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Abstract: This study models joint production decision-making of traditional and new energy vehicles consid-
ering carbon trading, and analyzes the effect of carbon price on vehicle productivity, pricing and profit. The
robustness range and emergency adjustment strategies of production planning are obtained considering carbon
price disruption, assuming carbon quota trading volume is unlimited or limited respectively. Furthermore, a
nonlinear programming model is built to improve the initial production planning with carbon price disruption,
and a numerical analysis verifies the above conclusions. The results show that carbon trading significantly
affects production decision at the primary stage of new energy vehicles development, and that the competitive-
ness of new energy vehicles increases with carbon prices. There exists asymmetry in the robustness range of
initial production planning and its improving direction is the same as the asymmetry direction of robustness
range. The results also demonstrate that carbon trading limitation may change the optimal solutions and the
corresponding emergency response interval of initial production planning.
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Table 1 The robust range and adjusting strategies of initial production planning with carbon disruption under unlimited trading volume
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Table 2 The robust range and adjusting strategies of initial production planning with carbon disruption under limited trading volume
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DA [5) B A 7 SR it 25 BT RE VRV 4 1R B8 2 A R B EAT BUE 5 3, WS HL ¢ = 200 J34H, ¢, = 10
Jif, h = 0.5 (EEfi B 250km), by, = 12, by, = 0.25, B, = 13, By = 0.5, ¢,y = 70 000, ¢, = 140 000,
n = 4000, p=10.0% (t = 1/9), g = 5000, g, = 8 000, s,,, = 20 000, 5, = 40 000, u = 5 000, FHEHL 2 &
W #s P, B N (45, 15%) IIEZS 4342,

BT RS o VR 2 A 7 A 7 TR SR 5 ) L 3.
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Table 3 The influence of carbon price on vehicle manufacturer’s production decision

pel! TG/t pm/JITCIHH po/ JiTGIEE Ap/ HIGIEE qm/JIT qn/ S w/ALTG

0.00 11.90 25.40 13.50 58.00 3.25 321.25
10.00 12.12 23.40 11.28 54.11 436 311.56
30.00 12.57 19.40 6.83 46.33 6.58 310.69
45.00 12.90 16.40 3.50 40.50 8.25 326.25
60.00 13.23 13.40 0.17 34.67 9.92 355.69
80.00 13.68 9.40 —4.28 26.89 12.14 416.56
100.00 14.12 5.40 —8.72 19.11 14.36 502.11

M 3 W LU B, BEAE BRAAS T i, BRI ZE A0 KR LTk, B BE IR A I BORE TR B, AR R AN %A 2] 60.75
TG/ I PR R EATR P BRI A T TR, FERR O R IA F 109.5 T/ ¢ IR BEYRTTAE 7 R
PR 227 . 1T 58 BORCHRATE 95 I AR 1l 5 509 20.7 T8 7 ¢, BRIV 28 A7 1 BRI S 2 B s THE 3, I
FERROT MG IE B 41.4 J0/t ST R BRI Bedh, BURBEE B BEIRIA 7 48 LI B = T 5.31 %, & ML T 8 a
MBS EEH. £ 4 R 7B IRIR G- e B RG24 7 TR SR B 52 i, A8 S AR AN A, (R AN A%
X PO e 22 Y ) S SRS TR B 22 S, X 7 R RR i) ) T E AT HL R BRI AR BOK, 3R 3R B B 52 5 il o
AL BEPRT TR R FE AT (4 Aol B i B

ZAPRAERRN R AR S, DAE B 4 RUTHER 0.998 7 RSB R AL A QT S 45 SRR O S 2, RS AR S BTN L R
A SRA RT3 %2 (45) REATBUE S, (L4 T 1 BB ROK, S2BRiAE B A IR A i
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Table 4 The influence of carbon price on production decision under different cruising range

pol STl Apw ! JI 701 Apn ! J3 761 A | JIHH Agn /| JitH Am /1276
e
120km  250km  120km  250km  120km  250km  120km 250km  120km  250km
10.00 0.22 0.22 —200 —2.00 —5.05 —3.89 232 1.11 —1572 —9.69
30.00 0.67 0.67 —600 —6.00 —15.16 —11.67 6.95 3.33 —12.64 —10.56
45.00 1.00 1.00 —9.00  —9.00 —22.74 —1750 1042 5.00 19.88 5.00
60.00 1.33 1.33 —12.00 —12.00 —30.32 —2333  13.89 6.67 78.28 34.44
80.00 1.78 1.78 —16.00 —16.00 —4043 —31.11 1852 8.89 19642  95.31
100.00 2.22 2.22 —20.00 —20.00 —50.54 —38.89  23.15 11.11 360.59  180.86

BT S 7 R A 7 T R AN [R] 2B 7 SR BT B BROMAC R 5 YRR 267 7 AL 45 70 / ¢ A N BUYIRAN %
K HEWIAA A 7= TR, 84 A SERRBRAN b — ELERFTE 1K I, IR A P B AE B AE 5 il R 3RAF IEURAS. —
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Fig. 1 Automobile manufacturer disturbance management income under the fluctuation of carbon price

5 BARG TG A VRIS 4 X (0] R — 2R 2 B g 256 B 1, SEBRBRAN RS E [35.0, 47.0] [X
B) P B, WIAE AR P T RIE A RS PR, JE AR RS, R DX IR 1 A, YRR AE 77 1 LR B R B RE IRV 4R A
PRI ZE RS B A, SRR BT Re IRV B & B, MR ER B A, i S E AN THR X ) 2 mALE TR, BR
TS R BT, s e U5 R ZE U 72 T B R B X TR] 1 A X JA] 2 A SR el kA,

BE AN, B18E A 77 1 R 4E R R AE RN 30.09 %, e X 8] FL A 5 2 10 A B M AR AE, ARG RR R
1K 66.67 %, 1) 2 AN Bae U8 DX TR UR, 22 BRWIAE A2 7= v KIS0 B AN M K AE X 25 B, VRZE AR 77 1 SR IR 57 5
B & Y AR FUHBRAN M. 2NE, SRR A pr = 43.10 Jo/t, Im S 39ME 1.9 70 /¢, ShI BRI 4 €
W 12.86 T3/, FraelRVd M 16.78 TG/ .

Foml T —HREL Y NP E BREE. Zo0HH, RO RS BRI 5 BRI 5L SO B 1 R &
I 5t a3 Al ut = 30 714.29 t 1w~ = 892.86 t. AL, 24 w = 5 000 t B, i [X 8] 5 #5 HL [0,30 714.29],
T e X 8] S X [892.86, +00), Z W3R 2. AR, 28 5y FE 32 IRAMN AL 1 fe 0 1 5 g, i EL B A7 446 v 1
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D] Sz H A a8 B a8 3 B 1 SR 25 520 (An1&L 1 B, il an, a4 i fi 25 28 _EiK 2 60.0 JT /¢ I, FRE:
A BT REEVR ZE AR ZE AN A% 43 R R 1.04 T30/ A0 0.04 7300 /5, G T AERR B AR E R 2.60 J3 0/
FT0.10 J5 7C / 55 R R M 2, i 7 X )t AN JER S ) [47.0,78.9]1 BB & (52.2, +-00). A AL, BREAZ S 3R 2k
72 T PO BBAN A B 3 2 B A4 7 o i R,

£5 THBTZRMBRNERNEIRHER

Table 5 Strategies of carbon price disruption management with unlimited trading volume

HEE X A) Pe / TG/t Apn ! FiTC/B Apm [ TITCAH Age /I Agm /I AR /LT
BREXIN [35.0, 47.0] 0 0 0 0 0
FHAXE 1 60.0. € [47.0, 78.9] —2.600 0 —0.100 0 12500 0.000 0 3.250 0
THEKXE 2 95.0. € [78.9, +00] —9.600 0 0.1111 48556 —6.244 4 473072
BRI 1 34.5. € [34.1, 35.0] 0.100 0 0.003 8 —0.048 1 0.000 0 0.004 8
BREXIA 2 20.0. € [0, 34.1] 3.0000 —0.3056 —1.6528 54722 6.630 4

* 6 XHEFZRMRNZIHNETE R

Table 6 Strategies of carbon price disruption management with limited trading volume

{55 = Pe (JG/IM) Apn (JITEAK)  Apm (JITOAH)  Agn JIH)  Adm (JifH) AR (I270)
EFEIX (8] [35.0, 47.0] 0 0 0 0 0
50.0 € (47.0, 52.2] —0.600 0 —0.023 1 0.288 5 0.000 0 0.173 1
ut =30714.29

60.0 € (52.2, +0c0) —1.0400 —0.0400 0.500 0 0.000 0 2.080 0

34.5 € [34.1, 35.0) 0.100 0 0.003 8 —0.0481 0.000 0 0.004 8

u~ = 892.86 32.0 € [31.4, 34.1) 0.600 0 —0.0389 —0.3194 0.805 6 0.2230
20.0 € [0, 31.4) 0.718 0 —0.0520 —0.3850 1.0350 26123

3E: RBPERHESE EREUE w = 5000 t, [RESFN un = 2000 x 10% t.

5 4RiE

A, xR A A% Y0 ah 8 B HARV A P ML AU K T 0E LA/ L. A SCES & 3 B R IRy R e
s, R T AR G 25 5 T RERIR AR IO IR & A RS, 3 T RR M R AR A P R S e B
i ARG, SRAR T BCATAE S B AN B2 BRAN 52 IR 264 T I L U B SR, R4 da A2 ik R 1 ik, B ek
. FEBREIRTRAE R A, BRAZ 5 R A R A P SRR KIS AR BOK, B BRANAS T, B BE TR
TSP IZ 0 o, I UL SR 4 a4 ik LR & — @ @k, JF B & s X a BA 4k
XEPRIERFAL, MK S ST Bk 4% O 2 P AEL, 22 0E B, B4R 22 7 S R AL A 5 170 45 A 7 ol 88 X 1)
XEARABURE T3 50— 8505 e HIe 1 2R SRS [ I B ke B A% b S i P AN 52 5 B B BR, 52 5 B A 8 e 2 e
AR S S N S B X 8). ST, AR BRI R AN, BURF I 6 55 P ML AH X FE R, ARG E B 1 7
ks OB T G R BN EL AR ST W TR AR I 5, W S AR I8 RER 4 R R AR P,
AR DT SRR BOAE PR, TR “ADAR AR P B SR B R R e A SR AR, $RTTRAS 5 T Al A SR
PR, J8E G 7 REVRI4E P ko FE AR AR R BERIR 9. 24 9R, ASCHIEFE A AN A2, B oR 25 R8T BB 4 O 76 oK
Peah e, R — AR AT TR KA AN A% 5 I P 0427 ) B DI X SRS
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