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A Case Study on the Design Variables Evaluation of Green Roof
System effecting on Building Energy Conservation
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Abstract : This study is to find out the major design variables of Green roof system effecting on the building
energy consumption. Therefore, in three categories of green roof system, namely, foliage layer, soil layer and
irrigation, 10 design variables are selected and simulated with one-story case building. Simulation is carried out

with Design Builder and EnergyPlus. Finally, it was found out the effects of major variables affecting on the

building heating and cooling energy and how they are affecting on the heating and cooling seasons respectively.
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Table. 1 Examples of Eco-Roof soil PropertiesZ)

Soil Soil Bull_{ Conduc- Heat
Type VM | Density| tivity Capa?ity
(/)| (kg/m')| (W/m'K)| (MJ/m’-K)
PS75C10 0.49 678 0.122 0.861
PS50C10 0.48 1054 0.151 1.047
EC75C10 0.26 1150 0.17 1.012
ES75C10 0.22 1248 0.205 1.284
EC50C10 0.29 1293 0.188 1.232
ES50C10 0.27 1432 0.225 1.25

* PS = porous silicate, EC = expanded clay,
ES = expanded slate
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Fig. 2 Eco-roof energy balance with Roof structure
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Table. 2 Eco Roof Condition

Fig. 3 Perspective of Building Model

Cate. Variable Input Value Range
Height of Plants(m) 0.1-0.3"-0.5
Leaf area index(LAI) 0.01-25-5.0 Table. 3 Building Input Condition
Foliage | Leaf reflectivity 0.1-0.25"-0.4 Category | Variable Input Value
Layer - o
Leaf emlsswlty 0.8-0.85"-0.9 Wall 0.324 (S 0340)
Minimum stomatal C1En :
resistance(s/m) 50-150"-300 K Value Window 2099 < (£ 24)
Thickness(m) 0.1-03-05 (W/m+K) | Door 2041 < (< 24)
- Floor 0.417 < (< 0.470)
Conductivity 0.2-06-1.0
(W/m-K) o : Roof 0.217 < (< 0.220)
Sp(ec/ific H)eat 501-1250"-2000 Set Temp. |Heating 22C, Cooling 24C
Jkg K Workin,
- g Ty -~
Density(kg/m’) 300-1150" 2000 Sveten DAY & Time Mon~Fri, BAM~7PM
stem
LSoil Max volumetric v COP Cooling 3.5 / Heating 0.8
ayer | moisture content at 0.5 -
saturation(m’/m’) EVSéLrlf‘Otéon One year
Min residual
volumetric moisture 0.1
content(m’/m’) o
Initial volumetric 4. 4 J_"I' =4
moisture content 0.2
(m’/m’)
Irrigati- Irrig(atk/)n )Rate 0-0.005 —smart™ 4.1 ‘%)ﬂ'kﬂ-_‘?_@-q °ﬂ L'] X] iﬂ] %]: ‘E‘*&]
on m/hr )

Hlidlodlygl A=l d o] o7F v}ul =
* reference condition ]ﬁﬂ'v‘— A3}t 5 Oﬁﬂ'-‘—aq 4 Y =X

## as scheduled but overrides the irrigation to be off HF o %] AH|ELe = 7ro Hlol| 1 X
when the earth is 30% or more saturated with Rk I st 2ol el

water =329 Z7kehe Aow YEstou, Wy
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Table. 4 Energy Simulation Results

A
J <= 0= 3 J =
Category Energy Consumption (KWh) /5:_74]%‘[“3‘ /}—1 Ag ) -T”}‘ Jd"j{i% }\Eﬁ]]?jvl—\_‘ 11’_]'
Heating Cooling W Wk Y A Am ko] A2 Rk E =
Base Model 207158 2,443.13 o Mt Aoz ey mapa] A4
EcoRoof Model - -
(reference condition) 2,137.34 232990 2 A7 7ol = oAU RA An s Faol VA E
Increase Ratio (%) 3.2% -4.6% 3} 4] vk ZA 7)1 7 o = o YA 28] S ZT}A
71 8oz 7gHATt
12 S4=sEde) AAWS UPE 54 =3E 4AD AANFT 2dE T9
E 5T SAnRRded 44 E2ol 4 GAES WPE s Y s gl
AWM Wasrp il @ uhlo g x] Al Ekel] AR REE S nX = Ao U
Table. 5 Energy Consumption of EcoRoof Model
Energy‘ c Energy_
Category Variable Con(imvél}?;c ton Category Variable on(il%}rvn}?)t ton
Heating | Cooling Heating | Cooling
0.1 210f~48 2346.53 1 0.1 217$~56 932340 |
gzlggt(n?{ 03 2137.34"| 2320.90 Thickness(m) | 03 | 2137.34 | 2329.90
05 215%-08 932067 | 05 2°9j~48 933618 1
0.01 209f~80 9347.94 1 0.2 203f~88 9352.47 1
il%ggi(irg?) 95" 2137347 232990 C‘(){)‘{;‘}II;FIIV{I)W 06" [ 213734 7| 232990
50 | 214531 1939066 | _ 10 | 216488 1939195
1 Soil i
0.1 2133'47 9332811 | LAYer 501 212f~91 9334.88 1
Foliage Leaf O Specific i
hage | ety | 025 | 213734 ] 232990 Hont e gy | 12507 | 213734 | 2326.90
04 214%63 232752 | 2000 213336 939862 |
08 213?-23 9330.36 1 300 212?90 9336.88 1
Leaf i . , &
et | 0857 | 213734 | 232990 Density (kg/m)| 1150° | 2137.34 | 2329.90
09 213?'18 932956 | 2000 213ﬂ~75 932975 |
Minimom 50 212?-40 933474 1 0.001 2133-17 9329.90
resfggggéﬁé m| 150" | 2137.34 | 232990 | Irrigation 1%;?5?5%2) 0.005" | 2137.34 | 2329.90
300 214?08 2324.29 | smart 202f~52 2403.46 1
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