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P ISR R A TE ] 2257 5 (2) Sl Al A S AR MR BRI AR B, B0 X AN T 4l Al SR IO 2250 A O, 252
5 MU BEAFNBR AR | 73500008 AHLARA S 102 T8/t BB AISAEAM | 0500 A Ml 2653 ARSI 1 SE BRARBR L A
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Selection mechanism and policy simulation of enterprises’ emission-reduction path

facing forest carbon sequestration supply

LONG Fei, QI Huibo"
School of Economics and Management, Zhejiang A&F University, Hangzhou 311300, China

Abstract; Based on 2759 emission reduction units of 89 enterprises in three carbon emission intensive industries including
steel, thermal power and chemical industry in China’s carbon trading pilots, this paper constructs an enterprise emission-
reduction path selection model to simulate and analyze the emission reduction paths and industrial differences of enterprises
facing forest carbon sequestration supply under the influence of different emission reduction policies. The results show that:
(1) the cost of purchasing forest carbon sequestration, technology emission reduction and purchasing quota are 210 yuan/
ton, 319 yuan /ton and 158 yuan/ton, respectively. Because of the different marginal emission reduction cost, there are
obvious differences in the selection of emission reduction path among enterprises in different industries affected by the
emission reduction policy. (2) In order to encourage enterprises to purchase forest carbon sequestration to offset their carbon
emissions, different policies should be adopted for enterprises in different industries. Considering the subsidy input and
incentive effect comprehensively, government should implement 102 yuan/ton technology emission reduction subsidies for
thermal power enterprises, 83 yuan/ton technology emission reduction subsidies and 83 yuan/ton forest carbon sequestration

subsidies respectively for chemical enterprises, as well as 168 yuan/ton carbon sequestration subsidies for steel enterprises.
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(3) Under the influence of the above policies according to different industries, about 50% of emission reduction units from
each industry will choose to purchase forest carbon sequestrations by comparing the cost of different emission reduction
paths. Combined with the national strategic goal of coping with climate change and the development law of various
industries, the results of this paper provide a scientific basis for actively guiding enterprises to save energy and reduce
emissions, fully tapping the market potential of forest carbon sequestration, and reducing the cost pressure of emission

reduction for the enterprises.

Key Words: forest carbon sequestration supply; enterprise emission-reduction path; selection mechanism;

policy simulation
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PR S SN AR AR TR B A0 2 — I IE U AN, 2000 4E 9 A A FE L2948 T I A S A AR A £
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B B S5 7 AT BR BRI AL 25 AR 22 I X6 ZRARBSR I e AN B B0 DR R b A7 5 i b >
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FE T BADIHERNUG BT i L I 25 A2 S 1 52 T 5 25 1% 2 451 DA Sy R AR T HE RIS B B e e 52 B0 2%
PRI A SIS R 5 B 397455 LA [ 45 Aol LA P A et ] AR AR b 2 il A A 7 22 B 4R T
AV RIS R RERE ST, T B AR, R ORI it AR BEe D AT RO 1 R, A R BT IR A
ST X BRI HE B AR R R A R B SRR T i AR 2 L

ARSCAE Z G BN 0 B ] A A3 T 37 A B BAR 5l 35 i 6mk L , LAFR ) 7 M BRAC S il sl b i AL st | i
WAL AR 4 AT R BIIX PR R AT BBk 3 AR BT AR T, 255 [ AR T S 2
BER R BOAAT M AL, R0 8 1T 1) BRI 405 ) il Dol S A PR ASERY | $o 7s A Ml A A [ sl HR B S
R B A2 AL, AL AT AN TR A WAy S AR PRI 1 )52 M DR 2R B R R R JE , R BB 51 3 Al 1 BE DK
HE FE AR AR T 208 01 N I8 HE AR s ) AR BER 2

2 MREEHR

FKIE 7 A MR35 S T 2013 4 2 2014 AEAHLRE 3117, X 7 AR 3E 5 3RS A i T AR G de L
W R Jb st KEE P, 2019 AR A 2,512, H4AFELE N DI 20% ,GDP N 11 A NER, 54 FE &
GDP (1) 30% , Tl s r={020 5 2 FE 1Y 36% , RER I FE 20 (5 4 [ 1Y 23% , R HE il 28 45 BT\l Ak 2 15 4 [ Y
40% ., Zat 6 FE, WA LA — @ MBI RNE BREE, 2019 45 Bt plisc i 6.96 T J7 0 CO,, RIThL
ZE) N 15.62 fCTC N, 43 B L 2018 AR [A] ELIG N 1% F1 24% % & i i s i LR, IR EE
KBTI A 0 R R = AR A BRI HEAS B 1 sh A HL N (BT ) A G = AR F SRS B 5 IE
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HIRRHEL , HAR CCER T 2015 4ERIA™ L, E T 3 (75 0 B A ek 48 T A0 sk I 73 288 8 280 i 2 AP sl HE it
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3 MIRFmESERIRT

3.1 BRMRBRIC S A (FSC) M5 T7 3%

FRMBACAEZS BUA ( Forest—carbon—sequestration Supply Cost, FSC) M%7y 3% 20 M — 22 BT
S W MRLA T TIPR AR BB Rk 10 ) R R WAL R S BT T BB
Rk ST MR IIRCE MRS R 280 WA 25538 1 X T 5 32 e AR MR T A4 25 AR HE A 74
SRR -, S55 B MU R AR BRI 25 WA TE B OG5 R 2R A7 A 15 4307, A0 5K 850 455 o el vy —
AN AR Z8 AR e 4t ok S it ) BRI TS i 030 1, 1 | AR/ ISR T 3R ARk Tt 25 9 e
Pk ARG RUR P 5 TR B T AL 25 AR A TN S o 32 TR AR IR S A AR 3 Ji R R R A K 1
PEAE BB BRI R 2 T RO T BT

C(t+1)=C(t) +G(t) —W(t) — L(¢)
C1C (1) = Gy (1)
C(t) =0,0=<L(t) <L(s),,.
K, C(0) R BRME R BRAE i, G (1) RRBRMA R AYBRAE I, W () Fn BRARAG I A BA% | L(0) F7m AR
RAAR K BRI ¢ FORAFEOY A IRAE BRI (1) o L(o) AFERIAER, C (1) ,6(0) MW () JRAEAL 1
ARMRBIRACAZ SRR T RE (1) BYZITRT | SE R AR B fif fe 451 2k 1 (BN, B

t—1

min/ = ¢(C(N),N) + ;ncu),L(z),t) (2)
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K, @(C(N) ,N) FoR BRARBIAE AN E I LR 2T
32 AMEERABREHE A (MAC) 5575 12

ABIFFE R 7 ) P B 2 pR B0k BE 5 Ak A A7 B AR sk HE 1 Bk i1 B sk HE B A ( Marginal Abatement Cost,
MAC) , MAH S A SR A IR T 30 4% . ARG Boyd Al Fare MBS MR A « € RY A= HIEE=
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3.3 BRECHNHE (EQP) N5 I ik
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TCEC AR 4% ( Emission Quota Price, EQP) T [} 10331 HER L AR AR BRI 2 T M X B HE R A 3 L%
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EQP = SAC x 2 (6)
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% 2. 25T A ATEORWCHE A Ml 9 S A D80 HE Bt BUSR AN A S, , WAl 1 A7 B AR sl HE 0% B A7 9 HE AR Sy
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24 MAC-S,<FSC=S,, H MAC-S,<EQP i}, s A A58 AR WHE , FBr b7 Fe il

1 [x-E(MAC-S,) ]2

J(S,,S,) =11 _f e 22mcsy dx] X1 yaeis <EQP| (1)
ise-si, 2o (MAC - S,) | 2 |

Hrp,

1, i MAC - S, < EQP

0,45 MAC - S, > EQP

M EQP<MAC-S, , H EQP<FSC—S, i}, {b e PR ML FC A5, Hor i Lo 3l A

I MAC-S,<EQP| — {

w0 1 [a-B(MAC) |2
P(Sl ’Sz> = [1 - f —————————€ 202(MACQ) dx] X ]“EQP<M/\C—S ) (]2)
wsc-51./27ra (MAC) ‘ B

Hrr,

1, EQP < MAC - S,

0, EQP = MAC - S,

24 FSC-S,<MAC-S, , H FSC—=S,<EQP H}, il BE 48 W K AR MRBRAL, FLRT o5 LA

Ligop cmac-s,) = {

RG-S, 1 _:x*;}(MA(I*SZ):Z
T(Sl ,Sz) = [J_w 27TO-<MAC — )C 202(MAC=S,) de X ]QFSCfSISMACfSZ“ +
2
FSC-5; 1 L-BMAG) ]2
TR R (13

—® To
Hrpr,
; {1,!1[1%Fsc—slsMAC—S2
{FSC-S; <MAC-S,} — O,le% FSC — S] > MAC - 52

1, FSC - S, < EQP
0, % FSC - S, > EQP

~

[FSC-S; <EQP| — {

5 ARBHRANELR

51  ARMRERICALLS BiAS
RIE A (1) 5(2) iz R A U ] (2014 4F ) 36 E BRI A28 A (FSC)E . I
UEEHRRTE T 1994—2013 4E2 ERME I 2450 . B TIREHRMGES 5 G A K, WE U R/
A BRI A AR MR AR R TE R — T A I N I SR AR [R] , pR OH 345 09 £ TR T8 bt B AR AR ], 45
RumFE 1,
e ARER A TRIRBR A% A AL
C(t+1)=0.983C(t) + 0.024 (14)
PL B A5 RME R 0.795, %S B RME - 0.761, F {54 23.272, SigfE K 0.000, K, ZRbkR e di 2
MBI 5 GDP Z A i HAR X RN Hy
GDP =- 4907800632 + 22127219.48L(¢) — 2481944.88L%(1) (15)

26

minJ,, = 9.83C(¢) — 2316.86 + 2 ( — 4907800632 + 22127219.48L(t) — 2481944.88L°(1)) (16)
t=1

PRI RS T FERR A
C(t+1)=0.983C(¢) + 0.024
clc(t =1994) = 130.53 (17)
C(t) =0,0<L(t) <L(1t), =11.59
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F1 1994—2013 5t [E AR AERICHE X HE4R
Table 1 The relevant indicators of forest carbon sequestration in China from 1994 to 2013

BRI FERE /12

FRAE B FRARA K Forest carbon consumption

E COP/(fLID) A1 AL 121 o
Year Carbon storage Carbon storage **M\/f‘&? PR it

of forest volume of forest increment Forest fefumg Forest mortality Total

quantity

1994 48197.86 130.53 5.31 4.72 0.63 5.35
1995 60793.73 130.53 5.31 4.72 0.63 5.35
1996 71176.59 130.53 5.31 4.72 0.63 5.35
1997 78973.03 130.53 5.31 4.72 0.63 5.35
1998 84402.28 130.53 5.31 4.72 0.63 5.35
1999 89677.05 144.31 5.76 4.23 1.02 5.25
2000 99214.55 144.31 5.76 4.23 1.02 5.25
2001 109655.17 144.31 5.76 4.23 1.02 5.25
2002 120332.69 144.31 5.76 4.23 1.02 5.25
2003 135822.76 144.31 5.76 4.23 1.02 5.25
2004 159878.34 158.96 6.63 4.39 1.16 5.55
2005 184937.37 158.96 6.63 4.39 1.16 5.55
2006 216314.43 158.96 6.63 4.39 1.16 5.55
2007 265810.31 158.96 6.63 4.39 1.16 5.55
2008 314045.43 158.96 6.63 4.39 1.16 5.55
2009 340902.81 175.37 4.90 3.87 1.37 5.24
2010 401512.80 175.37 4.90 3.87 1.37 5.24
2011 473104.05 175.37 4.90 3.87 1.37 5.24
2012 519470.10 175.37 4.90 3.87 1.37 5.24
2013 568845.21 175.37 4.90 3.87 1.37 5.24

AR E H (1) M
H(t)=H(C(t) ,L(¢) ,A(t +1),1) =9.83C(1) - 2316.86 — 4907800632 + 22127219.48L(1) —
2481944.8817(1) + A"(1 + 1) x 9.83C(1) =— 4907800632 + 22127219.48L (1) — 2481944.8817(1) +

(0.983/\T(t +1) +9.83)C(1) (18)
HA(L) = (ti 8 A(1)=0.983C(¢) +9.83
oH (1) . B
EEaL(z) R L(1) = 4.46
dp(N) i
HA(N) = 2C(N)” 2 A(N)=09.83

9.83 FETTIEA PEAEIL A , ARHE A S22 BT, BRARBI I AL 45 AR T8 6 455 iy 300 o A | 6 v 2R I i 351 H L
R IREE SRR VG A% R ARG B A S Gy AR A A PRI A Y 2.1—3 £, BUh TRIME
2.5 4% X FERRARIAIC AL A 34.405 2570, #5218 2014 AE4AE I Z 1 3570 =6.113 JT A R MR R bkaIT
HEZS A (FSC) K 210.32 T0/t,
5.2 kA BRIEHE A

zli:‘ciﬂ%jtﬁ B B TR 4 A TR KR AL TR 3 AL AR R RRHE R S B R AT
F IR AU 3 ATl H ET S 508 HER Al B0 L], 2er 3R 89 SRUHE A L AE bl ii e Al , 59k il
Al FREER 31 /\,Eﬁ ST B A A BE AR R VN RE AR BHE B, B 2759 FEEARBHE A7, bk
HL 1054 2,46 T899 5, %k 806 %, AR I R PEAk s HERIC R A 1] (4 st 1] [ B B2 o 43470 43X 2759 KFE
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ALV B HE S T LE 3 4F (2012—2014) B A =8 A -7= 8, JE3RER 8277 MNREAKE ., i gk 2.

R2 BREHRGEESSR

Table 2 Data point distribution of sample emission reduction units

RS EN] KH kT Ak A1t
Carbon trading pilots Thermal power indutry Chemistry industry Steel industry Total
b 651 186 186 1023
ity 1767 1581 1209 4557
IR 465 279 558 1302
e 279 651 465 1395
41t Total 3162 2697 2418 8277

AT AR HE AT BA—7= AR B AT R 3 3

R3 EAMTUERBHEBRMEN—THEFHEE
Table 3 Annual average input-output data of emission reduction units in three industry samples

B B LNIIN Tl Tl

JCRTA
il B SWOTD OIA) BAVODED I G COAi/
Industry Year Fixed assets The employed Industrial . Total industrial CO, emission
. . o consumption
vestment person intermediate input output value
K 2012 52233.41 371 27592.62 1144741 40235.82 2209694
Thermal power 2013 54217.47 379 29630.46 1190327 44210.83 2297688
2014 58246.82 382 30152.62 1221909 44803.67 2358650
LT 2012 40063.77 226 24950.38 43655.85 36691.19 584268
Chemical industry 2013 42056.12 232 25778.92 44547.92 37780.37 585990
2014 42395.46 237 27058.38 46012.46 38604.02 588817
ek 2012 167497.22 536 92599.77 2965435 116771.51 5724183
Steel 2013 184448.61 545 99682.77 3366625 131020.72 6498595
2014 208810.57 564 107274.42 3777549 145782.63 7291803
FHI{F Mean — 94441.05 385 51635.59 1533422 70655.64 3126632
FRifE2E Standard deviation — 70390.17 137 36384.73 1477403 46056.18 2667929

X LR A KR A7 1 P R e OB 3 AT REAS A U ICHEFR 725 3 AR P34 HEAS K , I3k 4

R4 FEATRERBLRHEE A/ (J0/1)

Table 4 Emission reduction cost of the sample unit

I:tllukstry 2012 2013 2014 ql—:/[liflﬁ Stand?ii%]fialion
K HL Thermal power 352.90 380.98 387.33 373.74 118.32
AL T. Chemical industry 309.22 316.07 344.98 323.42 132.98
K Steel 234.86 253.50 289.55 259.30 97.80

5.3 BRECHIHE

ZIERNFLA A S E T ST E M, AWFIT LL 7 Al 4 s HE S E 2R 3 4F (2012—2014) 1Y #%
-7 AR AR EE A 055045 12 4 T A ) B sl HE AR | AT HS B HETRCBC A AN 4% T PR, S04k 2
T —H+F TR X SUZ T b R RERE IR AR 597 sh I E AR A E R | 154E GDP /R A ™ i, CO, HE AR
AR BRI AR R ARy B R TR ) DL BB T G AR SR R U o i
BEHRA TS (hEREIRGETHELE) , BEBURAE YRR fa e S5 vl o Sl ORh e b R
PO AR RIR SRR 155 12 FhBEVRAE 4 FEAR A T I B ZERB IR A | 48 A RE IS 0 b v BRI i HE I R
BT B A FEAE T AR COHEltE , Ik 5,

F 6 SR A PERE 25 pR B 1Y 7 AN A TS i 22 3 AR A S HE A B . R T A
7 A T HE S 2L 3 AR A4 S HE AR (SAC) by 3942.84 Jo/t  ARPEAZ(6) , 155 4 A T
WRAHERCEC A 4% R R (EQP) 4 157.71 JT/t,
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#=5 2012—2014 F£ 7 MAR&E™H CO, HEME/ T t
Table 5 CO, emission in 7 carbon trading pilots from 2012 to 2014

o i Fok Jbs s I A it T

Year Average
2012 15786.11 12413.51 6149.76 7237.53 2791.82 50486.42 35969.71 18690.69
2013 16239.63 13107.62 6049.25 7641.69 2814.76 49326.65 37201.76 18911.62
2014 15634.29 12993.58 5062.88 7613.58 2807.54 26692.37 49746.69 15634.29
SE-3A Mean 15886.68 12838.24 5753.96 7497.60 2804.71 42168.48 40972.72 18274.63

Fz6 2012—2014 £ 7 MK mE WL S BERBHEK A/ (T/1)

Table 6 Social marginal cost of emission reduction in 7 carbon trading pilots from 2012 to 2014

o i Frle Jbs s I P4 Wit T

Year Average
2012 4256.74 3164.78 4764.13 1916.52 2913.54 5763.49 2786.58 3652.25
2013 4517.08 3201.44 5278.65 2021.77 3031.72 6277.82 3142.79 3924.46
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Fig.1 Simulation results of thermal power, chemical and steel enterprises when S, is implemented separately
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Fig.2 Simulation results of thermal power, chemical and steel enterprises when S, is implemented separately
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Fig.3 Simulation results of thermal power, chemical and steel enterprises when S, is implemented separately
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