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2 IESt&ERY

2.1 FRMREE
TETES H AR SO SR A A L K«
AP, =P =V, V,(G,cos 0,+B;sin6,;) (1)

jei

AQ,=Q =V, Y. V(Gsin0,-B,cos0,)  (2)
Jjei

Hor, AP AQ, 73 D 13 AT B JC U AN - i i 5
P QT o T S TEAA T TN AV T
A LR EAEL 5 G B 73391 O SIS ) P S ML 50, O 52
I R RO L AT A 22

22,1 ARAREHRA
RAR T AU T sl >
T

f=7.57x10"sgn, ( p,,p;) — (3)
Pn
For, p,op M p, S35 R 715 A i j SRS, 2

pop I sgn, (p, p) UL, A5 WHL-15 T, S8 34 55 1
JE 5D OB TE BLAS Lo TE AR B 5y MR AL
H 5 T, N RIR T EIIREL 2,09 AR 45 15
F O EE R
T A] B T e 1] A
AIT=-A, 1T (4)
Horp I8 R TR D5 (E 2R 5 A, 9 RARM
28 - S ABIEHE
RARAM E R AR B CO= R AR LAA Y
o ASCEEFIERAPLEIIE R, KR FE
JE4i EE R R R AT gk -
ko fonTo [,
Fron=—" (h;—l) (5)
G s
Hor bk, W RIRTIRAGL o, AT FRARHLA A 5
e WRIRTIME 50 9 ZAEHEHE
B R TR R AL AT R E A, KRR
O it~ R B R A
Af=1L (6)
B,AIl =0 (7)
For, f 9 ROR A T A 17 5 5 LA #5739 it Hh 1Y
i [ 5 B, O AR RS A AR
222 AR EARA
AR R AR A A R ) B A B B, AR SR
PR TR B A A .

oM dp
+—=0
Adx Ot (8)
op 1 oM @
-+ — +—M=0

ax A o 2DA

o o 43 53 Ry B RIS (] 5 MRy o R I A O
TE AR 5 p NSRS BE 5 p MAURTE S50 WEEIR R
B AR

AR F R AR R A SR H Wendroff 2553
A H BB M 220 . 2P K Ax MR
WA TE A B BRI A AT TE] 1 s RIS 2557
Je 1A S5 V- RN Bl i 7 R I, I8 R IR AU
A FF AR RS AE A H . XA A4k
e RIE R R BV IR AR A AL, TR IE AL
Y S A TE I R N R RS e, HAE TR RS
JEI Y SRR AR S TR T ST AR S T
FR o i, LA B 25 404 ORI R 1 L SRk [ 5]



2 2 D 8 % Wit % Z30%
2.3 MIEE ¢ _Pow (18)
RO L FE AR A R A0 A K T 3 " Pow
IR BE AR | [ HRER SA  HATT X DLRCHEERES R Zzg: Dy -0 (19)
YT B AP Pun—Pyp
23.1 KAMAER P.. =nF, (20)

K T3 ) Ja T AR X 2%, LA AR AT o 9 i Pk
J7 R[] R AR A
Am=m, (9)
B,h, =0 (10)
Horr A R HEIK S R - S B AR B 5 m Ry A T
T m, T A T L 5 B A [ S S A
FEFE s h WA TR KRR HO R B W (11) .
h,=Km|m]| (11)
Hirp | KO 454518 I BRI R 8O
232 HAMAER
R SRR R RN
®=Cm(T, -T,) (12)
Horfr, @ Sy BT R A ar 5 m R B A C, KB
S T PR s T, R KR S
A A R RIS AR

T,,=(T..~T)e"" +T, (13)
Hor T T A A ROKHE A U H 7 T8 ) ) 3
TEROK AT S A A, R B Ay
(X )T = Y, T, (14)
Hodr m T Flm, (T 5390 A G VA 8 0 45
STEI RPN BT 5
233 AR IHBFHMAER
PATHAR T — Pk PR gE A 15328 B SR
RS, LA R A 23858 -
( T=+T0—2Ta)”['
D= F|—F
2
ot o, ISR 325 O IRCR ;s F o EICRER BRLA a
s b N PATHA LR B0
234 HEHYH AR
SR R I BE A 1) L BB 1 4, A Y TRk
gy , LA AR AL 2Ry
®,=¢.V,(T,-T,) (16)
Horr g, AP I SRR IFEEL v, b B SR AR
LT, RS = R
PNFE 5, IR R AR ) T
ZEFNPR AL A 1) D 28 =35 AR A -
O, =P =P (17)
24 BETLEER
CHP HLA RESCBLIES Al ARG o A4S CHP 285
BYASTRL, o] 43k s #0r b (AN =X (18) TR ) FlAR $v e
e Can=X (19) X (20) Frs ) 2 F

(15)

/ﬂ\:':':‘ 5 Ch j‘:’ CHP E@%EE Hﬁf?ﬂ%?ﬁ 5 ngHP\PCHPﬁ'}%Uﬂ‘:’

CHP HLAL A9 AT R A )% 5 P,y CHP HLAL 7E 4

R BERCT AU DI F, O AR AR Ui s el

P2G B 45 ) T F AE A= 7™ AR A0S B A I =< 1Y

AE A XL R 3l , AR & Py AU G B R
EYF

36007,
PG Fi P26

HH 00 FRICE; fry N RIRAIIEIE
3 IESEREIHT

3.1 SEERESMHE

TES J2 Fh 57 57 IO 285 R A5 T B 1) 52 A I 245, 2% X 4%
[ Rl 2 SR AR, (1545 1 I DA 527 21 It 3 1) e AR
[F) F%) P )R JBE 4% o TS 22 Ik ] N2 78 7 [ 2 /&) 2
First . G e DAGERALHE , AR /N RS
R — AR A . RRS I sh 0Pk L FL g
— e LA S e o P B, LSS 28 T 8l 3 B B i U 2
KT T, e 2 B HER S o B8 T 75 B[R] 76 43 b 2 3]
INBF R FEAT o A R I A A% IR A R
K Ty T i e & AR AR Ak, — B LR e e i
Yoah, R S A R B B 22 A o A Y
T T AZ ) AL I, ) 107 5 B — A R
R, FEAE T A A BB A R R A ERR S .
FR e iy A SR A Ry vt g, JH I 7 R R, B
T HARE S Y 70w, I AR 2 B P ah e 21k v
RS it A Ay Bof [ A A 5 B BN D o
e
H )

(21)

[EETN TS
[ & RE | [l ERE| [ S5 | [hlagd]

. [ PEB K, A et |
= (3 a7t [AOh ot [ BR[|

P I 1

B —

[ T8 [ T8 [R5 3 A [ B B |

ms a A
B2 IESZHEREREE
Fig.2 Multi-time scale schematic diagram of IES
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Table 2 Voltage amplitude of power grid node

iy o (BIEWE
R R B
E, 1.04805 1.048 10 1.04807
E, 1.03697 1.03700 1.03700
E, 1.03948 1.03950 1.03949
E, 1.03601 1.03600 1.03600
F,5 1.04118 1.04120 1.04120
Eq 1.04639 1.04640 1.04639
E, 1.05004 1.05000 1.05000
Eg 1.05823 1.05820 1.05820
E, 1.05861 1.058 60 1.05860
E, 105735 1.05740 1.05740
E, 1.066 69 1.06670 1.06671
E, 1.08380 1.083 80 1.08380
E; 1.05000 1.05000 1.05000
E 1.05000 1.05000 1.05000

=

x3 SMEERE

Table 3 Flow of gas network pipeline

R Bl / (m’-h!)
R e wWG | A%k
i3 (i} L L

1 7774.14323 7774.14326 7774.14325
2 3740.18529 3740.18527 3740.18527
3 3840.64561 3840.645 60 3840.64561
4 3333.49762 3333.49762 3333.49763
5 2333.49762 2333.49764 2333.49763
6 1078.35152 1078.35155 1078.35154
7 278.35152 278.35155 278.35154
8 -321.64848 -321.64846 -321.64846
9 1821.64848 1821.64846 1821.64847
10 500.00000 500.00000 500.00000
11 2821.64848 2821.64848 2821.64848
12 3740.18529 3740.64555 3740.54553

x4 BRNEERE
Table 4 Flow of heat network pipeline

)

LG e T o

T
1 9.33466 9.33303 9.33523
2 1.00172 1.00171 1.00171
3 1.01012 1.01011 1.01111
4 6.12392 6.15231 6.15234
5 1.01428 1.01425 1.01425
6 0.98891 0.988 89 0.98889
7 3.15753 3.16600 3.15605
8 0.74287 0.74133 0.75134
9 1.46769 1.46755 1.46769
10 0.21961 0.22983 0.228 86
11 0.98565 0.98574 0.98577
12 0.98050 0.98060 0.98052
13 2.71411 2.71418 2.71417
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Fig.7 Convergence effect of algorithms
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Table 5 Comparison of convergence times and time

WARIEL AR /s

Yk . N itk , I etk
s 00 SO s S0 S0

1 129 32 14 1232 0.837 0436
2 128 34 11 1.243  0.825 0421

3 124 30 11 1.187  0.830  0.429
4 132 38 13 1.214  0.846 0433
5 137 Zesis 15 1.303 — 0.454
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Fig.8 Variation of generator power
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Fig.10 Variation of heat network states
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Quasi-steady-state analysis and calculation of multi-energy flow
for integrated energy system
ZHONG Junjie,Ll Yong,ZENG Zilong,CAO Yijia
(College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: The multi-energy flow calculation and interaction analysis are essential tools for an integrated
energy system. The multi-energy flow interaction mechanism is formulated, and an integrated energy system
model that consists of electricity, gas, heat networks and coupling units is established. Subsequently,the so-
lution framework and method based on both decomposition and unified approaches are designed for multi-
energy flow calculation. Moreover,to address the issue that the multi-energy flow algorithm using Newton’s
method is more or less sensitive to initial values, an improved unified approach that utilizes an adaptive
step length factor is proposed. Meanwhile, the accuracy, convergence and computational efficiency of the
three algorithms are compared. Considering the transition process after disturbance and multi-time scale
characteristics of multi-energy networks, the interaction process are divided into four quasi-steady-state stag-
es and the interaction based on quasi-steady-state multi-energy flow is analyzed. Finally,a bidirectional inte-
grated energy system is employed as an example with the consideration of the outage of a line. Numerical
results on this system verify the effectiveness of the proposed approach and quasi-steady-state analysis.

Key words: integrated energy system; multi-energy flow; improved unified approach; interaction analysis; quasi-
steady-state analysis
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Table Al Line parameters of power grid
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Table A5 Pipeline parameters of heat network

(R G K/ HAEl (eSS K/ HR
m mm m mm
1 300 200 8 280 200
2 500 200 9 150 200
3 600 200 10 160 200
4 300 200 1 210 200
5 600 200 12 150 200
6 300 200 13 200 200
7 250 200
F A6 AW T R E
Table A6 Load of heat network node
19 A5 ity REP ity
MW MW
H, 0.25 H, 0.15
H, 0.2 He 0.5
Hs 02 Ho 03
H, 02 Huo 02
Hs 0.2 Hyy 0.2
Hs 02 Hy, 02

STk £k P Up.u. % 2B L B/p.u.
1 0.0014+j0.0085 8 0.0013+j0.0057
2 0.0012+j0.0101 9 0.0011+j0.0065
3 0.0037+j0.0198 10 0.0024+j0.0072
4 0.0022+j0.0089 1 0.0015+j0.0043
5 0.0018+j0.0073 12 0.0008+0.0029
6 0.0023+j0.011 13 0.0016+j0.0035
7 0.0016+j0.0069 14 0.0009+j0.0068
* A2 BRI R ARINE
Table A2 Load power of power grid nodes
T I Tl R ol JThi
MW Mvar MW Mvar
E: 0.32 0.14 Es 0.15 0.04
Ex 0.65 0.13 Eg 0.42 0.12
Es 0.76 0.32 Eio 0.46 0.33
Es 0.93 0.26 En 0.38 0.05
Es 0.8 0.43 Ex2 0 0.132
Es 0.84 0.31 Ei3 0 0
E; 0.47 0.28 Ew 0 0
* A3 SREESH
Table A3 Pipeline parameters of gas network
EIE KR HAR il K/ HAR
m mm m mm
1 500 150 7 300 150
2 2500 150 8 500 150
3 500 150 9 200 150
4 600 150 10 600 150
5 400 150 11 500 150
6 500 150 12 2500 150
F AL SRR
Table A4 Load of gas network node
R it/ T fifi/
(m*h™) (m*h?)
Gy 0 Gy 1000
G, 0 Gs 800
G; 500 Gy 600
Gy 1200 Guo 1000
Gs 600 Gu 1000
Gs 1000 G 800
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