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Modeling and Optimization of Integrated
Energy System Considering Synergy among
Energy, Material and Emission Elements
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(CIMS Research Center, Tongji University, Shanghai 200092, China)

Abstract; Considering the complex coupling relationship
among multi-carrier energy system, production system and
emission system, a so-called integrated hub concept was
introduced, in terms of which a modeling approach for
integrated energy system considering the synergy among
energy, material and emission elements was presented. The
case study indicates that the energy cost and benefit, the
energy demand required by product manufacturing, the
product benefit and emission cost directly influence the
optimal results of energy system. These factors interact
cooperatively to comprehensively decide the optimal strategy
for energy planning and design. Thus due to the synergy
among energy, material and emission the developed modeling
approach could resolve the optimization problem of energy
system much more systematically and reasonably as compared
to the available multi-carrier energy model.

YR B89, 2013-10-25

Key words; multi-carrier energy system; integrated hub;

integrated modeling; energy optimization; emission

REVRAREL B 2 BN B AT S e 2 24 BB IR 5]
RAERTFB. oA FEE T EREAE
FREHITEN, WMHAMRGE . KR REMERR
Gu%. A SRR EF B BRRBR By R K JE,
3 ZBAARBREF R G Z HE RSB 5T Z B
FIEH AT WEAMEE, Bk BB IR BB M —
AMETT ). R TF ZRIEBBIR T RGN E AR
SSRGS T — 24 & 45 ) - “ EeAS B 5T (basic
units)”™, “f B B (micro grids)”™?, “IR 24 RE IR AX
4 (hybrid energy hub)”l 1 “8E ¥8 X A (energy
hub)”M. Ho “BRIRAR A" FR T REIR RS i —
AEAf A -H BT, B RA RRIETAME iR
RBCS). T REVRARAL A BB YR 2 G0 i X 45 AR 70 2 3
HAb AR 222 sz, LA h E R FF T 2 8k
BEIR R ML IR, I ZBBIR RE WG — AL
BETS) A= 35 FH 88 4R b e BT L #ER BK 7= (combined
heat and powen) B ARMALIERES 5. L4k, RRIFAK
AR EHT N ATERE N, 566k
PO A] AL RR YR A DY | SRE IR A A B R
EH—RBIR R Guin) .

BBERSIEMERENERELART T, 54
IR EHAH ST REZ MBI, PR T £
BRBEFREZEMNBERR BERES ™M
A R FYIHE Z R e E E 2 A AR . 6B
BFE FEME b %Ak A BE L TH AR 5 & T 3R
RS A TR R I, BRTRTE 3h &4 HEd
1 EBEIR K. [FIBT , BEE AP BDBCRD AR 4 R RBIA e %5
Al AR BB IR SR 9 R J , HECY) PI LAFE AL R TR 3 A
FRIBBIRBEIR. 7T LAUL, BBYR R /0 AN REM S T 7=

BEE&TH. BR“AASS’EHR AR RBEHR(2012AA112307) ; BF B AR 54 (71273188, 91024131, 91024023)
Bs—Aed. BB 1972, &, BB R, T+, TEMRR TR NERIR R B, E-mail. zlydyr@tongji. edu. cn



266 H B K% %A RBER

ERRE

i AHERCE . BB YRAR BY N 2% 18 7= T AN HE BN RE YR
FIAMRBREER, NS ZERBERSE AR
MHTR R S AR R, AR E S —HEZE TR, DL
REIR R G AL, ik =& Z MM BAEH , SV REIR
ARG IR BE T R A S TR 2,
ARSCETF R REIR AR AL S YR, %
A MEFYHE A BIRBR RS B %S
X4 (integrated hub)” M EA B BT, LA A E
R, 32 5 R BB YR L Mk HEsc P R 7R A i 46 AL 5B
BRAEBETE. B EERBERENEFE
LA ERBIR AT IR 2 A (A EAE T , E RBUR
RENFT S RAE MR G EE.

1 RERAT RHERRE

LAWY R T e IR 4L i A B A, AN UHE
RRBIRAEME Bk b e TH AR S BB IR TE 3, T
B¥e 7w ilE YL R S Y 7 A A R SR
R, 256 % BB IR OB HEE R — X3
ENMEZRBEER. SaWMaEAER A 1
Fr.

SEE WA R R B RRIRTE 3. 7 Fhl i 1
3T HE B B B B A BT, BT & TR R AT A/
Fl—AM L RERY , AT LR E] — A X IRk B R.
N, BBIR 28 (Rl R
88 JABC (A48 P45 . P AZ 3 I 55 ) Ry 24 b 149 77 s ol
TSR BERBIRVHAE (AN R RE  TAVRE) 5 IR B 22 3 il 3
T, 553 B/ B 7= 5, FRTHFE BB IR, RIS = A
5 32 1 HE T 5 e HE R 38 2o R T S s R e e A
A LSRR , R RS R 2 2, HE = B 1T
BT A LR A AL B S5 . SRR 5%
MREIRER AT R G0 AR Y L R AR S 3 ) A
B, NBEIR B F RE T RBRRIE, &35 57
Bic » A= 5 A RE YR AN SR A4S Hb 9 7= 5 1 1 P 6 » 1T EL
FIRBREE T LR BB SN RIEBE T RE S, it
HiZ A MA . AW SEB T 284488
BFREZN, URBRERESERE H RS
Z BB ZRMFE R R, HEEIR Yk HEB Z ] 1 22
HFRMTEA.

B 1R T — AR AR B AR, iR
#5 IH1(integrated hub 1) 435\ &/ REIRE AT R
GBI P, P, P°. P 23 A 4YE,
—EB R LA IR DL ALl R RE R AR, 55—
R AR, FEAE R BB S R AEH, —

o (T, T ) FI Tl 7™ il &, 3 F #9382
(T2, Ty T LA R R4 RE TR AR A T R Gy BE VR o
W&, AR MI® 238 A B9 Be, 20 5 A T i
fi MY A ML . 77 5 S AR P 5 A Y G IR
7= R ECHE A RS R, SEB AR B P, 7=
A RHER Y WP S e B R LR S AL 2, 1 41
FUHE WP SCRAERAF S BB LR L
®1 XHFSHH

Tab.1 Parameter specification in the paper

g s #X

HBRRAETREES
YRS
HRYEE
LARAY M E4A, 0 IHL, 1H2,,THx
FRIRSA
BEVRS B IR T oR B

H 58
KRR
ek
a,b,c,d,k,l,m L} Sl e i
Syt He 2R
r BEVR B

=8 ol vz § B

Eiw

c WA/ Wk
A BEIR TR A3 AL

BAFBR QE . AT T RARA
7 ﬁ%gﬁbﬁ%,Tﬁﬁ BRTMURPHE
)

2% s Tl B RE VR TR BE, B SN B A
= HBEIRINFER

R il A AP B O 2R, R SO
13 BLA37 P B A6 AT B CH B

" TG B R R B, 2 SR i B
7R
RIWEGEWAT RWEATEE, TR 56
XA R BB, AR R & BB IR A 7 72 ket
Ay R RHE RO S R =, B ER T 4R E
WAL P RE IR Yk S5 HEEON R A B 5 2 1)
HIRHR R,
QON: B Wiy
Tie) + ﬁeh) _ Pie) ”ie) + Pin)/.l;n) 77£n8)
T PP PR
P (1= + P
ﬁeb) — Mgh) S{eb)
TS — MO S
P:Erh) — Tgeb)Rieb)
(2) Yk VA5 /R
Mib) — M%a)/{%a) 7ﬁab) ,
M£C) = l\/ﬁa) a—- Aia) )77§ac) 2
(3) HEBCPAE TR
W£S) — MC) %CS) ,

D

Wit) — W§S) ”gst) (3)



W, % R URIR kL R BB IR R S L 267

. T oosd]T g
-4 - |
: = =R ) - 4
5 s R

[ o

IR

1 ZERAHERER
Fig.1 Basic model of integrated hub
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Fig.2 Integrated energy model based on integrated hubs
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