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VARINTHORN KITTANANPHAT : ANALYSIS OF PROPERTIES ON
SUBSTRATE CULTURE MADE FROM NATURAL MATERIALS FOR GREEN
ROOF TECHNOLOGY. THESIS ADVISOR : SOMSAK SIWADAMRONGPONG,

Ph.D., 154 PP.

GREEN ROOF/SUBSTRATE CULTURE/DESIGN OF EXPERIMENT

Currently, Climate Change caused by greenhouse gas which generated
with rate of city’s growth and decrease of green area. These led to heat
absorbs area as a result is urban heat island. Therefore reducing global
warming (Greenhouse effect) is the first priority to deal with the problem.
One potential solution was to increase green area by planting the green roof.
This study was proposed the analysis of performance and thermal conductivity
on substrate culture made from natural materials for green roof due to lighter
weight of natural material than soil which impact to roof structure and its
cost. This research was focused on extensive green roof and 3 kinds of
materials, coconut fiber - dust, coffee residue and paddy husk charcoals with
using starch as binder. Manila grass was selected to plant into the 5 cm thick
substrate culture in metal sheet tray size 50 x 50 x 10 ¢m. 2k factorial design
technique was employed to analyze the substrate culture performance. The
main nutrients of the substrate, N, P and K, were measured to describe the
results. It was found that the most appropriate substrate was coconut fiber -
dust : coffee residue : paddy husk charcoals 60 : 30 : 10 with starch 20 percent
which yield the growth of grass in the same level as soil with lower weight

than soil by 7 times. From thermal conductivity test, the heat conductivity



coefficient of green roof using substrate culture was 0.317 W/m °C which

could be considered as insulator.
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Protection layer

Extensive Semi-intensive Intensive

Green Roof Green Roof Green Roof
Maintenance Low Periodically High
Irrigation No Periodically Regularly
Plant Moss-Sedum- Grass-Herbs and Lawn or Perennials,
Communities Herbs and Grasses | Shrubs Shrubs and Trees
System build- | 60-200 mm 120-250 mm 150-400 mm on
up height underground garages >1000 mm
Weight 60-150 kg/m2 120-200 kg/m2 180-500 kg/m2

13-30 Ib/sqft 25-40 1b/sqft 35-100 Ib/sqft

Costs Low Middle High
Use Ecological Designed Green Park like garden

Roof

117 : (International Green Roof Association, 2011)
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Dense
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Copra

Energy rich

Nutritional

Husk Fiber
Husk Pith Strong
Hydrophilic Stiff
Chemically reactive Ductile

3111 2.20 Taseaeveslowzni (structure of coir fiber)
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@Qﬂﬂ‘§$ﬂi’)‘iJ‘YlN!ﬂNﬂli’N‘l(!ﬂﬂJzWiTJ

A J a Y
13190 2.5 ’ENﬂﬂizﬂ@‘]JTINLﬂWIJENGufm%WiYJ

aeAlszneunuAll wWosidud (%)
19 (Ash) 1.44
Lcﬁaqiaﬁ (Cellulose) 32-43
Lﬁﬁl“ﬁagiaﬁ (Hemicellulose) 0.15-0.25
anty (Lignin) 40 - 45
WAAY (Pectin) 2.75—4.00

37 (Rehsi, 1988)

A J = Y
ATNN 2.6 ﬂﬁﬂﬂigﬂ@‘].l‘]/]NLﬂiJﬂl@xﬂEJiJz‘WiTJ

ﬂﬂﬁﬂ§$ﬂﬂﬂﬂ1ﬂlﬂﬁ . %’eaaz
Water soluble 5.25
Pectin and related compounds 3.00
Hemi-cellulose 0.25
Lignin 45.84
Cellulose 43 .44
Ash 2.22

Ny (Pakanita Muensri 2009 #1990 Rombout, 1., Lambert, L., Celus, I. Largrain, B., Brijs, K.,

and Delcour, J., 2009)
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A J =
13190 2.7 aendsznoumalvesninn

peAlsznoumMaA] hminusds (05100 n3u)
Cellulose (Glacan) 8.6
Hemicellulose 36.7
Arabinan 1.7
Galactan 13.8
Mannan 21.2
Proteins 13.6
Acetyl Group 2.2
Ashes 1.6
Minerals (mg/kg)
Potassium 3549
Phosphorus 1475.1
Magnesium 1293.3
Calcium 777.4
Aluminum 279.3
Iron 118.7
Manganese 40.1
Copper 32.3
Zinc 15.1
Sulfur Nd
Chromium Nd

AV : (Mussatto et al, 2011)
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Interaction Plot for Response
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4 ' AMIMNEY | anuwnTianas | anamniianas
;maf | anuninneuilan
) ilgn 1 1Aou 11704 2 1iou
FCAl 5.0 FUANT 5.0 LFUAAT - -
FCA2 5.0 FUANAT 5.5 IFUANAT - -
FCA3 5.0 HFUANNT 4.0 LEUAIUAT 1.0 LEUALIAT 1.0 LEUAIIAT
FCA4 5.0 FUANAT 4.5 |BUAIAT 0.5 IFUALNAT 0.5 [EUALUAT
FCAS5 5.0 1FUANAT 4.0 LEUAIAT 1.0 LB UALIAT 0.5 [EUALNAT
FCA6 5.0 LEUAIAT 3.5 [EUANAT 1.5 I UANAT 0.5 LYUALUAT
FCA7 5.0 FUANT 6.5 IFUALNNT - -
FCAS8 5.0 FUANT 4.5 lEUAIAT 0.5 LEUAUAT 0.5 LEUALUAT
SOIL 5.0 FUANT 4.5 IBUAIIAT 0.5 IHFUALIAT 0.5 FUAAT
19197 4.10 ANWAU
o | viwiondesa dwiilgn | shmiiniimeld % fimeh)
21a7 . » . 5 )
(N3N) 1 19U (n3N) naalgn 1 thou
FCAl 1,716 1,155 561 32.69
FCA2 1,716 990 726 4231
FCA3 1,716 1,122 594 34.62
FCA4 1,716 1,012 704 41.03
FCAS 1,793 1,276 517 28.83
FCAG6 1,793 1,133 660 36.81
FCA7 1,793 1,122 671 37.42
FCAS8 1,793 1,100 693 38.65
SOIL 1,155
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T, (°C) T, (°C) T, (°C) T, (°C) T, (°C)
8.00 33.67 32.10 26.60 31.20 26.30
9.00 37.18 34.10 28.40 33.50 28.20
10.00 37.70 36.20 30.60 35.70 29.90
11.00 38.86 38.00 32.70 37.00 30.40
12.00 41.61 39.30 34.00 38.60 31.80
13.00 43.43 40.70 36.80 39.90 34.10
14.00 42.72 38.70 35.10 37.30 33.30
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T, (°C) T, (°C) T, (°C) T, (°C) T, (°C)
08.00 30.49 30.90 31.30 27.80 25.70
09.00 32.19 33.10 34.90 32.40 25.90
10.00 35.26 35.60 37.60 33.30 31.60
11.00 39.19 39.30 43.30 36.10 32.20
12.00 40.14 43.70 45.20 37.10 33.80
13.00 41.83 44.80 47.40 38.40 33.10
14.00 40.10 40.90 43.90 36.80 32.10
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16.00 34.20 35.72 36.50 30.10 28.90
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dd‘ = 1 9 = 3 [ [ a [ a
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T, (°C) T, (°C) T, (°C) T, (°C) T, (°C)
8.00 29.72 29.71 31.50 28.31 26.12
9.00 32.36 34.96 37.80 33.16 31.80
10.00 34.53 36.90 41.10 34.50 31.20
11.00 36.13 38.60 42.90 37.60 32.50
12.00 37.91 39.20 44 .30 38.90 34.70
13.00 40.21 41.90 45.10 39.10 35.40
14.00 38.60 41.30 45.60 38.50 34.90
15.00 37.45 39.80 40.70 36.70 33.00
16.00 34.13 36.50 37.30 33.60 31.60
17.00 33.66 34.60 34.30 31.30 29.80
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quN1g 4.4 Lag 4.5

Q. .= UsA«(AT) (4.4)

cond

Quons = KAAT/Ax) (4.5)

Q = WGmandwuardeuiicemiuiag (Wat vie W)

U = dnlszansmicamanudou (U-Value), W/m™C

k= mdnlsgansmaihanudeu (Thermal conductivity), (W/m.°C)
Ax = anunMveiag (m)

AT= ANuIANANYDIRUNYINTEHINABIAIUYBITA] (°C)

b v
A = ﬁuﬂumam&ﬂaumm%’au, (m’)

2 1 U a Q( o o 1
nniudnsnihmdulszanimaiinnuiou MMuIwIAIANEINGD
X 1 9 1 IS A
Tunis@umiunudou FIAIMITAIUNIUA1IWTOU U350 A1 R - Value 321 uA1fivony
oaT1dIUTTHINANUnIIveIgaa NN ou lnadunua i uanso lunsih

AMUToU

Insulation Thickness

= — (4.6)
Thermal Conductivity
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ANULANANYDIQUHN

Wnaanwieunisemarsmsinnuion =— —
AITUATUNIUNITUIAINNIDN

(TI-T2) L

: Rc=— 47
R. kA “.7)

v r'd
A15199 4.14 uaaaaduilszansmarhnnuiou (K, W/m °C)

Material K-Value Unit Reference
Metal sheet 47.6 W/m°C | Yayajd watnsey uave.as.dnms 1bgns
Soil 0.52 W/m °C | Incropera, Dewitt, Bergman and Lavine.(2007)
Manila grass 1.1 W/m °C | Campbell and Norman. (1988)
gvemdulsz@nsmsianuiouresTaaaIn1a i 4.13 % AIHUA 150

wisfSinaanudeunoemiurainiag

(TI-T2) ws)
= .8
Q L/kA
- anwdumuaudeudmSumiain R, = L/KA=0.000025  m/W
- AanumMMuUaNNSoudmsuau R, = L/KA=0.384 m’/W
M50 4.15 UAAIANUHUIVDIIAR
ANNUUIITY ANNMITFUgn |- AnurNe
Material . 59U (m)
Y0901 (m) (m) (m)
Metal sheet 0.0003 - - 0.0003
RGREM] 0.0003 0.05 - 0.0503
vasn1auilgn 0.0003 0.05 0.05 0.1003
wauIaltoo
nain1iaqign 0.0003 0.05 0.05 0.1003
9 Y
NIy
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Rﬁﬁummﬁmﬂuaﬂwﬁam =0.055 (m C/W)
2 (o)
- Rugwormamolumaem = 0.162 (m” °C/W)

Y
LY

Wy R = R, *R,+R+R, =0.601m/W

total

9 {1 ' o a 9 Y]
ﬂ?m1mmmiﬁluﬁmﬂmwmwmmﬂuﬂgﬂﬁmumilauaﬁl

(T2-T1)
Q= —  6.489 Watt
R

total

Y
v o

Y A ] @ a 9 Y A
muuﬂ?mmmmsauﬂmﬂmmuwmmﬂuﬂgﬂﬁﬂgmaauaEJ 19 6.489 W.

o 1 v a £ o 9 Y 9 9
mu’smmmfmﬂizfd‘mimimmmiaumaﬂaﬁﬂﬂgﬂwm1uaauaﬂ

(12-T1)
6.489W =
Rmetal +Rsubstrate cul +RManila grass +Ri +R0
(T2-T1)
6.489W =

7L,
Rmetar™ (]C_A)+RManila grass tR;*+R,
Kfﬁ@gﬂgnwmmuﬁu =0.317 W/m °C

9
[ Y 1T o

'd
wiumdulszansmaihnnudouvesiagilgn fie 0.317 W/m °C.
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Ha)

Density, Thermal
Material p Conductivity, k Reference

(kg/m3) (W/m C)
- o Incropera, Dewitt, Bergman and Lavine.(2007) uaz;'a
AUDALLIY 2050 0.52 o

NWEY LLFINDT 2558
AuIIY (99 o _
1200 0.375 PUA IUATIUA

A15199 4.17 mdulszansmsrnanudeuveadulssanad o

Material/Substance Thermal conductivity [W/(m K)]
Clay, dry to moist 0.15-1.8
Clay, saturated 0.6-2.5
Concrete, lightweight 0.1-0.3
Ground or soil, very moist area 1.4
Ground or soil, moist area 1.0
Ground or soil, dry area 0.5
Ground or soil, very dry area 0.33
Peat 0.08
Sand, dry 0.15-0.25
Sand, moist 0.25-2
Sand, saturated 2-4
Sandstone 1.7
Sawdust 0.08
Soil, clay 1.1
Soil, with organic matter 0.15-2
Soil, saturated 0.6-4

TERIE (Engineering ToolBox, (2003). Thermal Conductivity of selected Materials and Gases. [online]

Available at: https://www.engineeringtoolbox.com/thermal-conductivity-d 429.html [Accessed

Day Mo. Year])
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Type of soil Thermal Conductivity (W/m K)
Sand (N519) 0.58 to 1.94
sandy loam (AU UL UNT18) 0.19 to 1.12
Loam (A1371) 0.29 t0 0.76
clay loam (AU MU UAUMTED) 0.36 t0 0.69

nun (Nidal H. Abu-Hamdeh and Randall C. Reederb)
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rd rd
aduiszansmaimauieouvesiagilgniiaduilszdnimsthanudoulndifest soil,
=S 1 [ = Q( o 1 % % 4 v
very dry area i 1dudsz@nsnsiinnudeuminy 0.3 Wim °C aauaadluaisien 3 q
(% a dy A I~ a 9 A 1 1 @ A 1A
AnyazueIaulsznnil Ao Fuauuiann NiFeaieIMmaIzrEaaunnNAUlTZIAN
a Y
AUt
1AZ91091U 98U Nidal H. Abu-Hamdeh and Randall C. Reederb 18@n 11
9
NANITZNUNIUINNNTOUVDIAUDINAMIUHUILUUANNFY ANUTNTUYDUNAD LAZA AT

=S 1 1

1 Y ] 9 v Y [
UNIH Na1291 MINANLSDUNLIUIDANMHUIULIDIAUUAZ ANV FUINNIY FIAI1NT

()}

Y '

hanudouveIns1eeglurie 0.58 04 1.94 Ausautunsie 0.19 03 1.12 AU 0.29 D9 0.76

a 1 a ~ = A J I o a A W a
HazAUIINYUAUITNE) 0.36 D9 0.69 W/ mK uazmigwuLﬂaimummaumﬂmqiuﬂu

Y
% d'

'd
ﬁ”l‘JJ”ISflﬁﬂﬂTilﬂﬂ’NiJ%l’f)ullﬁ) muummﬂ?ﬂmﬁﬂmuwammmﬁuﬂﬁzﬁmmimmm%'@u

) 1
A KX a A a A ]

Yoaau nagaqilgn dmsvanuidedl Fsaunlddens Tannuruduming 2,050 kg/m3
% 4 [ a " W a z{ o " W
nazraansvosiagignnannaduiisidulsz@aninmsnnudeuminy 0317 Wim °C 1
A 9 v A 1 Y] = (Y 2 a 1 I a A 9
AAANLANBNUAUITIU (DAKAIN) VANNINY 0.375 W/m °C F9ausdu iuaunilsznouaiy
) = = =) a a = ] -7 =Wl
319 Taauay uazawmied TaellSuiaaunsie vazawmilen liuimin vagiiainny

WUUY 1,200 kg/m’ 1nHamsnaassamisaagyllai fagilgniivesinsveseimauninni
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1 [ a 1
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= 9 ::‘ 1 9 U t:' td' a 1 % é 1
NUIYON ‘IJ%ZJTLllﬂ'NiJﬁE)‘L!“VlllﬁﬁWTL‘!leﬂiﬂﬁluﬁ'JuellfNﬂ']ﬂTiﬂﬂﬂ Iﬂﬂﬂqmﬁgull@]ﬂﬁ%‘]ﬂu P
y & o

@ a £ 1 9 I [ 9 1 Y
ﬁuﬂﬁzﬁ‘w‘ﬁmimﬂmmmmugﬂumuﬂaumaQmmmmumummmu VUNUAITUN U

uazmmmmmiumaﬁwmm%’au

U= (4.9)

1
R
~ 1 Y [
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H 7
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i 4 naaY GRGREL L
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o a 9 9
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N ) )
uIaloy ulaloy
ANULANANTDY
QUNUNNITLHIN
QUUANUUNAIA | 13.00 2.6 3.2 3.9 5.8
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1 U a Q(
Manlszansms
DeNANUS U

13.00 7.874 1.663 1.277 0.971
(Heat transfer — U-
Value) W/m’ °C
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Abstract

Currently, Climate Change caused by greenhouse gas which generated with rate of city’s growth and
decrease of green area. These led to heat absorbs area as a result is urban heat island. Therefore reducing global
warming (Greenhouse effect) is the first priority to deal with the problem. One potential solution was to increase
green area by planting the greenroof. This study was proposed the analysis of performance on substrate culture
made from natural materials for green roof due to lighter weight of natural material than soil which impact to
roof structure and its cost. This research was focused on extensive green roof and 3 kinds of materials, coconut
fiber-dust, coffee residue and paddy husk charcoals with using starch as binder. Manila grass was selected to
plant into the 5 cm thick substrate culture in metal sheet tray size S0x50x10 cm. 2" factorial design technique
was employed to analyze the substrate culture performance. The main nutrients of the substrate, N P K, were
measured to describe the results. It was found that the most appropriate substrate was coconut fiber-dust :
coffee residue : paddy husk charcoals 60:30:10 with starch 20 percent which yield the growth of grass in the

same level as soil with lower weight than soil by 7 times.

Keywords: Green Roof, Substrate culture, Design of Experiment.
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