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M) Performance response curve






OPS/images/fenrg-12-1461383/fenrg-12-1461383-t003.jpg
Generator Capacity (MVA) Gl G2 G3 Gt Gs G6 G7
14 20 30 30 30 66 66
G8 Go G0 Gl Gi2 G13
66 80 14 14 14 14
Duration of rate-power output (hours) Gl G2 G3 G4 Gs G6 G7
5 45 4 4 4 3 3
G8 Go G10 o G12 G13
3 2 5 5 5 5
1% Capacity (MWp) V1 PV2 V3 PV4
50 50 50 50
ESS Capacity 15 MW/ 60 MWh
efficiency Charge 98%/discharge 98%
Demand Peak load 800 MW
Load Weight A: 05, B: 0,333, and C: 0.166






OPS/images/fenrg-12-1461383/fenrg-12-1461383-g011.gif





OPS/images/fenrg-12-1461383/fenrg-12-1461383-t001.jpg
References ads priority  Energy limited  System constrains  System stability listic coverage

Xia et al. (2022) o x o o x
Yao et al. (2023) -3 x o x o
Mohan et al. (2022) o x o o x
He et al. (2018) o o o x o
Tong et al. (2024) x x o x o
Chowdhury and Zhang (2024) o o o x x
Kadir et al. (2024) o & o x o
Fan et al. (2024) o - o x o
Hong et al. (2022) 5 | i o o o
Huang et al. (2022) | x I o o x | o
Proposed method o | o ° o o






OPS/images/fenrg-12-1461383/fenrg-12-1461383-g009.gif
{wasna | |

e
5





OPS/images/fenrg-12-1461383/fenrg-12-1461383-g010.gif
ited original load == Supply A==A+B
= P meshod - Rek mithod

131415 16 17 18 19
“Time of day (hours)





OPS/images/fenrg-12-1469739/math_55.gif
Tess (59)
£y RN PR (6= D)y + ey S

—ehegyl ~T<elp





OPS/images/fenrg-12-1469739/math_6.gif
(6)





OPS/images/fenrg-12-1469739/math_53.gif
Ap+ %jzls.ksn

nss (53)
006~ B )+ (e~ D+ ] - HE) <
[





OPS/images/fenrg-12-1469739/math_54.gif
inf Ep(P + &7 <Pl )21

(54)





OPS/images/fenrg-12-1469739/math_51.gif
inf Eplay (x)sB(x)}21-& (51)





OPS/images/fenrg-12-1469739/math_52.gif
sup Ep - CVaR fa (x)§; < B, (x)} <0. (52)
wp





OPS/images/fenrg-12-1469739/math_5.gif
Po.sP sP.. (5)





OPS/images/fenrg-12-1469739/math_50.gif
Cps LY
in Cot s =B+ + 1 3

P8 4 p S 5! (50
st 4 A5y - p i —pu <






OPS/images/fenrg-12-1469739/math_48.gif
N, safpannl® ¢ -5 €8]

nominBOEL G






OPS/images/fenrg-12-1469739/math_49.gif
inax e X 2

B+ (- HE) 5. )
[ER7EG
Po0VieN






OPS/images/fenrg-12-1469739/math_47.gif
@7






OPS/images/fenrg-12-1469739/math_45.gif
inf Ep(PL™ - P+ 875+ 80 2 -
inf .






OPS/images/fenrg-12-1469739/math_46.gif
min a’x + min max Ep{b°¢}

m.}.u xup.f[e

lzl <A’ VieN

:  max[bTE - 2] (E-§)] s

(46)





OPS/images/fenrg-12-1469739/math_43.gif
inf Ep(0s P + &7 sULPTL )21

(43)





OPS/images/fenrg-12-1469739/math_44.gif
inf Ep(Pi + P + &7+ 80 s P )21 -

(44)





OPS/images/fenrg-12-1469739/math_41.gif
inf Ep(-P sPI+87 sPL)z1-e  (41)





OPS/images/fenrg-12-1469739/math_42.gif
inf Ep(0s P + & sULPT )21

(42)





OPS/images/fenrg-12-1469739/math_4.gif
Poies SPi S Ponax.

(4)





OPS/images/fenrg-12-1469739/math_40.gif
min a'x + min max E, (b},





OPS/images/fenrg-12-1469739/math_39.gif
mind’ (C. + Cis = B) + minmax ExC(E™). (39





OPS/images/fenrg-12-1464151/inline_34.gif
R





OPS/images/fenrg-12-1464151/inline_4.gif





OPS/images/fenrg-12-1464151/inline_39.gif





OPS/images/fenrg-12-1464151/inline_38.gif





OPS/images/fenrg-12-1464151/inline_37.gif
u;, € —1,0,1





OPS/images/fenrg-12-1464151/inline_364.gif
AP¢





OPS/images/fenrg-12-1464151/inline_363.gif
AP





OPS/images/fenrg-12-1464151/inline_362.gif
AP





OPS/images/fenrg-12-1464151/inline_36.gif





OPS/images/fenrg-12-1464151/inline_35.gif





OPS/images/fenrg-12-1469739/math_8.gif
W (Py.P) = ml” (8,8 (€045} ®





OPS/images/fenrg-12-1469739/math_9.gif
d(&,.§) =&,






OPS/images/fenrg-12-1469739/math_7.gif
&





OPS/images/fenrg-12-1464151/inline_51.gif





OPS/images/fenrg-12-1464151/inline_50.gif





OPS/images/fenrg-12-1464151/inline_5.gif





OPS/images/fenrg-12-1464151/inline_58.gif





OPS/images/fenrg-12-1464151/inline_57.gif
Af





OPS/images/fenrg-12-1464151/inline_56.gif





OPS/images/fenrg-12-1464151/inline_55.gif





OPS/images/fenrg-12-1464151/inline_54.gif





OPS/images/fenrg-12-1464151/inline_53.gif





OPS/images/fenrg-12-1464151/inline_52.gif





OPS/images/fenrg-12-1464151/inline_41.gif





OPS/images/fenrg-12-1464151/inline_40.gif





OPS/images/fenrg-12-1464151/inline_49.gif





OPS/images/fenrg-12-1464151/inline_48.gif
P,





OPS/images/fenrg-12-1464151/inline_47.gif





OPS/images/fenrg-12-1464151/inline_46.gif





OPS/images/fenrg-12-1464151/inline_45.gif
C15min





OPS/images/fenrg-12-1464151/inline_44.gif
KPSt > 2





OPS/images/fenrg-12-1464151/inline_43.gif





OPS/images/fenrg-12-1464151/inline_42.gif





OPS/images/fenrg-12-1464151/inline_71.gif





OPS/images/fenrg-12-1469739/math_37.gif





OPS/images/fenrg-12-1464151/inline_70.gif





OPS/images/fenrg-12-1469739/math_38.gif
minC = ng(c,,c“—é,). 38)





OPS/images/fenrg-12-1464151/inline_7.gif





OPS/images/fenrg-12-1469739/math_35.gif
PO s P < PR (35)





OPS/images/fenrg-12-1464151/inline_69.gif





OPS/images/fenrg-12-1469739/math_36.gif
(36)





OPS/images/fenrg-12-1464151/inline_68.gif





OPS/images/fenrg-12-1469739/math_33.gif
(33)





OPS/images/fenrg-12-1469739/math_34.gif
U +UN <1, (34)





OPS/images/fenrg-12-1469739/math_31.gif
P o SPy " SP (31)





OPS/images/fenrg-12-1469739/math_32.gif
0< P, <ULP™ .





OPS/images/fenrg-12-1440487/fenrg-12-1440487-g003.gif





OPS/images/fenrg-12-1440487/fenrg-12-1440487-g004.gif





OPS/images/fenrg-12-1440487/fenrg-12-1440487-g001.gif





OPS/images/fenrg-12-1440487/fenrg-12-1440487-g002.gif
g $8883%8
ondonsoos 8100 pue oo
40000 10 i DAL






OPS/images/fenrg-12-1440487/fenrg-12-1440487-g007.gif





OPS/images/fenrg-12-1440487/fenrg-12-1440487-t001.jpg
arameter  Value Parameter Value
N 10 M 3
T 100 T 6
H 5 A 5x10°
Srm® 6x10'° cycles/s Soul® 12x 10" cycles/s
B, 5,10] times/s n 1
7 60 ms 7 40ms
7 80ms 5 ~114dBm
Beg [4,6] MHz U,(0 [1.2,1.8] Mbits
Lw(®) [28 30] dBm 5 10° cycles/bit
P [0.1,02,03,04, | ¥ [00.20.406081]

05| W






OPS/images/fenrg-12-1440487/fenrg-12-1440487-g005.gif
Pt Buching'on'aevics (mas)

o

s

o

Abietion Sicasncy (Timest).





OPS/images/fenrg-12-1440487/fenrg-12-1440487-g006.gif





OPS/images/fenrg-12-1469739/math_3.gif
. ©






OPS/images/fenrg-12-1469739/math_30.gif





OPS/images/fenrg-12-1477657/fenrg-12-1477657-g005.gif


OPS/images/fenrg-12-1477657/fenrg-12-1477657-g004.gif
SV





OPS/images/fenrg-12-1464151/inline_76.gif





OPS/images/fenrg-12-1477657/fenrg-12-1477657-g003.gif





OPS/images/fenrg-12-1464151/inline_75.gif





OPS/images/fenrg-12-1477657/fenrg-12-1477657-g002.gif
The oignal photovoic and wind pows ds

T

Tine desompeniton by STL

T I -

Trodterm | [ scasona i |  Residun e

T T -

ey

MIC et selecion | | decunposition

by VMD.

T T L
il | [ isorical | [ itonical
sidwland | | residosland | | residualand
xtemal el modal
fatures e feaures

T T L
wistr [ misvs | [ mass

———

Forcasingreslsof phoovoai and windpower






OPS/images/fenrg-12-1440487/crossmark.jpg
©

|





OPS/images/fenrg-12-1464151/inline_74.gif





OPS/images/fenrg-12-1477657/fenrg-12-1477657-g001.gif





OPS/images/fenrg-12-1464151/inline_73.gif





OPS/images/fenrg-12-1464151/inline_72.gif
180, 80,8),..





OPS/images/fenrg-12-1464151/inline_61.gif





OPS/images/fenrg-12-1464151/inline_60.gif





OPS/images/fenrg-12-1464151/inline_6.gif





OPS/images/fenrg-12-1464151/inline_59.gif





OPS/images/fenrg-12-1477657/crossmark.jpg
©

|





OPS/images/fenrg-12-1464151/inline_67.gif





OPS/images/fenrg-12-1464151/inline_66.gif





OPS/images/fenrg-12-1464151/inline_65.gif





OPS/images/fenrg-12-1464151/inline_64.gif





OPS/images/fenrg-12-1464151/inline_63.gif





OPS/images/fenrg-12-1464151/inline_62.gif





OPS/images/fenrg-12-1464151/inline_91.gif





OPS/images/fenrg-12-1464151/inline_90.gif
RelLU(x) = max (0, x)





OPS/images/fenrg-12-1464151/inline_9.gif





OPS/images/fenrg-12-1464151/inline_89.gif





OPS/images/fenrg-12-1464151/inline_88.gif





OPS/images/fenrg-12-1464151/inline_87.gif
ppenalty





OPS/images/fenrg-12-1464151/inline_86.gif





OPS/images/fenrg-12-1464151/inline_94.gif





OPS/images/fenrg-12-1464151/inline_93.gif





OPS/images/fenrg-12-1464151/inline_92.gif





OPS/images/fenrg-12-1464151/inline_81.gif





OPS/images/fenrg-12-1444697/math_9.gif
(| + AL 2 (0, + AB,) - I |20,| > L5,

(9)





OPS/images/fenrg-12-1464151/inline_80.gif
ALE





OPS/images/fenrg-12-1444697/math_8.gif
(| + AL 2 (0, + A0,) ~ 1|20, ].

(8)





OPS/images/fenrg-12-1464151/inline_8.gif





OPS/images/fenrg-12-1444697/math_7.gif
L+ (ALY





OPS/images/fenrg-12-1464151/inline_79.gif
AP





OPS/images/fenrg-12-1444697/math_6.gif
(T + AL (0, + A0,) + 1,20,

(6)





OPS/images/fenrg-12-1464151/inline_78.gif





OPS/images/fenrg-12-1444697/math_5.gif
Iy inZome1
kI, inZone2 ©
k(1 Zone3






OPS/images/fenrg-12-1464151/inline_77.gif





OPS/images/fenrg-12-1444697/math_4.gif





OPS/images/fenrg-12-1444697/math_34.gif
te)+d,d~u{-10,10},





OPS/images/fenrg-12-1464151/inline_85.gif





OPS/images/fenrg-12-1464151/inline_84.gif





OPS/images/fenrg-12-1464151/inline_83.gif





OPS/images/fenrg-12-1464151/inline_82.gif
APYN¢ = pyind _ pwind





OPS/images/fenrg-12-1450966/inline_65.gif





OPS/images/fenrg-12-1464151/math_21.gif
E,[n+aM(n(ls))]. (21)





OPS/images/fenrg-12-1450966/inline_64.gif





OPS/images/fenrg-12-1464151/math_20.gif
(20)






OPS/images/fenrg-12-1450966/inline_63.gif





OPS/images/fenrg-12-1464151/math_2.gif





OPS/images/fenrg-12-1450966/inline_62.gif
Co





OPS/images/fenrg-12-1464151/math_19.gif
(19)
ey = ) (RelU (6 -5,





OPS/images/fenrg-12-1450966/inline_61.gif





OPS/images/fenrg-12-1464151/math_18.gif
iy ws (K < 2])° 4wy rPenalty (18)






OPS/images/fenrg-12-1464151/math_17.gif
P)lie LAS, AP, )5, APk = 1,2,

(17)





OPS/images/fenrg-12-1464151/math_16.gif
AP liel|", (16)





OPS/images/fenrg-12-1464151/math_15.gif
53)






OPS/images/fenrg-12-1464151/math_14.gif
(14)





OPS/images/fenrg-12-1450966/inline_7.gif





OPS/images/fenrg-12-1450966/inline_69.gif





OPS/images/fenrg-12-1450966/inline_68.gif





OPS/images/fenrg-12-1450966/inline_67.gif





OPS/images/fenrg-12-1450966/inline_66.gif





OPS/images/fenrg-12-1464151/math_22.gif





OPS/images/fenrg-12-1464151/math_11.gif
(11)





OPS/images/fenrg-12-1464151/math_10.gif
(10






OPS/images/fenrg-12-1464151/math_1.gif
(1)





OPS/images/fenrg-12-1464151/inline_99.gif





OPS/images/fenrg-12-1464151/inline_98.gif
-Af,

S

s-Af





OPS/images/fenrg-12-1464151/inline_97.gif
Af <Af





OPS/images/fenrg-12-1464151/inline_96.gif





OPS/images/fenrg-12-1464151/inline_95.gif





OPS/images/fenrg-12-1464151/math_13.gif
Af<Af,<Af, (13)





OPS/images/fenrg-12-1464151/math_12.gif
R\ <RM <R,
12)





OPS/images/fenrg-12-1440338/math_10.gif
(10






OPS/images/fenrg-12-1464151/inline_24.gif





OPS/images/fenrg-12-1440338/math_1.gif
f(x)= f(x)+[Vf(x)] (x=x)+0" (1)





OPS/images/fenrg-12-1464151/inline_23.gif





OPS/images/fenrg-12-1440338/inline_9.gif





OPS/images/fenrg-12-1464151/inline_22.gif
ALE





OPS/images/fenrg-12-1440338/inline_8.gif





OPS/images/fenrg-12-1464151/inline_217.gif





OPS/images/fenrg-12-1440338/inline_7.gif
N(u',0")





OPS/images/fenrg-12-1464151/inline_216.gif





OPS/images/fenrg-12-1440338/inline_6.gif
y~N(u,o0;)





OPS/images/fenrg-12-1464151/inline_213.gif





OPS/images/fenrg-12-1464151/inline_212.gif
(0,1°)
N
(, ~





OPS/images/fenrg-12-1464151/inline_211.gif
D)





OPS/images/fenrg-12-1464151/inline_210.gif





OPS/images/fenrg-12-1464151/inline_21.gif





OPS/images/fenrg-12-1440338/math_14.gif





OPS/images/fenrg-12-1440338/math_13.gif
K, =S H(HEH +R) (13)





OPS/images/fenrg-12-1440338/math_12.gif





OPS/images/fenrg-12-1440338/math_11.gif
o=, + Ko (u, ~u,)

(11)





OPS/images/fenrg-12-1464151/inline_208.gif





OPS/images/fenrg-12-1464151/inline_207.gif





OPS/images/fenrg-12-1464151/inline_206.gif





OPS/images/fenrg-12-1464151/inline_205.gif





OPS/images/fenrg-12-1464151/inline_204.gif





OPS/images/fenrg-12-1464151/inline_203.gif
Ty,





OPS/images/fenrg-12-1464151/inline_202.gif
Qg





OPS/images/fenrg-12-1464151/inline_201.gif
Qg





OPS/images/fenrg-12-1464151/inline_200.gif
Qp,





OPS/images/fenrg-12-1464151/inline_209.gif





OPS/images/fenrg-12-1440338/math_5.gif
ey = (o -x)(x-x) )
G = ) Gy = )Y VEL + Cs]) O






OPS/images/fenrg-12-1444697/math_3.gif
ol

1120, + 1,0,

(3)





OPS/images/fenrg-12-1440338/math_4.gif





OPS/images/fenrg-12-1444697/math_29.gif
mingE,, ., p(maxgL(6,x+6,y)), (29)





OPS/images/fenrg-12-1440338/math_3.gif
Sy =hi(xg ) +v





OPS/images/fenrg-12-1444697/math_28.gif
(28)






OPS/images/fenrg-12-1440338/math_28.gif
Ry = (1 —di)Ry., +dy|eg - HEH]|

(28)





OPS/images/fenrg-12-1444697/math_27.gif
maxindex = argmax, S(X),





OPS/images/fenrg-12-1440338/math_27.gif
R, = (1 -d)R, , +d, &8





OPS/images/fenrg-12-1444697/math_26.gif
5,00 | <0
10 othervise @





OPS/images/fenrg-12-1440338/math_26.gif
N =dy)ry, +dy|z = h({x )]





OPS/images/fenrg-12-1444697/math_25.gif
0if]; (X) < 00rE,, J, (X) > 0
[

1, (X)1Z,,J, (X) | otherwise





OPS/images/fenrg-12-1440338/math_25.gif





OPS/images/fenrg-12-1440338/math_24.gif
@





OPS/images/fenrg-12-1444697/math_33.gif
(S 23

S
R P N





OPS/images/fenrg-12-1444697/math_32.gif
argmax MSD(x-x"),





OPS/images/fenrg-12-1444697/math_31.gif
max,p(0) = max,E , ,(mingl(6,x+38M(x+4))). (31)





OPS/images/fenrg-12-1444697/math_30.gif
oo-plmingL(6,x+3,M(x+4))), (30)





OPS/images/fenrg-12-1440338/math_7.gif
u, = Hyx,
(7)





OPS/images/fenrg-12-1440338/math_6.gif
Hix, +vp





OPS/images/fenrg-12-1440338/math_20.gif
i =

0f /06 of [on a//arb.,]
0 1 0 (20

0 0 1






OPS/images/fenrg-12-1440338/math_2.gif
Xp = f(Xp) +8





OPS/images/fenrg-12-1464151/inline_33.gif





OPS/images/fenrg-12-1440338/math_19.gif





OPS/images/fenrg-12-1464151/inline_32.gif





OPS/images/fenrg-12-1440338/math_18.gif
as)





OPS/images/fenrg-12-1464151/inline_31.gif
AP





OPS/images/fenrg-12-1440338/math_17.gif
1+RK?* A6 (5H Ou)

THR T Ay, W T,

)

0= (01) = 00+t






OPS/images/fenrg-12-1464151/inline_30.gif





OPS/images/fenrg-12-1440338/math_16.gif
1+R-K* bu | (Ot~ Ouur)
ToR o Bbors = P

a6






OPS/images/fenrg-12-1464151/inline_3.gif





OPS/images/fenrg-12-1440338/math_15.gif
(15)





OPS/images/fenrg-12-1464151/inline_29.gif





OPS/images/fenrg-12-1464151/inline_28.gif





OPS/images/fenrg-12-1464151/inline_27.gif





OPS/images/fenrg-12-1464151/inline_26.gif





OPS/images/fenrg-12-1464151/inline_25.gif





OPS/images/fenrg-12-1440338/math_23.gif





OPS/images/fenrg-12-1440338/math_22.gif





OPS/images/fenrg-12-1440338/math_21.gif
16t (B

Lens -
A,

O T






OPS/images/fenrg-12-1450966/inline_15.gif





OPS/images/fenrg-12-1450966/inline_14.gif





OPS/images/fenrg-12-1450966/inline_13.gif
o
EGAK





OPS/images/fenrg-12-1450966/inline_12.gif





OPS/images/fenrg-12-1450966/inline_11.gif
e olc





OPS/images/fenrg-12-1450966/inline_10.gif





OPS/images/fenrg-12-1450966/inline_1.gif
"
Etatn!





OPS/images/fenrg-12-1450966/fenrg-12-1450966-t002.jpg
Ref/Year 2025

BloombergNEF (2020) 245 189 161 147 ‘
(Hydrogen Council, 2021-07) 231 168 154 133 ‘
Gandhi et al. (2022) 24 154 126 98

This paper 294 24 204 19.1






OPS/images/fenrg-12-1450966/fenrg-12-1450966-t001.jpg
R&D investment (10° CNY) R&D investment (10° CNY)

‘ 2021-06 2201 2022-12 31.62
‘ 2021-12 2620 2023-01 3194

‘ 2022-06 2631 2023-12 4120






OPS/images/fenrg-12-1450966/fenrg-12-1450966-g008.gif





OPS/images/fenrg-12-1444727/math_4.gif
2 fii=q"Yo.d),

A





OPS/images/fenrg-12-1444727/math_5.gif
)





OPS/images/fenrg-12-1444727/math_23.gif
(@)






OPS/images/fenrg-12-1444727/math_3.gif





OPS/images/fenrg-12-1444727/math_21.gif
minF =3 3. [n.(Pf:’):ob,‘P:"f] + 2o+ 3 3 ks
+Z TP

o) 100, (130, (17, (18). (19). (20, @1





OPS/images/fenrg-12-1444727/math_22.gif
(140)pys Peg (1) 2 Favs + 0Py

=1 P = PSP (05 P + 0Py
(1= 0y Py (1)< Py = 0Py
VI
Pas =7 2P0 - @

Py)= P+ FO()

P= 3 e





OPS/images/fenrg-12-1444727/math_20.gif
()





OPS/images/fenrg-12-1444727/math_8.gif
min =2 [y te(x)dx+ 2 7S (0)

| ®

(v zappef;’} - E[mn f]'





OPS/images/fenrg-12-1444727/math_6.gif
()






OPS/images/fenrg-12-1444727/math_7.gif





OPS/images/fenrg-12-1450966/fenrg-12-1450966-g006.gif





OPS/images/fenrg-12-1450966/fenrg-12-1450966-g005.gif





OPS/images/fenrg-12-1450966/fenrg-12-1450966-g004.gif
FEL T TSI LSS SIS

R AT A
T Gt





OPS/images/fenrg-12-1450966/fenrg-12-1450966-g003.gif
meiivie

Wi e v wes e





OPS/images/fenrg-12-1450966/fenrg-12-1450966-g002.gif
100°E.

L gn

China

N





OPS/images/fenrg-12-1450966/fenrg-12-1450966-g001.gif
Indusrial sector .
Basic senario
’I s Acceleried
T 3 | S
oo Siow development
scenario

Heating sector i

-
[ Mdogenseale |
o ;

> 1 “Two-factor e i
e ol R —
. Technical progress






OPS/images/fenrg-12-1450966/crossmark.jpg
©

|





OPS/images/fenrg-12-1440338/math_9.gif
©





OPS/images/fenrg-12-1440338/math_8.gif
Y, =HZXZH (8)





OPS/images/fenrg-12-1444727/math_15.gif
(15)
Siy Uy






OPS/images/fenrg-12-1444727/math_16.gif
)
Y Q-
() .
Ujs = Uss = 2y Pus + Q) + (13 + 35 s
U, <Uyu<Us,
0<ly, <t

6





OPS/images/fenrg-12-1444727/math_13.gif
P = By B v Pl P v AP+ P = P =P
Q=i+l Qi -0} :
(13)





OPS/images/fenrg-12-1444727/math_14.gif
Pt Qi
U =2y s Q)+ (7 + )

s

P
e = =5





OPS/images/fenrg-12-1444727/math_11.gif
P =V 3V(Gycosl + By sinl)
A . an
Q= V.3 V(G sind, - Bcost)





OPS/images/fenrg-12-1444727/math_12.gif
B






OPS/images/fenrg-12-1444727/math_19.gif
02QiT =¥ . a9
(PEL)+ (QEL)’
(PVT Y 4 (Q" )






OPS/images/fenrg-12-1444727/math_2.gif
g™ = NotsPesr (2)





OPS/images/fenrg-12-1444727/math_17.gif
0sPy <Pon
0sqffsQifl a7
A< P pMT < pear






OPS/images/fenrg-12-1450966/fenrg-12-1450966-g007.gif





OPS/images/fenrg-12-1444727/math_18.gif
0s PSP
oG
s

pso. .oa
exegs ey Dol g

S0Cu S S 50Cous
ESSC = ES





OPS/images/fenrg-12-1450966/inline_33.gif





OPS/images/fenrg-12-1450966/inline_32.gif





OPS/images/fenrg-12-1450966/inline_31.gif
E;
land





OPS/images/fenrg-12-1450966/inline_30.gif





OPS/images/fenrg-12-1450966/inline_3.gif
E.
e





OPS/images/fenrg-12-1450966/inline_29.gif
E,,

e
—olse





OPS/images/fenrg-12-1450966/inline_28.gif





OPS/images/fenrg-12-1450966/inline_27.gif





OPS/images/fenrg-12-1450966/inline_26.gif





OPS/images/fenrg-12-1450966/inline_25.gif
HGT





OPS/images/fenrg-12-1450966/inline_24.gif





OPS/images/fenrg-12-1450966/inline_23.gif





OPS/images/fenrg-12-1450966/inline_22.gif
iron





OPS/images/fenrg-12-1450966/inline_21.gif
iron





OPS/images/fenrg-12-1450966/inline_20.gif





OPS/images/fenrg-12-1450966/inline_2.gif





OPS/images/fenrg-12-1450966/inline_19.gif





OPS/images/fenrg-12-1450966/inline_18.gif





OPS/images/fenrg-12-1450966/inline_17.gif





OPS/images/fenrg-12-1450966/inline_16.gif





OPS/images/fenrg-12-1461383/fenrg-12-1461383-g005.gif





OPS/images/fenrg-12-1461383/fenrg-12-1461383-g006.gif
190 ), FV Fowr (MW)

3 o
;m\»/\//\.\/vv\. @
Fiman | 3
it Tion | %0
200, Ctmac |25
150 »
100 15
10
w0 "’
%246 snue8020 %7 dEs b
Time ) T )

A B





OPS/images/fenrg-12-1461383/fenrg-12-1461383-g003.gif
P +10hhn
iy e,

[
Ll_.:‘_l_' ot

pous 4 jobus phus 4 jobus






OPS/images/fenrg-12-1461383/fenrg-12-1461383-g004.gif





OPS/images/fenrg-12-1461383/fenrg-12-1461383-g001.gif





OPS/images/fenrg-12-1461383/fenrg-12-1461383-g002.gif
(e ) O e e aoriey 0 psrrtetsasgursen D o esvecnenion
ey ) g — S
e e
ey et

e o Bt
e






OPS/images/fenrg-12-1444727/math_9.gif
(9)





OPS/images/fenrg-12-1461383/crossmark.jpg
©

|





OPS/images/fenrg-12-1461383/fenrg-12-1461383-g007.gif
vsersyzes

C





OPS/images/fenrg-12-1461383/fenrg-12-1461383-g008.gif
sapFower (MW)

00

o Original Load
%0

400 Toergy- e Scheduting

o Mw
200

ek Gridleve Scheduling
% 7 8 9 wom
Time (am)

10 (LRTA LA AR

ML

Toa o9
Tine(um) T (um)
D

0





OPS/images/fenrg-12-1450966/inline_51.gif
heat—else





OPS/images/fenrg-12-1450966/inline_50.gif





OPS/images/fenrg-12-1450966/inline_5.gif
Etraus





OPS/images/fenrg-12-1450966/inline_49.gif





OPS/images/fenrg-12-1450966/inline_48.gif





OPS/images/fenrg-12-1450966/inline_47.gif





OPS/images/fenrg-12-1450966/inline_46.gif
Ship





OPS/images/fenrg-12-1450966/inline_45.gif





OPS/images/fenrg-12-1450966/inline_44.gif





OPS/images/fenrg-12-1450966/inline_43.gif
|





OPS/images/fenrg-12-1444727/inline_28.gif





OPS/images/fenrg-12-1444727/inline_29.gif





OPS/images/fenrg-12-1444727/inline_27.gif





OPS/images/fenrg-12-1444727/inline_35.gif





OPS/images/fenrg-12-1444727/inline_33.gif





OPS/images/fenrg-12-1444727/inline_34.gif
N





OPS/images/fenrg-12-1444727/inline_31.gif





OPS/images/fenrg-12-1444727/inline_32.gif





OPS/images/fenrg-12-1444727/inline_3.gif





OPS/images/fenrg-12-1444727/inline_30.gif





OPS/images/fenrg-12-1450966/inline_42.gif





OPS/images/fenrg-12-1450966/inline_41.gif
I Bus





OPS/images/fenrg-12-1450966/inline_40.gif





OPS/images/fenrg-12-1450966/inline_4.gif





OPS/images/fenrg-12-1450966/inline_39.gif
B





OPS/images/fenrg-12-1450966/inline_38.gif





OPS/images/fenrg-12-1450966/inline_37.gif





OPS/images/fenrg-12-1450966/inline_36.gif





OPS/images/fenrg-12-1450966/inline_35.gif
E;,

rams—else





OPS/images/fenrg-12-1450966/inline_34.gif





OPS/images/fenrg-12-1444727/inline_18.gif





OPS/images/fenrg-12-1444727/inline_19.gif





OPS/images/fenrg-12-1444727/inline_25.gif





OPS/images/fenrg-12-1444727/inline_26.gif





OPS/images/fenrg-12-1444727/inline_23.gif





OPS/images/fenrg-12-1444727/inline_24.gif
A
)i





OPS/images/fenrg-12-1444727/inline_21.gif





OPS/images/fenrg-12-1444727/inline_22.gif





OPS/images/fenrg-12-1444727/inline_2.gif
N od t





OPS/images/fenrg-12-1444727/inline_20.gif





OPS/images/fenrg-12-1444727/inline_48.gif
o
T,





OPS/images/fenrg-12-1444727/inline_5.gif





OPS/images/fenrg-12-1444727/inline_46.gif





OPS/images/fenrg-12-1444727/inline_47.gif





OPS/images/fenrg-12-1444727/inline_45.gif





OPS/images/fenrg-12-1444727/math_10.gif
po {p}’, Vn € {N./Na}

B e N, (0





OPS/images/fenrg-12-1444727/inline_8.gif
od
P





OPS/images/fenrg-12-1444727/math_1.gif
- = g
= —log(2n) - Tlog(| AAN'[)

- 150 - AP0y (aaY (1 - APO),

(1)





OPS/images/fenrg-12-1444727/inline_6.gif





OPS/images/fenrg-12-1444727/inline_7.gif





OPS/images/fenrg-12-1450966/inline_60.gif





OPS/images/fenrg-12-1450966/inline_6.gif
hoat





OPS/images/fenrg-12-1450966/inline_59.gif
ity





OPS/images/fenrg-12-1450966/inline_58.gif





OPS/images/fenrg-12-1450966/inline_57.gif





OPS/images/fenrg-12-1450966/inline_56.gif
Pritlage





OPS/images/fenrg-12-1450966/inline_55.gif





OPS/images/fenrg-12-1450966/inline_54.gif
ity





OPS/images/fenrg-12-1450966/inline_53.gif
Milage





OPS/images/fenrg-12-1450966/inline_52.gif





OPS/images/fenrg-12-1444727/inline_38.gif





OPS/images/fenrg-12-1444727/inline_39.gif





OPS/images/fenrg-12-1444727/inline_36.gif





OPS/images/fenrg-12-1444727/inline_37.gif





OPS/images/fenrg-12-1444727/inline_43.gif





OPS/images/fenrg-12-1444727/inline_44.gif





OPS/images/fenrg-12-1444727/inline_41.gif





OPS/images/fenrg-12-1444727/inline_42.gif





OPS/images/fenrg-12-1444727/inline_4.gif





OPS/images/fenrg-12-1444727/inline_40.gif
P
3





OPS/images/fenrg-12-1444727/crossmark.jpg
©

|





OPS/images/fenrg-12-1464151/math_8.gif
1y (AP +10B-Af)I,

®





OPS/images/fenrg-12-1464151/math_9.gif
KP < 16565, 100BB, )





OPS/images/fenrg-12-1469739/math_12.gif
RY|-158 sif 12





OPS/images/fenrg-12-1469739/math_13.gif
min [

st swp P(BeE)sion, a3)
o,





OPS/images/fenrg-12-1469739/math_11.gif
(1)





OPS/images/fenrg-12-1464151/math_6.gif
¢RI uR),





OPS/images/fenrg-12-1469739/math_2.gif
Z2ap, v ab

B

ey

@






OPS/images/fenrg-12-1464151/math_7.gif
G





OPS/images/fenrg-12-1464151/math_4.gif
(4)





OPS/images/fenrg-12-1469739/math_18.gif
PACLART L S 18)





OPS/images/fenrg-12-1464151/math_5.gif





OPS/images/fenrg-12-1469739/math_19.gif
P PN, Y g Y ponn, 9





OPS/images/fenrg-12-1464151/math_33.gif
(33)





OPS/images/fenrg-12-1469739/math_16.gif
(PP -piP )AL, (16)






OPS/images/fenrg-12-1464151/math_34.gif
a—a-AV J(a),





OPS/images/fenrg-12-1469739/math_17.gif
2 2 cani(Pitus # P )At+ ans(PEy, + PT )M (17)





OPS/images/fenrg-12-1469739/math_14.gif





OPS/images/fenrg-12-1464151/math_32.gif
x| —alog m(als) = aMynpel (32)






OPS/images/fenrg-12-1469739/math_15.gif





OPS/images/fenrg-12-1469739/inline_92.gif





OPS/images/fenrg-12-1469739/inline_93.gif
ESvE
P it





OPS/images/fenrg-12-1469739/math_1.gif
= i
ap +b,

[0





OPS/images/fenrg-12-1469739/math_10.gif
D, = {P, € M(E)|W(Py,P)<p}, (10





OPS/images/fenrg-12-1469739/inline_98.gif
IREN
P; n





OPS/images/fenrg-12-1469739/inline_99.gif





OPS/images/fenrg-12-1469739/inline_96.gif





OPS/images/fenrg-12-1469739/inline_97.gif





OPS/images/fenrg-12-1469739/inline_94.gif
pYRet
it





OPS/images/fenrg-12-1469739/inline_95.gif
pyr
§ra !





OPS/images/fenrg-12-1444727/inline_17.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g010.gif
MNode 7.

R
Timem
Node 24

0 1
Timefh

n
—o—presranteriond
—+—Postiransfer foad |
)
| Eaw
i
o
© o

w1
Time
Node 25

0 1
e





OPS/images/fenrg-12-1444727/inline_15.gif





OPS/images/fenrg-12-1444727/inline_16.gif





OPS/images/fenrg-12-1444727/inline_13.gif





OPS/images/fenrg-12-1444727/inline_14.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-t001.jpg
Electricity price

level

Electricity
price
(CNY/KWh)

High electricity price 13,14, 15, 16, 17, 18, 19, 1.09
and 20

Flat electricity price 9,10,11,12,21,22,and 23 0.68

Low electricity price 1,2,3,4,5,6,7,8,and 24 035






OPS/images/fenrg-12-1444727/inline_1.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g011.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g012.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g008.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g009.gif





OPS/images/fenrg-12-1469739/math_22.gif
(22)





OPS/images/fenrg-12-1469739/math_23.gif





OPS/images/fenrg-12-1469739/math_20.gif
= PN 4 Y P4 ):pw'. (20)





OPS/images/fenrg-12-1469739/math_21.gif
- YR - zpvunr-\, @






OPS/images/fenrg-12-1444727/fenrg-12-1444727-g006.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g007.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g004.gif
=

i
i
2

|

h
s

i
/

b

00 s

R






OPS/images/fenrg-12-1469739/math_28.gif
o

14 PR AL
(@8





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g005.gif





OPS/images/fenrg-12-1469739/math_29.gif
EonsE <k ..





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g002.gif





OPS/images/fenrg-12-1469739/math_26.gif
(26)





OPS/images/fenrg-12-1444727/fenrg-12-1444727-g003.gif





OPS/images/fenrg-12-1469739/math_27.gif





OPS/images/fenrg-12-1444727/fenrg-12-1444727-001.jpg
The MSA framework is as follows

Step 1. Initialization: obtain the OD matrix of each time period, the initialization time and the number of iterations £ = 1 and n = 1;
Step 2. Initialize the path flow: the equilibrium solution of the previous time period is used as the initial flow of the path in that time period;
fO=ft-1
Step 3. Obtain the traffic flow of road sections based on the path-road section relationship matrix and traverse to calculate the cost of all path passages;
Step 4. Stochastic traffic allocation: allocate traffic flow based on the logit model to obtain an auxiliary path flow;
0, = £ x P
Step 5. Update the roadway flow using an iteative weighting method:

o) _ g L(f) )
e = fip 4 e = £i)
Step 6. Convergence test: f the following equation is satisfied, then make = 1+1 return to step 2 to iteratively calculate the equilibrium solution for the next time period; if not, then

the other 1 = n+1 return to step 3 to continue to iteratively calculate the equilibrium solution for the time period, and ¢ > 0 s the preset convergence parameter of the iteration;
170D~ f0<e

Step 7. Determine whether the solution for all time periods is completed, and output the traffic flow equilibrium solution for each time period
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