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High, Low o A4 8 B w(20169~20201, 2020%) Agste], 4519t 24 A3t WA+ Al
9] High, Low o3 g g WA FT7HE0] 261.1%, 283.5% B3 or¥ oM, AFAILL High, Low &3
5% HFT g WHo| sk vt hEEY sfAE, AHE 7]&9] ovX/g5o] SVt AR EAEH

Abstract As a key policy for achieving the goal of reducing GHG in the building sector, Korea has
enforced the mandatory certification of zero-energy buildings for new buildings in the public sector
from 2020. This study evaluated a policy to achieve Net Zero by identifying the trend of changes in
building energy performance according to policy and presenting a methodology to analyze the current
performance state of energy technology applied to buildings. The final goal was to help stakeholders
apply appropriate energy technologies for new buildings. For this study, data collected on building
energy efficiency certification over the last four years have shown a gradual increase in energy
performance. In addition, K-means cluster analysis was used to analyze the performance status of energy
technologies applied to buildings. The high and low clusters of education and office facilities were used
to analyze the comparative group (2016-2020, 2020). As a result, the solar module area in both high and
low clusters of education facilities increased by 261.1% and 283.5%. In contrast, the solar module area
decreased by both high and low clusters of office facilities. The most passive and active technologies
showed an increase in energy performance.

Keywords : Zero Energy Building Certification, Building Energy Efficiency Certification, Building Energy
Performance, Building Energy Technology, Net Zero Energy Building
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Table 2. Zero Energy Building Obligation Criteria of

= A Major Foreign Country

_/'\_goﬂ QU] 9\11’]5 /‘]/\P\g’% Z'”‘To"‘@' 7}—1% 7]‘4']%‘:]' Obligation Year Evaluation Criteria
Nation Minimum
Public Private Criteria Energy
Performance
ar X CO; emission | Insulation,
2. OfH|X T 5 ]
under Heat Bridge,
UK 2019 2020 Reference Blow Door
2.1 HROUKIZIS olest B4 S5 Bulding || Tes ec
- - - Primary .
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Table 1. Definitions of Zero Energy Building(ZEB)

SHLoE FES ZEB =7t % AEE ARSI o]
£ ¥ O & Figure 13} Zo] 20209 8E Z33HES
A2 Alggotal GAFO R Tzt RETA] Sfiske 9
T3} AAS At Stk B =RoAx= ZEB %3}

Concept Definitions Reference A dAE AZE9 URAE HeE BAsk, A
= A building‘ that has a ver}'f high %% _'Q’_*C%]HE:] 01]1:1;(]7]% *é—‘a—%kfﬂ E—*é;% _E_@'gl_oq ?ﬁfﬂi
energy performance as determined in
Nearly accordance with Annex L 9/] 0]637}%;*6]‘% E%‘i}ﬂt— 7/-10] %Z%] O]‘:}'-
ero The nearly zero or very low amount [11]
of energy required should be covered
to a very significant extent by energy
from renewable sources
= (Site) A site NZEB produces at least
as much Renewable Energy as it uses Private
in a year _ Pabte Over 500m?
= (Source) A source NZEB produces at e,
least as much Renewable Energy as it publc \ “\,{lmliggy;oeﬂh:g
Net Zero N [12] Over 10000 N \
uses in a year . e '\.Hm"i‘ "
= (Bmissions) A building produces Unit : Total Floor Area
enough emission-free Renewable
SE:;:;I u;Zd lonfffﬁg birﬁzign;nngs; Fig. 1. ZEB Obligation Roadmap of Korea (Reference

7ZEB Certification and Practice, Korea

Energy Agency)
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Step 1

Investigation ZEB Certification Policy and
Status of BEEC and ZEB Certification

Ao

Step 2
Collection of Technology Data in BEEC and Analysis of Treid
Changes for 1* Energy Consumption

Step 3
Comparison of Result of Performance Evaluation Valve betwreen before
and after ZEB Qbligation

>

Step 4
Inferpretation of the Result for Building Energy Technology Adapted

Fig. 2. Process of Study

3. 2BHx sig

3.1 215 s} tid ¥ QAT JIE
ZEB AZALE 2017¢W AL A=A, 20174
A T719, 20189 EA1Y 37199 dFAE, 1
SAFALY] A 3Hnrolt AEAZES 141*}&
FHz AF oF 9} F AREQTE 20208 R EE 252
g 7]EAE AlQet WA 1,000nrolAr AN TR
AZAZES ggoz BAZQI AS &5} Table

33} o] A= gt

Table 3. Status of Zero Energy Building Obligation
in Korea

year Obligation Scope Related Raw

* New Education and Office Facility of]
Public Enterprise with a total floor
area of more than 3,000m’

2017 Regulation on

Rationalization
of Energy Use
in Public

* New Education and Office Facility of]
Semi-market type Public Enterprise

2018 with a total floor area of more than| Organization
3,000m?
= Al New Building except for
2020 Apartment House and Dormitory of|Green Building

All Public Sector with a total floor
area of more than 1,000m’

Support Act
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A7 A5 AT

ZEB 95< ;5] Hloixe 4 A5E ovxa Table 5. Status of Building Energy Efficiency

85 1++ oY ATAE Y5stelof s, F7bao Certification
2 UAAEE 20% oldt AEHAAAAE E Related Building Energy Efficiency Certification
L Zz}A] LA AZ] 29 ZEQ X3 5 Buildin
= A AARAAGY] AA 7IESE SFItelok o Type. | 16| 17 | 18 | 19 | 20 | Total | Weight
5 7z 2eH0L
H. 215 71E Table 49 ZHH20] Factory | 13 | 20 | 36 | 44 | 50 | 163 | 3.9%
Education | 245 | 231 | 251 | 215 | 331 | 1,273 | 30.1%
Table 4. Criteria of ZEB Certificati i
able rierta o erittication Correction |43 | 57 | 27 | 24 | 39 | 130 | 3.1%
& Military
Category Obligation Scope Care Center| 19 | 22 | 18 | 25 | 57 | 141 | 3.3%
Certified Aquisition of Over 1++ .Certificati'on on Building Culture & 33 37 36 34 46 186 4.4%
Energy Efficiency Rating Assembly
1 : Over 100% of Energy Independency Rate Office 215 | 233 | 299 | 296 | 357 | 1,400 | 33.1%
2" : 80 ~ 100% of Energy Independency Rate Sports 29 26 23 14 69 161 3.8%
Rating 3% 60 ~ 80% of Energy Independency Rate .
4™ 40 ~ 60% of Energy Independency Rate lzzl%i}:/?srh? 15 24 44 50 | 100 | 233 5.5%
5% 1 20 ~ 40% of Energy Independency Rate 8
Energy Nzlgl,ht,’orh; 11 | 19 | 33 | 41 | 30 | 134 | 3.2%
Manave Installation of Building Energy Management System od living
men% or Smart Energy Meter Others 89 70 66 87 96 | 408 9.6%
Total 682 | 709 | 833 | 830 |1,175| 4,229 | 100%
3.2 215 g XAt W2 ASEY] FAAL -7.19] 712712 A4Sk gl
E_:L A=Ne) r A
ZEB ¥ vlofe] 53¢ 98] QA Awel BEEC o P 15 A% 71@7I= 24 308 FA AL
H|o SFal it} o= ZEB 1% 7159 BEEC 1++ ol HE

At
4.2297)oH, 4, 229711 %—EA 8Ll Table 59 7 /M AE

U3 @Y oI 201688 2008 71 93 ot
] o =3t vjE2A Azme £ A& 35I| Hst,
= slo] 3 &

o] W&AT AH(30.1%)T AT A1H(33.1%)°] ek

£ AAskAL Sl

BEECS] 53E Q15 ¥ tlojHE &8sl 15
AEE
gt 201695H 202097H4] 1++ 55 AFES] A

o] 7l A1 AW =R Fig. 33} Zo] Uet

A 71717 117.5% 7V 39, 1+++ 53 A5=2
26.89] 71&7|& S71stal itk Bhdo] 1+5+5 52

OE

153 450l 25
E ‘ﬂ‘g‘—(ﬂ— ﬁ"ﬁ‘
Qlct.

— v =2

o A%

}

559 AFAF 7
21‘4 ZEB94 a4 QS A%
o] ]IS HlFo] 75.3%=
15 H]vo] 1.1%2 7P 2

HE [e)3 ZHH o]/(c]- = A
g«] 3770l Ath=

A2 ZEB 15
RAE FHT 5

T4z
700
y=117.5x+ 28.9
600 E
400 376 3920
339 [ 330
300 284 i y = -7.1x+337.7
} 243 253
228

20

149

. 112 121 125
100 Y = 26.8x-39.6

..a1- S B £ = =
14 ° _ 22 5 R y:-za_3x+ 172.5
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Fig. 3. Status of Building Energy Efficiency Certification
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Table 6. Status of Zero Energy Building Certification

year 2017 2018 2019 2020 Total | Weight

ZEB 1 2 1 10 13 2.4%

ZEB 2 0 0 6 6 1.1%

ZEB 3 1 0 26 26 4.9%

ZEB 4 2 6 95 87 16.3%

N o~ oo

7EB 5 21 28 346 402 75.3%

4. HHx7I=

2o/

4.1 HO|e =%

BEECY] AH]IZF
BEEC Ql5o] 2&Rloz
oz 20209 12€ 22°
W), 2% 55U &8
ZES o=z St

AFE FE== A&
2 BEEC 157130] A13<1oA A
YA Aesats AR AAshe
ZEBe| A&E+«= 71&2 HAE T&
I ARY 7R FEEY, djAR 71 9ltﬂ A,
Hiehe] g Ae} 57t glon, A EE IR
W/ K& Z83tt}. dEB 7e2 -2 AL
29 COPFAHY) E= 78&(%) F3AI2H] COPF
A = 58%), 2BAIAHS 2EUE(W/m), 71
AAEY AW E&%E YA 2 EASH,
AR 71eL AALFEUW) E= G&(%)E AUxA
S EAST 74 J8Ee ovA]&d e I
S ATt Table 73+ Zth

>,

Table 7. Category of Zero Energy Building Technology

Category Building Energy Technology

Passive Factor
(Thermal Transmittance)

Exterior wall, Roof, Floor, Window
(W/ntK)

Heating & Heat Pump(COP), Boiler(%),
Cooling District Heat Service
Active Hot Water Boiler(%), District Hot Water Service
Factor
Lighting Lighting Density (W/nt)
Ventilation Heat Exchanger(%)
Solar Power Geothermal, Fuel-Cell(nf,
Renewable

kW, %)
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Table 8. Trend of Average for Primary Energy
Consumption in BEEC

Category | 2016 | 2017 | 2018 | 2019 | 2020
Average of 1% Energy Need, kWh/m*year
Bducation |5 /s T 1435 | 1414 | 1288 | 1182
Facility
- -0.7%} | -1.4%} | -8.9% | -8.3% |
Average of 1% Energy Need, kWh/niyea
Office
. 172.4 160.5 156.3 142.7 130.7
Facility
- -6.9%} | -1.4%} | -8.9% | -8.3% |

ISAFAA 1,27370, IF A4 1,40070 A=E9]
1A R A QF FAAL Fig. 49 Zo] -0.0298,
-0.04039] 7|1&712 Askal 91oH, Net Zero AEE

olgtl & £ Qe 9 1ANUNALF FS 7=
AEE2 202040 AHIQISE HESHILH, Net

Zero®l 7P7kg- 5019} 123 UR| 47 gk 7=

AHES 201849 olFRE AplAFL AST 2L
% 4 gek.
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Fig. 4. Status of Primary Energy Need Between Education and Office Facilities
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Fig. 5. Selection Criteria for Analysis
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Table 9. Final Cluster Center for Education Facility

(2016~2020)

Cluster (Number of Cases)

Category High Middle Low

(93) (217) (245)
1 Energy Need 99.59 113.18 125.71
Exterior Wall .83 .85 .84
Roof 14 .15 14

Floor .20 .16 .19

Window 1.76 1.83 1.98

Heat Pump Heating 2.40 2.57 2.68
Heat Pump Cooling 1.52 1.87 2.22
Hot Water .95 .94 .94

Heat Exchanger_Heating .73 .73 73

Heat Exchanger Cooling 54 .53 54
Lighting Energy Load 5.26 5.36 5.64
Solar Module Area 1586.10 940.57 382.95

3709 24 Sl 1R~ 79 FA3ke] 7F
%2 AL High, $7F2 Middle, 7V &2 A%E
Low® ZAFEY duA s ¢ S8R FHEo}t
o, gyt oz IFWFEo] #24F oA g0
O}, EoJAlO R High 39 vie d#F89 4
Zro] 0.202.2 Middle (0.16), Low (0.19) +&E9 5
A3t Bot =90t E3 High 39 Hd 285 W3
9] ZAIZES 1,586.1022 Low =2 S417k 382.96
B} of 4o & Zog EAEQIr

& AYA7I&9 45 v +38E EE517] 9
o ZEB QI5ol toto] FFHE RSPt E4HoR

o2l

.

o 38 rlo

Table 10. Final Cluster Center for Education Facility

AIZE T Pt 13R85l 7PEEE 20209
dzg sl 158719 AXES ez
K-means & AE4S AAsHAT) 3719 +8S A st
e de= 2 271 IR SES BES 7HE 4}l
o} 2709 S AR A3 Ha 7o) L2712 FE
gt 23 EEE 7ok waste], HEAQ #315(K)
£ 28 A7goto] £4S A6t o, 1 A= Table
1037 2t} High 8% Low 749 13} oux] 488
9] ZAFL 92,513 114.34% 20169~2020¢ High,
Low w33} ¥lasto] F 7.1%, 9.1% #HAskir.
20209 QU5 #=3F High #389 AXEL 9,
viehe] d#Ee FAg0] Low HO} &% &9kow,
High 39 =98 2& HHY S4lko] 1,468.48%
Low #%49] 439.28%t} oF 34 & Z 08 FA =},
PFAES tifo g WRATA LY 2L B A
A5 WHESHITE 2016W5E 20209714] #A0] &
H ARA Y AXEL F 2437108, ZHFEK)IE 374
2 39S ), 24 39 #Eo| 13718 283 HES
5] Fotod, HF: FHRKE 242 AHs9L
202092 SHste] A% ASE2 83E FES B
o] =&H 212 475to] K-means £4& HA5H3]
o} HZHRl FFEAIEY BAATH= Table 113 2t}
2016"9~2020413F 20209 717 E<F9] High ¥4 1
2} U AQ7F9] FAF F 14.2% Low w82 oF
6.4% Aokqieh. 9] 134 |R 42879 F4lgtko] 7t
7 w2 2020 High #39] §% A149] A A/4d59]

SHgel Mmooy, HPF 2EHEe S

r

=
o,

Table 11. Final Cluster Center for Office Facility

(2020) Cluster (Number of Cases)
Category Cluster (Number of Cases) Category ‘16~zghgh 0 16~20L0W o
High (42) Low (116) 70 | @3 | 173 | ©0
1" Energy Need 92.51 114.34 1% Energy Need 108.22 | 92.90 | 137.31 | 128.50
Exterior Wall .80 .78 Exterior Wall 1.03 1.02 .90 .75
Roof 13 13 Roof 13 13 .14 12
Floor .18 .16 Floor .20 .20 17 .16
Window 1.71 1.77 Window 2.31 2.27 2.20 1.99
Heat Pump Heating 2.57 2.60 Heat Pump Heating 2.84 2.95 3.41 3.37
Heat Pump_Cooling 1.56 1.94 Heat Pump Cooling 2.60 2.66 3.22 3.24
Hot Water .96 .95 Hot Water 93 .95 91 91
Heat Exchanger_Heating 74 .73 Heat Exchanger_Heating 72 .72 72 72
Heat Exchanger Cooling .57 .56 Heat Exchanger Cooling .54 .56 .54 .55
Lighting Energy Load 5.08 5.62 Lighting Energy Load 5.60 5.23 6.11 5.73
Solar Module Area 1468.48 439.28 Solar Module Area 880.59 | 846.74 | 223.60 | 208.80
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Table 12. Final Cluster Center for Office Facility

K-mens Result
Perfor | Energy Education Office
Category mance | Perform High Low High Low
Value | ance : ; ; ; ; : : :
16~20 vs 20 16~20 vs 20 16~20 vs 20 16~20 vs 20
(Rate of Increase) | (Rate of Increase) | (Rate of Increase) | (Rate of Increase)
1st Energy Need (2 T -12.9% -26.4% -14.2% -6.4%
Exterior Wall U i 6.4% -4.8% -1.0% -16.7%
Roof U ) 7.7% -7.1% 0.0% -14.3%
Passive
Floor U i 25.0% -5.3% 0.0% -5.9%
Window U i -0.6% -13.6% -1.7% -9.5%
Heat Pump Heating m ) -7.7% -4.1% 3.9% -1.2%
Heat Pump Cooling m T -21.6% -29.7% 2.3% 0.6%
Hot Water m T 0.0% 2.1% 2.2% 0.0%
Active
Heat Exchanger_Heating m m 0.0% 1.4% 0.0% 0.0%
Heat Exchanger Cooling m T -3.6% 5.6% 3.7% 1.9%
Lighting Energy Load U T -6.4% -9.9% -6.6% -6.2%
Solar Module Area T T 261.1% 283.5% -3.8% -6.6%
High, Low &3 E%F 20169~2020 71¢3% Hlwst A AH9 Qe HiAHAS viges g2 w39 |
o 202099 FAlgte] W2 EAANE Hert. dd R HAXE B TEHEQ A5EY oUAEE =0
Ald9] S EHE oA Ade-2 High #-ET Low &+ & Ho| {olsitt= AL 228 4 Qlt
Aol &2 olvAdse S99 2HE Eirh HFAAE E3E High, Low 39 12 A A8
FAgol 42k 14.2%, 6.4% 7AshH, AZEQ] oy ]
4.3.1 K-means =& 24 Znto| {4 o] =old AL Bl st T8y wSAT A
AUt o2 1A} AQF Fho] FEHE oUAg I RO E Low #HY Y4F dEH 7&GIEFHT
5°] 2 AFECIH, Passive 7€ GUFEHS W TS Aot HAB Y& dEE 7]&9] oy
58 YA s =2 &0l SR Active 7[& A2 EoMth HIPE ZE WA FAEE High,
2 88 o] BE 2 YA ALo] &L 7]&o|y, H) Low 73 25 -3.8%, -6.6% 745ttt ole #2 2
WS REWH g0 BL4S 50l e A% BT e JRAMS BSAT AMw e v
2 ojh % S wWHo] 284 ekeo] me o

K-means #3784 23} w-5A+ 2149 High 4
HZ2(2016~2020 vs 2020)°14 1xo R4 Q59
ZAgko] oF 12.9%7} ZHashs, HAZQ A%E oy
EoF Hout HAE 7|&(Qd, A5, vt 3
71&GIEET W 9 gut, gk @i Al
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9F FAZ Ao TA 7ot AL EF R T
o 5 Stk AT A9 Low A ESH vlmF
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