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In order to mitigate the Urban heat island (UHI) effects, green roof is proposed to be a technique
to increase the green region in urban area, as it is a method where the unused part of the roof of
buildings is utilised for vegetation. A type of moss identified as Sunagoke (Racomitrium
Canescens) was found to be the only truly draught tolerant species, and started to gain its
popularity as a green roof candidate.

However, the discovery on thermal performance of Sunagoke moss green roof are insufficient.
Therefore, the objective of this dissertation is to deliver the evaluations on thermal performance
of Sunagoke moss green roof in addressing UHL. Previous researches have been surveyed and
organized in Chapter 1 to increase the comprehension relating to the role of plants in green roof
application. This dissertation aimed to explore the thermal performance of Sunagoke moss green
roof with two different experimental approaches: laboratory based indoor experiment, and the
actual outdoor experiment.

In Chapter 2, the green roof implementation method utilised in this research has been
explained. Several conditions of model houses made from box-shaped Polystyrene foams were
utilized throughout the experiments. A model house which was installed with a naturally dry
Sunagoke moss green panel on the top, was used as the main experiment subject. The Sunagoke
moss green panel was made by attaching 3 mm thickness of Sunagoke moss-mat on a galvalume
steel plate. There was no substrate layer since Sunagoke does not.require them. Besides, model
houses with 30mm thickness of Sunagoke moss, 30mm thickness grass and soil, and a control
model house were also used as the comparison subjects.

Chapter 3 reviewed the green roof thermal performance evaluation method. Temperature
analysis was conducted by examining the changes of surface, and interior temperature of each
model house. Moreover, the heat energy balance were determined to analyse the heat contribution
on model houses. The heat balance equation consists of irradiance, reflected radiation, latent heat,
convection heat, and conduction heat.

Chapter 4 presented the main results for indoor experiment: effects of convection heat transfer
on Sunagoke moss green roof. The indoor experiments were piloted in an enclosed Artificial
Climate Chamber, facilitated at Yamaguchi Prefectural Industrial Technology Institute where the
measurement environment can be adjusted so that naturally changing external factors will not
affect the experimental result. Important parameters that influence the thermal exchange between

roof surface and environment: wind velocity, irradiance, and evaporation were altered to simulate

an average summer condition in Japan. Here, the dry and moist model house with 3mm Sunagoke
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moss, and control model house were utilised.

As the results, the convection heat was found to dominate the whole heat transfer in dry
Sunagoke moss and control roof surfaces which lack evaporation. Contrarily, the latent heat of
moist Sunagoke green roof governed and diverted 70% in natural, and 91% in forced convection
from the whole heat transfer process, individually. Besides moist Sunagoke moss in combined and
forced convection, there were no correlation between irradiance and convection heat transfer
coefficient. Nevertheless, the effects of wind velocity on Sunagoke moss green roof above 2 m/s
were clarified identical since no significant changes were found in the convection coefficient,
surface and interior temperature afterwards. '

In Chapter 5, the relationship between the irradiation angle of radiation device which
considered as sunlight, and the Sunagoke moss green roof has been examined in a similar indoor
experimental setup as in previous chapter. In the experiment, the changes of model houses surface
temperature were measured under irradiance strength of 200 to 1000 W/m?, and irradiance angle
of 30 to 90°. The experiment was conducted in a windless condition, and with the change of the
angle of sunlight, it was possible to know the basic characteristics of irradiance angle and surface
temperature.

Meanwhile, the results for experiment performed at the main office building rooftop of
Yamaguchi University Engineering Campus were discussed in Chapter 6. This time, four dry
model houses of 3mm Sunagoke moss, 30mm Sunagoke mbss, 25mm grass with Smm soil layer,
and control were utilised as the test subjects. The three green panéls displayed better convection
heat transfer coefficient than the control roof, however, the thinnest Sunagoke moss was the
highest. The 30mm thickness Sunagoke moss did not deliver heat as good as 3mm Sunagoke moss
and 25mm grass in term of convection heat, but the suppression of interior temperature was the
most superior. Despite the absence of soil, both Sunagoke moss green roofs showed decent
insulation effect and provide thermal comfort comparable to grass.

Chapter 7 describes a summary of the effectiveness of the basic characteristics obtained in
indoor experiments, and their relationship with outdoor experiments. With a certain degree, the
corresponding results in outdoor environments can be interpreted in detail by referring to the
results of forced and complex convection in indoor experiments. In addition, it is possible to
quantitatively select appropriate heat insulation performance and evaporative cooling performance
when adjusting the heat balance equation on the roof surface, regardless of whether the Sunagoke
moss green panel is dry or wet. These results are extremely useful for establishing the Sunagoke
Moss Green Roof Control System, and are expected to be used especially when conducting a

theoretical approach (three dimensional thermal fluid numerical simulation).

-17 -




| 5. ORIES
TR DR R O R i 2
(E# IR H)

W1 A ARSAR B TEERFSER

S . ' Muhammad Amir Aisar
+fim§fv ﬂjﬂﬁﬁa % 739 % I %K él ] BinKha]id_

x n O OMiE A

% x = & 24 &

oot R omomE o # % & T R A R
' # & £ R HzE f@—H

F K F R HL &

[Fic#i B ] Study on Thermal Performance of Sunagoke Moss Green Roof in Mitigating Urban Heat
Island (v — b7 A T2 FEEOENOZ O R T 37 B LiEOBWIREIZ B3 590

(i SOl oOfG S M USRI D 3] '

MU D RFENZ 0 BT WP OE KT TRAETH e — 74 2 F B4 (UHT : Urban Heat
Island) #E, Wi7e 56 FEE W T LIRSS BEIEO—oTH S, B LI EZ B o Bk
DA OIS S 2 WA UIE I 551, UHT OREAREm S, Firmosihz o4z k¢
i L2 VRO & SRR TR Th D, ZOBIRELEL, AV T AT U —THo, H—, F
iXoMHEE T A AT T (Racomi trium Canescens) EPREND oA O—F % RV, BVitEaeizpE L
B, W /ea Ml DS FHIRTT L, € O OEME, a5 Z 8 TE T,

051 BT, B EIEI BT B2 O & 0EF 2 A MERE & OIRMEA TR D 12Dz E < O BRI LY
D YEATHFEO SR AR L, FONER EhBARWEDER R K2 h 2 COna, Bkt
SONTp 5 FER L (ERE R AORNES & BRI T A B Oflhb, R R
{LDEERERTHL -~ = FFFEIRE -5 & L & HiE L7,

02 T, BRIk IMRES, FKCBE LTI L, BAAOFER T, Thb 37 A—4—

(PG, G, R, ) (ZHESF 4 DR T TR NV ERE AW, BRI E 2 Ui
AP DAL SR OFE Q OOFMF, BHE Ty bua—nA3x v L) OFTIVERIHCE
FEWHAR T Do AT AT ST, RT T L ABEEEANS THN S =D LR O_ BV ATEOEL(Z
OB5E 3 mm, 30 m)y THED (NT 2 Z & TIEL WA, £0fl, 2430 mm B (HEOELEZET) @
el R G oD [ 6 2 A 2 U7

53 T, BARRHEOBMERERMI S RO A B LTe 2 & 3R Cun g, BRCEET M ERD %
H - EARNREOL LA M~D Z LiC K DIRERe, & 512, T NVERICET B 4HRAOT L5
WTd 5 =BG OERR & £ ORE% 7 ERmat Ui, SUPoBE, T2 Criiessl, B o,
AW, SRS L OMEEID B Y SI0 L E L TV 5,

54 T, EARRENRELI MDY KOF 9 R B IE U C M LN o RIS 725
BETIE L TWD, BERITEET o8& 22 BRI SRR S a5 2 20 K 91, BAgE4La
W FER T 2 — BB A TR O Lz, Z 2 CIIEHBREEO S TIRE THDBUE, 28 I
U7RIE Tl 2 BIR O & B ORM OB B 2 5.2 DEERNNT A—4 %, BADTERE OBSE
PHBETDLOICETCEE, fHlio 128 LT, BUNZE2EET 2802 ET o865 E2mA T L
T, WERER E DR OVRA I Eiday b — A RO TOBGEEHRT A2 L0
hote, Elo, —F, kol AT I BRI TORBEEINT, ZNENEEOEmEN S B Zori T 70%,
FRFIARE Tl 91% % XEE LEMEEIC B O TR ChB Z L bMA I LN TE -, SBICEESWRE
SRHSHRIZ BT B o= AT I OHA, BIE Qms) DLETIISE L sHEME R I3k L 28
HRWZ & bd Z LR TE L, &IV ERE, FmhE, REZTER, ENRER P~oRiE
DR E <, 2 mfs PLEDRUETIZ BT DRTEVRER A T T4 BIRG LOUA, RSREORE




UL RIESRVWEHHALC L,

FSETIE., KRR T AR EORKNA K L 2 7 BIRE(LOBIRIZ oW T, BAFERIZ
TEDOEER R R EER L5, ERIT, BARE (200,400,600,800,1000w/m) OF, BREHfE
 30° ~90° LEALHL, ERKRmMIBEOE(LEZNIE L, ERRIIERIRREIC TV, KRR ED
BRI, BHnb, ﬁi;z PN TC DR B & RIENREOEABE 2505 & 8 TE T,

6 ETH, o RFETENAER LICRBWTORINFEHRERICET 2238530k L, BAERT
FAFIFEE3IIV L3032 J IHESATTELAES 303, av ha—A R NAD 4 BORMGEH
TLHETNMEREZ R B gL Lz, Tﬁﬁ%’”‘{ ECORBIIT DD 3O L R VEay ba—a ik
ALY HEDE \x‘fﬁﬂlfza.sff%‘i{%% L, C0bIHES3 I )OBENRLEEEZ R LU, A48
FADES 30 I VITESE 3 I VLB R, JRBEC I LTS A28, ERPNRE T
BHIESLE LRREZTLUTEY, HlHERE) ‘b{%nﬂ \HZ EW D, BARDINZ b b
R A BARFM LR 2B R R L, A 72 AN A Bl 2 R CE B o 8
MR S i,

BTETH, B4E, BSETORNERCEONEIEAS O OE LT 6 ETORMERD LN
HEOBHR A E LD bDTh D, TNHOMRY, AT I B S A T L& Har
THLIZHHTERATHY ., &Y bIEHmNT 7o —F G RTBAEE S I 2 1—3a ) 27O
12, FIAENAZ E2WHEL T2, '

AFESCMESIZ BT 2 EREMAEE. 1. AP EHWERLEBILIET, e — b7 A T2 FEl%
BELYORE, BITx 500, 2. /Mki E DR Es; YL L'{‘h}w NEODM, 3. BBk AT =
IR LD, WA 58 mds, 4. Ak, FI0H & 2 BBOMEIZIT E AL L OB B LD,
5., RIEORED 1 DTHIAV T AT ‘—LOL . 20 J?'ﬂff} LTCWAH, 6. BERTinEGER Ch
S S FAREAE & A xR EBEOZ NN E D X H I LTGRO0, 7. 15 OBEEEIR A i
TCHOAT AT RITTOIAT ATBWTHAREZ F5MOH-TWADN,  2ETHoT, Wl
Blizxf LCTh, BRENSTET, d-2fEBlE e Shi,

PILEE Y, ATRIEE, ALANE, (EERE, O, R, AT ORI TS b0 &
T L7 |
OB R O S, AR TOERMCRT HISE7 UG, RARII A & Lz,

pf3, BEEPRHE ORI T RO LB Th 5, L (),b)  #EF5

(a) st & Dk _

1) Muhammad. Amir Aisar Bin Khalid, Yasuo Katoh, Hivoshi Katsurayama, Makoto Koganei, Makoto Mizunuma, Yusuke
Awata, Muhammad Wafiyuddina Amin Senin, Thermal Relaxation by Sunagoke Moss Green Roof in Mitigating Urban
Heat Island, 1JENS, International Journal of Civil and Environmental Engineering, Vol.17,No.G, pp. 1-14 (2017-12)

2) Muhammad, Amir Aisar Bin Khalid, Yasuo Katoh, Hivoshi Katsurayama, Makoto Koganei, Makoto Mizunuma Effects
of Convection Heat Transfer on Sunagoke Moss Green Roof: A Lahoratery Study, Elsevier, J. of Energy and Buildings,
Vol. 158, Issue: 1, pp. 1417-1428 (2018 - 1)

(b) RFEd & DIHEE SO Skl

1) Muhammad. Amir Aisar Bin Khalid, Yasuo Katoh, Hiroshi Katsurayama, The Study on Thermal Effect of Sunagoke
uged in Roof Greening Application by Indoor Experiment, The 25™ International Symposium on Transport
Phenomena (ISTP-25), No.131, USB (2014—11)

2) Muhammad. Amir Aisar Bin Khalid, Yasuo Katoh, Hiroshi Katsurayama, Makoto Koganei Evaluation on Thermal
Effect of Sunagoke in Roof Greening Application by Indoor Experiment, The 26™ International Symposium on
Transport Phenomena . (ISTP-26), No. 41, USB (2015—9)

3) Muhammad. Amir Aisar Bin Khalid, Yasuo Katoh, Hiroshi Katsurayama, , Makoto Koganei, Effects of Convection Heat
Transter on Sunagoke Moss Green Roof  27™ International Symposium on Transport Phenomena (ISTP-27),
No:165. USB (2016—9)




