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Technological and economic analysis on total sulfur content limit
of natural gas based on industrial test results
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Abstract; In 2020, China announced that it would aim to achieve peak CO, emissions before 2030
and carbon neutrality before 2060. Since 80% of China’s air pollutants come from fossil energy, energy
conservation is the most efficient measure to reduce CO, emission. In the more than two years since the
publication of GB 17820—2018 Natural Gas, group companies of PetroChina have systematically conducted
laboratory and /or industrial plant tests on removing organic sulfur from natural gas, to meet the total sulfur
content limit target of below 20 mg /m’ for Class 1 gas. A relatively wide ranging and complete set of data
were collected from these tests. These data indicate that that the total sulfur content limit for Class 1 gas
(below 20 mg /m’) does not suit China’s national environment. A preliminary technical and economic
analysis of 3 operating industrial facilities shows that energy consumption to achieve the Class 1 gas target is
extremely high. This is in contradiction to the technology development trend of other high energy

consumption industries in their effort to achieve the ‘ carbon peak emission’ and ‘ carbon neutrality’ goals.
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In conclusion, this paper recommends to immediately revise GB 17820—2018 Natural Gas, and set the

total sulfur content limit of Class 1 gas as 50 mg /m’, and that of Class 2 gas as 150 mg /m”.

Keywords: Natural gas; COS removal technology; Total sulfur content limit; Sulfur emission

reduction; Carbon emission reduction; Carbon peak emission; Carbon neutrality
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Tab.1 Organic sulfur content of some gas fields and purification plants at home and abroad and their organic sulfur removal technologies
A e JEURR COS i/ RV URIRE SR/ AR SR/ BB PLR L Tk
(mg'm ™) (mg'm ™) (mgem ™)
TR H 130 20 36 ~50 Py BRAL R A
T H 316 24 <1 COS haUK A H,S #1 CO, J5, Lk 50% MDEA
B
PDHRIFTH 264 44 <30 Py R
JFENIPEILs 25 450 <100 WIER AL TR P R
X i 2
B e — 800 <16 FRIR A e T2 B B BE A R 2 250 mg /m’
i) J 5 P23 O B T 24k
BEEHIEAH — 1 400 140 PR AL TR T
x2 EBORAREU HEARER
Tab.2 Comprehensive energy consumption of some natural gas purification plants
i H,S AR 4 CO, AR % LEARERE /(M) - 10 *m 7)) &I
B RBERREAT 11. 5% 8. 0% 19 753 FST 612 m® RIS
BRILE RAR b 15. 0% 6.3% 16 233 LT 503 m® KRS,
FRRRAALE S ESMT 0.46% ~0.59%  1.17% ~1.33% 1849 T 61.4 m® KRS
FPRRIR GBI 0.2% 1.9% 3 398 H4TF 113 m® KRS

e BT A T o
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Performance of solvent on sulfur and carbon removal

Fig. 1

at different gas-liquid ratio
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MUEE TR . S55RAUFSE 76 T2 3808 Mt LI
FREA ORI S AR AN R T T, CT8-24
RER A HUBR IR ORI 2 2 60% LA b, DT84 A S
B A EPRIA 2 <20 mg /m’ | L3 4,
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Tab.3 Main process parameters of Quxian branch plant

iE] B &
Wb /(100 - d7) 150 A 2 B E
WS T /MPa 4.0 —
M AL B ™ /R 16 TR
TR K
H,S/(g-m ) 14 EEIR 4345 0. 92%
CO,/(g-m™) 42 EIR 4345 0. 95%
COS/(mg - m ) 6.4 =
FREE /(mg - m ) 23.1 =
ZHREE /(mg - m ) 12.6 =
MM /(mg - m ) 421 AR FURR 7 LR 85%
PR
H,S 50.5% —
o, 47.9% B EE 0. 95

T+ MDEA SE IR BRI 52 Bl FH A3 448

x4 WHBRFHETIASENHERBRSRILER
Tab. 4

Comparison of operation condition and organic sulfur

removal efficient of two solvents

i H MDEA CT8-24 £
W W

RS AL BEE /6.3 6.4 —

(10* m*-h ")

IEAE /18 30 CT8-24 JRH X WG & 1

(m*-h™") MDEA ¥ 51 2% W 1) 1 & $2
E67%

B AE /e 16 20 —

S 3500 2133 CT8-24 KISk LA MDEA
B L TR 37%

S H,S i /S 3 —

(mg-m ™)

b BB R/ 39 18 —

(mg-m ™)

CO, iR 40.0% 39.3% —

AHLBBERAE  10.5%  60.2% CT8-24 ¥ 74 HLAT ik %
Lt MDEA %535 A HLg I B
FARER L) 50 DN E A,

75 Rt/ 8.30  41.8  CT8-24 i 7l [N 7 < &ttt

(m*-h™") MDEA 375 5 [5] 26 < it 39 in
33.5 m’ /h

PR AR AL ARAE

H,S 50.5% 50. 8%
co, 47.9% 46. 4%
FARSBEER 0.2%~ 1% FEHTFIRBNTHRT, B
0.5% PR BN 4.3 m® /h




TR ELA T AR 2% B0 T U 1 kg BRI
HER SRR A T e AR A REAEZY 3 790 M, Jf- 3 Bl hk
Hel a1y m 37 kg, WK 5.
x5 fHit1 kg MEHEF £ SHRHEEMIEER "

Tab. 5

increment produced by 1 kg SO, emission reduction

Estimation of energy consumption and carbon emission

T H REAENS R /M BRHERCHS R /kg
FORAEIF AR 5 67% 105 22.8
INZESRIINZ 5 £% 925 RiE
AR 117 CHE 2760 14.2

%130 C

At 3790 37.0

e ERESTH I ERE M TN, B BLsE I 7 908 CT8-24

sl

NFE 4 ~5 AE L, TR TR G S AR o
M 39 mg /m’ [FF] 18 mg /m® B, XFEREE 25 50 W7 (4L

VW H 28
W S 2
K BT
WAL S 4 R AR
B 8

NZE A

TIRARARA
SEUR)E SIS

JEORF M

%39 % %5

AR 1) Ak BB & B AR 21 mg /m” U Y
TRISHERS S R 1. 34 kg /h;2) ORI 14 i 67% 3L
REFEHG N 140 MJ /b, BiHEHCEHE N 30. 6 kg /h;3) (75K
BRI (RS AR 4) 33,5 m’ /h, JF 5 SRR R N
1240 MJ /h;4) FiAE IR EE R 117 CHLES 5 130 °C , /b8
TNPAEZEPOHE 1 ¢ /(SRR 100 m® /h) 91588
FEXG M 3 700 MJ /b, B HEBCE G M 19 kg /h;5) DL EiR%L
P IR, A e N X 50 B2 T R
MDEA VEWE AT T 25 4 8 1 S 0 T2, Al T a4
AL BERRE M HRTZ 1 600 MJ /10* m® (JEURIS) FTF
FZ2400 MJ /10" m* (JFURVR) , BEFEHG IR 1% 50%

A LB BRAE A S 4 50 mg /m” I B4y ) RTG
AT AT Bl RT3 21 BB BRAEFR 5 o
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Fig.2 Process of desulfurization facilities of Yinjin branch plant

DR B T A B Ok 400 X 10 m® /d, 1980 4F
12 ™ . Yatizcke B A3 5 R H,S R
SEHRA.0% ~5.0% AP SR 1000 ~1200 mg /m’,
W Bl R AR AL, ik B 2 IR T BN Bk
o TEASREORBGE FT, 1586 2k H] MDEA 7K 35 W Ak 3
TRE B AR A, WIS TR DB A 14 270 20 23
FAL LAY CO, BiRRR,

Tl a5 s 7 F AR, AR T CT8-24 45 7|
(W A BB UL 6, FF- 905 1 i 25 HR el v AL R HL,S T

WERENMT 6 mg/m® PUAZBIAR T 000 4504 76 AL FRLR R
KT260 x10* m® /d B, IS WG PR 0 K 68 ~70 m’ /h,
JBE BRI K &5 18% ~20% .

SR Tl R 55 A 5 B, B 25 € 78 GB 17820—
2018 HpE—J SR B R A B2 R 50 mg /m* W _F AR
70 - R AT N 1) — 22 51 A B 15 e 24 ) S b R AT
H MDEA 7K V5 356 W2 J6 A 1) 5 A Bl A o 22 A1 T e
N ERAE A
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Tab.6 Absorption performance of CT8-24 at different working conditions

e e RS A
CC R, RN s coo  mmmms wss o RAHLGL B/
(gm™)  (gm®)  (mgm )  (mgm ) ’ (mg'm ™) (mgem™?)
222.4 69. 3 9. 61 47. 80 31. 17 2.56 1. 22% 13.91 16. 32
246.2 69.0 9.82 48. 47 27. 64 0. 81 1.23% 13.10 13. 86
242.9 68.7 9.37 50. 33 28.62 1.55 1.27% 13. 06 14.52
248.3 68. 8 8.70 46. 45 28.49 1. 67 1.27% 12.99 14. 56
249. 4 68. 5 8. 85 46. 74 28.52 1.99 1.26% 12. 80 14. 67
260. 7 68. 8 8. 88 42. 60 29. 62 2.20 1. 19% 14. 53 16. 60
263.0 68. 4 9.55 49. 46 28.02 2.70 1.32% 13. 55 16. 09
255.7 68. 8 7.58 48. 89 29.02 2.23 1. 40% 13. 74 15. 84
268. 0 68.3 9.83 47.28 26. 40 5.02 1.38% 12.27 17. 00
278.6 69.9 8.93 48. 82 28. 41 4.22 1.31% 13. 60 17.57
2717.2 68.5 9.32 48. 10 26. 15 5.33 1.35% 12.91 17.93
277.1 70. 8 9.26 47. 46 27.55 3.70 1. 34% 12. 87 16. 35

- S PROTSE R AR B T R F MDEA 7K % W BB + COS 7K
5 FAMST BEHRE20 mg /m” xR AR i+ A HUBR IR T2 B B T2 A 3,
PR IR AL ST T M 43T 1 JEORHS A HLBR 1Y
JRRRVR I AT 25 12524 186 mg /m” ; HLET IR SR S5
AT i A A6 R AR S ) (LU R RIFR ) I
B A BB e B A5 , 35 1 300 mg /m”® L |,

R7 MG ERSIFRSPEBR
Tab.7  Compositions of feed gas and product gas of Wanzhou
branch plant

2000 FEHFEH TP AL B 200 X 10° m jd, o DR R
BOR Uk F B IR 25 2000 AEEIR T 08 05 sl
SRR ILE T BB R0 MDEA ki 0 LAILEB A5 67 g
W, AR T A BB i 24 80 mg /m”, B M X B COS 79.93 mg /m’ 52.79 mg /m’
ARSI 2020 4E OB LS it £AEE CHGSH 30.72 mg/m” 24.39 mg /m’
77 g/’ TR BB O BT LR, R CHSH 416 mg/m’ 4. 64 mg /m’

e R S A PR R 130 X 10* ~ 170 X 10* m” /d, £ e+ 10 d HURRECE 0 R
WFSE o007, B &0 M 4] M FRAE 20 mg /m’ (3K
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Fig.3  Upgraded process of production plant of Wanzhou branch plant
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Fig.4 Photo of COS hydrolysis catalyst
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%39 % %5

SRR 5 [ S RIS R B B S O H WL 8

KUFBEFE TN 53T k45 J7 S8 28K, % COS 41 43 7K
fiff T2 M L E#EAL T CT6-16 JF & T T iFoY , H Bs
TR o 0 S A K R A A A )
FEAE IR, 25 Tk BE 48 b 34 35 2 [ A [F) 288 i Ak 7R Y
K

2020 AEAEJT MA@ T 1 AL B 6 000 m” /d
i) COS 7K fighitihe i, Hfi Ak f) 3 i i o 47 L, g 45
RULE 5 ~6, Mg 2 000 h i Lz i i 45 S R B, ¢
J2 R TR 90 ~ 150 °C, 253 2 000 ~6 000 h ' T,
b gL ] CTo-16 4h PR S, 7= 5t COS Jiit &
W/ T 2 mg /m”,COS AKAfHRT 99% .

Tab.8 Physical parameters comparison of laboratory sample and sample of the same overseas product

il 1% 7 SO B Ammo MEETE/  WRWBL AA/ PHAR/ BUERIME /. R
(g-mL™") (m’-g') (mL-g™') mm (N-5)

LR EMATIRES B 3~5 0.75 285 0. 35 4.36 128 0. 4%

[ AP RIS BRI BE  2.00~4.75 0.65~0.75 >160 0. 43 4.32 60 ~ 105 0. 5%
~ oy ] . o ~ - s z
g 110_=W ’ "T'WW*” ls = 7 RS COS Fibrk TZHIHAREFAH
ENQLAT I TR £ B A AR SCHR T 07 2 T 5 % DA K AR o
EELURE 195 bR COS 15T LRI IAL I TR
B o ! i = 1) BB AR BT COS 175 e i O JB e
S i 18 AR S KK LR A COS BRI A
2 fgmm Am L= KA ABERT COS ML AR S B , K2 B T 0

0 200 400 600 800 1000 1200 AR (> 300 mg /) ) BURHT, — AR T IRORER

iz F7E]/h
B5 KEPXEERMFHANA COS REKEE
Fig.5 COS mass concentration at inlet and outlet of

hydrolysis reactor pilot-plant
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Fig.6  COS hydrolysis rates in 1 200 h long-run test
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XPRREERI R R ILF N E . — OB (MEA) 54 HLR
B W) T2 i — ZR AR ME H2E B A [ it 7 1, i
AREMH T NIRRT BER A DL 5. — LW
(DEA) 7K WX BB A — o L BR RE 1, (H o A7 7 375 79 e
ik 1F) 0, A8 5 SCAE D 35 A 590 B2 FH 9% 1 MDEA #5551
VA5 R ( DIPA) S A 9 77 1Y) Adlip im0 7E 42
FRERR H,S B[R B, SGH 2 B BR CO, , HLREAT 20 i B
JEORH AR A COS, SR BRUH 1R ) L B 2 B T
Jid B RSB e A LR

3) f& [ BASF 22 7] T 1990 4FACRL I IT 4 th — i 7
BYETE AL MDEA 35750 , JHCrb A e ik 5 48 Jin 550 R K 4%
S COS JBEFRRAE = 2 50% ~60% 1 CO, JBERR (I
MR ) AT AE 50% 7ty , B RAE 0] K W)
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FR PR A PR R e, WSO 2R R Al 5 IO T OB P
fe s BRI COS FmA KM E, W 7. WRL
I TG AL MDEA Y500 Kb 307 M 73 T CRVBR & f A i 2ot
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Fig.7 COS and CO, removal efficiency relationship
of activated MDEA solvent

4) %t T COS & =i i IR, an R X MDEA 7K i
TRONT L0 B3 A5 3RAN B% 5 TT- BUR B  AL FE AS RE AR B i
AR S COS Kl H,S Fil CO, , 8K I F-4 7 I R 1 e
WL+ AHREER T2, FHEEFEEZRM AR T 25
ARIE G R B A% REFE i 1 T2 A
T HRRAE O o

6T A FRAY IR HL,S BEIR 43410 141, CO, JE
IR 0. 086, 4 HLER & & 340.6 mg /m’ (Hrp COS &
316.3 mg /m’ BREEF i 24.4 mg /m”) oAb EURES
AUELSR S EAT B AT COS BikaseR , R p Bk Hof &
&L RE S SO RESR I + 17 (MDEA ZKi WO +
COS SAHK Ak 25 + MDEA 7K RS I ) 3 2500k i 4k
BT 20, 6] COS K fiff e Ak a 45 4 T B2 Oy 121 ~
129 C, A HLBK AR (BEER) T ik 99% LU L, W& 9,
R9 AREIRET COS ki (Fik) BR

Tab.9  COS hydrolysis( remove ) rates at different temperatures

IREE / AS AL RS CoS i bR COS &

C COS i COS & [ #/(mg-m )
115 0.0170% 0.000 6% 96.47% 3.11
118 0.0193% 0.000 3% 98.45% 2.54
121 0.016 4% 0.000 1%  99.39% 1.33
124 0.014 7%  0.000 0%  99.99% 0. 11
126 0.016 8% 0.000 1%  99.40% 0. 68
129 0.0188% 0.000 1%  99.47% 0.98
132 0.0198% 0.0002%  99.00% 0.98

“LA 17 (UK ) COS BERR T 20 SR A UL I 8
W 8 Pz, JEURF A —2 MO B EA TR 22
IKVEREVR G I, E A COS JK il A Se B s o 7 SO 45 o

99% LA [-K) COS /K mi%s 4k A H,S Al CO,, M f5 kA —
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S COS AR EOAT IR 1 X 10 ~*fkF

i
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U
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Fig.8 Typical process of “1 +1”COS removal technology
(hydrolysis in gas phase)
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Fig. 9 Process of cascade absorption and joint regeneration



8 4it

I A AR TR B I A R T S Tl Sk
BREE ST G, B INA

1) s P B 5 b i GB 17820—2018 i — LR
BRAE A 60 mg /m’ F&%] 20 mg /m’ L BETCAR 4 , th 6
WE, HAEBOR A TR & B HT§2 T JC ST Ak, GB
17820—2012¢ KAR 1) o — 2 TR BR [ ML S 200
mg /m” i S R, (HFE 2 100 mg /m® Kb 5iE

2) Fy SRR FRAE R £ 20 mg /m” A RAF A
FE I I B 4 A , 4 1 TE ZE FRUT R 8 ( i & A
TR D) B, A5 R 2 LA M ik (IR A /01 +17 T
LI MR R HLBR T2, 908 b I I8 R i
A, DR IS & B 5 RE FEH U i il . L
Fo i 5 v BB R A Tl 58 B BB H A 1T IE A7E
B IR B K S5 1) I T

3) RARSNE AT 17 vo B AR B A A BB, 16 o [l i
WIRE IR B B v R 636 A A AT LK
B IIREFE A AR (9 B0 HE B AR B, X R AR Tl
T 2 JR A A B4 670 THT S W AN AT AR A

4) 5T L EIGR, #UETT GB 17820—2018 , Jf¥
— R AR E R 50 mg /m”, TS BB R
E N 150 mg /m’,
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