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ABSTRACT

Developed nations have implemented various policies to reduce greenhouse gases since the 1997 Kyoto Protocol in
order to minimize the effects of global warming. Korea should also reduce energy consumption in the industrial sector,
and the transportation and building sectors in order to achieve its greenhouse gas reduction target of 37 percent compared
to the Business As Usual levels. The government implements various laws and regulations for reducing energy consumption.
To reduce energy consumption in the building sector, in particular, the Energy Conservation Design Standards are enforced
according to the ‘Enforcement Support for Green Building Construction’.

The amount of electricity used to maintain room temperature at 28°C in these buildings have a 30% reduction (measured
on the walls and rooftop) in power usage compared to buildings not required to meet these standards. Although the effect
of these energy savings on landscaping is proven, this demonstration is not effective for energy saving since it is not
a suitable method for the ‘Energy Saving Design Standards of Buildings’. For landscaping to be effective as far as a component
of energy reduction, the perfusion rate of the building should be calculated based on the thermal conductivity of the component
materials for the energy saving designs with respect to the basis of Article 14 of the Green Building Act.

Therefore, the purpose of this study is to ensure that the planting-based mats currently being widely used in the landscape
industry can have insulating performance suitable for the ‘Energy Saving Design Standards’ of Buildings according to the
‘Enable Green Building Construction Methods’.

Key Words: Energy Saving Design Standards for Buildings, Wall Planting Internal Insulation, Composite Mat, Thermal
Ducting
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Fourier’s law of heat
conduction

) T
m—— O O.ona =kA lm_'
AT A =_kA£
dx
— ar—|

Figure 1. Fourier's law (Yunus, C.(2017) Heat and Mass Transfer)
Legend: Q: Heat transfer rate(W/mf - k),

K: Thermal conductivity(W/m - k),

T1: High surface temperature(C),

T2: Low surface temperature(‘C), Area(ny’),

AX: Thickness(m)
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Figure 2. Concept of contact heat resistance(Yunus, C.(2017) Heat
and mass transfer)
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Figure 3. Basic concept of thermal conductivity (k) measurement
(Yunus, C.(2017) Heat and mass transfer)
Legend: Q: Electric power(Watt),
K: Thermal conductivity (W/m-k),
T1: High surface temperature(C),
T2: Low surface temperature(C), Area(m),
AX: Thickness(m)
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THAAE(BIIEE) S FEo|AAoMO|EE FUEE & i

o 994 g A Exe] EAE 7 2xgolE dEAEN

AATEE 0033~0037W/mK HEold, 18407 58 peieten

ol Hojutt. Ee]-dleh(Polyurethane) & E2]o] Ao o] Transformer

E 22 % 9RAS TARE G A G < Figure 4. Thermal conductivity (k) measurement conceptual diagram

AEE2 0023~0025W/mK =2 $-481aL 2h7do] o] (Yunus C.(2017) Heat and mass transfer)
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a: Multichannel thermometer b: Temperature sensor(OMEGA, USA)

OUTVOLTAGE  rame

b Cis

TRANSFORMER

d: Slidacs e: Down transformer f: Silicone rubber insulation heater(OMEGA, USA)

g An ammeter h: A voltmeter ii A test case

Figure 5. Thermal conductivity (k) measurement equipment
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Table 1. Composition of materials
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8. A7te] ARHT A7) S8

1 A998 117 ¢ Folw £REAe Aden
2 7} AGNA L= Wabrl 912 A% 4PS ZRW

QAL A 17 APE WES Aele] 44
90w, 35FE AAMERT No, 1 AAE(Heo|E+3

FHE+YERA+HUFEHOIE" No, 2 ERH(ZIATE),
‘No. 3 St (npAtE), No. 4 B E(IHAE 09mm+2

W Ewi o] 23S GEA Tehrxet A9E E =
A GEe] AAEE &) st AFE s EY 4
AR Ee] BIUE (buk densiy)= BalolE 231ke/m’, 779
E 450 kg/m’, Hu]Fe}olE 330kg/m’, PHALE 1,650kg/m’e]
TH(Table 1, Figure 6 #%). 182 & AAujEQ] LA o]
thekatrlol shenlg> A sk fgtem, AFY AEEe
TAE R26mmE TS A AP AMES w7 SEE &
48 FFDES] UbAQI 40 2.6mmel7lel AF A&
< olo] gEglon, FUs AdgA] AAE A A
A

NO. Material types Materials composition
1 Plant mat Perlite 33%, coco peat 47%, peat moss 13%, vermiculite 7% (bulk material density 369kg/m?’)
2 Mat bag Coco peat 100% (bulk material density 450kg/m’)
3 Soil bag Soil cement 100% (bulk material density 1,650kg/m’)
4 Complex mat(glass fiber 0.9m + mat bag) Glass fiber(0.9mm), coco peat 100%(bulk material density 450kg/m?’)

q

L

No. 1:

g A._m__..,

e e 7&1—— -
Plant mat(perlite+coco peat+
peat moss+vermiculite)

No. 2: Mat bag(coco peat)

No. 4: Complex mat(glass fiber(0.9m|
+ mat bag)

Figure 6. Thermal conductivity (k) measurement experiment plant mats
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Table 2. Measured value and calculated value for Plant Mat No. 1

(Do), @myerodus,

L] Temperature T1(high)
Temperature T2(high)
Temperature T3(low)

Temperature T4(low)

L

0
8:48:01

9:37:31

10:27:31

11:17:31 12:07:31

time(hour: minute: second)

12:57:31

Figure 7. Temperature characteristics of measuring points by time

Temperature measurement Calculation value
Time Tempe- Tempe- Tempe- Tempe- | | Calorie High tempe- Low tempera- Temperature Therrpgl
rature T1 rature T2 | rature T3 | rature T4 (Watt) | rature(average) | ture(average) difference conductivity

10:35:37 1454 1436 494 463 702 1445 479 9%.7 0.281
10:55:37 1448 1430 493 46.6 702 1439 480 9.0 0.284
11:23:07 1445 1427 493 465 702 1436 479 9%.7 0.284
11:53:37 1426 141.0 49.0 459 702 1418 475 944 0.288
12:03:37 142.3 1406 491 451 702 1415 471 944 0.283
12:13:37 1419 1402 486 449 702 1411 468 94.3 0.288
12:23:37 1414 1397 484 444 702 1406 464 94.2 0.289
12:33:37 141.0 1394 480 443 702 1402 462 94.1 0.289
12:43:37 1405 1389 480 442 702 1397 46.1 93.6 0.291
13:53:37 1401 1385 478 41 702 1393 46.0 934 0.291
13:03:37 1398 1381 479 439 702 1390 459 93.1 0.292
13:13:37 1393 1377 479 4.1 702 1385 46.0 925 0.294
13:23:37 1389 1373 475 442 702 1381 459 92.3 0.295
13:31:07 1384 136.8 470 440 702 1376 455 92.1 0.295
13:32:07 1381 1365 473 44.0 702 137.3 457 91.7 0.297
13:33:07 1377 1362 472 438 702 1370 455 91.5 0.297
13:34:07 1374 1358 470 439 702 136.6 455 91.2 0.299
13:35:07 1371 1355 46.8 438 702 136.3 453 91.0 0.299
13:35:37 1370 1354 46.6 436 702 136.2 451 91.1 0.299
13:36:07 136.8 1353 46,5 438 702 136.1 452 9.9 0.299

3 Voltage(30.12 volt), Electric current(2.33 ampere), Section area(A: 0.0841m’), Thickness of Plant Mat(L: 32.6mm)

Table 3. Measured value and calculated value for Plant Mat No. 2

Temperature measurement Calculation value
Time Tempe- Tempe- Tempe- Tempe- | | Calorie High tempe- Low tempera- Temperature The@gl
rature T1 | rature T2 | rature T3 | rature T4 (Watt) | rature(average) | ture(average) difference conductivity

10:29:41 1197 1199 430 425 30.83 119.80 42.75 77.05 0.126
10:59:41 11738 1181 430 424 30.83 1179 427 75.25 0.129
11:22:11 1153 1155 431 425 30.83 11540 428 72.60 0.134
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(Table 3. Continued)

11:51:41 1131 1132 432 425 30.83 11315 42.85 70.30 0.138
12:21:41 1128 1131 432 424 30.83 112.95 42.80 7015 0.138
12:31:41 1122 1126 431 424 30.83 112.40 42.75 69.65 0.139
12:41:41 1121 1131 431 426 30.83 112.60 42.85 69.75 0.139
12:51:41 1131 1127 431 424 30.83 112.90 42.75 7015 0.133
13:01:11 112.8 112.8 430 426 30.83 112.80 42.80 70.00 0.139
13:11:41 1129 112.6 430 425 30.83 11275 42.75 70.00 0.139
13:21:41 1127 1122 430 425 30.83 112.45 42.75 69.70 0.139
13:23:41 1127 1124 431 425 30.83 112.55 42.80 69.75 0.139
13:25:41 1123 1129 430 426 30.83 112.60 42.80 69.80 0.139
13:28:41 1122 1123 431 425 30.83 112.25 42.80 69.45 0.139
13:30:41 1124 1125 432 425 30.83 112.45 42.85 69.60 0.149
13:32:41 1129 1130 432 426 30.83 112.95 42.90 70.05 0.139
13:34:41 1123 1125 432 424 30.83 11240 42.80 69.60 0.139
13:35:11 1126 1121 431 425 30.83 112.35 42.80 69.55 0.139
13:37:41 1128 1125 430 425 30.83 112.65 42.75 69.90 0.139
13:38:41 1121 1127 430 426 30.83 11240 42.80 69.60 0.139

# Voltage(20.02 volt), Electric current(1.54 ampere), Section area(A: 0.0841m’), Thickness of Plant Mat(L: 32.6 mm)

Table 4. Measured value and calculated value for Plant Mat No. 3

Temperature measurement Calculation value
Time Tempe- Tempe- Tempe- Tempe- | | Calorie High tempe- Low tempera- Temperature The@gl
rature T1 rature T2 rature T3 rature T4 (Watt) | rature(average) | ture(average) difference conductivity
10:30:20 1138 114.0 34.9 324 314 1139 33.7 80.3 0.158
10:50:50 1139 1141 3438 326 314 114.0 33.7 80.3 0.158
11:22:20 114 1142 349 325 314 1141 33.7 804 0.158
11:53:50 1141 1142 348 325 314 1142 33.7 80.5 0.158
12:04:20 1141 1142 348 324 314 1142 336 80.6 0.158
12:14:50 1141 1143 34.7 323 314 1142 335 80.7 0.158
12:25:20 1142 1144 343 325 314 1143 33.7 80.7 0.158
12:35:50 1142 1144 349 326 314 1143 338 80.6 0.158
12:46:20 1143 1144 34.7 324 314 1144 336 80.3 0.157
12:56:50 1144 1145 34.7 323 314 1145 335 3810 0.157
13:07:20 1143 1145 34.5 320 314 1144 33.3 812 0.157
13:17:50 1144 1145 34.5 320 314 1145 33.3 81.2 0.157
13:27:20 1144 1146 34.6 322 314 1145 334 81.1 0.157
13:28:50 1145 1147 34.6 322 314 1146 334 81.2 0.157
13:29:20 1145 1147 34.6 322 314 1146 334 81.2 0.157
13:30:20 1147 1148 34.5 320 314 1148 33.3 815 0.156
13:31:50 1147 1148 34.7 325 314 1148 336 81.2 0.157
13:32:50 1147 1149 3438 326 314 1148 33.7 81.1 0.157
13:33:50 1148 1150 349 326 314 1149 338 812 0.157
13:34:50 1149 1151 35.0 326 314 1150 338 81.2 0.157
13:35:50 1149 1151 349 3238 314 1150 339 81.2 0.157
13:36:50 1151 1152 35.0 3238 314 1152 339 813 0.157

% Voltage(19.88 volt)., Electric current(1.58 ampere), Section area(A: 0.0841m?), Thickness of Plant Mat(L: 32.6 mm)
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Table 5. Measured value and calculated value for Plant Mat No. 4
Temperature measurement Calculation value

Time Tempe- Tempe- Tempe- Tempe- — | Calorie High tempe- Low tempera- Temperature Thermd

rature T1 rature T2 rature T3 rature T4 (Watt) rature(average) ture(average) difference conductivity

10:27:28 92.7 90.7 382 387 25.88 9.0 38.60 56.40 0.150

10:50:58 9%.1 939 384 388 26.00 970 3895 58,05 0.146

11:10:58 RB.1 9%.9 87 392 26.00 B9 39.20 59.65 0.142

11:40:58 100 917 38.9 395 26.13 100.2 3945 60.75 0.140

12:11:28 101.3 9.1 39.2 39.7 26.07 101.1 39.70 61.40 0.138

12:39:28 102.2 100.0 394 400 2644 103.7 40.25 63.40 0.136

12:44:58 104.8 1025 399 406 26.28 104.2 4040 63.75 0.134

12:54:58 105.3 103.0 40.1 40.7 26.64 107.1 41.05 66.00 0.132

13:04:58 1082 1059 408 413 2661 107.6 41.15 66.40 0.131

13:18:28 1087 106.4 408 415 2661 109.0 42.20 66.75 0.130

13:29:28 1101 107.8 419 425 2661 109.0 42.20 66.75 0.130

13:30:58 1101 107.8 419 425 26.61 109.0 42.20 66.80 0.130

13:32:28 1101 1079 419 425 26.61 109.0 42.30 66.70 0.130

13:33:58 1101 1079 420 426 2661 109.1 42.25 66.80 0.130

13:36:28 1102 1079 419 426 2661 109.1 4220 66.85 0.130

13:36:58 110.2 1079 419 425 26.61 109.1 42.25 66.85 0.130

13:37:28 110.2 108.0 420 425 26.61 109.1 42.20 66.90 0.130

13:38:28 1102 108.0 419 425 2661 109.1 42.20 66.90 0.130

13:39:28 1102 108.0 419 425 2661 109.2 42.30 66.85 0.130
% Voltage(1848 volt), Electric current(1.44 ampere), Section area(A: 0.0812m?), Thickness of Plant Mat(L: 32.6mm), Thickness of glass fiber(0.9mm)
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3% 1FF) BHNENo, 90 e A9E $YR 2AE B & WA (Unsteady State) % 2HE FAIF ol
O:]‘ZI‘J— Atk 9714 Nol3t No. 25 Hlwsl 2w vldi7} Sl 7= AEE 7] SlelAolH, ARt gkl Alzbe] Agel| u}
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Table 6. Measurement of the thermal conductivity of the experi-
mental mat(Section area: 0.0812m? Thickness: 32.6mm)

Plant . Thermal conductivity

mat Types of experimental mat K (W/mK) Mat
1 Plant mat 0.299
2 Mat bag 0.139 0
3 Soil bag 0.157 0

Complex mat
4 (glass fiber 09m + mat bag) 0.130 0
94 s2xzske(x| N 46X 65 (2018 122)
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criteria)

Table 7. Comparation of the measurment data about complex mat(glass fiber)

Mat bag thermal conductivity Glass fiber Combined thermal conductivity 4 (W/mK) orance
ko (W/mK) Thermal conductivity 4; (W/mK) | Thickness(mm) Experimental value Calculation value
0.139 0.036 = 0.129815 0.129990 0.15%
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