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ABSTRACT: As a new technology of building energy supply,
a combined heat and power (CHP) system based on proton
exchange membrane fuel cells (PEMFCs) can effectively
reduce the energy consumption of building and promote the
green and low-carbon transformation of energy. The residential
buildings in northern China have the characteristics of large
demand for energy, outstanding contradiction between heat and
electricity; and the load fluctuates greatly throughout the year.
Therefore, taking Beijing as a representative of a cold region,
the DeST software is used to accurately analyze the load of
residential buildings and a suitable simulation platform is set
up for fuel cell CHP systems. The effects of different
parameters on the system performance are studied. Based on
the analysis results of load characteristics and parameters,
energy management strategies are analyzed in residential
buildings in Beijing at different seasons. The “following the
thermal load” strategy is adopted in winter; the "following the
electric load" strategy is adopted in other seasons. Compared
with the baseline system, the gas consumption of the
PEMFC-CHP system in different seasons drops by 39.16%,
31.63%, 36.01% and 14.04%, respectively. It has reference
significance for the use of FC-CHP system in future building

energy supply.
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Fig.1 Model of a residential building in Beijing
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Fig.2 Layout of PEMFC-CHP system for building
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Fig. 7 Effect of anode stoichiometry on system efficiency
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Fig. 9 Effect of operating temperature on system performance
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Fig. 10 Effect of anode pressure on system performance
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Fig. 11 Effect of cathode pressure on system performance
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Fig. 12 Average coefficient of domestic hot water
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Table 5 Gas consumption compression of PEMFC-CHP system and baseline system
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#h%, PEMFC-CHP REFES & AHLEELE R Sl b
14.04% HAE “LAFAGE L SRE0E R AR AT T R Ek
TR RN &g, HAZFERM “UHE
P SRS IR LA T B, R B SERAb
WEHN 2103.1kW-h, HHERKRTESEILT
325.29Nm’, AHIELL ARG FE B 13.57%.
4 ZEig

% SC 3 6 A T AT R SR AT REREAE L 4
Mr, WEESER PEMFC HLME, AFxFiZ s
PEMFC-CHP R4t LA BEE ST 75 ARG #OK . it
B 717 S FL B AT o 6 B2 28 G0 300% (1) RS 4 (P
Wbt s N IR . AR S B B AR L 77)
BT 0T RYE RGBULS R XS H i
A B ESAEA FZE11 P SREAT R AT, 4
WaF:

1) ARSCHIF DeST REFERTILIAMF, $4EEA T
FF B AL T B R R, e

BN REFETEOL, RRIARZT ML EB RS
A SRR

2) R EEEF ARSI EA b, 45
## PEMFC-CHP R4, i 2 o AL RE 75 5K 5
X R RGN RS B E T ERL A
FURLRE . TAR IR AR BEA D13 T 7o i, 3
N THREEN KGR MR K, B 25 KR
65 CHF, #OHEF ARG ZRS B EF 13.22%H1
12.47%, HAETFPE 0.75%; MAh, TAEE
AR T H R IR, (H RN REHBE 2 K.

3) EFXH AL AN FZE T R AE R s, e A
N B . AT KR Ay 167.85kW,
L fmf B R 28.77 kW A2 “UlHhue i ” 3R
W LA 24 h Sy — JE AL 4 fils HOK R HEAT R I it e
AR B BEEEIDHTRE, BOAAIEEN
41.4kW, RF “ DAL E # S s 28R H “ DA
LB A SRS 2 F P IV TR . 1RSI RE T &
e X e R R R, AR LR 7 g dd
PBEEHE TR

4) WERLMRERSR, FHE5AREFRIIH P
PEMFC-CHP R4uxf LA &, 73 alb 39.16%.
31.63%- 36.01%A1 14.04%; #HXZEXKA “LLHEE
7S IR DR S R, TR RS, K

IREFER R 13.57%.

5) b B IR E AL T X, HAhZEA Hh
XAEEH P AT LAb R A S50k € B 5 B RN .
EIEAHIXFLL, 798 X AE A A TR SR T KM 7E
HR T RAIRHAR,  WAE ™ T XA BN A
1E “UAHGE R BIERE T E IR B i B PR %o

AT A REIRIE YN, AT PEMFC-CHP %
G RESIEIRIHZ . BEAE R IB A PEIS, 1%
TR B AR K AU B R Ak e 3y Uz
—, JIREESAT VAR BRI FE AU AR

S 3Rk

(1] " E &SRS BRAPI Tk 5 (2022 49)[)]. 3,
2023(2): 57-69.

China building energy consumption and carbon emissions
research report(2022)[J]. Architecture, 2023(2): 57-69(in
Chinese).

[2] ELLAMLA HR, STAFFELL I, BUJLO P, et al. Current
status of fuel cell based combined heat and power systems
for residential sector[J]. Journal of Power Sources, 2015,
293: 312-328.

[3] fEEEYL, FhoRIE, WU, &5, FE TR AR R
M IR RGO U RE[T]. fe iR, 2023,
86(12): 1494-1504.

HOU Xukai, SUN Rongfeng, GENG Wenguang, et al.
Research progress in combined heat and power system
based on proton exchange membrane fuel cell [J].
Chemistry, 2023, 86(12): 1494-1504(in Chinese).

[4] REN Hongbo , GAO Weijun .
environmental evaluation of micro CHP systems with

Economic and

different operating modes for residential buildings in
Japan[J]. Energy and Buildings, 2010, 42(6): 853-861.

[5] GU Qunyin, REN Hongbo, GAO Weijun, et al. Integrated
assessment of combined cooling heating and power
systems under different design and management options
for residential buildings in Shanghai[J]. Energy and
Buildings, 2012, 51: 143-152.

[6] NALBANT Y, COLPAN C O, DEVRIM Y. Energy and
exergy  performance  assessments of a  high
temperature-proton exchange membrane fuel cell based
integrated cogeneration system[J]. International Journal of
Hydrogen Energy, 2020, 45(5): 3584-3594.

[77 ROMDHANE J, LOUAHLIA H, MARION M. Dynamic
modeling of an eco-neighborhood integrated micro-CHP
based on PEMFC: Performance and economic analyses
[J]. Energy and Buildings, 2018, 166: 93-108.

[8] ARSALIS A, KZAR SK, NIELSEN M P. Modeling and
optimization of a heat-pump-assisted high temperature
proton exchange membrane fuel cell micro-combined-
heat-and-power system for residential applications[J].
Applied Energy, 2015, 147: 569-581.



10 19

TR BEESEFURE BRI R o S R R T o i 3915

(9] ZEhl. ZXHIRRL AL b BRI R G B B 2R 2 M [D].
Ki: KEHMTRY¥, 2017.

LICan. Energy efficiency analysis of fuel cell congeneration
system for residential application[D]. Dalian: Dalian
University of Technology, 2017(in Chinese).

[10] £7 K. AR ALt B IR ™ R G S il A R STt
KID]. J7M: BB, 2012,

WANG Ziliang. Modeling of a fuel cell based Micro-CHP
system and the development of a H, generation unit [D].
Guangzhou: South China University of Technology,
2012(in Chinese).

[11] SUN Shougiang, SU Yumei, YIN Chengbo, et al. Optimal
parameters of PEMFCs
Converged Moth Search Algorithm[J]. Energy Reports,
2020, 6: 1501-1509.

[12] CHANG Huawei, XU Xiangxiang, SHEN Jun, et al.

Performance analysis of a micro-combined heating and

estimation model using

power system with PEM fuel cell as a prime mover for a
typical household in North China[J]. International Journal
of Hydrogen Energy, 2019, 44(45): 24965-24976.

[13] 3. WORL Rt B ™ R GE A AL 20 # S AR A [D].
Drma: AR, 2018.

HUANG Nianzhi. Modeling, analysis and optimization of
fuel cell-based combined heat and power system [D].
Ji’nan: Shandong University, 2018(in Chinese).

[14] SLEITIAK, AL-AMMARIW A, ARSHADR, etal.
Energetic, economic, and environmental analysis of solid
oxide fuel cell-based combined cooling, heating, and
power system for cancer care hospital[J]. Building
Simulation, 2022, 15(8): 1437-1454.

[15] CAI Shanshan, LI Xu, LI Song, et al. Flexible load
regulation method for a residential energy supply system
based on proton exchange membrane fuel cell[J]. Energy
Conversion and Management, 2022, 258: 115527.

[16] FAN Lixin, TU Zhengkai, LUO Xiaobing, et al. MW
cogenerated proton exchange membrane fuel cell
combined heat and power system design for
eco-neighborhoods in North China[J] . International
Journal of Hydrogen Energy, 2022, 47(6): 4033-4046.

[177 AT, LI Q, WANG Y, et al. Modeling and dynamic
characteristic simulation of a proton exchange membrane
fuel cell[J]. IEEE Transactions on Energy Conversion,
2009, 24(1): 283-291.

[18] AUTHAYANUN S, AUNSUP P, PATCHARAVORACHOT
Y, et al. Theoretical analysis of a biogas-fed PEMFC
system with different hydrogen purifications: Conventional
and membrane-based water gas shift processes[J]. Energy
Conversion and Management, 2014, 86: 60-69.

[19] CHEN Xi, GONG Guangcai, WAN Zhongmin, et al.
Performance analysis of 5 kW PEMFC-based residential
micro-CCHP with absorption chiller [J]. International
Journal of Hydrogen Energy, 2015, 40(33): 10647-10657.

[20] SPIEGEL C. Designing and building fuel cellsfM]. New

York: McGraw-Hill, 2007.

[21] FFRTF WHCOH, AROGH, 5. T0kW BRRHHIBHEEG™ £
GUKINEEIBTTT]. ERREEREIPN, 2022, 5(5): 454-462.
FU Haoyu, XIE Changjun, ZHU Wenchao, et al. Research
on water and heat management of 70kW fuel cell
cogeneration system[J] . Journal of Global Energy
Interconnection, 2022, 5(5): 454-462(in Chinese).

[22] R4, BT RLRE P LI R #7[D]. b
e IR, 2022.

WU Lei. Simulation analysis of a 100 kW fuel cell
combined heat and power system[D]. Beijing: Tsinghua
University, 2022(in Chinese).

[23] ZHAO Pan, WANG lJiangfeng, GAO Lin, et al.
Parametric analysis of a hybrid power system using
organic Rankine cycle to recover waste heat from proton
exchange membrane fuel cell[J]. International Journal of
Hydrogen Energy, 2012, 37(4): 3382-3391.

[24] DIAB A AZ, ALIH, ABDUL-GHAFFARHI, etal.
Accurate parameters extraction of PEMFC model based
on metaheuristics algorithms[J]. Energy Reports, 2021,
7: 6854-6867.

[25] FRANCESCONIJ A, MUSSATIM C, AGUIRREP A.
Effects of PEMFC operating parameters on the performance
of an integrated ethanol processor [J]. International
Journal of Hydrogen Energy, 2010, 35(11): 5940-5946.

[26] OHAYRE R, ZHiji, COLELLA W, %. ki3t
fiiM]. ERRL, #%, ¥ Jbat: 7L,
2007: 245.

O'Hayre R, Suk-won CHA, COLELLA W, et al. Fuel cell
fundamentals[M]. WANG Xiaohong, HUANG Hong,
translate . Beijing : Publishing House of Electronics
Industry, 2007: 245(in Chinese).

[27] LigH R ER AN &R, DB31/929—2015 A #is
REVE RS R S5V T VE[S]. L. i s drdE
SR RRAE, 2015,

Shanghai Municipal Bureau of Quality and Technical
Supervision. DB31/929—2015 Energy efficiency grade
and evaluation method for plate heat exchanger[S].
Shanghai: Publishing House of Shanghai Local Standard
Document, 2015(in Chinese).

[28] DICKS AL, RAND D A J. Fuel cell systems explained
[M]. 3rded. Hoboken: Wiley, 2018.

LB B 2024-02-28,

UiE BHA: 2023-10-18.

EE BN

PAA1997), &, WLWFRAE, MR
77 AR SURRL B vt # FR B R Gl o
#r, 2108140421018@bucea.edu.cn;

CEAEEE . 2(1989), B, BIERAT
FI, BFF T ICAERFI . Sk E LS,
shuangli@tsinghua.edu.cn.

(W KLE)



Extended Summary

DOI: 10.13334/.0258-8013.pcsee.232278

Simulation Study of Fuel Cell CHP System and Energy Demands Analysis

for Residential Buildings in Beijing
PENG Liju', LI Shuang”, SHI Yixiang®, CAI Ningsheng®, WANG Suilin’

(1. School of Environmental and Energy Engineering, Beijing University of Civil Engineering and Architecture;

2. Department of Energy and Power Engineering, Tsinghua University)

KEY WORDS: combined heat and power; fuel cell; energy consumption analysis; simulation; energy management strategies

In 2020, the energy consumption of buildings
accounted for 21.3% of the total national energy
consumption; the carbon emission in the construction
operation stage accounted for 21.7% of the total carbon
emission in China. On the one hand, residential buildings
are important places for people to live in. On the other
hand, the area of urban residential buildings is expanding
rapidly.Therefore, the construction of green and efficient
residential building energy supply system has become
the top priority. The PEMFC-CHP (PEMFC, Proton
exchange membrane fuel cell; CHP, Combined heat and
power) system provides a new approach of energy
supply for residential buildings with the characteristics
of low carbon and high efficiency.

In this paper, a PEMFC-CHP system is established
based on the simulation analysis of annual hourly energy
consumption of a residential building in Beijing, capital
city in northern China. The parameters affecting system
performance are analyzed and energy management
strategies of four seasons are optimized. The energy
saving potential of PEMFC-CHP system is explored by
comparing to the gas consumption of a conventional
baseline energy supply system.

Based on the load simulation results of DeST
software, the PEMFC-CHP system is established. The

main model formula are :

Ucell =E- Uact - Uohm - Ucon (1)
IDelec =N-I 'Ucell (2)
M = (Paee = F6) %1 pe-ac + Onet XThrm 3)

AH, (HHV,H,)

S13

where Uy is the cell voltage; Uy, Ugmic, and Uy, are

the activation overvoltage, ohmic overvoltage and

concentration overvoltage, respectively; P, is the

auxiliary system consumes power. The schematic

diagram is shown in Fig. 1.
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Fig. 1 Layout of PEMFC-CHP system for building
According to the analysis results of load
characteristics and fuel cell working parameters, the
energy management strategies under different seasons
are developed. The "following the thermal load" strategy
is adopted in winter and equipped with heat storage
water tank for peak regulation; the "following the
electric load " strategy is adopted in other seasons. The
gas consumption of the PEMFC-CHP system in different
seasons drop by more than 14% compared to the baseline
system.

In summary, the results show preference in energy
consumption and conversion rate for PEMFC- CHP
system, which makes it a good possibility in building

energy supply in the future.



