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R DGR A WML ZE e HEJORZ 575 325 B9 3 P ek Gk
FARAL AR R VT

WmAEES, T, 5m, 255, RATRiz-FEKL, &Rk

rp A R 58 I 2 B SE AR R I AR BE . TR ISR 834000

B OMRERET, KEEIERERE AM R H1 427 02U LA s o JERt 048 v =Xl ol R GE 1 LART P45 i 0 oy
FETEAMEE GRS REHAR, B ARG 2 LG ] AR RE IR A& LGB ) B s Rk, K
HALAH R G I TR R PG BT, JERSEAT A SRS, IRIE I SRR, [ WA HE A W R, Sz
A MERAR . SEBUHRLE B /R FIA X RS -ZEIRBATEERHLAL ( gas turbine combined-cycle, GTCC) 2023 fEAL41 A
FEIBATSR. BPIRARSE, ETIOE . HERE T RS . EITEIE RGN T T IR R S LA R HE
BOEmE R, B BRI OR FIHE RO I IS e . DR A SRR, IO L2 ST R ARSI & A
BEBRAE (B R 2535 I FE 10.60%~11.40% , SR FAMH O B i B4 s 22 Y5 FEL . 4.63%~6.72% , AN IR Tl HEC i e 4 25
Al 6 15, WHEHCRBE A ZHAE 1.2 /5, FFRENLA fm T, WeHEBUUR R SR . FEXT AR S i, (B Sci ik
B, BRHEA R 2 I KT Ik 43.18% . 5 [ERISCIMLRG 2 MK ZE, $2 TS0 s et vk, 53R BuR, AR
FEG BT TR HEOZ B MM E LA BT, BJE, BTRRHEEA S, 455 PI4LETT Ak e tES
B e/ S Ik Sy T AR BRI HE I R A, S5 A S TN YR AR 25 A e R 22 /N T 2% 3 Hral R
R, SASHIAEM T, AR R SHLABAT 0 s R OCH I, 7RSI N % BT | AT & 1E RECT LB 45
ST AME, SRTHRHEBEAE T . AR AR 5 TR H T R G R A AR R R AT AR

KHEIR ATGENE; BREVLA; BRHERONAE:; BB b TRk

2020 4F 9 H, XUk HARRYSRE s T o R GEIR AL BUUERE, T FISeRematHE B br, ESr “1+N"BURIK R
s HEA Y S B= b ZE A FIRE TR TR ek IRk fk . 2020 TR ERRHERL R A 10.38x10° t, Hirfre SifkHE
A 3.67x10% t, & HlEsE S 17307 Rk, dER A BRHEROZ B3-S PR A SOT RS Tt HE TAERY
K

2021 FFREIAIE L LR Y 47% Zo47, KRS 60%, #EA 21 e, FHBLEEHE A
VREEA R AT TS ) B LA 5 32, RSB E E  S5 TR R Re R R LA o AR, R
R AT RE AR, TR0, fRlaats R . MR BAE LA RBIR & BN ) — 28
X, HAAN A S ORI — 227, IR PR R f, AR T s il . X Fb Ak R
KIRFT R SBISRARTE , KRG ARSI P K sl ) 2ok A T, ZE50H 2030 4 RRS
AR 2 LU 15% MRS, DIRIRR AR A, Dl i, RRLa DA
e LA AT PR RRIRCN R BHT R ) R OCEEA A, iR ZE 2022 4FIK, RESNELBEPLA R R 25.6%
10°kW, HAPSHN 1.1x10° kW, b2 4.5% ., 2022 45, FREFIRSFIHIEH 3 663x10° m*™!, K
AR 2 18%, RICIRSIR SHIAU R I E K, 5 ARVC R RHE RO AT A A R oT

AR, HERAEE R PN XA T . AT WA By s bl X A i KOG L, KIS
FREVR L™ PEGETT, 2022 4R i HT RE RS HL A 50 4 065.5%10% kW, 53 sm i X B BEpL A 5 1Y
36.09%" . FUSASCARFIRGEE H IR et S ATl sha i, 15/ RE L st T SIS K. 3 e
REVRINANRE ST, e IfEREIE s MRS T, AR IF ZE A G AR R B PR A M2 LA SR F X feiz
17, BEERNIASEE ST . M. UGS, ORI DO ) R R AR, B R
WisBEA: 2023-12-21 FHA HHE: 2024-04-12
E—1EE: WILEF (1995—), B, Bit, THEI, B9k SIRME A, yyysssxx0419@petrochina.com.cn BRI {3 {F %
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TR 57T AIRIEERR A LA AR O R AN A R . TR, AAWTFELR S IR . P4
IBFTKFINER, RGP HTIHIBA A LA OW R, MUERRHRZ STk, LRI L2 o SRR
Btz A, BV ST E ) 3R GE T VR A rE D LA R (O, DABrRe oI . A A e g
RGUHRIEHE SR

1 RHBEE A

1.1 SEE
MHTRHEBOZ 1 F AR SR, S R TR S S, a2 a 1
CO, BBy ELE W A2 48 ( continuous emission monitoring system, CEMS ) BURE/ T EAE SR BUHE = ,
FA Rt et aa i, [RIBRED T IR ZE AR IR 2SN . SR, 2RO A VCECEE . a5 A
BN AR AR R TS S B EE R 2 LS, ARE S E A AR IR Z 2 (natural
resources defense council, NRDC ) (HE®™ Wor, HHERAEZRRIMEH, HAORETRER T 10%~30%;
USRI A AT, WA 8%~12% MfwZs. FESMNHABMITFR " ki, IR IR & 1
BRI AR R 2 35 CEMS RIS/ 39%~30% MfhiZe. HRTFRE AR 3
FTEL CO, Wik &, EM/DXHA RGN TAHICAITY, Wi nT S pEas.
CEMS MR FHPHZE R ARG IR AR B AR i i
AMFFEMIAALET PR Testo 350 ML, FIHTR FARESRTR S G THERR BESIE, 7B
IRZEANHITES% . AR CO, WAL S HL CEMS WM R R 2 e oRREfL . A, BRI CR
FEBREHIACRFESLIT BTG 60 min AT, DERFERECKRBCEAME, #ad (GE#esbliis ) (HIT
870—2017 ) 114 CO, Wi, A==t (1) PR,
p=196xw (1
e o WERERES T HIAH CO, sk, kg/m’; o MERINEMRA T CO, FIARFRE, %,
B T = A SR 79 @ TN 123 5 UL WS W G U 1 o 7 R bS8 R W AR LU E 5 NS/ W)
(HIT397—2007) ([ 5 YL R il 2 5SS R 1 ) (GBIT 16157—1996 ) it
VARG TREER: . Wl . EEAPHA
TEERI I oRAREER . TRk R A Bk R ) RS SE, TRl gk
TR S IR P ARAUKZR SR T], BERAMRAE, TR E R . R BEE St AHiE T ii—E
RFIR A Z A BRI BE RIS, I E R EERHE IR R S A kK ZERE, TR
HZK i EE AR A P — e AR, (i R R MR AS AR B 7K o
TR, WA ) 1 B RIA E AR S R & Bk o & . FE R A R R B BOC R e AR . FEAE
B AR T D AR AT — R A A AR P A TR U 2
A ) TR TR
Kot ) 23 B+P

Cary = Ove X(l ~ 100/ 273+ 1. X 101325 2)
A Quy MPRHERES T HRAABIRE, m’h™; O MRS TR E, m’h; xR
BE, %; TOMMSIREE, C; B WRSIET, Pa; POMHEREE, Pa.

ABIFFTBERC ) R FH EE B A X AR AR B R RN, 28 R G, TR & T LS CEMS 4347
{SCEFEEE RAMEI, AAWFORR A s AR E ) e PR E TR R, ISR Bt
TR atr, SR XeiE, Hpid s R REA W= 3) s,

21
0, —(0.5CO’ +0.5H, + 2CH)
T N(RO,+CO' +CH,)
2 CO,+CO+ Y mCuH, +H,S
A oo HITEZSRRZEG 0 HHERAL O,, %; Cco MHERAL CO, %; H; RHEMAL H,, %; N, MHEmLL

3

Qgs =

21-79
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N,, %CH, NHEMAL CH,, %; RO, NHEMHAL RO,, %; Co.H, MWEIRLLIE, %; H.S MILHIFEEH L
A, %N, HREFRER, %.
SRR R TR TR R AR =k 4) s,

Vise = Vro, + V;(\)Iz +(ag -V 4)
s Vi HHERETHAUATR, m* m™; Veo, i RO, B, m>m™; Vi WIBASAR, m'm™; vOousl

S =t L 3.3
S E, mm o,

1.2 HEFE

THAE D EIEHER N AR, SETHE I IEATE B T AHER R o i SRS T
%, A BAURE X HE RO A A TS S SHER T, I LAE s AR sl A E A H i B 1Y
HERCE AR A 2O RAR R, WD TR, AESA AN S s Ol T BB R AT A T
PEo BRI, ZOTARITHE T2 MR, ZReIRM2ES . AR, iR EEm, HElH 72
Ty IR, A R s L . BRI AR (5) R,

Eco, = ) (AD;X EF)) (5)

K Eco, MR ALAIREMRE I — AR, tCO,; AD R i FMEARENE SR, GI; EF R
i FRRHHERR -, tCO,-GI™s i MAARRIRISE
1.3 IRl EEE

Jo e A S T B SR e A, MU RO AR TR R RS . Bue . AR AR,
TeHEFE R RS, AT AP TR (RN S h P i . S PR T DABOA RS (3 AR 2 A
BeAs . WA TR B, (A AL L RIHEC P R R, s i 2Rk A 5
B RgGHRZE . BAHEAR I (6) s,

EcozszCarXOFMx% (6)
K Eco, MRAGTRIRHEICE, tCO,; BAMRAIHFEIEM ST, Nm’-h''; C WA e, tC-10™*
Nm; OF\KHBRER; 2% CO, 5 CILRMF2UTht .
2 et

2023 4 1 Ale, AfFRAH ISR TR, B AR IR XL 4 SHLADMERC AR e IR
RHSIPIIRIE AN, I, AT LUHEE X S ) 2023 AESAEGHET TR MR, X 76 MW (4 SHL
) TR, 4 SRR FERIAIER LA EEEHBA (GE) /=1 PG6111FA BURS AL
SRR AU RS . BT B ARTEFR NG-MS6111FA-R FISHE I SOWX18Z-047LLT HIZEIK
AL S VAU LA, BeA I SE I R Ee, AR IIE R 40 m, RSSO TR r
U5 32 m Ab, AIRHRE T AERY . SO, Al NO, #EATIEIN, AREA CO, HEUIM &4, A5 CO, Hill
ABUKE (1 E T AR (SO, NO,. Fokidy ) HEBGEZE W AMAE Y (HI/T 75) ISk
S
2.1 EEGTE TR

R4 i R WAL R HEBOK S, AN R E RS0 (supervisory information system of power
plant, SIS) $¥& & Pt LA A a T EEIE TN F R, SEIR 4 S AL 2023 47671 fiuf 2845 A 1 L L
Kl 1(a), HAREE H ffirbénsal /A6 EanE 1(b) .

HIE 1(a). (b) AT, SERITEA BIRENLE Sl AL fr 2 2SI, TR L 80%~89% 11
TR ER, 40%~49% Tf R0 RIS /o KRRk, PR, ThaEmE 4 5%, 456
SIS BRASERALRE, Tk 43% Tafr. 56% ifar. 71% g M 83% WALzt it it e Tl
HBRHEROKE 2047 .
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Fig. 1

2.2 BRRHESHFMERT CO, HEHIE

RAEH R BB THIREE . B HAER
R, RIS G0 R BT B
VEUR T -28 7B SR LB A A A R
B SEAT B0 far XL AR AL BE A 1 R,
AL M RAR T FAAAE , KB 4 S LA
SHMBNFE

SRR SR IR 2 i, IEEA
] T-O0 T BRI A AR AE 344.91~348.05
GJ- 107 Nm™ Z[H), HUH-5 54 (EAH ol 22 X [a]
H10.60%~11.40%, XFFRERCR T Firfdi FH B Rk
R, HERA SRR, RSN Z XK
BEbERR RO T S R, EAEbeARR TR Ay
SERARIHER AN & i OGP 3, B AR &
PRI (A R R, KA =8
IV d 8

HRAE IPCC (2006 4 [E 5K iR 28 SR B8
2019 FFEITH) HRLE, RARA AN A St
¥ 0.015 32 tC-GJ ' fH., X HEBEBUSR SR 28950
IEAHLLL SR PE SR S A S s (E, 25540
% 3 Fim e RIRERAIE B ik B SN S s
(IR ZAE 4.63%~6.72%, TM2ZEHN, BALTIE S
B AR e AR A A A — 3, {EL Ml 25 T B U
b, FZERWRRI 22 S, HAR2E T REAY IR
FERIR IR e LT3

S AR X I HE R (R 52, ARG

Load distribution patterns of gas-steam combined cycle units

=1 BAGE THRASEN TR

Table 1 Natural gas composition data at typical loads

WA TH1-43%  TH2-56% TH3-71% Tii4-83%

Hfir Gt Hfi g

C\/% 92.65 91.11 91.16 91.09
Cy/% 224 3.45 3.42 3.24
Cy% 0.80 1.27 1.33 1.22
iC,/% 0.22 0.32 0.34 0.34
nC,/% 0.25 0.34 0.36 0.36
iCy/% 0.10 0.10 0.12 0.13
nCs/% 0.08 0.08 0.09 0.10
Cy/% 0.15 0.05 0.06 0.09
N,/% 2.73 247 2.39 2.46
CO,/% 0.78 0.78 0.74 0.92

72 BRGG TRASHIRLLHAE
Table 2 Net heating value (NHV) of natural gas at typical loads

e TH1-43% T2-56% T.003-71% T.1%4-83%
7]\

i ik i b
SCINAE/
(G107 Nm™) 344.91 346.53 348.05 346.56
A {E/ .
(GJ-10* Nm™3) :
fi2/% 11.40 10.99 10.60 10.98

EAFEZTT T FEBCRAESIAKY, FEA RIBRHET k22 25 m . 25590 LB an 3% 4 iR,

FE% 4 ATAL, YRR AHER R 7 (CSEmigidi ) TSl eHRRCR LT —2 i PHER kAE
PR AR T HA R 2 EERBOTR TR, WMIZRERIR A i . S5 nR ok, ik
YRk R I Mg 22 o R A AR R - (B B0 ) 115 2 A ik HE I 22 Y T 7
4.34%~6.00%, XA, HaR2E BT DLH R FHERC R - B UL RS Sk rgAERIVER, mTLAESE
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Jr e AL ZH R AR S A HE T 29 2R 0.058 78~ 3 AR NARSBUAMESTHE
0.059 95 tCOZ'GJ_1 . VLT IPCC $8 /g Fr ety Table 3 Carbon content per unit heating value of natural gas at
B HERCH T 0.055 61 tCO,-GI™', M2 X [A] Ky typical loads
5.7%~1.8% , LG BRSSP HRA AR L O i TH1-43% TH2-56% T3-71% TH4-83%
ZIX[E A 11.85%~12.87%. Uik Uik Ffif Uil
FIRSRAEEAE AR R IR SHOY 9alfiec-GI) 001603 001633 001635 0.01634
PUABHRCRE BAT 50, TEHER b, AP gesmec-cr 0.015 32
R TR O KB TEME o e m on
I3, BIEARIFRIR A k& A, 3
AR 5 PR, F 4 TERITE AP HS L
R s aTAIRE, TR, BARHARIA Table4 Comparison of carbon emissions using different carbon
TIEITSEH R AR WA 22, DIYRP-r conversion methods
AR AR & T T R 10.53%, P sy - THZ THI- T
W AR R 1243 A TR HE O35, 22 RA 3 - 43955 S6% B 71% i 83% i fif

7.18%. [RIMEHL, RARREA S, RAHHE A T MM 3498 4101 4573 4857

TR T (SEME ) A2 R HE A i (Bvg (tCO,'h™) BB(E 3736 42.80  47.45 50.65

ff) OB s 5T W s
FONE T RSTARAA AT, WORIIRTY cony (T 349 4Lo2asT2asss

SR RHERC T2 (5200 BB IRES  hr cam) e — oos oo oo oo

3.03%, FJLAR RN EA SR 2N, R

R B S B R em M a8 4
23 HURBITRRRT CO, HErEm xS TR RSB

e - itk 4 %Tﬂ?ﬂﬁfﬁff:/ﬁi%%@ 'ﬁé%ﬁﬁl Table 5 Dry and wet gas physicochemical analysis
1, AR RAALEFT AR R T4 P WAl TR 8K
Bro XEBURR-ZERIRATEIALAN T, KRR C\/% _ 90.65  86.61
M RERR AR ARSIk s R e, SR 3E % s ass
SIPEZARS A IRES T IS0, TR SN2 o B e
APEHGERE . I, S IEARRE T - '
R R R RS PR sE 2 AR, HIRRLR c - 2 0
(OFy ) . J RS20 B X OF W 34716 1F 43 nCJ/% — 02507
Mo AWK testo 350 M AT AES ik iCy/% — 0.1 0.33
SRR AL s R T RS X 4 2847 i T 14 nC./% 008 027
SEATHLALIEATHUREAMHT, A5 RS I SRR AL % C ois o
R, HEZHILTE 6. N,/% — 273 1.10

H172 6 IIA1, 4 LUBITHT R RIBRE L2 5 o e
T LAZS AT, BEMR SRR A LR e 5 ‘ i '
WRREERRT, TR, XH (AliRas ik BAERRR/CCT) 001532 001612 001664
HERO B SRR (CRBE) ), 4 Sl IRAZAEAGI107NM™) - 38931 35287 367.17
PRI SN TR e T (8, B AaR PRRPAIA/((COh ™) — 200 231

AR R, RS EZ BT HERCA Tk (Sl ) /eCOh) 2,19 2.09 224

HURABHEE ARG . ER a2 RRIN, e

WAMRAWILT, A amppn RO AMETAETOMRLE
100% ﬁyg%‘%o }(j‘j:ﬂgﬁqﬂﬂgé%}}f@%%iﬁé%ﬁﬁ <<Ij_k aovle aroon oxidation rates at airrerent operational loads
P TAEREIRUOHUEL) (GBITI0I80) MATHAL gy [PLLB% TRL2S6% LTI T 8o
A, ZIHAS IR, ABHRR R i R R

PHREIET, WHKHHSAERITT 2 7 P, PRILR e OFw 9999 9999 999 9999
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Table 7 Waste heat boiler thermal efficiency

HLAIZEL T 1-43% 1 fa T 1-56% i TH1-719% M T001-83% i fi
Hrs 4t 4 4 4
R NG-MS6111FA-R NG-MS6111FA-R NG-MS6111FA-R NG-MS6111FA-R
HRIER GRS {953 GRS {953 P {953 Pk {953
gk (kg h ™) 84 360 10 740 84 420 8230 97 230 14 110 98 360 17 460
ZKIREE € 116 113 116 113 116 113 116 113
47K K J1/MPa 5.86 1.35 5.86 1.36 5.69 1.32 5.66 1.31
iy 287/ (kgh ™) 84 360 10 740 84 420 8230 97230 14110 98 360 17 460
F#KIKES1/MPa 3.45 0.27 3.47 0.27 3.99 0.15 4.24 0.37
ZEIIREE/ °C 535 253 535 253 522 251 523 261
B ih 1 kw 78 704 77010 90 969 94 294
ZRALL 27.33 26.80 26.70 26.26
HEMHALRO,/% 3.61 3.53 3.56 3.47
HEMALO,/% 14.09 13.97 13.94 13.84
HefbCO/% 0 0 0 0
HEXEIRE/ C 74 85.09 88.2 96.96
HESHFAAR /% 10.7 12.4 13.9 15.1
AR /% 0.8 0.8 0.8 0.8
PRI Z %% 115 13.2 14.7 15.9
S50 % 88.5 86.8 85.3 84.1
RAERRIHFE = 11004.8 14127.7 16071 17651.5

STFARIT I 4 BHIAL, MRBSIFMUR A AERTRILEROL, AR R FEAO MR, IR
BREMREERICR , SRS T2 MR IR R BV A (e, ZEMR S RE AT B, it o hcrss (2 ok
A R TR R MREAO% , B SR SE ek, BEESRTTHES , HLAURERCRITY, BRI LL
TR/ T A i ok .

MR 4 HTHF B BERD SO EATRCR N R FTR, ST AURAHGR, R At 125535
A AR P ECR, (MR HRES, B AR R T, SRR R, LA,
BEEHALE T AT, SERHRINAR, HeboRbeit, HERE BTt HERRIR, A iR 2
PR RS, Hb 43% 2110 PPN HGCE N 88.5%, 56% a1 FAHER PR R 86.8%,
1% Bf ] PP PRGECE R 85.3%, 83% iz T PRGN HECRN 84.1%, KRR, KRS
WRERE LR

CESIRIMFER E SRR . BS80SO 4 ALEF T ATRL T BB , R T
TSR RS X R U 8.

FEREBALALIR AU KT L %
FHSHRE R ST R BT A L R P SR T i
%, [N BRI I AR R A3, Bk o THl- o Th2- T3 T4
R RS LR 2. A 2 ITLLE AR SO TVBU 8395
DU AR RS DL R Tty WPIECCO) 1988 2549 2974 3226
RIEIEEHINGE. WY, DU R el o o
THETTINEE (43%~56% ) ML CO, A i /N0

8 ARG TAVRRHIEE LSS

Table 8 Trends in carbon emissions at typical loads
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Fig. 2 Impact of unit operational load on fuel consumption and carbon emission

1582.7 g¢'Nm™ kR 1 737.2 ¢ Nm™, ffmi R LI 1%, FRAHRS CO, Al ik 11.88 g'Nm™; 7EH!
FARFIBITRBE (56%~71% ) LIRS CO, A it i1 1 737.2 g¢'Nm™ [k 1 824.8 g Nm™, fifjh FF
1%, FPAHRS CO, A= nidt ik 5.84 ¢ Nm™, 7R TAsTisfThrBe (71%~83% ) I, AR CO, At ih
1824.8 g¢'Nm™ EJky 1850.4 g'Nm™>, Hfifdg BTF 1%, FAAMAT CO, Api bk 2.13 g Nm™ . AHELR
BEBA I EAT SO W] B ARG, Haefbiics LR B AR <Y 6 1%, SRIIBRHECR LT T
ST IO BRI ST 2 AR R X is AT T DU R R . KIS s T A T
B

TESIATHLALEA T G A LS AR U TS A LR BRI R i, AWESESS T A T 0 T RYZE5HHE
TEVRFIRRHEOTNTEbR, RIS IR 90 WEERIE, MR ZRIRIKG IR LA =R 3 B Z Rl R &
PERGR, JUHARRARHLAIB AT LA IERI L SRR, 26 9 T R B AR HERU K- P E bR e
TRRAHERRR, AT B R A2 s S 2 T AT E bR n0 S E.

* 9 HEE(THAM MFHNERR

Table 9 Evaluation indicators at typical operating loads

2R 5 T 1-43% 11 10 C2-56% M T.O3-7T1%5 6 T.504-83% it
KRR % Tep 34.44 44.67 55.85 65.44
T HH2/% Eep 4.96 4.82 4.78 4.73
R HLERFE/(Nm- (kW -h) ™) bepys 0.381 0.341 0.302 0.277
P BAE/(Nm- (kW h) ™) bepn 0.401 0.359 0.317 0.290
KHURHEBGREE (g kWh™) Mg, 603.01 592.39 551.09 512.56
PR ARRGR /(g kWh)  Mco, 634.66 623.65 578.46 536.62

WA O P, A TARITH N RHBACE, | HER, HAULRiHRGRRE | At mcHEReR AR b
iR, mE 3, K4 poR.

HE 3 71, RHESCESHALa T R suEARSE, JFTEL G BRI R n s, o Tl 2 BT
1 RHEBCRIE R 29.7%, T.00 4B T0 3 REACEIE S 17.2%, T.00 1 MR ESCRAMON T.HL 4 1
47.4% ., (HAS A, KHEAFEXEUNFREEAUNGET TS EsE T &, iz S s 1244
AR L, ARSI UL E R TS oL T, AR r RO B R LZHAS T 67 A
(4R R E T, (R AT AR B AR RRAE , Horp T 4 & U RHERIGR B4 T 00 1 FREZY
15%. | BRSBTS AAEE, RRHH2E 4.6%, PIAZE S FEARREZNE) I TP AR R ReHE i i

& 4 i meHERGR B T, AL AR peHRRGR B AR AR T S Tt R A, HErARHERR
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Fig. 3 Relationship between unit operational load and auxiliary power rate, power generation efficiency,
and carbon emission intensity of power generation

W 2 A KA E 97.4 g-(kW-h) ™!, TBATE—HL4H
FEARLZT T T RBHEROK 22 AR AR
s T EE (439%~56% ) , TEfar P14 T
1% WA, B RHERGER BT RN 0.71
g (kW-hy's PREHEf B (56%~71% ) , fith
BRHEHGRE T RFE RN 2.95 g-(kW-h) s
BITP B (719%~83% ) , e faf 235 L+
1% (WA T, HEARHRRGRE T BN 3.66
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Table 10 Carbon emission data using different accounting methods
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Table 11 Initial cross-sectional flow velocity measurement data
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Table 13 Follow-up cross-sectional flow velocity
measurement data

Y/m
X/m
0.268 1 3 3.732
0.268 17.1 17.5 18.3 18.4
1 17.8 18.7 18.8 18.3
3 17.7 19.2 18.9 18.1
3.732 18.5 17.9 18.3 18.5

*® 14 BETEINEHKIE

Table 14 Follow-up cross-sectional humidity measurement data

Y/m
X/m
0.268 1 3 3.732
0.268 9.08 9.07 9.07 9.07
1 9.07 9.07 9.06 9.08
3 9.07 9.07 9.06 9.07
3.732 9.07 9.07 9.07 9.07

R15 SDWE GEE) SHRTEENERMXLL
Table 15 Comparative differences between the actual
measurement method (adjusted) and the material
balance method

SR SRR TL1-49% i T.1%.2-869% 71 faf
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ey SRIME/(CO, 2236 41.71
(% ) T2/% 2836 15.34
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Table 16 Quarterly natural gas composition analysis data

P 4 7H 104

C/% 88.12 89.27 91.16

C,/% 4.83 3.89 3.42

C/% 2.20 1.70 1.33

iC,/% 0.65 0.53 0.34

nC,/% 0.74 0.56 0.36

iCy/% 0.29 0.24 0.12

nCy/% 0.23 0.18 0.09

C% 0.17 0.13 0.06

N,/% 2.61 2.73 2.39

CO,/% 0.17 0.77 0.74

IR A 4 /(MT-Nm ™) 36.74 35.61 34.80
TR TRER/(C-10*Nm ) 608.36 58570  568.93
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Verification of carbon emission accounting methods for peak shaving gas
power generation units and exploration of optimization paths

YANG Shixuan®, YU Yang, LI Yang, WU Zaoliang, ALIMUJIANG Yiliyaerjiang, GE Suan

Xinjiang Oilfield Company Experimental Testing Research Institute of China National Petroleum Corporation, Kelamayi
834000, China
*Corresponding author, E-mail: yyysssxxx0419@petrochina.com.cn

Abstract In the context of dual carbon neutrality, the large-scale integration of clean energy sources has led to
a transformation in the mode of electricity production. It has shifted from a centralized power system relying on
fossil fuels to a new type of power system that combines centralized and distributed renewable energy sources.
This transformation is characterized by a high proportion of renewable energy and a high proportion of power
electronic devices, resulting in what can be termed the “dual high” characteristics of the power system. As a
consequence, there is a rapid increase in the flexibility requirements for thermal power units for peak load
regulation, leading to a sharp rise in non-steady-state operating periods. This, in turn, reduces the uniformity of
flue gas flow fields, exacerbates the difficulty of monitoring carbon emissions from fixed sources, and reduces
the applicability of measurement methods. In this study, the operating parameters of a gas-steam combined cycle
unit (GTCC) in Xinjiang (2023), as well as boiler flue gas parameters, were selected for analysis. Through a
systematic comparative analysis using direct measurement methods, emission factor methods, material balance
methods, and flow conversion methods, the factors influencing carbon emissions from peak-shaving gas turbine
units were investigated, aiming at clarifying the applicability of different carbon emission accounting methods
under peak load conditions. The research results indicated that the deviation range of the measured lower heating
value of natural gas for peak-shaving units was between 10.60% and 11.40%, while the deviation range of the
carbon content per unit calorific value was between 4.63% and 6.72%. The peak-to-valley difference in carbon
emissions per unit of gas was close to 6 times, and the peak-to-valley difference in carbon emission intensity
was close to 1.2 times. Furthermore, with an increase in random load, the downward trend in carbon emissions
intensifies. When comparing different accounting methods, the use of direct measurement method can lead to a
maximum deviation in carbon emissions of up to 43.18%. Considering the factors that influence the precision of
direct measurement methods, an enhanced strategy for the placement of measurement points had been
introduced. The findings indicated that optimizing the distribution of sampling points substantially improved the
accuracy of carbon emission calculations. Finally, based on the analysis of carbon emission patterns and in
conjunction with unit operating loads and fuel characteristic parameters, an empirical formula for carbon
emissions from frequently peak-shaving units was established using the least squares method. The predicted
results of the empirical formula show a deviation of less than 2% compared to those obtained from the material
balance method. The analysis indicated a strong correlation between the total carbon emissions and unit
operating loads for gas units. Therefore, when accounting for carbon emissions, it was necessary to introduce
load correction coefficients to compensate elastically for the accounting results and improve the quality of
carbon emission data. This study provides exploratory research for the development and management of new
power systems under the dual carbon neutrality background.

Keywords flexibility requirements for peak load regulation; gas turbine units; carbon emission patterns;
accounting methods; least-squares method
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