& EERBEAS Impact of BIPV window on building energy consumption and urban microclimate: Model development and sensitivity analysis
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Research Questions The Coupled Building Energy Model and Single-Layer Urban Canopy Model Impact of BIPV Window

Problem Statement

Building-integrated photovoltaic technology || 1. What is the impact of BIPV BEM-SLUCM Compared to clear window:
(BIPV) has been proven as an effective way to window on the building o f f f f (a) Shenzhen (b) Nanjing (c) Beijing
increase renewable energy and achieve low- || energy consumption and clarraciation Q, Q, H, LE, Q, Q, -
carbon in the urban environment. Due to the || urban microclimate? } A S
lack of modelling tools, the impact of BIPV —mm— ‘ e — .
window in the street canyon has not yet been ] | Ventilation | | Ventilation E
well understood y y 2. What are the key Waste heat : Waste heat | g
- parameters to control the - colar £
performance of BIPV H /M, indoor heat sources & @B H /M, Hansusslan 5
To fill the gap, we developed a new window? e Phar e - G 3 Py vy - I -
parameterization scheme for BIPV window, f | R
and incorporated it into building ener - - ‘ ‘ | ‘ N . . .
. cOTP . . J Y || 3. What is the potential of Hs LEs | o | o LEa | | BIPV energy benefit is larger for open canyons with large window coverage and facing Southwest.
simulations coupled with a single-layer urban BIPV window in the cities b | \ Convection | b | Convection
. : Indoor space | :
canyon model. SenSItIVIty studies are under different climate S = N S ; = ,, = (a) Shenzhen  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  |mpact on monthly average daytime Tean:
I G G i G G 0.2 | 0.07| 0.03|-0.01|-0.04 |-0.02|-0.01 |-0.01|-0.04 | -0.04 | -0.02 | 0.07 | 0.08
C()_n(éllucte_d t(t)) reViﬁl thethlmp?;cf;[' of B_tI_PV zones? o Summer: very slight cooling effect
Wln OW In ur an Se In In ree Inese CI IeS. _ = . 0.18 | 0.08 | -0.00 | -0.06 | -0.03 | -0.01 | -0.01 | -0.06 | -0.06 | 0.00 | 0.19 | 0.20
g UCM and BEM are tWO Way Coupllng h/w 1 FO385 0.17 | 0.04 |-0.06 [-0.03 | -0.00 | -0.01 | -0.05 | -0.03 | 0.10 BEE230:39 Wlnter Warmlng eﬁeCt Of 01 - 08 OC
. . . 1.5 BOEE 0.23| 0.09|-0.03|-0.02| 0.01| 0.01[-0.03| 0.01 | 0.18 ‘ml‘ ]
BIPV window parameterization scheme (b) Nanjing - BIPV windows can enhance

' 0.2 | 0.09| 0.06 | 0.01|-0.02|-0.04 |-0.04 |-0.03 |-0.04 | -0.02 | 0.04 | 0.07 | 0.09 d h I f
Assumption: Outdoor Indoor B L 1 Key pgrameters: _ 0.5 | 0.22| 0.16| 0.05-0.02 | -0.06 |-0.06 | -0.05 |-0.06 | -0.01 | 0.13 | 0.20 | 0.21 outdoor thermal comtort
Solyrcel | boretion wwR |  Longer bar, e 1. Window-to-wall ratio L
. . . — 1+ — . - 088 0.29 | 0.14 | 0.02 |-0.05|-0.06 | -0.05|-0.04 | 0.06 | 0.29 " 037 0.36
* Six-boundary BIPV window system ncident / /7 d. | Moresensitive —— 2. Power generation efficiency Better thermal
. One_dimensiona| CrOSS_SeCtion heat ﬂOW CD//(D/ i j i 3 Canyon aspect ratio 1.5 BOE8E 0.33| 0.20 | 0.07 |-0.03 |[-0.04 |-0.03 | 0.00 | 0.14 F0:37 NS0 i,
Solar reflection it o Tref | h | 4. Facade orientation 1<) Belling , + | -0.04 | 0.0 , Less waste heat
o --hermal Storage happens at a thin Iayer in kW "-:'.:':.:j 0.2 | 0.18| 0.12| 0.06 | 0.00 | -0.04 | -0.04 | -0.04 | -0.03 | -0.01 | 0.08 | 0.14 | 0.17 from A/C
the mlddle Of front and rear panes B . conduction L j -Tcan | y o/ 0.5 BOEER 029 0.16| 0.03 |-0.06 |-0.07 |-0.06 |-0.04 | 0.03 | 0.23 | 0:32 NOIEE v
(:)oundaries BZ&BS) Cy b "j Toa™® | | 1 .- 0321 0.12 -0.03[-0.06[-0.04 | 0.01| 0.16 [ .. [ Indoor heat gain | |
Convection dy i ———— ~ | CLtot 15 Q88 0.18| 0.02|-0.03|-0.00| 0.08 | 023
| 1 A : i | 11%-7.4°) Cool urban
Power ocRadiation x Transmittance x. . . Longwave radiative kg T B P oo . | ] . S SR AL]
Efficiency x Incident angle modifier . neatexehange d I o e g 08 06 -04 02 0 02 04 06 08
Blectrical | 0 BAESPS P -j i} Direct impact (caused by facade materials) Indirect impact (consider A/C waste heat)
power output mR | ' i 1r 0.1
Model Evaluation = - ke ‘
i 7 0.8} | -i ot | o N
- : o =
- - - 1B O 2 }
I) Energy exchange through window (v.s field measurement in South Korea) I k | Standartd Sc;)re of sgpsmc\lle -
-1 q- - i i i e N N 70 2 L A N SN SO : arameters 1or monitored outpu
IT) Building energy consumption (v.s. EnergyPlus in Phoenix and three Chinese cities) h/w P - P 5l
: : . . . . [ 1 Tean» Tean's CLior, and Pyoe ON
IIT) Urban microclimate (v.s Eddy Covariance tower data in Phoenix, Arizona, US) Zontc | a.‘:_'.'_'.'_'.‘_'.‘_'.‘_‘.'_'.'_'.‘_'.‘_'.‘_'.‘_'.'_1 a clear summer day in Phoenix.
- (a) | | | | | 65 (b) | | | | | I | 1 | | I I | I | | | 0.2
_ Outer: T -14 -12 -1 -0.75 -0.5 -0.3 -0.15 0.15 03 05 0.75 1 1.2 14 _E;\Nzgg
QO RMSE: 2.15 °C RMSE: 2.48 °C Standard score I I D Al ,
90_: 55 | { 55} I:lq:h ! . o3 ""ij:%.S :
=
© 4c| | 45| o2 g
8_ e s ot e - Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
9 35 ! 35} , e e X P . .
> Y ATNRSSN\G Conclusion & Perspective
O r 507  EEEh/w=02 RO T~ 0\ . : : : : :
C 251 . 1 25| 3 I b/ = 0.5 ] A SOl || @ With Incorporation of BIPV window scheme into BEM-SLUCM, the model can investigate
N c e i - o Observation > - = [ Ih/w=1 . - ) v - - - - -
Simulation -{(\ et | N B = how BIPV window affects a fully interactive built environment.
1] P 1P — o al ~_ 404 [ hw=2 : : : " : :
(c) (d) MEgeee T E Elh/w = 2.5 ® The performance of BIPV window In urban setting are most sensitive to variable: 1) window
Horizontal: Vertical: a el N\ coverage, ower generation efficiency, 3) canyon aspect ratio, an acade orientation.
— 40} RMsE: 1.38 W 1 157 RMSE: 0.74 W : S‘”\W {j S i E 30 - 3 E g ) P J . y ) y P ) < . : .
2 - e ) P q .-' ® The impact of BIPV window on Tcan can enhance canyon thermal comfort, especially in winter.
i th Z e K= 7 L . . ] :
§ 30} o N B ® 50 ] 1 . ® BIPV window can generate power and save cooling demand, but consume more lighting and
< T c = i 1 heating energy, due to the smaller solar heat gain and visible transmittance.
GCJ j \ka”?%‘;. gJo 7 i
a0 207 | }@ {f 3 5 10- —hll | | g ® The energy benefit of BIPV window Is more evident for buildings with higher solar access.
2 s B ® We are applying the BEM-SLUCM into Weather Research and Forecasting (WRF) model to
= 10y - P Y i . ) A ] / 3, assess the impact of BIPV window in different cities under regional scale.
; " g ,«‘74“;“{ 0 200  400km N N;E E/ 7 7 " , , NJ
O I l I I T I on - N Longterm average of direct normal irradiation . . SW W NW Sz AC k n OW I e d ge m e n t
0O 04 08 12 16 20 24 0O 04 08 12 16 20 24 ey totals;  Period from 2007 to 2018 '
Local Time Local Time v T T Power generation efficiency: BJ > SZ > N This work was supported by the National Natural Science Foundation of China (42005076). We
Comparison of observed and simulated surface temperature and power profiles of BIPV window | would like to thank Dr. Jong Ho Yoon for sharing clear and BIPV window measurement data.




	Slide 1

