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Natural gas pricing mechanism based on Stackelberg game model

NIE Guang-hua'~

(1. School of Management and Economics, Tianjin University, Tianjin 300072, China;
2. PetroChina Kunlun Gas Company Limited, Beijing 100101, China )

Abstract: To explore a feasible pricing strategy in future competitive market of natural gas industry, reference from mature
international natural gas market was drawn, and various pricing strategies and their advantages and disadvantages were ana-
lyzed based on the existing natural gas pricing mechanisms. By applying game theory, a pricing model of natural gas was es-
tablished to illustrate the evolving pattern of natural gas upstream, medium-stream and downstream, and to analyze the inner
mechanism of natural gas pricing. This study contributes to existing pricing theories by presenting a quantitative pricing model
to fill in the research gap that current researches are mostly qualitative based. The results show that with third party access
system, both the output price and the marginal profit of natural gas manufactures decrease. On the other hand, even though
the output price of distributors decreases, their marginal profit increases. This presents evidence that third party access sys-
tem is beneficial for competition and will enhance the bargaining power of downstream and increase users' consumer surplus.

Key words: natural gas pricing mechanism; Stackelberg game; third party access system; supply chain

(RARVTRIR A 0 FLR) 2 | B ST J e
R SRR JEE AT S (SR AZ AR B AR AR T S
il PRI SR S Al AR RE IR Y FLI SC &R, 5E 00
KAEPARAETA T HOR SC R A BATAT AR, OF D K AR
SR AT B HE Al VL SR AR
ST AR AT R B, A SR U AN S AR
[7] , {EL2% [ S AL ] e 2 19 D7 1) KT iy ZB W 1
BTy N U LG TN e R N )

rFE B #9.2013-02-20
BE&WH . FRARPE RS E (71250002)

JESE HEAEE R AR ATl 7 T 37 % M 5 AL ) E 2P
B, BRI E KRR L A R WG KA
ABIEHRAE I i R R AR s T R
LT W AT, 227 BRI R AR
R TS P A BB IR B 2O R AR
SN A S i e VARSI W LI DEESTERR [TP/ASST I N
AT ARG L3 A R N ) — AR R, ECIE RS I
AFVESLE A RRE R It — LW, it

TEEEN . BOLE1973-) , B, 4500 L5 A4, EENE TR G EE WIS, E—mail; niegh@ vip. sina. com,



%3745 %6

FZhie kT Stackelberg I 0 KR A MM AALH B - 185 -

FERIRAE M WL i Y B A A i o A 512 B 2
R e ZE ML T R A FR R S5 KR
UK, B R MR R 73 AN SEAT 5 = 07 1
AR IR TBE L BE RN IS =T MEAT A RAR S
PR, I 375 PRI IE T 19 R IR UE N G

1 ALITEZFENFRRASBE
HEEEMREIE

TEXRRAR MR P, A7 R T o7 IR AR
SIERTT R, LUAE P e s KRR U B 45 A
H A R AR SRR K e R
Bk 2R T O AT A S A IR iR
P 5 TSR R R AR A ok T A T o ik &
REH

R AR T IR R A, TR JORA A8 1 10 2 1
T ERIRAME R B rp 2R R E A A E
SRR, M 2w B A SR 2B Wb Az, SO0 G
SR FRER L, TR I, PR KRN
H BT = G B ST AR R OC R Al
(A= 2 A B ) 2T @B, O HLAE
o BEA AR [A] 78 E il Stackelberg S
1.1 [B&ERE

TSR R R, 45 7 AR BB AR A

(1) HER7 B Rl 1 AR B 5K A B 28 3% B i 19 B R
b, ARG ERAT SRS

(2) IR TR BA —E AR e
1.2 AETE=ZAENFINRASENEBFETE

pigEid]

Stackelberg 1825 R FH 3 i IF g4 251 ZETT 9 4%
PN, &3 AR LURE e KA PSR H bR, 7256
=B, BRI AR E A R A MBS T, LA S
FE 7, = (p—c,-T)d-Cy, = (p—c,-T) (D-kp) -C, 5t

kwﬁaﬁm%w%mx§Zemmﬁﬂm%ﬁ%

DL M, p s RIA
. D+kT+kc,

Pr=" (1)
A, C AR Y 181 58 BAS 5 ¢, ST AR #Y 34 Bn
JEAS 3 T O AT 2w A B A R A I 2 A Y RS
AREEd NS p TR, B d=D-kp
(k>0)""" D N ML (I S R AT RERT 5K ) |
ke RS SRR 7, R RO

TS — W B, A TE A mIARYE AR Ry S A B0 e s
P (O A7 i ) DR 1 S A TN ] AR BUSCAS ) A

o = BB R A RS p,, LAH BN = (T
—¢,-P) (D=kp)-Cy=(T-c,—P) (D-kT-ke,) /2-C  Fx
o,

KA ARk FRE AR 2 =

ANElRCEE S T kR Ry
- :D+kP—kcr+kcl ' (2)
! 2k
K e, WETEAFWAER A ; C N E A R
SE A s p TR A TC MRS o RS I SRR
iy WEEA A RAIE
TESF — W B, A2 77 AR 110 o B T AR AN A
B FEAREN p X T, LFNE 7= (P-c;) d-
C,=(P-c,) (D-kP-kec,~ke,)/4-C KM N HIr T

*ﬁ%ﬁﬁﬁﬁ%%:m%ﬂiﬁﬁ%mim:

i

0, 4341

. D+ke,—kc —ke,
Pl=——F7.

A e A RIBYI PR AR s 7, SR 2R 7 R A ) 5
C o A7 T R TR JAR

P ARAS(2) b, nT LA B8 E 2w R A
BN
. 3D+ke,—3kc, +ke,
T = n . (4)
PR T ARA(L) Al RUAS 320 AR B e S <A
-
. 1D+kc;+ke +kc,
P = 8k :

2 SINEZTENHRRASERN G

BEEMREGE

SARIATH I A SRR TR R
HIETF  BIASE =AU S5 0 2
ARG RN RTS AR =07 IR 24 7 e 0
AG32 FBOR 0 P 43 1, B0 295 A R
(R

ik R AR ST SAT 45 = I e AT i)
AT VPR AR LRI RE R UM, 10k Tl )
PR R L B O
WAL LE O A ) R ZRAEAT I A
IFIEIE A R RS R . B R
Y BB XS5 =07 v A 0 AR A
L A O BLI A TR

S . T 4550 (e S BB B A oK
NITET INCL D e 3 R L A U o I

(5)



- 186 - ¥ E G K FFIR(AAFFR)

2013 512 A

N BT T T
2.1 BIFERERFAFSIHA

TEGIASE =T MEA G, AR P R 8 KRR
BCACRT 5 VE 3K 7 BUARCRT SO 4 H EE RS A
A — & E R P RAR LA R ATH T
A R SRR R ST PR R B AR 2 A
H A3 i d R Ak

5 =T MEATRI AT TR EEBUN X E B M ik
T B PR BT IROE . KRR i A 22
ZAR ) IR T P R T R T A U
&, IR EEIR[R] A A ] R R AR B F oK i X
WAk e 3 0 7K 32 B8 0 5507 T 22 SR ORI . B
SE Y5 B R 22 S DA v A A R AR
IR LR K, PRI, A SCARY 8 i R A T 1 R B
PRSI, RIVEE =07 45 18 3 i > w) OB i) A A 2 1
355 o W B Bz i 2l FH A0 Rz WA I 5 I i 2 T R 4
ILE Bl iz i 9 FH 42 32 i s e WO As SR AR A I
5 RAR G i v i 722 B AR A G AL [ 5 i i 9%
FHEF P IR A A4S 18 5 A AR oy 22 e A, 58 E
Bk U BB A5 BT ROR SO T Y ik 55
TCG, M5 KR 1 B G4 72 b i [ 2
A HrIHEEA

B 25 S AN AT = 7 e AT B RAR S LR
HEP S IEAH
2.2 SINE=ZAENFINRASENEFEE N

kil

FIAZE =T MEARI G R EE R g rh, RIKA
UL RE TR SR B, TRt N — S DA A 7
B~ A9 Stackelberg THZERIAY

TESE BB, LR AR A 7 R 45 L B0 A% P
PIA SFE 7. =(p-c,~P-c,)d-C,~C,, = (p—-c,—P-
¢,) (D=kp) —C,—C, Fe RAL g H bR R F A HE p, RIS

0, AT TIRLR T p; R ER,
IV}
. D+kP+kc +ke,
ps = (6)

o, e, N B = B 1B B2 7Y R AR Bl s H g
% B P2 BRBC R ISR, T4 ¢, = (1+
a)c,,a>0;Co M5 = I BB A 7 R IR 32
B R R R A C =
(1+8) €, ,B>0,

FESR — B B, A AR R 5 o BE SR
I p UL E B FIE o, = (P-c,) (D-kp) -C, = (P

—¢;) (D=kp—ke —ke, ) /2-C 5 KA N H AR K F3K i
BEAE 47 =0, AT 7 R RO

P KRR RN
. D+ke,—ke —ke,
P2 :T . (7)
¥ Py RRAS(6) AR B R R LE N N
. 3D+ke;+ke +ke,
pr =T (8)

3 ARMAREE WA RSE
EH R AR

RSN SEAT S =T MR Y AR AL Dy i
TEAN I 55 |G =07 A B R AR S R 5 1 2
TE N HEAT LE AL oA | i R AR s P 2R B B P, R
SRR R FIRC R AL BRI | [8 R AR K AR ]
TEAE =TT MEATI LR, BOR & X 18 28 7] 24T 7™ 4
0 WA A T 2 W AT AR XA, B o 5 B A HREHR
/N,

TEANSEAT 5 =07 WE AT 0 R AR AL R B AR Y
AR PR VI A W O R R R A SE A I T
Yy KRB d, , ARk, AT d, >0, AT 43
d,=D—kp" :D—k(7D+kCi8;kC"+kClj =D ke, Skcr ke, .

TEGIAERE =7 MEA B RIR D FERL R op
TEE N R MR AL E N I, TR E WA d,. [
FEARR— e A d,>0, 7T 15
d, =D—hp, =D—k(3D+kC‘4+:Cr+kc“j :D ke, fc,. ke, .
3.1 MMARBE THESE . ESEEMIIL
31,1 RAAB BT AP B Z M2t

XPHA(3) (7)), T ey >e, HTF]: P, <
P/,

H AT LR SIS =7 A S, KRR
PR SEAT R =T AR A T E N AR
3.1.2 RAAM D b BAH A

KX (5) 5 (8) Ak, 73

.« ID+kc;+ke +ke, 3D+ke,+ke, +ke,

Pi7P2 = 8k - 4k -
D-ke,—kc —ke,,— (ke ~kc,)
8k ’
IR ke, —ke, <D—ke,~ke,~ke W , A p, <p; . BT
D—ke,~ke,~ke,=4d,, H c, = (1+a) ¢, , NTTRI Y ac, <

4d * *
TZHTJ‘aHPZ <pl o




%3745 %6

& R4 L T Stackelberg ¥ 75 89 K R A8 WAL ATF R - 187 -

BB X ac, 5T APHT. Pindyck
W5 T RA AU EFAFTRI T T REEH, &
PSR SAKWIN A FbE R 1.7 Griffin 758 T
1955—1972 4F3E0F 17 a 845 B SR8 &2 B0, th
PRI HE S 0. 95, K isibE o 2. 617" ) BT
SR B E ARSI A s BN (FE 0.6 LA
P, BANERSE , 1 K 300 p A 3 Maiﬁdt(:ﬁu 2.5
A HIxRRE ", WA RARAS A S SR

INF 3, AR d,=D-kp, % mw@fa AT

4d,
@J p2 <T B, A ac, < p2 . HIt,ac,

< kzﬁ‘ﬁﬁij,y\ﬁﬁp; <p, WhST., BPAETE %1

N IEBIASE =IO A G, KRR E Bkt T

W, KRR A % 4 RS, i d=D-kp, W13

d,>d,

3.2 WMAREE THESE ESERE

3.2.1 RAAAE” W R HE
TEANTATH =T WEAT I, JE IR LR 7= i o

Brr= s bR EF 8 M, W15

D—-ke,—ke, ke,

—
TEGIASE =TT EAR 2 A7 R A" hh Y

NERBH M, , AT

D—-ke,—ke, ke,

-

M =Pl* —C; =

M, :PZ* —C; =
e 7

M,-M, :C‘;C“<o.
H AT DL FET I ASE =T EAE , T RAASR

A7 R D AE B R A B 7 i B 1 B B A

Cy _Cl

3.2.2  RAABAT R AHE

TEA AT ER =7 EAIIN 18 KRB AR 5
AL i AR B A M, TS
TD+kc,+ke, +ke, 3D+kc,—3ke, +ke,

Mrl :pl*_Tl* —-C, = Sk - 4k

D—ke,~ke,~ke, d,
==

8k k
IS =T fEARG , 10 R AR AR R
FE PR BRI M, , W1

. 3D+ke;+ke +ke, D+kc,—ke,—kc,
Mr2 =P _PZ —C,—C, = 4k - 2%k
D—ke,~ke,~ke, d,
B T
PE AT 43
dz _dl
M,-M, = i >0 .

M AT UL FES A =Jr AR, KRR
TR it R A PR B R A B T

4 & it

(1)é}jﬂjé/\tt'.TTT;ﬁﬁﬁélA’**ﬁ{E/\%J
PRI o SRR A 7 i A 28 | AR 19 e
e skms Sl e M A2 UFT LUE Y, &8
473 Bl AR 23 J8 A 552 M 9 %) B2 R 2R TR b IBSOURF
IO R R RAR A TR AR | S AR5 |
PERAD AR, T FEAR AT, 51511 50 % 19 B
ik,

() EBIASE = ARG, KRR AR
BAEMA T TR, X2 ERAEIE T, T
ST EES LA AT RS R A, BT E
VEREE AN R (AR LR UM BE 7 B A, A 7
F?Tiﬁk HEREE rp s 1 0 A R R, A R R

AT AR K

(3) eI A = ARG, KIRAEL AR W
AN IR TR, B E RS A% AT
AR, B AT e e ML S RIR M
ﬁﬁk*ﬂ“ﬂ’]%ﬂ A3 KRS P 19 25 32 246

o TS =7 e A BE 0 SEAT BT 3 4 T R

SIS A T IR, T 7E — 8 FE R b R s
Tﬂ%ﬁk SRS

(O TEBIASE = A, KRR A=
P27 Sl s BRI i T B T R R AL AR H A
in B PR ERA FrE Tt X ERIE T KIR A=/
FEAS IS B P 0 3 S M A TR R TR RS, SR
R ERN BT RN R T T RAR A = R
SR AR I R ARSI 8 SR Z2 700 (4 B U

MOTASEA T =I5 HE A AN S SR =5 A
(18 R SR AL I 5 1 2 S M A5 TR 1) B A 43 A v, T
A E AR ST AT 5 = 0 AT I RE A
FEARIEHER 22 4 25 0F T 4R 3 KSR RT3 4 1L
WrAE S, SR I AR F P R 25, AR R 5
G BRI HEROR



- 188 - PEEHKFFRARFAFIR) 2013 4 12 A
P [7] ﬁj‘ilﬁ,%f The, T %ﬁ/ﬁ%ﬁéiﬁﬁ‘ﬁﬁl@?&ﬁ]jf
’ AEMBAI[T]. b E A0 R 24 A ARFL R,
[1] GORDON D V, GUNSCH K, PAWLUK C V. A natural 2010,34(1) :170-175.
monopoly in natural gas transmission[ J]. Energy Econom- SI Jiang-Wei, CHEN Yue-xuan, DING Hao. Two-stage
ics, 2003,25(5) :473-485. dynamic game-pricing model for natural gas pipeline
[2] MURRY Donald, ZHU Zhen. Asymmetric price respon- transportation[ J |. Journal of China University of Petrole-
ses, market integration and market power; a study of the um(Edition of Natural Science) , 2010,34(1) :170-175.
U. S. natural gas market [J]. Energy Economics,2008, [8] yon HIRSCHHAUSEN Christian. Infrastructure, regula-
30.748-765. tion, investment and security of supply:a case study of
[3] For,HXE,Z2HE. BARERN = —&"#ip the restructured US natural gas market[ J]. Utilities Poli-
[J]. R 2E,2004(8) :5-12. cy,2008,16:1-10.
YU Li, XIAO Xing-zhi, JIANG Chun-hai. "Trinity" the-  [9] AR, TG o ECCSRS0™ ML BE DRI K Jie A9 A0
ory of natural monopoly[ J]. Contemporary Finance & E- Hi S A (1] RAR T, 2009,29(2) :1-5.
conomics 2004 (8) :5-12. ZHOU Zhi-bin, ZHOU Yi-pei. Foundation, prospect and
(4] JRIWCER AL MR . B RS 2 S R TR I T R strategy of coordinated development of natural gas indus-
W% v B AR IR TR SO & & R 2 R L[ ). E trial chain in China[ J]. Natural Gas Industry, 2009 ,29
BRATIHZE 2008 (6) :29-35. (2):15.
ZHOU Shu-hui, DU Guo-min, CHEN Jin-dian. To devel- [10] PINYCK R S. The structure of world energy demand
op urban gas business positively, stably and efficiently: [M]. Cambridge: The Massachusetts Institute of Tech-
opinions on CNPC's development of urban gas business nology Press,1979:64-225.
[J]. International Petroleum Economics, 2008 (6) :29- [11]  BALTAGI B H, GRIFFIN J M. Pooled estimators vs.
35. their heterogeneous counterparts in the context of dy-
(5] dkiesl, Beds bt Mk Dl , 2. — )2 (b 4 I 46 1) i Ao namic demand for gasoline[ J]. Journal of Economet-
FIRTZC[ )], 382 5% ,2011,20(5) :8-13. rics,1997,77(4) :303-327.
YAO Feng-min, TENG Chun-xian, CHEN Zhao-bo, et (12] A RS AU, AF. AR S A L ST A
al. A bilevel supply chain network equilibrium model i Uﬂ%ﬁi{ﬁl:j{]fﬂ[ V] RERARTE,2012,32(8)
[J]. Operations Research and Management Science, 113-116.
2011,20(5) :8-13. GAO Qian-hui, YE Zuo-liang, DAI Li, et al. Case
[6] DONG J, ZHANG D, YAN H, et al. Multi-tired supply studies of natural gas price elasticity in Chengdu,

chain networks : multi-criteria decision making under un-
certainty[ J . Annals of Operations Research,2005,135;
155-178.

Southwest China[ J].
(8):113-116.

Natural Gas Industry, 2012, 32

(¥ BRE)



