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Low carbon economic dispatch of integrated energy system considering wind and

solar uncertainty and electric vehicles
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(1. Fujian Provincial University Engineering Research Center for Simulation Analysis and Integrated Control of Smart Grid,
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Abstract: Integrated energy system couples multiple energy demands at the load side and it is an effective
means to consume distributed energy locally. To coordinate the dispatch problem between integrated energy
system and electric vehicles in a multi-stakeholder scenario, a two-layer model optimal dispatch strategy
of an integrated energy system that takes into account wind and solar uncertainty and electric vehicles is
proposed. Firstly,in view of the randomness of the wind and solar output,the scenarios are generated by
Latin hypercube sampling, and then the scenarios are reduced by the fast previous generation elimination
technology with improved reduction rate. Secondly, in order to explore the demand response potential of
electric vehicles, a dynamic pricing mechanism is proposed to guide the orderly charging and discharging
of electric vehicles based on the time-of-use electricity price according to the matching of load and rene-
wable energy. The impact of the charging and discharging strategy on operating costs and carbon emission
is also investigated. Finally,the results of the case study show that compared with the time-sharing tariff,
the proposed pricing mechanism and scheduling strategy can improve the energy utilization and EV dispatch
flexibility ,and effectively reduce the operating costs of the two stakeholders and the carbon emission of the
system.

Key words:integrated energy system;dynamic electricity price;scenario reduction;bi-level optimization;demand

response; electric vehicles



1 BRI
ASCE R TPV R, IR HAE A
i o EEBUIII IR 2 F R IR I R SRt I E
()28 A0 S SRR B () S, R SR P S AT A
FFERRW T
dT, :Pem—(Tin(t) T, (1))QF
dt Cyir Par R
A T, @) N BRENRE: T,0 Nt EE
SMRIE; Q WML EEMRE: FAERME
AR R NEFWIEIR: ¢, NENT LIS o,
NENTERL; P, AUBBMIGER, B0
fif o
2) GT H5IRAHIEA,
T I YRV AL A% A [l iR B N R mfﬂﬁ%%
AT R, I T RRVRIBE R, BA A

(A1)

G, RS £ 03, JUHER .
—p._ (1-
QGT,t GT,t (1 11055) (AZ)
Qe =Qori/hh e
X Py NEBTE GT s Qgr NtIEL GT HF

AR A WHUABUR ARG Qe NI
BRI AT s g, JIRA LRI IOE s 1
BV HLII AR

3) EB BiAL.

{PEB,I = s Poes. (A3)
0<PRp: <P im

RAdt: Pog WUINE EB EHITI%, Py WtINE
EB HUE HATNE; 1 W EBVEREREL Pogipm
t I B EB BRI

4) EV BT,
WL R, EV ik, BIF EV 78 L5 A [E]
IR IES A, EV F3A 78 H 3k B (8] (/) R 28 2%

FERAY T, TTHEA A

1 (t+24- M)Z}
— exp{— 5 O<t<p-12
va t)= 27':51 ( 2(;-1 (A4)
1 t— 1)
’_27:01 exp{— 207 }11 -12<t<24
Ah: g N EV BEFE RS A F8ME: o, 8 EV

Bk 70 LG I R AR v 22 o Forp 1 =17.47, 0,=3.41.
EV & H 475 B M5 R 2 £, N

MR A

1 B (Inx— )
fd (X) - \/ﬁXO‘d eXp|: 20'[‘2 :| (A5)

X x NEV HATHERE: g4, 5 o, 20 HFE R EV
HATS BRI IME ShntE 2, 7504 4.91 F1 0.88.
R EV MATH ERSVIH AR BRE, EV 8
HL 45 R IR A
XEd,lOO
100CEY.
A Sqoc s AT HLEE I AT HRAS s Seocine N
FFUH 78 BB AT HUIR 2S5 Eg 00 W EV 4T3 100 2K 1
HEFRR, N12kwh; CIY NEV RAAE, EV
78 LA R S R
T = (Ssoc,fin _SSOC,int)CrE;/x
Prts
A T, N EV ZRHEEE; PN EV REINE; nSY
N EV FEHLAE.

Ssoc,fin = SSOC,int (A6)

(A7)

Jruh

] PR Ko TS 97 B A R \
TR

+<

’%}J&‘aftmé\: EEfNJL'rE‘J‘}'E’JﬁﬁEPcéS%Ih‘

XL
Bz g |
1 BT % O

PR
7 % |
TR LT - AT
L R CPLEXCR it LB IR AE R
e | P “

] * 5 ™
Ny [ FAEEV R it &I ]_I

RGZH

ISR oE T SN =S 5 3
LEVESSEN I

ﬁl#?im HEAs A

EN
i)

i A SEARIR B

=]
FE

iy tH S D FE A 2 B S U BT R

@D
@ Al ﬂglh‘/}ll.*i@
Fig.Al General flowchart of scheduling

| |




400
350
300
2z
x
3 250
200
150
100
00:00 04:00 08:00 12].00 16:00 20:00 24:00
%)
(a) Reth
—— — 31 (0.23D)
350k —— B2 (0.410) \
53 (0.353) /AN
X ’ "\
300F NSNS , SN / 1
R, SN T\
= TN ot AN
S as k4 AN
2501 v
L5 Y
R N\
X
200F N
N
N7
Uk
1501 \ 1
v
. . . \ .
00:00 04:00 08:00 12:00 16:00 20:00 24:00
11 %]

Fig.B1 Actual output and reduction scene output of wind

(b) RELBIRIAR LS
Bl REEHNSHIBARE N

power
600
500
100
=
300
200+
100
o
00:00 041:00 08: 00 12:00 16:00 20:00 21:00
EET
(a) PVHA
500 ; ; . . .
— — — -kl 0.23D) A
=== 52 (0.410) /N i
400 " /N
%53 (0.353) | 4 \
, \
/ \
= 300+ Vi A\ g
< / k
£ / \
Ra00F / \
J \
/ \
100+ / \ _
! \
4 \
o/ . ‘ ]
00:00  04:00  08:00  12:00  16:00  20:00  24:00
K2
(b) PV B AR H T

& B2 PV H W SHIRIZ R H A

Fig.B2 Actual output and reduction scene output of PV

Mi% B

% Bl HIBER
Table B1 Reduction results

JEATIN 5] /5 HTRT i A

77}
Ok A gk
BOEL Jrik2 k3 k4
1 2 3 4
1823 1902 1855 1684
1 1.496 1.356 1.450 1.322
3 1 2 2
2052 2217 2136 1753
2 8.635 6.523 9.231 7.878
4 8 2 6
24.13 18.35 27.81 20.76 2412 2785 2697 1984
3
3 6 4 6 0 2 1 1
VA 13 X 3% A 4 i 500, 1000, 1500; 5 ik 1—4 43 5l Dy b
AW BRH A . SCHR[20177 1 K-means JE S RIA S Jr %,
#< B2 EXMoETEMN
Table B2 Grid time-of-use tariffs
i B F AR ] HLA /76 (kW )7
U B [08:00, 11:00], [18:00, 21:00] 1.304
S B [06:00, 07:00], [12:00, 17:00] 0.950
B B [01:00, 05:00], [22:00, 24:00] 0.565
800 30
. 28
700 - 26
4 B 24
600 . 2
s 20
500 7 18
3 & a t'd
%400 7 % % 2 ﬁj&
wol * :: 7 7 . Z A igla 125‘5
7 Z . ‘\*\r'\ 2 £ 10
4 X 8
200 / ' _:\\//\/-\ :
100} e 4
2
0%:00 04:00 08:00 12:00 16:00 20:00 24: 000

[GE]

B B3 X}k, A RiBEE

Fig.B3 Wind and photovaltaic, load and temperature

difference
% B3 SHRE
Table B3 Parameter settings

ZH 0 fE S HH
TES
Wher 027/ (kWh) | Pocimax 60 kW
TES
4 1.2 Men 0.95
TES
4 0.35 Men 0.95
K 1.6 G Uj=3 0.99
S 0.04 7% K 05
s ¢ 0.2 7t/ (kW Hh) F 24 000 m?




Ocry 03575/ (kwh | Pesemax 500 kW
Pras 500 kW M 0.85
Cimm 32 KW h 78 0.85
Clman 160 kW h Aross 03
o 40 kW P 500 kW
Pac tmx 40 kW R 50 kW
Clrox 160 kKW h ne 0.9
Pt 60 KW Nee' 0.9

W

.l.-----llll
I 1 1 I 1

00:00 0400 0800 1200 1600 2000 200

%

B B4 EV EFRE
Fig.B4 EV disorder

450 T T T T T T
| | O s N ]
40 R ) AN
350f|— =+ — A / * 1
e |/ |
3008 | —+— sz / | A
U

50 . . . . .
00:00 04:00 08:00 12:00 16:00 20:00 24:00
%]

(a) sHESEM

I i 7 7\
500 R 7 I\ E
— = — WL Ix
BRAEE LI /
—— + \

A +

( /\
i RVAN e N Y
0o ‘ ‘ . . . .
0:00 4:00 8:00 12:00 16:00 20:00 24:00
I %)

(b) FrETERMN
[ B5 RAFKFELER

Fig. B5 Power demand scheduling results
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Fig.B6 Thermal demand scheduling
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Fig. B7 Electric load change
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Table B4 Costs for each component

GRIT GRIT
BA e see KX s os
0wHE AL 0nHE L
Cy 166.7 252.4 Cy 51.8 224
C 192.3 153.6 Cg 181.3 189.5
Cs 241 48.7 Co 735 75.4
Cs 426.3 492.6 F1 158.1 95.5
Cs 713 162.9 F 3745 469.2
Ce 296.3 301.1 F3 33.7 13.6
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Fig.B9 Costs under different carbon prices

B10 R EV B8 TR ASHRHAME
Fig.B10 Cost and carbon emission under different EV
quantities



