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Abstract

South Korea aims to shift the 20 percent of electricity supplement from the fossil fuel including
the nuclear to renewable energy systems by 2030. In order to realize this agenda in the
buildings, the plus energy house is necessary to increase the renewable energy supplement
beyond the zero energy house. This paper suggested KePSH (KIER Energy-Plus Solar House)
and energy performance of house and renewable energy systems was investigated. The KePSH
has the target of generating 40% surplus energy than the conventional house energy consumption.
The plus energy house is the house that generates surplus energy from the renewable energy
sources than that consumes. In order to minimize the cooling and heating load of the house, the
shape design and passive parameters design were conducted. Based on the experimental data of
the plug load in the typical house, the total energy consumption of the house was estimated. This
paper also suggested renewable energy sources integrated HVAC system using air-source heat
pump system. Two cases of renewable energy system integration methods were suggested, and
energy performance of the cases was investigated using TRNSYS 17 program. The results
showed that the BIPV (building integrated photovoltaic) system (i.e., CASE 1) and BIPV and
BIST system (i.e., CASE 2) shows 42% and 29% of plus energy rate, respectivey. Also, CASE
1 can generate 59% more surplus energy compared with the CASE 2 under the same installation
area.

Keywords: = 2] 20|\ 2] 51-9-2~(Plus energy house), =2 2|1 %] 215 & (Plus energy rate),
A A A8 34 A’ (Hybrid renewable energy system), & 7|4 5| EH I A|AE](Air-source
heat pump system)
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Fig. 2 Floor plan of KePSH

Fig. 3 Exterior view of KePSH
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Table 1 Simulation parameters

House ZeSH-2 KePSH
Location Daejeon
Floor area (m?) 150
Orientation South
Occupancy (Person/m?) 0.047
Equipment Density (W/m?) 28
Lighting Density (W/m?) 1.5
External Wall 0.12 0.10
Roof 0.12 0.09
U-value (W/m?*-K) External Floor 0.12 0.09
Ground Floor 0.25
Window 1.80 0.65
SHGC 0.40
Window-wall-ratio 14.5% 14.6%
Infiltration (1/h) 0.137
Setpoint temperature Heating 24
(°O Cooling 28
Spe.ciﬁc heat 418 kike K
Radiant heating coefficient of water
floor Pipe spacing 0.2m

pipe outside diameter 0.02m
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7|9E0 & 5|E Huof { e -2 W 37I2EE 7]E 0= B capacity) B 52 (power)-= AFgSHA HTh
Type 942] 4-1t2}a]e] 5718] 2(4-parameter equivalent circuit) sl49-& 58l ©H47d (monocrystal) o[ t+2
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Table 2 Capacity of renewable energy systems

CASE 1 (BIPV) CASE 2 (BIPV+BIST)
PV module capacity 6 kW 5kW
PV module 334 m? 27.9 m?
Installation area Solar thermal system - 5m?
Total 334m’ 329m’
Cooling capacity 15.5 kW
Heat pump . .
Heating capacity 14 kW
Heating and cooling water buffer tank 200 L
Hot water storage tank (Solar Thermal system connected) 350 L
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BHH, Fig. S(b)ellA] CASE 29] 234 Al Ej2o| 2ol 0] e 2 deke- -2 CASE 19] 2547} 2fo]7}
glglot, G Al 199 53 kWhel |EH I 2o A] 4H]Eke HEbfio] CASE 1 thH] 63.5%2] 3%
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(b) CASE 2

Fig. 5 Monthly energy consumption and average COP
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Table 3 Plus energy rate of system cases

Heat pump energy consumption* Total energy BIPV Plus energy rate
System cases = : Plug load* T . - o
Heating Cooling Hot water Total consumption®*  Generation rate (%)
CASE 1
(BIPV) 1,270 1,267 953 3,490 3,793 7,283 10,320 42
CASE2
(BIPV+BIST) 1,266 1,265 362 2,893 3,793 6,686 8,600 29
* [Unit: kWh/m>-y]
6.2E
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