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Abstract As a core policy for achieving the goal of reducing greenhouse gas emissions in the building
sector, Korea has enforced the mandatory certification of zero energy buildings for new public buildings
from 2020. This study suggests energy-saving technologies and economic factors that building officials
can refer to for decision-making on the implementation of zero energy buildings. For this study, the
construction cost for the energy item of a building was analyzed by collecting the building energy
efficiency level certification data and detailed construction cost statement data from public institutions
for the last three years. Based on the building energy efficiency certification data, each energy item of
the baseline building was derived, and the energy performance of the zero energy building was derived
through repetitive simulations by gradually increasing the energy performance value of the baseline
building. By applying the analyzed construction cost, the construction cost for each energy item of the
baseline and zero energy buildings was derived. As a result, the lighting equipment contributed up to
10.5% energy savings, and the increase in construction cost of the cooling and heating system was at
least 9.1%.

Keywords : Zero Energy Building Certification, Building Energy Efficiency Certification, Building
Construction Cost, Green House Gas Reduction, Building Energy Performance
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First Step

Collection of Construction Cost and Analysis

v

Second Step

Calculation of Building Element’s Construction Cost for Achieving Zero
Energy Building Certification

¥

Third Step

Establishment of Zero Energy Building’s Relative Factors

v

Fourth Step

Caleulation of Increasing Rate of Zero Energy Building’s Construction Cost

Fig. 1. Process of Study
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Table 1. Criteria for Collection

No. Category Criteria Reason

1 Year 2016 ~ 2018 Data Availability
2 Owner Public Ease of Collection
3 Type High No Enough Sample
4 |Certification Level Over 1+ 82?;;;2;%22
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Fig. 2.

Energy Category’s Construction Cost Rate(Part
of Result)

Table 2. Cost Rate of Each Construction Phase

Construction Cost Rate of Each Construction Phase(%)
Phase
Minimum Maximum Average
Architecture 36.5% 71.1% 55.5%
Engg:grmg 0.0% 19.9% 5.9%
Landscaping 0.0% 10.6% 2.2%
Machinery 2.5% 29.1% 13.8%
Electricity 6.0% 19.7% 12.0%
IT 0.0% 12.6% 5.3%
Fire Protection 0.0% 10.6% 2.5%
Others 0.0% 3.3% 0.6%
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H'—iﬁ‘% 01]1;11]_9-?‘111% /\]’Eﬂg] —%]lﬂ %‘% 'E“ﬁ’% % (Efficiency, %) 91.2 | 913 | 86.0 86.0
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Table 3. Status of Building Energy Efficiency Level

Level 2016 2017 2018 2019 Total | Weight

1+++ 9 17 37 31 94 2.2%

1++ 304 444 530 342 1,620 | 38.2%
1+ 362 520 604 303 1,789 | 42.2%
1 187 205 220 80 692 16.3%
2 18 9 11 6 44 1.0%
3 0 1 2 0 3 0.1%

Total 880 1,196 | 1,404 762 4,242 | 100%
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01 1° H, 1454, 1++58 o1 U3 ﬁ‘—,——oﬂ 48 o Table 5. ECO2 Simulation Result for Average
AlB 9 oHElH o];q.v/] Hd 52 AEste] ouRE Energy Performance in Central Region
obn—l A A3} v yst A= ZH
Zﬂ ]T ;I é _L]- ]JLL E_L]- Table 494— E} T ECO2 Result for 1++ | ECO2 Result for 1+
1+++ 55, 253 oJ519] AL I AH7 =519 3 ype Average Value Average Value
% 5L HHoIA Ao, 2o BFY W Unenn® L b
53 WAVIEQ A LPLATIE A gl Reewh® a o
EELEILY F 1207 I A 1+ 5 chool® o o
Library(L) 1++ 1++
B 45 ¥4 7189 2t 7P H]lr —
Officie(s.0) B I+
Table 4. Comparison of Average Energy Performance Ol\;lf‘?di?&“g)) 1++ 1++
Value between Building Energy Efficiency fee?
Level and Legal Standard Large
evel and Legal Standar OffictelL.O) 1++ 1+
BEE Level Legal Standard
Category R Mini
mimum
; 9l 5290 1+ 532 AR 4= 9= oA A5
Thermal Transmittance o - o c 0 who
O z; Bl =_19 dlo
Exterior wall 0216 | 0.237 | 0238 Central 0.24 = =80 ] T]OH -6_-"1] O"/\i I+ svs B2 %}
(W/mK) ’ ' ’ region ’ A4 SAFAAQ RE AZEES EH/E)}-E 7}
Roof (W/u-K) | 0.134 | 0.139 | 0.133 f:;‘gil 0.15 OﬂLV]T’Z} HEHEALE EEOIITHES 4 ZR] 1++
I;iscstlgf Floor (W/mK) | 0.166 | 0.202 | 0.178 | "8 | 0,20 @l 3 O1MZ] Ao 7222 259 Ragi }EJ
oor m- X . X K .
region HE 7+ U A=) A5S dAER ZAAA ECO2
2001 | 2316 | 2.419 | €| 15 2 24 47 1+ 53L =Sk Uy e
Window region
(W/nt-K) South Table 63} Zo] 7Mooz E&5FTt
2.257 | 2.323 | 2.036 Regi 1.8
egion
Active Heating(COP) | 3.84 | 3.84 | 3.44 3.52
Factor | Cooling(COP) | 3.69 | 3.64 | 3.32 3.52
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Table 6. Range of Virtual 1+ Rating Energy
Performance Value with adjusting standard

error in Each Building Type

Category Min Max
Exterior 0.364 0.144
wall
- Thermal
Passive | Roof | Transmittance 0.294 0.096
Factor ,
Floor (W/xi-K) 0373 0.108
Window 2.838 1317
Heating | EHP(COP) 2,970 4655
System GHP(COP) 1.490 1.763
Cooling |  EHP(COP) 2640 4876
System | GHP(COP) 1.320 1.608
Active Hot i ci o
ot | Water Efficiency(%) 82.6 98.06
Lighting | Density(W/n?) 9.41 4.13
Heating
62. 8.
Ventilati | Efficiency(%) > 785
on Cooling -
Efficiency(%) 4.0 67.0
4.2 HIO|AZIR! AZFO| HfUX[E= SAH| A=
ool setel A58l oA Bl 45 9o

AZE UARREF 1+ 53E AST REATAA
GG 7 YA A8 714 AR BAR
3} Table 73} 2.

Table 7. ECO2 Simulation Result for Average Energy
Performance of 1+ Rating in Central Region

Type |Exterior Wall Roof Floor Window
U ESPD2-2, ESP 2-4, ESP 2-2, |24(5LE+14AR
95mm 145mm 80mm +5CL)
R ESP 2-2, ESP 2-4, ESP 2-2, |24(5LE+14AR
105mm 165mm 105mm +5CL)
S ESP 2-2, ESP 2-4, ESP 2-2, |24(5LE+14AR
95mm 145mm 95mm +5CL)
L ESP 2-2, ESP 2-4, ESP 2-2, |24(5LE+14AR
95mm 155mm 80mm +5CL)
50 XPS2-1, CC3 2-3, ESP 2-1 24(5LE+14AR
) 100mm 125mm 135mm +5CL)
MO XPS-1, CC 2-3, ESP 2-1, |24(5LE+14AR
) 70mm 70mm 80mm +5CL)
LO XPS-1, CC 2-3, ESP 2-1, |24(5LE+14AR
' 75mm 110mm 115mm +5CL)

1) Expanded Poly Styrene
2) eXtruded Poly Styrene
3) Closed Cell
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Table 8. The number of Maximum Capacity Applied
in Building Energy Efficiency Rating Cases

Category U S L S.O [ M.O|L.O
Gas Boiler 2 - 3 1 8 8
Distrcit
Heating Heating 3 2 - 5 5 |18 | 15
System
EHP 25 | 31 [ 214 | 37 | 65 | 65 | 35
GHP 33 | 27 |226| 32 | 43 | 31 | 3
EHP 23 | 28 | 139 30 | 51 | 57 | 43
Cooling GHP 38 | 30 |302| 39 | 58 | 42 6
System .
Absiorptu?n 3 3 ~ 8 5 3|13
Refrigeration
Gas Boiler | 22 | 35 | 389 | 23 | 41 | 50 | 38
Electric Boiler| 31 | 25 | 50 | 47 | 67 | 45 | 4
Hot —
Water Distreit 303 -6 5]23]18
Heating
Heat Pump(E) | 4 3 2 1 1 2
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Ao AZEY] A Z7hE Abzo] B A7
Oﬂ ol
=4 HE @ BIPV, ® AY, @ HdY, © A=A Cooling GHP(COP) 1.52/1.32 | 1.62/137
_1/_;_0]\:].. hzh (E;?Lg] Hﬂ ]/\a.o] 7-] ZE I 1:]] }-%oﬂ __' System | (Heating/Cooling) . . : .
|5 AU R 71&2 7P B2 HSE AR sk v?a?; Efficiency(%) 82.60 91.13 1.4%
S NPT, 5
e F HEF s diEze F8Seinh Lighting| Density(W/m) 7.52 5.11 10.5%
Ventilati Heating
Table 9. The number of New & Renewable Energy on (Hfiiii?/[gggﬁlg) 0.626/0.444 1 0.708/0528 | -
Installation in Zero Energy Building
Certificati Case Solar Capacity %
rtirication Lases Power W) 68.08 119.19 7.3%
Rooftop PV BIPV Solar Heat Geo;[l;zmal Fuel Cell
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Table 10. The Result of University Energy Performance
Value for Zero Energy Building(ZEB) Level
5 in Central Region

Cat Baseline ZEB Saving
ategory Building Level 5 (%)
EXterﬁor 0.301 0220 | 07%
wa Thermal
Roof Transmittance 0.225 0.125 0.6%
Floor (W/nt-K) 0.373 0.170 1.1%
Window 2.695 2.208 3.2%
Heating EHP(COP) o
% (Heating/Cooling) 2.97/2.64 3.68/3.67 6.9%
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Table 11. The Comparison Result of Applied
Technology (A-T) and Construction
Cost(C-C) Between Baseline and Zero

Energy Building(ZEB) Level 5 for

University in Central Region

Baseline Building 7EB Level 5 C-C
Category Differenc
' ce ‘ ce .
AT (10°won) AT (10°won) (10°won)
Exterior ESP2-2, ESP2-2, 16,144
wall | 95mm | 718 | 135mm | 83392 | (24.0%)
- ESP2-4, ESP2-4, 14,949
Roof | Tsmm | 28840 | 265mm | 7% | (518%)
ESP2-2, ESP2-2, 17,968
Floor gomm | 7080 | 1gomm | 3>0%% | (10529
24mm,
24mm, Single
Window Pair 225,130 | Low-e | 279,807 (524421/7)
Glass Pair 27
Glass
EHP, EHP,
Heating & GHP GHP 36,053
Cooling | (Normal | 398,347 | (High | 434,400 © '1 %
System | Efficienc Efficienc 7
y) Y)
Normal High 22,058
Hot Water | Efficienc| 10,737 | Efficienc| 32,795 (20’5 4%)
y y )
L FL 41,375
Lighting 30W*2 186,052 |LED 50W| 227,428 (22.2%
Normal High 9.654
Ventilation | Efficienc| 5,635 |Efficienc| 15,289 1713%
Yy Yy
Solar Power| 70kW 175,040 | 120kW | 281,419 igg’g;?
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Table 12. Main Implication to construct ZEB

Category Saving(%) C'C(llgi‘fizrne)nce
Exterior wall 0.7% 24.0%
Roof 0.6% 51.8%
Floor 1.1% 105.2%
Window 3.2% 24.3%
Heating & Cooling 6.9% 9.1%

System

Hot Water 1.4% 205.4%
Lighting 10.5% 22.2%
Ventilation - 171.3%
Solar Power 7.3% 60.5%
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A5EC] 32 208 ASHr} 7 Afolx= AA
S Building BEE ZEB
=31 =X o0 A= E} O
= ARUAASFZS] SAH] HAXNS vigeR Type 16 | '17 | '18 | Sum | '16 | '17 | '18 |Sum
A=E9] —Q-EE"— sfsle] 22 ¢ dAlo 7R A= Apartment | 468 | 681 [2,001| 3,150 | - 1 1
. - House 5 362 | 177 544 - 3 - 3
NAABZE BAp) S7HEE AT Aol ofefg e 2
F5A7E £ ARYAAZE BYs} Ak Bo] Houwing
- - Factory 19 30 50 99 - - - -
oM S Ao e, Bducation | 55 | 440 | 453 | 1226 | - | 2 |17 | 19
& Research !
Correction
& Military 22 41 3 9% ) ) ) )
H = Care _ _ _ -
B2 =1 Comar | 24| 29| 34 | &7
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1= | — ol
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¥x 2 A% UAag A5 52 .
FAE A5E F7E& ol9j9 A%E Neighborh
ood livin; 13 23 46 82 - 1 2 3
2}l ZFof U A 4
(Wh/t - ¥) (cWh/x - ) Others 54 | 82 | 90 226 - 1 - 1
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Building Energy " 7EB . _ Cooling
Efficiency Level Energy Independent Rate Level Machin Cooling O O (6} System
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Category U R N L SO | MO | LO
Exterior 0.045(0.036|0.027|0.080|0.101 | 0.102 [0.083
wall Thermal
Roof Transmittan| 0.055]0.046(0.025]0.048|0.056| 0.078 |0.056
— ce
Floor (W/nt-K) 0.137]0.082(0.044|0.326/0.083| 0.098 |0.067
Window 0.271(0.276(0.336(0.373(0.475| 0.390 0.361
EHP
0.394]0.512(0.396|0.511{0.371| 0.399 |0.415
Heating (cop)
System
(gg; 0.058/0.078/0.057|0.051|0.045| 0.066 |0.048
EHP (COP)|0.619]0.665|0.529|0.769(0.534 | 0.621 |0.527
Cooling GHp
System
(CoP) 0.049/0.083|0.061|0.074|0.055| 0.059 |0.046
Hot | Bffictency |, 00814.235|4.620|4.857| 4.546| 4.362 |4.867
Water (%)
s 1 Density
Lighting /u) 1.335|1.515|0.879(1.298|1.388]| 1.337 [1.696
Heating
Efficiency 0.046(0.051|0.033]0.036]0.041| 0.036 |0.042
Ventilati %)
on Cooling
Efficiency |0.058/0.059/0.045|0.050|0.055| 0.059 |0.063
(%)
=
2E5
FAp Wb S A ATEY AF

Category Reference Document
Classification 71478, “dg714 24 7]1&"[18]
The Number |z g, 2019 4434
of Material &| -z 0)
Labor
Passive — =
Factor Price of %EH}E] SULY ?[,ZO]’
Material | re/PEER1]. AR
B AABR22), FEE7E BR123)
Price of Lab HEAARA3], 2019 SHEE] A4
rice of Labor| o) 2 5 "2 s A 241
fleauing & | jerge) ggeme(0l
8 |laEEsRRI
System
I
Active Hot Water |S=r&7H5[21]
Factor Lighting  |$=FE7FgE[21]
Ventilation |SHE7FH[21]
Price of Lab AR, 2019 s A4
rice of Labor| o) 2 5 "2 s 14 241
Renewable | Solar Power |UeFde Fe4gE([20]
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