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Research on low carbon operation optimization of park integrated energy
system considering hybrid virtual energy storage

ZHAO Zhenyu, REN Xu

(School of Economics & Management, North China Electric Power University, Beijing 102206, China)

Abstract: Conventional energy storage systems have high investment costs, long payback periods, and cannot be
applied on a large scale in park level systems. In response to this issue, an integrated energy system in the park is
established firstly, which includes hybrid virtual energy storage such as electric vehicles, air conditioning, and
heating network pipelines. Moreover, the operating mechanism of the system is also analyzed. Relevant models
for system and virtual energy storage are constructed. Secondly, based on correction indicators such as peak valley
difference and external grid interaction scale, a hybrid virtual energy storage incentive mechanism considering
dynamic time of use prices is proposed. Then, under the carbon cycle mechanism of waste incineration
cogeneration flue-gas treatment-P2G, a low-carbon operation optimization model for the integrated energy system
in the park is constructed with the goal of maximizing profits. Finally, a case study is performed on an integrated
energy system in a certain region, and the results show that, operation optimization considering hybrid virtual
energy storage can reduce external grid interaction costs. A hybrid virtual energy storage incentive mechanism
considering dynamic time-sharing prices can improve the enthusiasm of virtual energy storage entities to respond
to system scheduling. Considering the carbon cycle mechanism of waste incineration cogeneration flue-gas
treatment-P2G can increase net revenue.
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Z(nm,diswdis + Um,chaWcha + nm,timewtime )

Z B Ui op +(PSTB,cha,t + Psra gist )USTB,op +GgpUss,op +
1

total,0 (30)

s Rootanies N I X 25 A BEVR R Ge #8 H A0 S I 73
Rsatetests Copiests Ceo, jesy ~ Cmaniesis CvEss, e 77 )
N ZR G E RS BT AR BSR4 4b
WA AZ B RSCAS 5 READMit e 1R FH BROAS

1) Breas

ARG ERIAE A

Rsale,IES,t = Lele,t “Ugy + Lheat,t U+

(32)
Lcold,t : uc,t + Lgas,t : ug,t

e Uors UgeZd BN ZIHIEE S . IS

2) BATARA
RGHSAT AN

(33)

M crm tUcrm.op + M asc tUasc.op + GCroc tUp2c op

A G, HIR&HITK P ME AT KK,
i e {WPWIT,FGT} : Usgop + Uspop » Ucrmiop
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3) AHHEAR A
ARG A -
CCOZ,IES,I = PWIT,t “Owit * 7 co, (1_ 9002 )'Uco2 (34)

Cmar,IES,t =P u

e_grid,t Ye_grid,t

A Ue_grid,t~  Uh_grid,t~ Ug_grid,t%%”%thQU/%é}E]—ﬁEﬁ

IW\ ??FEWJ\ iﬂi%m9‘]§5$1ﬁ» Gg_grid,ty‘jﬁﬂ‘zut

ARG EINERRANZ LR ARG FINRERE,
)ﬂxupe_grid,t\ Hh_grid,h Gg_grid,t<0: %%%Wﬁl\%ﬁﬂ@ﬁé,

CVESS, IESt — {

32 REMH

bl [X 25 A BEVR E 8178 H s 47 i f2 vh 2 3 is 47
AW, PELAR. BIMEEELI R SN HL R
HASITARANA ERIRZHR. BELH, ¥
WA, HAET RS MET RAFNIBITLIR
S HR[21-22], B RFRIBITLI RS % CHR[23]

(P dist + Prcdist) et + Hig gist “ Ung

_(Pev,cha,t + Pac,cha,t) ’ ue,t - th,cha,t ' uhg,t’ te tva

Ref: Uog, N RICOHE LA .
4) ShREE A
RGNS RS RN

+H h_grid,tuh_grid,t + Gg_grid,tug_grid,t (35)
)r\"J Pe_grid,t \ Hh_grid,t > Gg_grid,t>0 o
5) K #Lf4 Ae 698 B Ak A
FR G AU RE 1R A A «
tet
- (36)

RIRRT RALIR S5 R [24].-

1) FH#4 R

ARG TEARMGSEE., . A E5RLAHR, Ak
W (37)Fis.

2) EIMERE LR

R B RE LR 0 (38) AR

Pwe.t + Pwir ¢ + Psre dist +J _[ vort + Psrechat + Pevichat T
I:)ev,dis,t + Pac,dis,t + |:)efgrid,t ac,cha,t + PCRM,cha,t + IDET,t + I-ele,t
HWIT,t + HGB,t + th,dis,t + Hh_grid,t = Lheat,t + th,cha,t + HABC,t (37)
Mecamt + Masct = Leota
GPZG,t + Gg_grid,t = Lgas,t +GGB,t
0< Pev,dis,t' Pev,cha,t < Pev,e’ 0 <Tev,time <Tev,max
0< Pac,dis,t’ Pac,cha,t < Pac,e’ 0 gTac,time gTac,max (38)

0 g H hg,dis,t H hg,cha,t < th,t ’ 0 < Thg,time < Thg,max

A Teumaxs Tacmaxs Thomax 7 BN HBNE G =
VA TR 78R i KRR 1)
3) SRR ELHR
ANIAE B RN :
_Pe_grid,max = Pe_grid,t = Pe_grid,max

-H < H; gigr S H

_ < <
Gg_grid,max =~ Gg_grid,t =~ Gg_grid,max

A Pe gridmaxs Hn_griamax~ Gg_gria.max 7 N RA 5
R FA L RARAIN A8 B e KA
3.3 {REUK R

ASCHEH RIR LB, SRR A Bk,
FHE D3 s R R T R 4, HL RAR S AT 75K
HIAS 28 H A X g4, A, #G L RA
AR Rith4e: a, SANLLETT. Eilitaeizs
1T ZZHME . BASEMSE: &5, fEMatlab

h_grid,max h_grid,max (39)
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B Joe A R I HILZEL 1) 25 4 RE VR 2 0 191 J I S 491
ST BRWAIBITSHNR 125260, Z B
RES LR 22728, BRWMASH K 329, &
RAGHEM . N KIRN AL B 18 RAE 750N
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Tab.1 Operating parameters of various units
TH Kl SgE| Hfl UIRE| #H1E
Opr o 1% 40 Oy 5 1% 30 Foy /(K] kg?) 6276
_ - 2.751
Prot ha (kW h) m3) 041 Prt e /(KW h) m3) 0.303 Jwir /(m3 {kW h) 1)

Veo, 1% 20 Oco, 1% 40 Osross /(% H7) 03
HSTB‘cha /% 92 QSTB‘dis /% 92 QGB,h /% 65
Ocraam 1% 55 O 1% 60 Opr i, 1(M® (kW ) ) 0.025

*2 BERENMEESH
Tab.2 Various virtual energy storage parameters
TH Kl gE| Hfl BURE| il
SOCp,, 0.9 SOCn,, 0.2 Q,, /kW 500
Cenaevpe, 0.8 Colis s 0.8 Pe /(KW h) 450
gcha,ev 0.95 adis.ev 0.95 Ese(‘o /OC 26
Opan 1% 80 pw I(kg M) 1X10 9 1% 85
Ore 0.1 Gpva /% 30 Ue max /76 (KW h) ) 15
Ug,min /0T (kW 1) ) 0.5 Un max /C (kW 1) ) 1.2 Unmin /G KW h) ) 0.4
Wais 1/3 Weha 1/3 Weime 1/3
*3 BEMESH
Tab.3 Various cost parameters
i H Kl TiH Kl TiH Hfl
Upy,0p /(5 (KW 1) %) 0.15 TwiT op /O (kW ) %) 0.08 UG 0p /UL (KW h) 1) 0.03
USTB,op /(76 (kW h) 71) 0.01 UGB,op 10t m’3) 0.40 UCRM,op /(76 (KW h) 71) 0.10
TaBC,op /UG (KW h) ) 0.12 Upag,op /(UE {KW ) ) 0.02 Uco, /0t M3 0.80
x4 NEAVIARBES RASME
Tab.4 Internal initial prices of electricity and natural gas
- AR HLREIN /(T (KW h) ) P FBRAR M HE/ (T %)
i
Bt ks B ixisy
y 12:00—14: 00 12: 00—14:00
v
VIR B 18: 00—20: 00 130 18: 00—20:00 4.14
07:00—11:00 07:00—11:00
SEIRF B
LR 15:00—17:00 100 15:00—17:00 325
A B 21:00—06:00 0.70 21:00—06:00 2.96
x5 SRW. XRASNRZEMNE
Tab.5 Price interaction with power grid and natural gas grid
A HL A 4 4%/ (7T (KW h)L) RIS A% /(T m3)
A
B g I B g
12:00—14:00 12: 00—14:00
e i 3 1.52 4.30
FIEL 18:00—20:00 18: 00—20:00
iy 07:00—11:00 07:00—11:00
i 1.12 3.40
A 15:00—17:00 15:00—17:00
I B 21:00—06:00 0.48 21:00—06:00 2.80
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Tab.6 Operating limits for various types of units

Bl PR ML 1R HLA PR
wp 4000kw | STB 500 kW ET 800 KW
WIT-CHP  1500kwW | P2G 80 m? GB 400 KW
CRM 500kW | ABC 800 kw
12 XA — R H = AMNE R 2 s
38
36
34t
32r
2 30t
=
Ié 28T
W 26}
24}
22}
20}
18 1 1 1 1 1 1 1 1 1 1 1 1 1
SIS TS
FIFF Iy TSI T

2 EINRE
Fig.2 Outdoor temperature
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Fig.3 Typical daily load demand
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Fig.4 Typical daily wind power generation
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Fig.5 Operation results of the park integrated

energy system
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Fig.6 Virtual energy storage prices
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Tab.7 Incentive results of virtual energy storage

A TE A5 W BT A 4 I 2K A 1R R
e
4.2.3 F AT

1) BB DMK B FOE AT

N T BAEA RN I EEEERE. TR’
WX B 18 SR A R UG BEALH A R, 1 E TR 8
Frosny 4 Mg s, 1334 FiiE s, #NagE
AU 7 FToR

* 8 REEIMEEAN M NERIRE

Tab.8 Scenario settings for effectiveness analysis of hybrid
virtual energy storage

WA 71 A4 &8
J U Ul 45 R 239.55 382.49 949.46
& 1E B 25 R 103.76 260.96 1206.78

7 WA, T A R 4UAE e URI AL ),
T BINRFERG A E B R IR A& 6 7 4
75 103.76. 260.96. 1 206.78 JT. X FEZEHT#
IR T 7R R 2 N ] B b 35 R A T (B 5a) ] Bb)),
HAuges SR K T2 5 mshiigd, Fit
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Fig.7 Costs of interaction with the power grid and
heating network
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Fig.8 Charging and discharging energy of hybrid virtual
energy storage
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Tab.9 Cost analysis under various carbon cycle mechanisms

L] IBAT A BRHEBUsA R
ML 1 14601.74 6473.32 4121177
Bl 2 15429.81 5 394.44 42743.79
BL#I 3 15919.39 3236.66 42 963.44
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HE 9 ml %N, HLE| 1B 3, BAT A S i
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S8, B T A 23 S R RE H K
A, AHSEME Ba)rT K, BRI LA S
AR W Ty, AR 235 2 1 A A
B, HEBUN —E A BRANE I A B 2 R 38 B HE L
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MU 2 Bl 3, 1247 BA 5 I o 7 il B
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