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Abstract : Zero energy building is a self sufficient building that minimizes energy consumption through passive
elements such as insulation, high performance window system and installing of high efficiency HVAC system and
uses renewable energy sources. The Korea Government has been strengthening the building energy efficiency
standard and code for zero energy building. The building energy performance is determined by the performance
of building envelope. Therefore it is important to optimize facade design such as insulation, window properties and
shading, that affect the heating and cooling loads. In particular, shading devices are necessary to reduce the cooling
load in summer season. Meanwhile, BIPV shading system functions as a renewable energy technology applied in
solar control facade system to reduce cooling load and produce electricity simultaneously. Therefore, when installing
the BIPV shading system, the length of shadings and angle that affect the electricity production must be considered.

This study focused on the facade design applied with BIPV shading system for maximizing energy saving of
the selected standard building. The impact of changing insulation on roof and walls, window properties and length
of BIPV shading device on energy performance of the building were investigated. In conclusion, energy
consumption and electricity production were analyzed based on building energy simulations using energyplus 8.1
building simulation program and jEPlus+EA optimization tool.
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Fig. 1 Example of a two objective space for
Pareto optimal solutions.
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Table. 1 Summary of the reference building

Design element

Conditions

Building use

Office building

Number of floors

7 Floors, 1 Basement

Typical floor area |2,976.9 m’
Outline | Ceiling height 40 m
Aspect ratio 1:1.92
Window to wall ratio | 36.9%
Orientation South
U-value of wall 0.36 W/m'K
U-value of roof 0.23 W/m'K
U-value of window |2.60 W/m'K

Passive

Window type

24mm Low-e
double glass

Air thightness ACHS0 15

Boiler Efficiency 91.0%
Active Chiller COP 1.08

HVAC system CAV+FCU

Fig. 2 EnergyPlus building model
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Fig. 3 Design of shading-type BIPV
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Table. 2 Design variable of facade

Variable Units Min. Max. Steps
External wall | | 140 | 400 20
External roof |y | 220 | 400 | 20
Window, to % 30 90 10
iﬁz%glg mm | 100 | 1,000 | 100

o] t}.
AlEdlel A =721 Window 7
(International Glazing Database) E|©

ol g3t AAsAY. ESFHE TRE e
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Table. 3 Design variable of window

Glazing U-value
Type IGDB | VLT | SHGC (W/mK)
1 | 11060 | 0.596 | 0.408 1.611
Low-e
Glazing 2 | 14020 | 0.378 | 0.359 1.604
3 | 11455 | 0.276 | 0.324 1.605
4 | 11461 | 0.683 | 0.468 1.273
Low-e
Argon 5 | 11403 | 0594 | 0.368 1.285
Glazing
6 | 4379 | 0.272 | 0.360 1.281
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Table. 4 Result of optimal solution
.. Heating& .
No Wall Insulation [Roof Insulation| WWR | Glazing | Shading C()Irllls%ltrlrtli)r;i%n cooling capaIgE;al(l)?dPV
) (m) (m) (%) | Type | length(m) (kWh) co?iuvr\r]lgglon (KWp)
1 0.4 0.4 30 G4 0.3 621,957.4 2,605,165.1 23.8
2 0.4 0.4 30 G4 0.2 621,866.3 2,605,913.3 15.9
3 0.4 0.4 30 G5 0.3 624,768.7 2,604,821.4 23.8
4 0.4 0.4 30 G4 0.1 621,826.8 2,608,446.2 79
5 0.4 0.4 40 G4 0.4 615,615.9 2,621,376.4 31.8
6 0.4 0.4 40 G4 0.3 615,420.7 2,622,139.4 23.8
7 0.4 0.4 40 G5 0.4 617,589.9 2,620,543.0 31.8
8 0.4 0.4 40 G5 0.3 617,368.1 2,621,040.3 23.8
9 0.4 0.4 40 G4 0.2 615,323.3 2,623,218.7 15.9
10 0.4 0.4 40 G4 0.1 615,311.6 2,625,619.4 79
11 0.4 0.4 50 G5 0.5 613,664.7 2,635,278.6 39.7
12 0.4 0.4 50 G5 0.4 613,622.7 2,635,664.8 31.8
13 0.4 0.4 50 G4 0.5 612,263.3 2,637,397.8 39.7
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Table. 5 Simulation result according to the PV
shading angle

Heating&
cooling
consumption
(kWh)

613,664.67 |2,635,279.24
613,650.03 |2,635,299.54
613,635.95 |2,635,370.29
613,634.30 |2,635,528.16
613,622.11 |2,635,819.07
613,614.43 |2,636,200.41
613,564.94 |2,636,796.04

Shading|Shading| Lighting
Angle | length |consumption
(©) (mm) (kWh)

0 500
10 490
20 470
30 430
40 380
50 320
60 250

Photovoltaic
(kWh)

35,832.74
40,626.34
44,317.56
46,854.04
48,114.06
48,020.85
46,627.72
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