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Abstract

The carbon reduction technology (CRT) scenario puts most companies in a dilemma when conven-
tional power generation companies have differentiated pricing policies for customers in different
regions. This paper constructs a model accordingly, and the scenarios include: i) The company
discovers the advantages and disadvantages of investing in carbon reduction technology, and ii)
the company maintains the original operation process. At the same time, buyback contracts and
revenue contracts are added to the model, based on which the paper proposes algorithms to seek
the optimal tariff, effort, service area of energy storage equipment, preventive maintenance budg-
et and power demand in each time period under the relevant constraints. Finally, this paper numer-
ically analyzes the model to find the elasticity coefficient related impacts. The results show that CRT
leads to, among other things, higher profits, higher power demand requirements, and milder price
fluctuations for both the supply chain and the generating company, while lower electricity prices
will turn on fewer energy storage devices for users. In addition, this paper recognizes the impor-
tance of choosing the right coefficient value, and finds that an increase in the price elasticity coef-
ficient leads to a decrease in electricity prices, and conversely, an increase in the output elasticity
coefficient leads to an increase in electricity prices.
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Figure 1. Conceptual diagram of the power supply chain problem
& 1. BB R kel

PRI AR BT TR B4 S E 20 Ve F R K BH BEFE Ak B A e g S2 (Rl 45 R FL A
", HEREAN B, JetB et ae &b 5B A S T W07 WNBRAS B as h SRS b . A
P #IAE — AN e R, AR A i AR A R AR IR ). F X 10 75 R R L
SE SN AN SR MK WA RTAE PR SR DS R, W R s D}:Mi—ﬁ;(et)’“w&(ﬁt)g‘ W&
t=123 T Mi=123-- N, M ZH/HEIFERNY LR, P ORBASER B, FRHIX A%
N Wi XA IR, BT REESE, 0 REREEM I X LGEEHAKT . o (o <0)F &5
PRSI H L R AL

AR B SR LR B — BN S AR SRS, BRIAR SO S X — MR S A R . KA
HFIFH P SE R B B R A (R ) K FLA R AT B TR PELES L (PM, ) il RE B & IR S5 X3 A )
CLR P T K B R P RE IR (K155 I REFE (e )R P kAT, DA EIXUBR AR « AT 1)
THRE R, RIBRIEHE SRR GG 5 . A SCKHIE S BRI RESGTER 1 .

Table 1. Related nomenclature

*1 MAXGEER

RiE

GENEAE: SHPEH
SC R 465 5 (At R M, i XH BRI ER
SC™R BRI R B B I JE] € X3 T RSk SR
cP AR 2 | REEEHAIKT
uP P RS K | XA TN

X FR B B AL P P AR

189 HpE

DOI: 10.12677/pm.2024.143098


https://doi.org/10.12677/pm.2024.143098

Bk
] b [ B ks
t R 5(1=1,2,3,-,t) 7 FIPFERRAE By AR A5 0 & 2o et 70 5 LA
[ WIXEG(1=1,23,,N) Cee T SRS PR Bk A
o FLAL A LR R HE R 2L
2 Ce THER B B K B BE FL AR AT~ 2 AR
el I 18] € X3 R85 1K T Csp FLARL KB fE PR O 44 A
A I R] € X0 fif RE R B 55 X IC;i DXLl BE R B 2 A
PM; i DTk g P Cou ARSI N A RER B s gt — 2R
P I A] t HBIX i A LAY C. A AR A
D/ SRR A DAY LN BN E - S FL P A
PG/ K BHAE R AR L L ) BE & S R A
Ce K HL T IR A
HHERY ICcr KL T BRI B O LA BT A
& i XA R R A Cu K HL oy T AAS B 9
a | DX R R A a-b-Y R R E I = 2

4. HRBUEAY

TETF M IR 2 T, AR S0 565 51 PR K B A I A0 P FRL B (PG ) 3R R, I 35
PSR . HILE

PG! = (1+ eit)g_[:+11c (x)dx 1)

Horr el FEE I 0 X (953 J7REEE, g & A7 K BH B LR A I T B x A0 BRI PR L £ (X)
Rox A, [ ()R tATtRL, el BTN 1R T BRI KRR BRI A LUR N
H A S R A A A OB
41. AR

4.1.1. WAHIRL
FEALRGUR A, o — MR R s, AP AZE R, R, BEESGEIH
FIN, DU o Gl 22 K B fE R oA o At B B AR R AR RER AL i 77, F P AT LA
R R . AHRTERFIT .
fRAE S, B ERNRTH AR
BR=3""_b(PG{-D}) @)

Horb b A [ E A% .

(1) B4R CEEBCE Y , @R, P AT USRI . TR RS E T ES R
A B TS OLN A A, HAEETIN,  BRILE 2 R R &) 2 8] 3 FR el i) e P O o2 2817 7
—r &R, MRS e, o NHPERZ S PSRN E RS S ECELH . C,, R R AL IR A,
o A K BRI RS TG A . Bk, H P RS IR A A K (3):

CTU =Y " 9C,oPG! (3)

DOI: 10.12677/pm.2024.143098 190 S H


https://doi.org/10.12677/pm.2024.143098

4.1.2. AR
(1) HBREBENH S 55 R, KRR EFER TR R A
5P =3 (L) ce @
Horh Co 2 T 5 B FE A BH A BB A T2 A, i ot Rt bR DA e R B i e . 7 K H A T A L
P L AR

(2) KFHgEHRMREKMH SRS, HEJRHE. 3. 88, TREEN AT . 810
K BH g FE AR 4E 40 9 i R oR A
SM ="' (1+6])Cq ®)
ot Cop A& BEHABH BE HLIBAR (1P G- 3 il A o
(3) TE/NX ZIEMERER R IR RN N | WRIRN
Nt d

IF=>" -LIC, (6)
hI A
HAIC, 2 i HuX BAMERE L A& ) L 2E A
(4) | WX A RE B & B IB AT A 4E S A v R A
oMm=3" ft_l%cw PG! 7

JLrf Coyy MRS DX I PR B 5 46 Z S RN 48— B
(5) RS MK AL B AL R R A RN AR A T 2R
PL:Zihift—ld_itCL r\/z'(PGi _Ei ) ®)
A S (Vi)
b r R, CRMBIEMMINERREMRA, A REBMMEKE, S EHMIEH.
(6) i FiI % LA A L A A FT LA SR A

EC=3",R'(D-PG]) ©)
42. REBATE]
4.2.1. WNHIRK
(1) 1RGN R RN
SR = Zi’\‘:ftzl R (D't N PGit) (10)
(2) KEAF I D EWNTTRR N
CTCom — ZiN:ft:l(l_q))cceo-PGit (11)
4.2.2. RAHIRE
(1) AT IR | I A= I B AR T R OR N
EG=>_Cc(1+1)(Di -PG/) (12)

Horp Co AL AR, T 1 &2 B O A2 P A L BEHRAER (0 <1 <1).
(2) fE tISTAI A i M XUk 57 IR IR HFH AR BB A AT s

DOI: 10.12677/pm.2024.143098 191 S H


https://doi.org/10.12677/pm.2024.143098

CR=Y" ,1Cc (1+1)(D} - PG/) (13)
(3) #R¥E Firouz A1 Ghadimi [15]8F 7&K, 4E4 AR ATI BB, B A ZLEB IS SUTA
JIBEUR A AE P 3 2 B B YA BT /2 Y 5 RIS A 1] 4
E =37, [(a +be 7)oy + P, @
Hora +be”™ Rlkase, i C,, & A 4Ed A,
(4) BRHEBURA TR R A

CCE=Y""_C.o(1+1)(D{ -PG) (15)
(5) AT IBINEE [l 7] B SCAT IR 3 AT AR R A
BF :Zi“:ft:lb(PG; —D;) (16)

5. BREMES S
5.1 {REHE
Pt S A A SO VAL S B AR I S R KA B R TR — o FEAR SR AL T, R L s w R
R e A PR VEAE P . S5 U BRI RE LR A & . IR CRT AN, ASUBRLAN
P H bR R 3L
max SC** (R',PM, e}, A')
=BR+CT" +SR+CT“" -SP-SM — IF —OM
—PL-EC-EG-CR-MF -CCE -BF

- Zih‘:iT,tzlb(PGil - Df)+2,“:ft #C,oPG| +Z|th . .‘( D! - pG_‘)
+2‘4iN=‘1T,t:1(1_¢7)Cceo-PGit _Zu =1t= 1(l+e )C Z, 1= l(l+e )C

Nt d Nt d . r\/7 (F’Gt Dt)
- —+IC, - —Cowm PG; e 't L
ZI 1t1Ai ZI ltlAﬁ ZI Aj (VI)
—y L PY(DI PG )X Cs (1+1)(Df ~ PGY) (17)

Y 1Ceq (1+1)(Df -PG) -3 l[(a.+b.e’7PMi)CM+PMiJ
—¥ i uCeo(1+1)(Df PG/ )- > " b(PG}-D)

max SC(P',PM,. ¢/, A')

=BR+SR-SP—SM — IF ~OM — PL—EC - EG — MF —CCE — BF

:ZiN—’th—lb(PGit_Dit)+2ihl=ft=1F)it(Dit_PGit)_z =1,t= 1(1+e )C

_leth 1(1+e )CSP Z|N1Tt 12: ICi _leth 1: COM PGt
. ! F’Gl
T e SR
_Zi’\"th 1C (1+|)( PG ) Z. “1t= 1|:(a +be yPMi)CM +PMi:| (18)

> e 1Cce0'(1+|)( PGi‘)—ZI e 1b(PGt D;)

DOI: 10.12677/pm.2024.143098 192 R


https://doi.org/10.12677/pm.2024.143098

Horh SCRARKBRIMHE T %, SCARFKIE M R TR, A SOH 2 B T 5 —Fhi 5t

H T F7 A 2 4 T AN e I TR) AR AR IR, DR AR SR AR A SR (A8) I, A S 2l PM, E’Jﬂiﬁnﬁﬂ%
TR W SEHORAA L EHAUE, IR RIE NI USRI e Rk Ao i, X
WHEH T PM; B R, RRASCA—I SEE R AT, BEIPM] .

2 CR
66( ;\CA - YT e ™ <0 (19)
PM/ ST (20)
¥ yCuby

K ARQEORAAK(L8), FHEFPAT HRFE, ASCHG AR SEHTAHR IR, Mkl SCH
(14 & B K RUR TRAPAE, IR RSO AR RIET A™ Fl el FIfEdT 2.
9°SCR  5°SCH

wor o) oeloA

_ (21)

0?SC®  9?SC

oneel  o(A)

H R B ME R AT T
x)dx) d,C
D,=- 2L 000 L (22)
AS(V,)’
D2=U:+lf(X)dXT(di)z 4C rAIC, ~(Coy) S(VL) +2CiLr\/;COM(PGi +Di)+(PGi —?i) (CL:) 0@
(A) s(v) 2(A) S (Vi)

S Hed% DA D, (RARHI AR, A SCAT LB ISERE AT A fefi, MITZRMI SCO 55 A il el %
ke AT He Rk

o 45" (V) [1C,+Co PG | -
r?(C,) (PG-‘—D.‘)4
S(V,)'| ACLoa] " (x)dx— A (Cc +Con)—dCo g T (x)¥
Co +ICqs +Cpo)(1+1) x)dx |+2[ Dl —g["" f (x)dx |d.C "
e.‘*:+A( + +Ceo)(1+ gf X:|+|: g_[ x} r(gj 25)

2diCLr\/K[t f(x dx} g9’

AR AR B80S 7E 53 5 S IR P AR FL A ] B R KA

maxUP™" (A',e})
=BR+CT"" -SP-SM —IF -OM -PL-EC

=3 b(PGI-D!)+ X ¢CoPG - T (1+¢f)C,

d d
~Ya(lvel)Cs ZN-lT”A:IC Z.NthlA:COMPGt
2
d . rfA (PG -Dj y
DI LR i Los ri(o-ra)

DOI: 10.12677/pm.2024.143098 193 S H


https://doi.org/10.12677/pm.2024.143098

maxCP" (P',PM, )

= SR+CT®" —EG - CR— MF —CCE - BF

:Z:\‘ftl 't( F_PGF) Z:\Lth 1(1—(p)C UPGt z 11 (1+|)( PGit)

R o102 (e -

S )0~ p(p )
N T SRAF AR B B B ORFE , R BN AT, AELU N AR RT IR T, ASCE I AR A A IR
AR R . RN E M TR BN, BN RZ R AR GR], [ T ORERH

TR, RAF A TR B, A D6 2 T B R LA Cg

(AL L IE S/ TN

a

¢ Mi+¢9it(Fit)gi
b

<
Il
o)

7 ERARFZMMS SR, ACHE T LU EESkI e B m P it — PR EH KRR &, &
JE— B AR AE . BARIZEERESESCR, sC, HE SR EEE .
52. B3
5.2.1. $HE—

Pi

N a SC (Plt) v > aSCCR( t) ) * * sk * 4
%‘ﬁ(—) WA BN, U‘JJEK%@T =03 P" . WA P ey M R™ = P AIfIFFE) P!
o(P! [

BB AU WHEND IR 3 B BEN DT 2
PR 2: A LBIRBIFF T, R P RRILE.

522. $B=
(1) ¥k 21
M(P) =Co (k=1)JFfh, &—k=k+1, P L/1000 Ji 5N SC (PY) T 57 Hi AR

1

| Mo (R
RSP, BElko= K (R =| S|

(2) iR 2.2
ik SC (™) =max, . {SCCR( ) }1&)@%@”
52.3. £ 3
KA (R) Al e (P™) A1 R = R fRN A3 (24) A1 (25), 3 244k 57 B 7T LA B e KR, B
max {SC** } = SC" (R™,PM e, A™) , JFfZIE
6. HIESHT
6.1. BIERH
AR SCFRAORL R R 48 D A 55 X sk 18 7 Dl 950 km?, FF3E— 258190 N = AN IX S “ A X 7 L “RE

DOI: 10.12677/pm.2024.143098 194 S H


https://doi.org/10.12677/pm.2024.143098

I

WX R “TAkIX” (N =3), 40 d, =200 km?®, d, =300 km? Fil d, =450 km? . [&]—H[X P35 F 7 ()
R RO SE ), BORH TR SRETIA M, = (1200,3500,6000) KW - h , AT~ H i i AN v 2R 501
VI a=-15M & =095 . & 2 MK 3 HIFIH T AF M X D REAT B i 76 SRR S8 E
R RNREL He i SEIEN RS % CHR[15] [16]/514E € -

Table 2. Input values S for demand shift parameters
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' 00:00~03:00 03:00~06.00 06:00~09:00 09:00~12:00 12:00~15.00 15:00~18:00 18:00~21:00 21:00~24:00
i=1 7000 5800 4100 3800 3400 3500 3850 6200
i=2 15800 13800 11000 8600 8500 9200 11000 15700
i=3 16800 14300 6300 4800 4500 5000 9000 16000

Table 3. Input values F' for productivity input coefficients
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' 00:00~03:00 03:00~06.00 06:00~09:00 09:00~12:00 12:00~15.00 15:00~18:00 18:00~21:00 21:00~24:00
i=1 5 12 22 28 35 37 38 10
i=2 20 25 60 100 125 105 30 30
i=3 3 12 30 60 65 70 35 10
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Table 5. Optimal values for preventive maintenance budgets in power generation companies
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Figure 2. Electricity demand for carbon reduction scenario and original scenario
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Figure 3. Level of effort for carbon reduction programs and original programs
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