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Fig.1 Typical multi-storeys in southern Hunan
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Fig.2 Vertical greening modes
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Fig.3 Experiment on vertical greening cultivation of different modes
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Table 1  Attribute table of green wall elements
- N } g
#AR Component B Parameters Greeimlfcii wall Lin:lr&;ffwan Modiri;iji wall
% Species W Ly WH M Lvy W Lvy
JE B /mm Thickness 300.00 300.00 300.00
K% Plants
M FAFE #L Leaf area index 1.50 1.50 1.50
{5 ff1 43 A5 Leal angle distribution 0.70 0.70 0.70
2% Species / 1+ Loam soil £+ Super soil
JE B /mm Thickness / 200.00 200.00
K EHR Emissivity / 0.05 0.03
BT Substrates oy Albedo / 0.18 0.15
17k % Water coefficient / 0.18 0.70
398 A 0 6 5 1) 7/ mm / 0 0

Air gap between substrate and wall
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Fig.4 Annual temperature distribution
in Chenzhou City from 2009 to 2019
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Fig.5 Typical daily temperature in January

in southern Hunan Province
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Energy saving calculation method of vertical greening
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Fig.7 Field experiment and simulated model
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Fig.8 Measure and simulated temperature indoor and outdoor
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Fig.9 Energy consumption algorithm model
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Fig.10 Indoor temperature simulation at 19:00
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Fig.11 Indoor temperature of the four wall residential

buildings on typical winter weather day

=k

FE I B MR A R 5 H O E SRR BE R L TRN-
SYS18 # 4y TRNBuild 5 H A4 #7 T Jo & Ak 1
s, LR BRI 3 A AS [ 0 B 4 A s =X i s
L TER R S S RAE FIER T R R E N EREAR
IXF 7 CHria Bt iRt . BER0A 3 RS I 4%
A HUR R BEFE T SR A&l 12 Fras , b &l 12A
A T EL AR R R B2 REFE T SR AE 0L, &1 12 )y
LFIRB I AT K 2 RS R BEAE BT K .

PP 45 SR R M B X R R S S H
ikt G 25 P HE IR i E v 1 T R B R A DY IR
AMETF 7°C,1 85 24 Y 6 2 Fa 4R 85U ok 1k U
L& W NEEEE S S W50 I v I o Y ]
A b R ekl B A R SRk R LSRR R H
T HL AT 4 O 103,57, 98. 74, 140. 98, 134. 10
kW o h fF 58 45 R % B . 3 B o 1k 7E J8 9% A 5k 1
AETE BT I AR L 39k A 4 A A L Ak A R A A
Pt o F AL ER R T % R BE REFE R T oK . LA
MR RS L H .24 Y6 ZRE—H
THE L AR 9 37.40,30.53 kW « h, 4/ H
Ko BEFERY T R 32T 1.2~1.5 kW « h, #F5¢ ik
— R AR AR A 2R B RO 7 1] 4 B
Yo F AR R SRR S B R PR R



200 ek L K 2% 2 R 40 %
— BRI $ ZI IAREFE — BRI H A Z I IARERE
Hourly heat load Hourly heat consumption Hourly heat load Hourly heat consumption
— I AL RERE — I G AL RERE
Hourly power load Hourly power consumption Hourly power load Hourly power consumption
50, 300 £ 50, 300 5
° 40 240 =~ & T 40 210 = &
g _ T E 3 T E
= 30 180 2 2 5 3 30 180 & Z
A E LL 120 @ S 520 120 2 8
£ 4 Al 25 g 23
& 1o S 460 E & 10 160 ‘g
(7\'/ \u—L L ! L 0 = 0 L L L " i 0 =
322 326 330 334 338 342 346 322 326 330 334 338 342 346
Bl E)/h- Simulation time Bl E)/h - Simulation time
— B P AT A I AEFE — BN P AT A I AEFE
Hourly heat load Hourly heat consumption Hourly heat load Hourly heat consumption
— BRI L G RN HLRERE — BRI G RN HLRERE
Hourly power load Hourly power consumption Hourly power load Hourly power consumption
507 1300 50,
g g
2 40 R4 _ S § 40] =
e _— = =
_— . [
S L~ {180 3 E p 3 3 I = E
C % il oz ~ [ M
< 20t {120 5 ¢ R > 8
% / . o oS = [ e
= 10p | { 160 33 oo & 10 L 3 60
/,/ - \’_,_l—‘ 5 T b5
ok L | L = L 0 UEJ 0 — — — — —L —0 Lﬁ
322 326 330 334 338 342 346 322 320 330 334 338 342 346

KL Ta)/h Simulation time

AL [E)/h Simulation time
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Fig.12 Heating energy consumption of residential buildings with the four kinds of walls
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Winter energy-saving performance of vertical greening

in residential areas in southern Hunan Province

ZHENG Bohong',LI Jiayu' ,RAO Jifa' ,QI Zhiyong' ,ZHENG Jian’

1.School of Architecture and Art ,Central South University ,Changsha 410075 ,China ;
2.School of Architecture ,South China University of Technology ,Guangzhou 510800,China

Abstract Due to the unique climatic characteristics of hot summer and cold winter, the application
of vertical greening in China can not copy the practical experience of tropical high-density cities including
Hong Kong and Singapore. The “Envi-met+ TRNSYS” coupling method was used to rationally analyze
the winter energy-saving effects of different vertical greening patterns. The spatial structure of residen-
tial areas and the typical winter meteorological days in southern Hunan were analyzed. The residential
building covered with three patterns of vertical greenings was simulated with the indoor thermal data
collected. Based on the human body’s tolerance to the cold in Hunan Province, TRNSYS was used to
simulate indoor heating energy demand under different vertical greening patterns. The results showed
that vertical greening may increase the energy demand for building heating in cold climate conditions.,
which is unfavorable to energy conservation. In a typical winter day in southern Hunan Province, the
buildings with linear green walls and modular green walls increased the electricity consumption per
household for heating by 1.2 to 1.5 kW ¢ h. The buildings with green facade walls still had an energy-
saving effect in winter,with an average household heating energy saving of about 0.2 kW « h.

Keywords vertical greening; green planning; green building; building energy efficiency; microcli-
mate of city; energy-saving performance; Envi-met; TRNSYS; ecological benefit; elements of carbon

sink

(AR HLF)



