N EHE . 1000-0283(2025)09-0044-10
DOI: 10. 12193/j. laing. 2025. 09. 0044. 006
hE 525 TU9SE

N ERFRERD: A

WeFs BHA: 2025-04-30

f&E AHR: 2025-07-23

e
20014F4E / &/ D@ M A / TR 5T
& /AR EAEFRIMESREERER

[RER

1999 E4E / 47/ HHERIRA /Bt /15T
RANE SRR EER

BE—1f,

1900 245 / B /STHLRELLA / 1l /BT A
PRR/HRSEHEE RS RERASH
. AR

#B(SEF (Author for correspondence)
E-mail: yifanfan@zju.edu.cn

44 | Q#

R, 2025, 42 (09) : 44-53.

— LB S Z MY SR FR SRR R TR
Study on the Coupling Effects Between Outdoor Microclimate and Building
Energy Consumption for BIPV Buildings

BHE KRR #-MW B OB
HUANG Mengyi CHEN Yichen FAN Yifan" GE Jian

CHRTCAEER TREE, WO 3100585 W TR AFAr (B S SRR [ BRAIFFE Py, 18T 314400 )
( College of Civil Engineering and Architecture, Zhejiang University, Hangzhou, Zhejiang, China, 310058; International Research
Center for Green Building and Low-Carbon City, International Campus, Zhejiang University, Haining, Zhejiang, China, 314400 )

B

TE W HFR T, SRS — 1L (BIPV) HARBCNESURBR A R G5, SR, HAERER I m K
MR, RREISRIX BIPV XEE SIS F A TERE RN AMM U B B H = RER A T e = 2545
LR, SLFBIPVARLGIR, sy TSR A4 (CFD) SR BEF#ERLHL ( BES) il
AR, LITE (MR ), AR (UMD RIS AARE ()0 =AM XM A i T 5t 4, #Ef
R R T (0.3) S5 REMIIRA (03) —BUNARMFET, RALPEAEBIPVI5EM, 459K
(1) BIPV i BE T R M 850 0.3 B9 G BIPV BUEESA R TR E, IR G 57 8 AP 4 S i
(MRT), &ZEMRIEE . BUMAHIEE MRT 435I 0.62°C . 0.74CHI0.74C, XR P23 S e e br
(UTCD e kFRiA0.21C, 047CHI046C, HXPESE (AT) M1 55 (FEIR<0.08C), (2) BIPV
FRJE, BB UTCLRR i B B4R S st mide 7, 248 S (it Bt 14:00, )M E 22 UTCLER Kk 5))
iK-070C. (3) RIFIUE R A A PR IR EE RIS AR 20 DS e R 2 i AR S A o, B 2RI R
KPEARIREE R . RV ATIK, AN 1041 Whim®, FEIRAEREN 257.2 Wh/im®, B AZLR540.5%, BT
B (30.5%) FTM (19.7%). WFFREEFRAFEA R T IX 0 BIPV HEARSR{IERS 4

KA

SRR 5 RV 5 =AM 5 Kbt s EESRERE

Abstract

Under the objectives of the “dual carbon” initiative, building-integrated photovoltaic (BIPV) technology has emerged as a pivotal
strategy for facilitating the low-carbon transformation of building infrastructure. Nevertheless, the efficacy of BIPV systems is
significantly influenced by climate conditions. A comprehensive quantitative analysis quantifying the impact of BIPV on the thermal
performance of building envelopes, outdoor microclimates, and energy production across diverse climate zones remains insufficient.
This research develops a coupling model grounded in the physical framework of BIPV, incorporating Computational Fluid Dynamics
(CFD) and Building Energy Simulation (BES) methodologies to evaluate the effects of PV. Harbin (a severe cold region), Hangzhou
(a hot-summer and cold-winter region), and Guangzhou (a hot-summer and warm-winter region) are selected as representative cities.
The simulation presumes a consistent surface reflectance and an equivalent albedo of 0.3 for BIPV surfaces. The findings indicate
that: (1) BIPV-enabled envelopes exhibit lower temperatures compared to non-BIPV counterparts with identical albedo, resulting in
a reduction of outdoor mean radiant temperatures (MRT). In winter, after BIPV installation, peak MRTs in Harbin, Hangzhou, and
Guangzhou decrease by 0.62°C, 0.74°C, and 0.74°C, respectively. Correspondingly, the maximum reduction in the Universal Thermal
Climate Index (UTCI) reaches 0.21°C, 0.47°C, and 0.46°C. The influence on the average air temperature (AT) is marginal, with
decreases not exceeding 0 08°C. (2) After BIPV installation, the daytime UTCI reduction correlates with enhanced solar irradiation,
reaching a maximum of -0. 70 ° C during peak isolation around 14 00 in Guangzhou. (3) In different climate zones, solar irradiance
and local climate conditions jointly influence PV power generation and building cooling/heating loads. In summer, Harbin experiences
high solar irradiance and low cooling demand, achieving 104.1 Wh/m? of power generation and 257.2 Wh/m? of energy consumption.
This results in an energy self-sufficiency rate of 40.5%, surpassing that of Hangzhou (30.5%) and Guangzhou (19.7%). These results
provide foundational insights to support the deployment of BIPV technology across diverse climatic zones.
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Fig. 1 Building and site layout schematic diagram
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Tab. 1 Climate zone-based simulation cases and parameter settings
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Tab.2 Climate zone-based building envelope construction
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