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Abstract: Building energy constitutes the main portion of
urban energy consumption. One of the main considerations
of building energy systems design is the ideal comfortable
human body temperature with respect to the season. Based
on this temperature, we establish a building and energy hub
optimization model that calculates the cooling and heating loads
needed to maintain the best body temperature in a building.
Based on external energy factors, internal power balance,
and other constraints, an optimal method to allocate capacity
for energy conversion and storage equipment in a building is
proposed for the business model of energy-use deposition. This
method is used to optimize the comprehensive economic cost
of a building energy hub, which is then verified by practical
examples. The results show that focusing on the complementary
characteristics of various energy conversion equipment plays a
key role in the total cost of an energy hub. The high-economy
operation method is as follows: the gas engine meets the electric
and thermal base loads, and the power grid and the heat pump
supplement the rest of the loads. The price of gas, the gap
between peak and valley electricity price, and the ratio of heat
and power of gas engine are important factors for the overall
economy.
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Fig. 2 Indoor temperature constraints in different seasons
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Fig. 3 Electric power balance in spring and autumn of scenario 3
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Fig. 4 Thermal power balance in spring and autumn of scenario 3
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Fig. 6 Thermal power balance in summer of scenario 3
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7.6

o
Lol sney e |

21 22 23 24

— B AL A HE 2. 5~3 2 18], AR SCEVE
U ST Tl M Ape=2~3 o ARAEIEI 11, 40 LI KA,
MURAAFLE TR, Apo=3M B 4,,=2. 10 IR
3.72%. FAHL LL RS BRPL R FRRICR AR AR b ok
IR I e, AN AT RETC R I K LA B2 5%
PR A LS . YA LR R, R
HLEH AR aES 3, i DR RS N A HIL T 8 2
AR, AR D T B R A e DATE I A
RS RAPEER AN, PR SR AN A A
BUR, PERAARER >, B A AR .
BN S B RS AT oRA 6, WHRAAZR, $%
BB HC B A AR LR fE

4 25t

ASCRET LAE NG S T a0 T U R, 32
R AR ZEF B L T, AL TR
DAL B FR AL T RE AR AL &7 % o Sl o Hris:
AR e .

1) RERAX LI 78 73 A 45 45 H BE TR L4 i 4 1O L
FhIIRE, WA TR RS R I R A AN RS
PRI AN, TAT R

2) BEFRURHL =B A A BT AN EE IR K
T AT 0 R A A 2 ARG v 0 SR U B T
B IIFHLIEAT 0 A R i P R B T st T
A LR HAR.

3) AT AT R P A e L ZE 7 th AR L Y
BRA, A B IS BOPE T, BRI =R A e
B, DR A AL AL C A

4) M AR RN 25 TR AR BIL AR A L R AR
BT BA I E B R R, AR, P
. A RIS AT AR BRI L 25 A F TR
BB T A, EARR A RE B B A 2 PRk

5) FTPMVESHRAHE T AL AKX ALKE i il v
AT X IR B R PR XA R
oK, PEBERR T =B AV AT LABORRR BE L i/
FEL O e P A FEL OB, R B0 DA BEAS A 1

225 3k
(1] EREELER, FREHR, TGS T
HEHIER -+ AR R T AR T B L) R R

2016(4): 4-9.

[2] PhERK, SEPOR, WML REIRTHRR: &, 4 STy

JEER[N]. LIRS H B, 2015, 39(19): 1-8.
SUN Hongbin, GUO Qinglai, PAN Zhaoguang. Energy
Internet: concept, architecture and frontier outlook[J].
Automation of Electric Power Systems, 2015, 39(19): 1-8(in
Chinese).

31 ki, FNKEE BARZE, & S-B-T-RTREN

XIRER G REIR R L AL TR EE[T]. W1 R4 A bk,
2019, 43(12): 76-96.
ZHONG Yongjie, SUN Yonghui, XIE Dongliang, et al. Multi-
scenario optimal dispatch of regional integrated energy system
with power-heating-gas-cooling subsystems[J]. Automation of
Electric Power Systems, 2019, 43(12): 76-96(in Chinese).

[4] E%, sk, BEHER. BeiF G M R i A AL i 0 AL R
W 5B TR SRR KRBT, h E AL LA S, 2015,
35(22): 5669-5681.



Vol. 3 No. 3

SERES: ERERRRETEENRHEFRESRKANCEESEST VRS 299

WANG Yi, ZHANG Ning, KANG Chongqing. Review and
prospect of optimal planning and operation of energy hub in
energy Internet[J]. Proceedings of the CSEE, 2015, 35(22):
5669-5681(in Chinese).

[5] waRug, KT, #aEmY, 55 ZREIRMZ S REEARA T A
RIJTE. T E AL TRE Y, 2018, 38(18): 5425-5437.
HUANG Wujing, ZHANG Ning, DONG Ruibiao, et al.
Coordinated planning of multiple energy networks and energy
hubs[J]. Proceedings of the CSEE, 2018, 38(18): 5425-5437(in
Chinese).

[6] ML, ZCRK. M Tl FE X Y254 e TR AR e o IRl L)
BT LER[T]. EFREETREEEM, 2019(3): 255-265.
JIANG Chaofan, Al Xin. Review on integrated energy system
collaborative planning methods for industrial Parks[J]. Journal of
Global Energy Interconnection, 2019(3): 255-265(in Chinese).

[71 X, REH, KPR, 5F FETKrigingf A HLE 4 aeR
FRGMRITT ] HMER, 2019, 43(1): 185-194.

LIU Di, WU Junyong, LIN Kaijun, et al. A planning method
of integrated energy system based on kriging model[J]. Power
System Technology, 2019, 43(1): 185-194(in Chinese).

[8] SHEIKHI A, RAYATI M, RANJBAR A M. Energy
Hub optimal sizing in the smart grid; machine learning
approach[C]//2015 1EEE Power & Energy Society Innovative
Smart Grid Technologies Conference (ISGT), February 18-20,
2015. Washington, DC, USA. IEEE, 2015: 1-5.

[9] BGH, WG, ZEP. HTCCHPRIAIIHLS . JARRIXINEE
BRERRGIARIT]. -RIEAR, 2018, 42(8): 2456-2466.
QUAN Chao, DONG Xiaofeng, JIANG Tong. Optimization
planning of integrated electricity-gas community energy
system based on coupled CCHP[J]. Power System Technology,
2018, 42(8): 2456-2466(in Chinese).

[10] SHigJs, ek, HAeH. mmEaeEAM - m=0RE

SHIBAAREMRITED]. ARG AL, 2018, 42(4):
55-63.
MA Xiyuan, GUO Xiaobin, LEI Jinyong. Capacity planning
method of distributed PV and P2G in multi-energy coupled
system[J]. Automation of Electric Power Systems, 2018, 42(4):
55-63(in Chinese).

[11] 2RE, FHEL, HART, 5. BT ReiR s b i il se ik
HECPIFHLRID). B RG H Bk, 2017, 41(4): 20-28.

WU Cong, TANG Wei, BAI Muke, et al. Energy router based
planning of energy Internet at user side[J]. Automation of
Electric Power Systems, 2017, 41(4): 20-28(in Chinese).

[12] BAHRAMI S, SAFE F. A financial approach to evaluate an
optimized combined cooling, heat and power system[J]. Energy
and Power Engineering, 2013, 5(5): 352-362.

[13] B0, BRZREE, P, 5. WML RGN =R
WAL BET L [I]. P E AL T R4, 2015, 35(15):
3785-3793.

ZHAO Feng, ZHANG Chenghui, SUN Bo, et al. Three-stage

collaborative global optimization design method of combined
cooling heating and power[J]. Proceedings of the CSEE, 2015,
35(15): 3785-3793(in Chinese).

[14] SALIMI M, ADELPOUR M, VAEZ-ZADEH 8§, et al. Optimal
planning of energy hubs in interconnected energy systems: a
case study for natural gas and electricity[J]. IET Generation,
Transmission & Distribution, 2015, 9(8): 695-707.

[15] TH4E, ZKE R, ERM. PETIE A 5 R0E NS B Y XF
FEAHI]. (IR STHOR, 2015, 37(4): 149-152.

[16] ARARS, M5, A%, T JRUEE T 94 Y 25 A IR0 A R AR

A7 3 B S Y B RIS OO AL R BE (D], R, 2019,

43(10): 3648-3661.

LIN Li, GU Jia, WANG Ling. Optimal dispatching of

combined heat-power system considering characteristics of

thermal network and thermal comfort elasticity for wind power

accommodation[J]. Power System Technology, 2019, 43(10):

3648-3661(in Chinese).

WO, HUKHE, e, 55 AR MG ERNPMVEE

FRISEMA ST I]. 24T R, 2007, 35(3): 11-16.

ZENG Guang, TIAN Yongzheng, ZHAO Hua, et al. Analysis

on the environment and synthesis factors affecting the PMV

index[J]. Construction Conserves Energy, 2007, 35(3): 11-

16(in Chinese).

(18] FEMBFE, sfRAh, ScHRdR, 5. 1T RERE T RONG L. PRI
WAMALBCE[T]. B A sk, 2017, 37(6): 101-109.
CUI Pengcheng, SHI Junyi, WEN Fushuan, et al. Optimal

energy hub configuration considering integrated demand

[17

—

response[J]. Electric Power Automation Equipment, 2017,
37(6): 101-109(in Chinese).

G, kEE, TR, F A KRR SO >
FrRBOR A BUFFE[0]. P AR RETR, 2013, 31(2): 123-126.
LI Wei, ZHANG Hongtu, WANG Qunfeng, et al. Characteristics

of wind power in Jilin Province and the study of wind

[19

—

curtailment reduction policy recommendations[J]. Renewable
Energy Resources, 2013, 31(2): 123-126(in Chinese).

[20] HEMBAE. 1 KL 75 R nE S Y RE R AX L O AL e BN 25
R PFAH[D]. HUM: HHT R, 2018,

YK EH: 2019-10-10; EEIHHH: 2019-12-11,
1 EEET
e B (1989), ¥, LA,

WHt, TEHRT AR ZELE
8. o

= F— (1985), ¥, HA I,
W, BB T N AR LR
BEREMBE A, @14F%, E-mail:
leiyi@tsinghua-eiri.org.

EEN

(e KF)



300 SERBERE N

£
g
w
&

PRA HHIERSE
RAL BEEFESH

Table A1 Economic parameters of equipment
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