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ABSTRACT

KEYW ORD

Purpose: In Korea, to reduce greenhouse gas emissions, energy performance standard of buildings is being 24 =g

reinforced with goals of Passive House until 2017 and Zero Energy House until 2025 in order to reduce emissions from
buildings which constitute a quarter of greenhouse gas emissions. In order to achieve the target of Zero Energy House,
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it is certainly necessary to develop renewable energy that can replace cooling and heating energy occupying a
significant amount of building energy consumption after increasing the energy performance firstly. Method: In this ~ Heating for Greenhouse
study, effects of heat in greenhouse heated by solar heating on indoor heating were analyzed by constructing a  Solar Heat

greenhouse in front of the Low Energy Building. Result: As a result, indoor temperature was increased by peak average

Low Energy House
Passive House

27.8 C, peak average 6.8 C was increased from when heat in greenhouse has not been used for heating and indoor

surface temperature was increased by average 5.1 C. It shows it can be possible to use heat in greenhouse for heating,
if the heating effects can be same as this experimental result because Energy Saving-Type buildings such as Low
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Energy House or Passive House keep from 18 to 20 C in winter. Therefore, even if energy supply is cut off by disasters  ginal revision received Oct 20, 2016

and other reasons, cooling and heating can be possible for some time.
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Table 1. Germany passive house criteria

Division Criteria
Annual space heating demand < 15 kWh/m’a
Annual primary energy demand < 120 kWh/m’a
Heating and cooling load < 10 W
Airtightness(nso) <06 h'
Opaque building envelope U-value < 0.15 Wm’K
Ao U-value < 0.8 WK

g-value = 05

Ventilation (Neretr) =75%

A B A= 1988 Prof. Bo Adamson¥} Prof.
Wolfgang Feist®] 55 @82 A5 5o A5 o Hdo=,
A2 oJu| 9] A et A YA HidE] o] T8 §lo]
Agto] F g5t 2| AgHe] A5 37| E R A o2 X

o=
= 255 SAY, WH g AL 84, Fr1dAoR

5) e A] Azo], (A=A AFHA =AALS] AL 4, 2007.
6) PHI(Passive House Institute).
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Table 2. Using greenhouse on the principles of heating and
cooling system

Conceptual diagram
-
= M
Winter
@ |Internal temperature in greenhouse rises due to solar heating
@  |Evapotranspiration of plants in the greenhouse
o) Humid air with high temperature rises and moves to solar
collector
@ After second heating in the solar collector, it moves to heat
exchanger
® Extraction of latent heat within humid air having high
temperature through the heat exchanger
® Use for the extracted heat for heating & Heating using heat
stored in summer
@ Emission of hypothermal dry air to greenhouse hrough a heat
exchanger
Design to open both upper and lower in greenhouse in order to
% 10 |avoid overheating of internal temperature in greenhouse in
summer
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Table 4. The material and U-vale on mock-up structure by part T]o] 2719 4e3to] o] 2o A & AFlstc

Thermal Thermal
Division Material Thickness | conductivity | ransmittance
WmK) | (WnK)
Cedar shake 30 0.13
Water proofing sheet 3 0.17
OSB panel 18 0.13
OSB panel 11 0.13
Roof Preserved wood 38 - 0.119
Membrane 1 0.17
Stud(2x4) and cellulose 90 0.04
Stud(2x12) and cellulose 285 0.04
OSB panel 18 0.13
Cedar siding 17 0.13
Preserved wood 38 -
Membrane 1 0.17
External OSB panel 11 0.13 0.164
Stud(2x12) and cellulose 285 0.04
OSB panel 18 0.13
Loess plaster 30 0.8
Mat foundation 300 23
Floor XPS insulation 200 0.027 0117
. . .72
Windows LOW-E triple glazing 44 - (ggg 48)
PVC frame 86 - 0.99
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Table 5. The construction process of mock-up in building parts

@ Construction of external wall

@ Construction of mat foundation and roof

@ Construction of windows and
airtightness
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w25 ARttt 24 shielle oz i Tttt A2 E
A8k, 24 A 8 AR el ZIAIE E Sl T s e 2
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Table 6. The construction process of mock-up in green house
parts

@ Construction of greenhouse I@ Construction of glass and frame

@ Construction of solar heat

collector part greenhouse
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Table 7. The base boundary condition for energy efficiency

analysis
Division Condition
. Heating T; = 20 °C
Setting temperature -
Cooling T; =25 °C
Number of 5
dwelling units
Floor area 39.70 m?
Area and volume Treated floor area 589 m’
Volume 3129 m?
Climate data Jecheon
Method Monthly method
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with Reference to the Treated Floor Area

Treated Fioor Area 58.9

Applied: Monthly Method PH Certificate: Fulfilled?|

Specific Space Heat Demand: 47 KWhi(m?a) 15 KWh/(m®a) No

Pressurization Test Result: 1.3 h' 06! No

specific Primary Energy Demand
(DHW, Heating, Cooling, Auxiliary and Household 157 KWhi(m?a) 120 kwhi(m?a) No

96 KWhi(m®a)

KWhi(m?a)

30 wim’
Frequency of Overheating % over | 25 ¢
Specific Useful Cooling Energy Demand 11 KWh/(m?%a 15 kwni(mia) Yes
Cooling Losd 12 Wim®

Fig. 1. The result on building energy performance evaluation of
mock-up
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Table 8. The plans and methods of monitoring

o Case 1 Case 2 X
Division
1Day ‘ 2Day ‘ 3Day | 4Day ‘ SDay ‘ 6Day | 7Day
1 Weeks
2 Weeks
3 Weeks
4 Weeks
(D Internal temperature
=> Meeting room (2F)
@ Internal surface temperature
Temperature => South internal wall
NS of meeting room (2F)
positions
@ Outdoor temperature
=>Korea meteorological
administration climate data
(Jecheon)
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Table 10. The thermal burn on temperature measurement result
Table 9. The average temperature measurement result data Dt Casel Case2
Casel Case2
Time Average Average AM
T, T; T T, T, Ty 10:00
0:00 59 | 202 54 | 207 fuverage
1:00 50 | 199 44 | 203 tselmni%:;
2:00 43 19.7 4.1 19.9 ture
3:00 3.6 19.5 3.4 19.5 015)1;\(/)[0
4:00 2.9 192 2.7 192 :
5:00 2.6 19.0 16 18.8 193 ¢ 23
6:00 2.7 18.8 15 18.5 43 £AS Ea G B
7:00 32 18.6 15 182 "
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9:00 79 18.8 7.1 19.3 0~1.7 ColH, G+ 0.5 CL] 2}o]E Hol= 7 o 2 et o]
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