 53¥4Rk » P DAEDHIAEEAE e B i KRR
LR AR K GRS E PR DL i S i CO/UHC Y4k -

of Gaseous Fuel: Its Definition, Ignition, Evolution, and Emissions”, Energy & Fuels, 2021
WEIAER,” EMTRRINEENERNRE T ERETE =68 P ERENL+=FAH HR
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120 “
LBO Operating Range NOx

100 = -— T g Rang; 1
H s
S do £
§ £
: s
8 40 = 1o 5
\ Z

T / 5

-
ol—t=Tl1 1 ! 0

1500 1600 1700 1800 1900 2000 2100
Combustion Temperature (K)

12. ZiiphiE (LBO) SR FHY NOx Fz CO A:pkhisg

s S 28 (Low-Swirl Injector » LSI) FREBER ot /2 —FfHAZHY NOx #E/HlHL
it AR BE AU R A A T TR i it YOG AH EIR R IR « AR D e B ey R4 1
TR GEIRFOR I BREE - TR ZHDKER: “BERz (standing wave) 7 < 2K
YR —EDKOE R S BLR AR R AR EIRV AL B o] DUE A EARE A K » WRD
SKIEMEK (flashback ) FIECKHYRTREME -

H Ao > EEWRE Ry T P Re EERZE NOx HRI > RRs& BMTA1 I 4l S8R
BEARE - EEA/K (H20) FIZE bk (CO2) - Hrt CO2 FE/KBEE1R 7 BETE -
[FEF > NN 2ER - SORIRENI - e BIFAESRANE L - XEEERE » i
TRKEORE > SEAIPARERER » B DR BN E RS - e KRR R & - Al
ERNRE AR AR - EVEZF - AT EAE R R DB - #ENE SN
AR R - B HEE RIS SRR TE > AL Bk - SBRRIE - F
BT BERS > FTTRAVREE A > DASEERIRARSS - IREE H AT A T ke AR R
ERRNRIITRK - IO B RS > S S SRR - EEREES RO OE TR
SKIEIRES - PRE S B A B0 > A —eheEes - WRERIRIIREGET &
MHRRAESS A - R sk (DR Ry e i (R K AR 2481

DLE (Dry Low Emission ) YRGS e % 0 FSE R AR S i R T i A2 Y
HEDB > Fi57E NOx Al CO - DLE WPABEM Y T FR 8 1 AR TR MIARL T -

12 Fagih, M.; Omar, M.B.;Rosdiazli, I.; Omar, B.A.A. “Dry-LowEmission Gas Turbine Technology:Recent Trends
and Challenges”. Appl.Sci. 2022, 12, 10922. https://doi.org/10.3390/app122110922
BERTF, “ZRChiERMT 48 (=) BRI BT IR EE R TIEE 4, 2017
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BHEERREE AT R SRR ZE R, > PARREK R FE A NOx AYAERK, -

DLE ARSI 2% (B S 2l Bt

THIEMAEE © DLE 4t fea TRz R AN E IR S - Bk o] DU KR
JERER - FEIMIBE D NOx HYAERK » NOx FEZAE = misis NEA - NI (IO 2
il NOx HEfey F 2 FEL

JTELINEE | DLE 240 B (PN E AR - FIRENE AR IHAELY 97%HIIAEL -
R 3%HIAR TR B S [0 - BRI R & N RIS -
MR E RS © IS | APAEEE DLAE L R R B - BRI KN -

Dry low emission combustor

— ]

Premix zone
LP stage 2 —— —————— Lean, cool
low NO
LP stage 1 —— ——
Lean, cool
Pilot — —+— ~ low NOy
Main fuel
Swirlers
Conventional combustor
7 )
—
D
= \_/
Main |_|
fuel

13. R DLE PARESS IV FURIMEEE AN B PRI 5 [ REE A(Pilot) » T Ry
RGNS

DLE Fffrty S —EHEAE R PREEA TR E M - A0EDKATE PARYE P - SRR
S SRR AR 22 SRR S A D L OB EE AN SR B 3R - A IS L R i
DLE WABERES1E (RFFPABERR 2 1AV (RIS [ NOX 1 CO HEiL -

4Medhat A. Nemitallah, Sherif S. Rashwan, Ibrahim B. Mansir, Ahmed A. Abdelhafez, and Mohamed A.
Habib, “Review of Novel Combustion Techniques for Clean Power Production in Gas Turbines”, Energy &
Fuels 2018 32 (2), 979-1004
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FPABERIBDERCR 1 - W0 EIsRFEEA 3R > ZRM5A 5 2 ERABER i A S 1o S el
SRS - SRS FURRERS DURRIRIRERS - B BARIRIRE U ESS (EV) »
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15 Boyce, M. P. “Gas Turbine Engineering Handbook, 4th ed.”;Butterworth-Heinemann: Oxford, UK, 2012
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7 -~ Siemens Energy AR R S lintk

SGT-4000F PR ZEF-4K

Siemens Energy /% =] DAIT AR B EARAHAET THY SGT-4000F AR B i 2 PRk 5 7
SIH H Ry PR GE T e U HoB g » HT MR SRR T TR ~ (K NOx FE ~ 12
FHRE M DA BV 1 - (HOE Ry B 1IN IEe a8 BORT S BV S AR R - BT T
FFRBE PRSI R - RFSEGR(EEZ (2 Stage Operation ) » LUK A A ZE @R D
KhkEz (CAR) HYFEF -

Fuel Gas Pre-Heating
Improve fuel-air mixture

Cooling Air Reduced
Combustion Chamber
(CAR)

Turbine Upgrade w/
Reduced Cooling Air
Consumption

Pilot Burner
Improved mixing of
pilot burner to reduce

Save cooling air to reduce
local flame temperature

average flame temperature

Selective Catalytic
Reactor (SCR)

Reducing NOx emissions
downstream of GT

Premix Burner
Optimize mixing to
reduce local flame
temperatures

PRIBESSTHREIIZ OAER 5 ARSI PR ZURR R Es Y Ssea  FHIRL SR PR A i
WRIsE F A5 [ K g (Pilot) - i =URRERs HIFS R IR (Pre-Mixed Pilot) » f;
S B IR R es A AR PR BEES - AR FEF AR ZZ R AR SR » FEEK
AR R LI (E > #EMFER NOx AERK - 9 Siemens Energy FYEEE - PAREZSTT
A NOx HEEEFEEE 40% o LEFh » #r=UNGas A FC RIS B R - ATHE
— IR NOx HEBCILFRTT%

Pilot / Diffusion Burner Improved Burner for Lower Premix Burner
Change from diffusive pilot NOx Emissions Change of nozzles for
to Pre-Mixed Pilot (PMP) improved fuel-air mixing

16. KRS B OEEUR FUR (S ) » R FDEAEE S A S a5t (h)"

16 “Workshop Advanced GT Technology and Emmision reduction”, Siemens Energy &[4
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AR PR RIS B R SN =PSB B e BRSO A ORI R FHR P RLEITRIR K
AT S [EKE - AR R P R (R P - IS TR0 - ERELATIR
5K G > AT SRR P ATURUREERS - FIR R VR NOx HEE
R NP EARFREAE B (EEEAS NOx HRIX - A1 - WiFEERFIR A
(BRI ZRAE T ESS -

SGTx-4000F 2-Stage Operation SIEMENS
Operation cnercy
100 - 100. ;
e |
—— Premix Gas 8 remix Gas | g
gS‘J_ gg 250— gg
% i s * i E
25 & 25 | &
g T T T T i T T T ] g /I_’/I_7(I’-’—iz-l- I T T I
0 10 20 30 40 50 1] 10 20 30 40 50
» Dkk 20 40 60 80 100 - Q_ 20 40 60 80 100
I-iz % P;:wer Hz % P.ower
3 Stage 2 Stage
= |gnition & synchronization in diffusion mode = |gnition with pilot line
= DM = PM switchover at 20-40% load = Acceleration & synchronization in PM

B 17. PR BB = i B A T 1A R AR TR 1

RANZE Rk D ERNEE 2 ( Cooling Air Reduced ) RIl 2 5 45 IR BE 2 /2 Al 22 ROBFE
R 272 R R A ETE » HEM4ERF NOx BRI ELEEF2UEE - CAR J@%ﬂ@%éaﬁ%{l*
@JEP{??'J%@EE  MEHUES T EIEHY NOX JEHEGER « Hh4h » CAR RS = A AR
AGSRuRE » IEREZ TR E -

Optimized Combustion SIEMENS
Our Approach for High Amounts of H, Co-Firing & Low NOx ~ GNCGIreY

1. Cooling Air Reduced 2. H, Optimized Burner
Combustion Chamber 3 = . .
= Potential Benefits

= Potential Benefits ; ;
* Stable operation with H,

admixture together with
cooling air reduced
combustion chamber

= Cooling air reduction, allowing
+ H, admixture or
* Reduced NOx (<15ppm) or

+ Higher performance at
constant NOx

= Scope

+ Diagonal swirler exchange

« Depending on H, content &
natural gas specification,
modified auxiliary systems &
1&C adjustments are required

= Scope

= Flame tube replacement
including flame tube bottom

« New mixing casing

+ No modification of combustion
chamber shell _ . R -
—@ Scope optimized according to emission limit & H, co-firing target

18. CAR FHR AR E '
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SGT-9000HL series

SGT-8000H series

SGT-9000HL

FEEREE T - P TIRSEGERVEESN  BEoaA A FIIEE » oG FERRIRAHRY
H4%& > Siemens Energy 7 H] [FIHF i 1M ST HER Y SR iR SGT-9000HL -
SGT-9000HL j* 2013 FEFahigaest - Wit 2019 FEEEGEETEI(60Hz  BFEIR) K
JLE(S0Hz © RGN T E TR SR -

SR HL A omim e A H SRR e T2 - fE T 22 Bl B i iyt D A
H o FEOE BTSRRI SUE

® JRUmEiRERIE

® (RIS

® IESRIEERTE S LAl

® JLEEAYEEZERE (TBC)

® EUUEMEmEE S HY 24

Compressor Mid frame Turbine Turbine exit cylinder

Rotor Air Cooler
12116 combustors

Enhanced 30 airfoils (37 gen)

1 Inlet Guide Vane/2 Variable Guide Vanes
Simplified casing (combined Vane Carrier)
Individual cantilevered statorvanes o P —

Ambientcooled Turbine Exhaust
Casing Struts

Cooled slage 4, free-standing
Rotating heat shields

Combined Journal

Thrustbearing topview

LT}

s 2.

i A
Uncooled Turbine Blade 4, shrouded

Metallic rings
Interstage seal housing/Pre-swirler

Enhanced 30 airfoils (2 gen)
1 Inlet Guide Vane/3 Variable Guide Vanes

12116 combustors
Mo Rotor Air Cooler

19. HL SfAm mmAR T H S R Bm SRy 526

Comprassor bleed-cooled Turbine
Exhaust Casing struts

{B15—F2HY 2 Siemens Energy jAEEILFZE444) Duke Energy Jif NHY Lincoln
Combustion Turbine Station FTEEE Y SGT6-9000HL AR M limt&is 2022 45 )\ HIES4
R A shatss e R KAE B A 2 BRI A ER (410.9MW)'® © 2022 £
1 H B LS 60Hz AR Hm 55 EEM 100.56 MW /min FHE(REHY R 4SR5
EEMRAFHAERIRNS H 2R EZ > 0] DUNEER P AR RE R SS R A ARG » AT H ¥
Has IR BhiF e L e R e M -

Hans Thermann and Gennadiy Afanasiev, “Siemens Energy HL-Class gas turbine sets World Records”, Gas
Turbine World, March 28, 2023
BMost powerful simple cycle gas power plant, world record in Lincoln County, North Carolina,
https://www.worldrecordacademy.org/2024/7/most-powerful-simple-cycle-gas-power-plant-world-record-i
n-lincoln-county-north-carolina-424319, Jul 04, 2024
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Table 1. SGT-9000HL simple cycle performance

Gross ratings at ISO conditions. natural gas fuel.

Data varies with site conditions and type fuel.

Design Rating 50 Hz Plant 60 Hz Plant

Power output 593 MW 440 MW

GT ramp-up 85 MW/min 85 MW/min

Efficiency > 43% 43.20%

Heat rate/kWh < 8375 kJ 8333 kJ
7947.9 Btu 7898.15 Btu

Turbine speed 3,000 rpm 3,600 rpm

Pressure ratio 24 t0 1 > 24101

Exhaust flow/sec 1,050 kg 760 kg
2,315 1b 1,676 Ib

Exhaust temp 670°C 675°C
1238°F 1247°F

Emissions

NOx with SCR down to 2 ppm down to 2 ppm

Without SCR 25 ppm 25 ppm

CO emissions 10 ppm 10 ppm

20. SGT-9000HL M:gE

21. SGT-9000HL {4 s 2"

(£ LES =B RIA RS

Siemens Energy SRR ik s b RE AR SR # e TR - 12 S
FEPABEAE TR INDR LR SN - B G BRI RCR ~ mIEEMELLR 2 - IRR
e (EHEIREAERE - (FARHTEEATREER T - MRy OIS (B B En iR Ae
UGB VDR ZE R B -

1%Siemens Energy Facebook
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Computational domain

Water cooled
emission probe

Combustion chamber

Combustion air Cooling air

22. {#H] LES fHEEAERTEIE (SiEkz )

T s E N RE - Siemens Energy ¢ T LES #i#¢ ( Large Eddy Simulation )
Ty - LES 2—faseEnVEtRURAEEN)EE (CFD) Ry - sEAmsrAfif kA e aiE o
HYRED - iR LES ] DUSE 4t FEOHIAGELE A Bk THUTT Ry - fEMmER it 5T AR TE
A SEMVERET - BT AA BN s B A R B asVE s T R RIS R E M - £
G E R E T RAE R TTE

$ .z
L 2
-8
. g
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75 ~ Siemens Energy BV /T EAR K FEE

AREEMAS4ET Siemens A FAVEEEIEE H 1847 FRILLIRCELL 177 4
AR BT AR E P ey T2 ey > {88 ) ~ B FIE AR EEUAL > FrEEB)EE
A3 - W14 > Siemens ELEBEERIE ~ BEEMERIE A LEIRAYEEE > £ 2280
HEAER - HEERERER AR R AN SR R AR S B E -

1959 I, / gm—— 2000
Simatic (513 syngo
(electronic bt user interface
1879 automation) S

Electric train
= 1939 E-?- S 1962 2000
1847 ’ ¥ Electron ' 48} Thyristors Wind turbine
Werner von { microscope T ¢ 9 rotor blades
Siemens founds : Y | in one cast

)

1881
Telephone High-purity o L Computed

switchboard silicon jue s y 9 ‘tomography ¢ gas turbine,

scanner i 1 370 MW

1840 |1asu |1BED |1am |1sso |1390 |1900 |191o |1920 |1930 |1940 |1gsu |1950 |19m |1aac 11990 |2ma |zmo |2020

I : 1958 1] 2013
"* Heart i ' PLM
I o pacemaker .Y (7R < Software

1847 1866 - e s 1988 2010

Pointer Dynamo | ey Traffic _ Megabit -dt- Biograph
telegraph L light . 'k chip i | mMR
a \ |

1965 1985
Electric Coaxial Integrated ICE —
streetcar cable circuit e o speed

300 km/h
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Siemens Energy /& Siemens SEEE N E L EEIREBIITAE - B BEER
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Renewable Energy

B 480
s B

IKEESEIE © Rk B IR E R AR LB - WHE T e L ey B - BT
2030 FERESEESAERTR - 2] 2023 FAEHSEEDHER 100% Lk
BT LAKE] 2030 SRR EIFERT NIRRT B D 30% AT 28% -

Ffrfk © Siemens Energy fRFFEIE((L - A HEEE Omnivise iz Az
A B PR 52 - Omnivise JEEEET - SRS A S ERL T
PpS L2 > ETEE R PR RAEERCA ~ B0 AErs E e - f2eReR R
BAIREST » MR DB ME R AR A -

BN IE - Siemens Energy sPakEIF PR TRE RSB A AR
7oK > WFASE T Omnivise REJRE MR - AT K S EHEESR
FERIRIA > DURCRPR RN 2 = SR [N & FIRE ) - Omnivise REJREHE
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Omnivise

Power plant ™~

s

Blending station s Gas Turbine

H, storage i ; Batteries
Heat recovery option
Heat pumps

Compressor station
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