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Abstract

As part of the government’s energy policy, Zero Energy Building certification was launched on
January of 2017. However, the three passive-housing rental housing projects are the only
ZEB-certified detached housing since the certification’s launch. The reason is that, in order for a
detached housing to earn ZEB certification, it has to secure self-reliance in energy, and a
photovoltaic system is the only viable renewable energy system. Therefore, conducting an
analysis to optimize the photovoltaic system in an early design stage is strongly recommended.
This study aimed to propose an optimal photovoltaic system design for a detached housing after
analyzing through the ECO2 energy simulation of 44 cases, varying in a module type and
efficiency, inclination and azimuth. As a result, 15 cases out of 44 cases were analyzed to satisfy
ZEB evaluation criteria, and it is thought that these data could contribute greatly to the
expansion of ZEB certification dissemination.
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Table 1 Analysis methods and specifications of base model

Bird’s-eye view of base model Category Contents
Program -ECO2 2016 (Ver.2017.121.0)
Climate condition - Chuncheon, Gangwon-do
U-value of window -0.767 W/m’K
Type - 84 m’A TYPE
SHGC -047
U-value of wall -0.150 W/m’K (EPS II-3)
U-value of roof -0.120 W/m’K (PIR 11-2)
U-value of floor - 0.095 W/m’K (EPS 1I-1)
Heating system - High efficiency gas boiler (Efficiency 91.3%)
Ventilation - 200 CMH (Effective heating efficiency 77%)
Lighting density -7.97 Wim®
Energy management - Smart metering system

Table 12 B 7| 52710 79 ECO2 22 139 A 713 Getat 8739] 49 £70] 715238 4§3t o
BT 202 AT ZEB QF 1ES TS A9 19 BE 2AL UET ZoleR 7V AR
w o]}, Ht, 1 17-0] BASE BHlel T Sele @a) ofuix|ob gl BE WA 7152 s Aoz

A7) ZEB Q158 FHE3 A ARAe) ALRe A galol, B o) Azde §4 A7)t siich
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Table 2 The analysis of building energy efficiency rating in base model

Evaluation For rating purposes, primary
=Heating =Hot Water Lighting =Ventilation 3 2
Category energy requirement (kWh/m"- yr)
Demand Heating 59.4
Requirement — Cooling 0.0
Primary Energy - Hot water 253
CO2 Emissions 4 Lighting 40.0
(For Rating) : —
Primary Energy : - Ventilation 8.2
0.0 50.0 200 100.0 150.0
Total 132.9 (1 Level)

Table 22 HH BASE Rdl9] 42 ECO2 Al&do|d B4 Ayt @Y o z|e} el nE Wy 7|&8

Zshe WA BT AT} o BAIARe] A A4S u
Fo2 BRI} nebd ZEB 915 H4: 1] 1++5 R0 38 106 A4 82F 90 kWh/m’ yr m]2h
g0] 7.9 AR AU EleAl 2R o] A7t 4l ek
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Module Size Certificate (KS) Module Size Certificate (KS)
(a) Specification of general module (L jit) (b) Specification of high efficiency module (H jit)

Fig. 1 Photovoltaic system specifications applied to this study
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Table 3 Mono-Crystal silicon general module application [Without rating efficiency value]

Category Casel Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 Case10 Casell
Inclination of PV Verticality 45° Horizontal
Azimuth of PV S SE SW E " S SE SW E " -

Primary energy
(KWh/m? - yr) 1044 105.8 1068 111.0 1119 929 952 959 101.6 1023 97.2

Energy level 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+
Self-sufficiency rate (%) 1640  15.61 15.04 12.63 12.08 23.04 21.70 2129 18.05 17.61 20.55
7EB level - - - - - - - - - - -

Table 4 Mono-Crystal silicon general module application [Rating efficiency value (17.5%)]

Category CASE 12 CASE 13 CASE 14 CASE 15 CASE 16 CASE17 CASE18 CASE19 CASE20 CASE21 CASE 22
Inclination of PV Verticality 45° Horizontal
Azimuth of PV S SE SW E W S SE SW E A\ -

Primary energy
(KWhim yr) 914 934 94.8 1009 1023 74.6 780 79.0 872 88.3 80.9

Energy level 1+ 1+ 1+ 1+ 1+ 1++ 1++ 1+ 1+ 1++ 1++
Self-sufficiency rate (o) 23.92  22.76 2193 1841 17.62 33.60 31.65 31.05 2633 25.68 29.97
ZEB level - - - - - 5 5 5 5 5 5

Table 3& HH Aut gjofd 52| AJ54]E v] 283t Case 1~119] F-¢ 5 ZEB 15 WP |52 T
oFA] Fohe A o2 BAEQt J2fut Table 45 BH Ut ejofd BE AA(17.5%)8 AT F¢- 4+

Journal of the Korean Solar Energy Society Vol. 39, No. 3, 2019



CHS EHo] HZOLIRAEE QIZS 25t EfRIBIAIALY Zaisl0] 2ist o7 _ A2 9|

L
rok
Ej
K
H
u
9
e
=
e
l,
B

2 712 A2 Case 17~22742] ZEB 1% B717128 WEs)gich. o
FRANARE ECO2 Ageflo]d £498 Ea] 41
= 0] 7V T Ao By

3.2 1= g B 250 M F1

1 a-g HFd 2gol s doh= Case 23~442] ECO2 Algdo]d w41 A3k= Tables 5, 6 Ztt.

i

Table 5 Mono-Crystal silicon high efficiency module application [Without rating efficiency valuel

Category CASE23 CASE24 CASE25 CASE26 CASE27 CASE28 CASE29 CASE30 CASE31 CASE32 CASE 33
Inclination of PV Verticality 45° Horizontal
Azimuth of PV S SE SW E W S SE SW E W -

Primary energy
(KWhn- yr) 1050 1063 1073 1114 1123 937 96.0 9.7 1022 1029 97.9

Energy level 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+
Self-sufficiency rate (%) 16.08 1530 14.74 1238 11.84 2259 2127 2087 1770 1726  20.14
ZEB level - - - -

Table 6 Mono-Crystal silicon high efficiency module application[Rating efficiency value (19.1%)]

Category CASE34 CASE35 CASE36 CASE37 CASE38 CASE39 CASE40 CASE41 CASE42 CASE43 CASE 44

Inclination of PV Verticality 45° Horizontal
Azimuth of PV S SE SwW E W S SE SW E W -
Primary energy

(KWhim yr) 86.0 88.1 89.6 98.7 1002  70.5 74.1 75.2 84.0 85.2 772
Energy level 1++ 1++ 1++ 1+ 1+ 1++ 1++ 1++ 1++ 1++ 1++

Self-sufficiency rate (%)  25.94 24.69 23.79 19.70 1885 3595 33.86 3322 2817 2747 32.06
ZEB level 5 5 5 - - 5 5 5 5 5 5

Table 55 HH 188 Bl HE52] /4525 7] 283t Case 23~339] 73-¢- Lul 8jd B3} npztrA]
2 05 ZEB 9% Wh1ES ek Reke A0 BT E3, TaE HoRY BES 285130
= =75kl ECO2 Algeflold Aol B | e] 2380l ohd AAHas A=sh] wheol 54
& 1240117 407 Beloh) BRI, e Table 62 B Da8 i BEC) 454(19.1%)%
et 79 420 & 715, A 9919l Case 37, 36 Al2lol T BE ZEB Q1% W7)7)12-8 mEsl o,
2hA] AAPBAARIR] KS 15417 SHE v a-a el a 284 5208 oot o d ARl &1
7} 7¥ssk A o 2 mhdE o)
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Fig. 2 Comprehensive analysis results by ZEB level 5 satisfied condition case
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