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Low-carbon unit commitment scheduling considering renewable energy
source uncertainty cost
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Abstract: The increasing penetration of renewable energy sources (RES) in power systems poses significant challenges
for low-carbon economic dispatch due to their inherent variability and the complexity of carbon emission propagation
paths. Existing methods struggle to accurately quantify RES uncertainty costs, and traditional carbon pricing
mechanisms fail to effectively trace the indirect carbon emissions induced by RES fluctuations. To address these issues,
this study proposes a multi-objective optimization framework integrating uncertainty cost modeling based on
information theory and dynamic carbon flow allocation. Firstly, an information entropy-based RES uncertainty cost
model is designed. This model resolves the challenge of RES participation in unit commitment due to their near-zero
marginal costs by equitably allocating uncertainty risks via Shapley value. Secondly, a carbon flow-driven dynamic bus
carbon intensity allocation model is developed to precisely trace the propagation paths of additional carbon emissions
caused by RES power deviations. Thirdly, an Multi Modal NSGAIIl (MMNSGAIII) algorithm is proposed to
coordinate the trade-offs between the uncertainty cost model and the dynamic carbon allocation mechanism. This
algorithm employs dynamic reference points and multi-modal strategies to effectively navigate RES-induced
fragmented decision spaces, ensuring pareto solutions that simultaneously minimize uncertainty costs and emission
propagation.
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Algorithm 2 KECEAE(S, Z7)

L3N PSS, S L 2T

JETH: BAME SRR S E pin(s) IR ELIE B d(s)
for BNSFE iz € Z7 do

w < z DB HE T &

: end for

:for TMME s € S do

VI B INIE S : d s, < 00

for B 1MZFET71 w € Z" do

[\

f'(s) - w

™!

N

HEEEES: dt « || (s) —
10: if d* < d,;, then

11: i < d*

12: 7(s) « w it KERIES % N
13: end if

14: end for

15: d(s) < dpy >R/ RS

16: end for

B 3 R 1 Al B 120 AR VR 4 i
T 3 AR FrA HLALE S RS A 77K
PR AR R HER i, 777K R SE
i, SERRAL T —ADAATIMNAA ST %= K,
N OABVHECE; u, R HLH R EIRES; PARRL
YL I K PRl Pre gy B ML )R
BRAN PR Prps AT HAEREIETN M J1; Pooa A
i 7 K. I LRI AR 1 A2 5 REAL IR SR R R,
Ja SRt R AR R B A R L g I R R
AR A AR 2 HE A [ Th A 2R, O JE SR
R B E A

Algorithm 3 Ziigid 2

HE 2 s 7 ORMRRE R i R A
AR EI P 225 7 17 1) /N B R, IR E LA
JEIZ % N X P BRESL T MM S S R
NP VS S RIS R 7 /o o [ = L
m(8) KR MR s KK FIE S % /L d(s) Rom MK
sB|H RS S0 H IS £ (s) A MR s IH—
WHAREE; || - || RoRRK) LA VAL T8 IR A 1 R
BEEL, SE RN HE R VEAS A AR AE H AR A R TR A

1: 3N : MU S0, fder 75 5K, AT AR e IR T
2: HrH: gD JE AMA x

3:for AL ¢ = 1 to N, do

4 ERUIERA: u, « BENLERE]O, 1)

5: if u; = 1 then >H4HIEAT

6 ERUAAT: P, BEHEP, P
7. else

8 P, < 0 oHLAFHL

9: endif

100 B (uy, P) ot )M ) x

11: end for

12: VAT FEREIRE: RS P, + Prps > P
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13: return 4w i Mk x

V% 4 R T RS IS R 1 B gm0 A A
ey BAR ) H AR R BUE, B35 SR HL A R B HE T
L BRI R A T S R B B HE T B
BRI BOR Al B AN R B 7 R I A PR RER R E. o,
wWNLA GRS &, PANLAH 1M &, Pres N
A AL REIR TN HE 775 Proaa MR 55K NNZIHE
SRAE T R AL FIE R 1 D) 2P L SR AL )
LT, Xof AN AR 2 TR PR T T TN A2 50 0, ke DR
RAE AT N AT KRBT ORAIE T R AR 2%
FAE SR ATAT B T 2, [R] I O S0 32 1 110
T2 VA

Algorithm 4  f#i%d 2

L3N ntsANE x

2: 5 HARREUE £ = [f), f2)

3: AT HLALIRAS . xR ECS AL H w, A1 P,

4 PEERWSA: £« RAERATEEE (0, P)

SRR f, « BREPEGHE E % (u, P)

6: o A Th F P 4 3

7:if Z P+ Pups < P, then >4
8 MEMAETIIG f, < fi+ X+ [Pows — 3 P — Pras|

9 fofot A |Hoad_ZB_PRES‘

10: end if

11: KB WL H S 2R

12: for B i = 1to N, do

13: ifu, =1 H (P, < P"™ 5 P, > P™>) then
14: MEIAESII: £+ fi + - AFE R E
15: fo < fo+ X 2@ RE

16: end if

17: end for

18: return HERME f = [f1, f]

MMNSGATIT 5y ib G ekt s iR
Gyl sh&SH AR BENBEE TME
BILFRRNE, A RUR R T ) T AR RE VR IR T
BUZH A & 1) 1) 2 A AL BR R VAN AE B Ax
A AR T R WSS A G AT A, R B AE TSR
IR YERE T R 2R, NREE R T FEE
HZ R0 R FE 7 Sk %, 158 1 BRAE SEbr TAE R
FAH s P RN AT S
3 KRR

FEAT R GBI Sk 14 5 SRR F ) RS
E 73 T15 B AL I RES A 5 1 A 45 AL AN 3 T

WA 8l 715 ¥ RES 55 3085HEBOBE BL A 20, TR
PRI T AR H ) MMINSGATIT 53 (g
3.1 LRI
A3 A Intel Core i7-13700@2.1 GHz 4b B 28
(16GB W %) i£ 47 MATLAB 2022b ¥ &, % 275
S R R0 P R EAT VR AT 256 SR FH ik 1
14 5 25K R 48, DA ORI 70 A SRl 5 mT b
FUHLLH I K8 S 80, /e Kl 1l Py, =
0 MW, P, =200 MW, i T A R Nz =
10007%, y = 5076/MWh, z = 0.00575/MW h. 5% FE
TRV BB AT SR BN P = 80 MW, X 3 pR 4
ZHN a = —0.0003 YMW’h, b = 0.85 t/MWh, ¢ =
125t d =5.0 MW. , XSS 3 F S % T 410 K
FLAURBHE AT 5 R BOE A e mE 7t 2, Sk
T 37 LA 0, 8 45078 /J6 FLI . 2 45 ol AR AL
YA R B UL 2y 4 N 3 S BELR AN 6 5 BF 2k DL
AN e VAT A BE IR FE T S8R RO (A 2
9y = Fh g s, RSB R AR ZE 5 N 2 MW, S
MW F1 10 MW. 5T A [6] B H 37 5 38 17 560, N
H AR R BB B T = AR U AUE, X B = AN [] 3% ¢
(S1: 0.2&0.8; S2: 0.4&0.6; S3: 0.5&0.5).
32 HEXH
32,1 HEMREXTH
ARATHE AR R S PR A R R 1
% H b7 (MOEA/D-ALNS"™ #l MEPSOLA™Y) 5
=R 2 gt %2 H bR AL AL HE 22 (Epsilon-NSGATIT™,
NSGAII™ Fl NSGAI™®) #E4T T 41 [ REXT L7
fiti. AARBEST L IA T, BT S35 1 B AR [ (22
14, B K AR 1200 4R, B OR# SHILTE
RSP AT MR AR VTG . 1% LB o R
He 5 T8 5 2 R0 R G AR BE B8 W A% O FR A5
R4 55 % (SCR) H T & — N HIE T 3k A5
f] Pareto iR 5678 75 o — N EIL M ER LG, [BL T
LRI AT M AN 2 R TE . B SO
SCR(A, B) ]{bEB\EIc‘LBG’A:ajb}\.
Href AR B 5 RIAWAFILMGE, o < b EoRR
a AL b.
S ACIE BS (IGD) F T/ & 5L 5% Pareto VY
B B B T SR A5 1 Pareto iR E 2 18] 1 T 35 BR
B, RN Wi B R S A 2 Rk e SRR

1
*\ 3 * 2
IGD(A, P*) = 7|P*| \/p}ep* min d(p*,a)?.  (41)

(40)

Hrp P+ R FLSE Pareto B, d(p®, a) NESCHTIR A
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—— MEPSOLA
Our Scheme
800 1200
HEAEL
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ALNS. MEPSOLA 5 5yA/EBAN it 72 78 55 %
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TR ST RE T o 51 5 R I T 7 25 A R
i 4 DX 3, AT EALZE 2H A5 v S0 B BR )48 2R 0K

E S AR B 77 1, Wil 3 frs, MMINSGAIIT
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A NSGAILL, J& i 55 P (14 Wi S5 52 A B 5 1) 3
FL 52 Pareto AT AT AE 7. FL B & Bk PR RE A5 AR
T T 3 AR S B 75 T B9 2R R, 7E v g T
A= e I B T BT B2k e S ) P AT DR v AR
322 HEGEXN

R 2 T PPAik 8% B2 A A AR B 22 % R FEE I i
(1 g, A X L T NSGA-II. NSGA-IIL, Epsilon-
NSGA-III. MEPSOLA. MOEA/D-ALNS DL & fT#2 H
) MMNSGA-III 5032: 76 A7 [7] 52 56 15 BN B3k 15 1)

Pareto B, X ELZE Al 4 pios. AR HE LTS 2
[] Pareto HI ¥ 75 H A5 25 (8] Hp 2 B0 H B 2 ) P g 2

5. NSGA-II Frf3 RS o AT ba i, HAE A i 125 )5
MU, 3 W I AR A 1) B AL ME R 22 5 NSGA-TIT A
Epsilon-NSGA-III 7EURSIHE A ek, (H R 4E7E H
b2 8] R B A AT AT AN 35 50, J0H AR s A -
JIX I AF AE B R (1 AR Bk B R, MEPSOLA 1
MOEA/D-ALNS HEAR{E— 2 FIRTE T ER N 5y

¥ EVIR ap = R 2La
At {HH: Pareto FiIVEATIA BE 787018 1T L SEHTVA.
4.0 Ay o o NSGA-II
st oL s NSGA-III
— L3 4w s o Epsilon-NSGA-III
2 X, v * "% [aMEPsOLA
v 3.61 % . s v . |"MOEA/D-ALNS
=] WAt [ MMNSGA-TI
~ £y ®
~ k‘ ™
® 321 Ay ‘
ﬁg "h . A
- NN
)8 RO ek em  w ar

340 380 420 460 500
BRCHETL/ e

El4 REMRETH pareto fhzk

L Z R, AR SCATHE H 1) MMNSGA-IIT FiA7E
Jir A xf b R R I AR, J Pareto AT B 2 T 4%
I A S A, 3R B AE [ B B /I R G0 e RS L
Herson B A B E . BARTE, MMNSGA-IIT At
RRGEAE B bR MR I AR o 5], s T &
FRAS R HETBCEIMEC AR - i HE TR T BEAAET [X (1], Sk
FE AL T 2R RS U
3.2.3 DU SRR BRI Rl SEI

N EAL A MMNSGATIT 50325 b 43> gk 20 44
GhESH N BENRE X EEHEE) 15Tk, A
IOXT L T 528 MMNSGAIIL 5 2 AN AR By 1 e
BASRHR U : MMNSGAIIT A< 3 it 5e B 505,
TR A ZEFEh A S5 R, AUE VIR S =
iz, Bk BB HIERAE X, A E A SBX H
T Bk C RS SR E R, NMESTEFE A H
2 ) 2 B RE BT ; (R NSGAIII JE 4R 5 AF LUk
s FIEEM R 24 R I8 4T, it &h Rk 2 Fiox.

%2  MMNSGAIII ;ERhSCIE M sEXTEE

HikA HABEE(GD) BEBHY) BT A 7T) BRI

MMNSGA-IIl  0.0085 0.812 12.56 388.5
A 0.0123 0.784 13.32 405.7
KB 0.0102 0.793 12.98 396.2
BfkC 0.0091 0.801 12.71 392.4

NSGA-III 0.0157 0.772 13.59 412.8

SCUR A R WNFR 2 o, T RS0 45 AR i s
T B BRI TR 317557 R Tk 2 A
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o IO —
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e .
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Pl AL E BRHET () A (O6)
S1:0.580.5 488.56 14,559
$2:0.680.4 372.88 28,680
$3: 0.8&0.2 312.24 35,127
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PRSI T R Gl sk I /M, [ 32 T
T RGitaEN.

1 e R A T A @ 7 e e o o R N
4t 77 1 N B Z X6t RES AN 52 P 1) 55 A 2 AL
H1, Wl R FNLALAE 40-50% BE 25 & X 8] 15 4T
DURME A B HL ) RES ANHf e P (an &l 11 AT 12 pr
). MR, BT B AE SR AR R R AL 2H 4 R A
70-85% &K FIZAT, M ALEEA 3 (26) BTk (16K
AR RS S A

W 7 B, &0 5 W 518 bR B0 5 IR T
RES AN 5 P BUAS 1) 9 3540 K sh &5 B 3 EC AL i 6 5
A B AR 14 K5 AR B R 0 $fE 4 RES J5, B
HEBURN R G0 A 13 31 T o0

R TRIGETHBERAMA AL

iRz BRI (W) B (7T)
VNS WIRIN 379.83 28,856
HeUE T 432.41 32,376
4 & ®w

AR T RES ANHE VA 5 3 Ak
Yo Be Ty ik, #E 1 Im ARRR i ) RS 2 H ARt
PCHEZR, DL 7T 128 B il 2 155 48 ke T i)
AL WU iR T R R B AL TR A AR U
(AN 8 P, 712 1 Shapely 43 BCEL 0 SEEL T XU )
NI, [RINHBER 1 R 2% 715 A 8] R B HE TR 5 AR
J&. G5 & BIERN 2 H AR AL SR, M AT 22 T
ERRATSCH bR $ETH AT A REVEE 9 BE ) K BRI
1T R E R TR, AN PESRAF TR B ) R e
WA BE T RGNEME R TT .
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