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Heating Power Consumption Comparison Study Between Static Insulation
and Dynamic Insulation at KIER Twin Test Cell

Eun-Chul Kang, Yong-Dai Park®, Euy-Joon Lee' , Tae-Kwon Yun™
Department of Renewable Energy, Korea Institute of Energy Research, Daejeon, 305-343, Korea
*Department of Architecture, Chungnam National University, Daejeon, Korea
“Dowon Engineering & Architects Co., Ltd. Daejeon, Korea

ABSTRACT: Power consumption in the building thermal load could be the sum of the
building fabric conduction load, building ventilation convection load and other such as
radiation loss load. Dynamic Breathing Building (DBB) is the state—of-the-art to improve the
wall insulation and indoor air quality(IAQ) performance as making air flow through the wall.
This heat recovery type DBB contributes the power consumption saving due to the improved
dynamic U-value. KIER twin test cell with static insulation(SI) and dynamic insulation(DI)
at KIER was developed to test building power consumption at the real outside conditions.
Then, the actual results were compared with the theory to predict the power consumption at
the KIER twin test cell and introduced the building new radiation loss factor a to explain
the difference between the both the theory and the actual case. As the results, the power
consumption at the breathing DI wall building could saved 10.8% at the 2ACH(Air change
per hour) compared with conventional insulation. The building radiation loss factor a for this
test condition to calibrate the actual test was 0.55 in the test condition.

Key words: Dynamic breathing building (541 71&), Reference building (&% 71E&), Static
insulation (A& YL A), Dynamic insulation (FAYLEA), U-value(&
Building radiation loss factor (& 3A}d &2 7A42)
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Figure 1. Energyflo cell's dynamic U-value.
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Table 1 KIER twin test cell specification

Tvpe Area Material Conductivity | Thickness | U-value
yp (m?) (W/m.K) (m) (W/m>C)
Steel panel 194.000 0.001
Wall (East, West) 9.12 Urethane foam 0.023 0.075 0.29
Steel panel 194.000 0.001
Wall (Narth) 480 Urethane foam 0.023 0.075 029
RB Air 0.170 0.045
Plywood 0.140 0.024
fsiflzr;“)e 480 Insulation (Styrofoam) 0.032 0.100 027
Wall g Steel panel 194.000 0.001
(South) DBB Air 0.170 0.045
(Dynamic 480 Plywood 0.140 0.024 0.30
breathing ’ Insulation (Energyflo cell) 0.035 0.095 (zero flow)
building) Steel panel 194.000 0.001
Steel panel 194.000 0.001
Floor 760 Urethane foam 0.023 0.075 0.29
Urethane foam 0.023 0.100
Gypsum board 0.180 0.045
Roof 760 Air 0.170 0.040 020
Steel panel 194.000 0.001
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Table 2 Twin test cell pre—test condition

Heating condition

Outdoor temperature 0 [°C]
Indoor temperature 22 [°C]
Monitoring room 18 [°C]
temperature
Ar 43.04 [m’]
Volume 1824 [m’]
, Ur [W/mk]
ACH My [m'/hr] RB DEB
0 0 0.272 0.274
1 18.24 0.272 0.252
2 36.48 0.272 0.243
3 54.72 0.272 0.241
4 72.96 0.272 0.241
5 91.20 0.272 0.241
6 109.44 0.272 0.241
7 127.68 0.272 0.241
1200.0 /!
- ——RB Pawer [W] / o
g . - <= “DRB Power [W]|
-3: 800, //
E 4000 /‘/
* o 1 2 3 4 5 [
Aldr Change per Hour [ACH]
ACH RB [W] DBB [W] | Saving (%)
0 209.6 211.7 -1.0
1 343.3 324.9 54
2 477.1 449.8 5.7
3 610.9 582.2 4.7
4 744.6 7159 3.9
5 878.4 849.7 3.3
6 1,012.0 983.4 2.8
7 1,145.9 1,117.2 25

Figure 4. Twin test cell power consumption
pre—test results graph (above), data(below).
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Table 3 Twin test cell power consumption

actual data arrangement

RB DBB
Date Aver%%e Power Power

(2007-2008) | Tow [TC] |ACH (W] ACH [W]

12/02-12/03 0.14 0.02 | 220.0 | 0.26 | 2429
12/03-12/04 0.46 3.08 | 461.1 | 4.09 | 438.9
12/06-12/07 3.16 210 | 3122 | 2.60 | 322.2
12/07-12/08| -0.13 | 2.80 | 377.8 | 3.00 | 366.7
12/09-12/10| -1.70 | 455 | 5889 | 555 | 544.4
12/13-12/14 0.13 1.30 | 266.7 | 1.05 | 268.9
12/14-12/15| -1.30 190 | 377.8 | 1.80 | 388.9
12/15-12/16| -0.90 | 560 | 5222 | 590 | 522.2
12/17-12/18| -1.70 | 3.95 | 540.0 | 4.15| 505.6
12/22-12/23 0.45 1.70 | 312.2 | 1.60 | 313.3
12/23-12/24 | -1.40 | 440 | 5456 | 450 | 4956
12/24-12/25| -050 | 255 | 4144 | 265 | 387.8
12/25-12/26 1.60 3.90 | 437.8 | 4.00 | 427.8
12/26-12/27 1.30 1.80 | 282.2 | 1.90 | 2844
01/02-01/03| -0.68 |6.00| 652.2 | 6.20 | 630.0
01/03-01/04| -225 |540| 6389 |5.80 | 591.1
01/04-01/05| -150 |4.70 | 617.8 | 490 | 562.2
01/05-01/06 | -090 | 4.80 | 624.4 | 490 | 527.8
01/07-01/08 1.65 540 | 622.2 | 6.25| 544.4
01/08-01/09 1.49 6.00 | 626.7 | 6.80 | 597.8

Average -0.13
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ACH RB [W] DBB [W] | Saving (%)
0 240.0 215.0 -11.6
1 278.8 289.1 3.6
2 323.8 363.1 10.8
3 390.1 437.2 10.8
4 465.2 511.2 9.0
5 540.4 585.5 7.7
6 615.5 659.3 6.7
7 690.6 733.4 5.8

Figure 5. Twin test cell power consumption
actual test results graph(above), data(below).
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Figure 6. Power consumption comparison

results (left, a=1.00, right, a=0.55).
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