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A Study on the Building Energy Efficiency Rating Changes by Enhanced Thermal
Insulation Performance of Building Envelope Standards in Apartment Houses
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Abstract This study aimed to compare the primary heating energy consumption of regional apartment houses based on
the enhanced thermal insulation performance of building envelope standards. The difference of the heating energy consumption
based on the enhanced thermal insulation performance of building envelope standards in the southern region, the largest
regional difference in primary heating energy consumption, is 10.3 kWh/(m2 - year). The difference of the heating energy
consumption based on the enhanced thermal insulation performance of building envelope standards in the central region
is 8.0~8.5 kWh/(m2 - year) and that of the Jeju region is 0.5 kWh/(m2 - year). These energy consumption differences do
not result in building energy efficiency ratings changing. The building energy efficiency ratings have the possibility to be
changed.
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Table 1 Regional U-value of Building Elements

. Central Southern Jeju
Outdoor Air
Element Condition Standard U-vzzﬂue The Rate of U-vglue The Rate of U-Vazllue The Rate of
[W/(m™ - K)] Difference[%] [W/(m - K)] Difference[%] [W/(m - K)] Difference[%]
. Past 0.270 0.340 0.440
Direct 22.22 e e— 23.53 e — 18.18
Wall Present 0.210 0.260 0.360
a
. Past 0.370 0.480 0.640
Indirect 18.92 EEee— 22.92 Ee— 18.75
Present 0.300 0.370 0.520
. Past 0.180 0.220 0.280
Direct 16.67 Ee— 18.18 e T— 10.71
Present 0.150 0.180 0.250
Roof
. Past 0.260 0.310 0.400
Indirect 15.38 e e— 16.13 EeT— 12.50
Present 0.220 0.260 0.350
. Past 0.230 0.280 0.330
Floor Direct 21.74 e e— 21.43 e — 12.12
Present 0.180 0.220 0.290
(Floor Past 0.350 0.400 0.470
- as . . .
Heating) Indirect 25.71 e T— 22.50 Ee— 12.77
Present 0.260 0.310 0.410
. Past 0.290 0.330 0.390
Direct 24.14 EeTe— 24.24 e — 15.38
Present 0.220 0.250 0.330
Floor
. Past 0.410 0.470 0.550
Indirect 26.83 EeTe— 25.53 Ee— 14.55
Present 0.300 0.350 0.470
. Past 1.500 1.800 2.600
Direct 20.00 EE— 22.22 e e— 23.08
Window Present 1.200 1.400 2.000
& Door . Past 2.200 2.500 3.300
Indirect 27.27 S eee— 28.00 e — 24.24
Present 1.600 1.800 2.500
. Past 1.500 1.800 2.600
Direct 6.67 EEee— 11.11 e e— 15.38
Exterior Present 1.400 1.600 2.200
Door . Past 2.200 2.500 3.300
Indirect 18.18 s ee— 20.00 s Ee— 15.15
Present 1.800 2.000 2.800

90

(© SAREK



ol
o

J&”:

ol o] ¥ et

ol A 0.220 W/(m K)Z °F 21.43% Lz‘i}il Ao AF
%9 0.330 W/(m’ - K)ol 0.290 W/im’ - K)Z °F 12.12%
75t et

315 & o
o]7]o] A3 W= F L 79 dAFES THA
o 1,500 W/(m’ - K)o 4 1.200 W/(m2 K)& °F 20.00%
7@}&1 L, YA 1.800 W/(m' - K)o A 1.400 W/
m” - K)& oF 22.22% A3ts] 0, 2549 2.600 W/
m” - K)ol A 2.000 Wim’ - K)& <F 23.08% 7315 21}

Hu

3.16 &

Q7] A AHFES THAY
1.500 W/(m’” - K)ol A 1 K)E °F 6.67% 73}
w93, YA o 1800 W/(m K)oﬂH 1.600 W/(m’” -

<]

Table 2 Regional U-value
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(D : Energy-Saving Design Standard(Past), 2 : Green Home Standard)

) Central Southern Jeju
Outdoor Air
Element Condition Standard U-vzzﬂue The Rate of U-vglue The Rate of U-Vazllue The Rate of
[W/(m™ - K)] Difference[%] [W/(m - K)] Difference[%] [W/(m - K)] Difference[%]
) D 0.270 0.340 0.440
Direct ) 021 22.22% 028 17.65% 0.46 -4.55%
Wall . : :
a . D 0.370 0.480 0.640
Indirect o) 028 24.32% e 10.42% 058 9.38%
Side Wall  Direct ) 0.17 37.04% 0.25 26.47% 0.32 27.27%
Direct D 0.180 0.00% 0.220 0.00% 0.280 0.00%
1rec . . .
Roof @ 0.18 ’ 0.22 ’ 0.28 °
00
Indirect D 0.260 0.00% 0.310 0.00% 0.400 0.00%
ndirec . . .
@ 0.26 ’ 031 ’ 0.40 °
Direct D 0.230 0.00% 0.280 0.00% 0.330 0.00%
1rec . . .
Floor %) 0.23 ° 0.28 ° 033 °
(Floor D 0.350 0.400 0.470
Heating)  Indirect . 0.00% . 0.00% . 0.00%
niree @ 035 ° 0.40 ° 0.47 °
Direct D 0.290 0.00% 0.330 0.00% 0.390 0.00%
1rec . . .
- @ 0.29 ’ 0.33 ’ 0.39 °
oor
Indirect D 0.410 0.00% 0.470 0.00% 0.550 0.00%
ndirec . . .
@ 0.41 ’ 0.47 ’ 0.55 °
1.500 1.800 2.600
Wind Direct g o 33.33% o 33.33% 6 38.46%
maow . . .
& Door Indirect D 2:200 13.64% 2:500 16.00% 3:300 24.24%
ndirec . . .
®) 1.9 ° 2.1 ’ 25 °
Baleony ™y ect @ 2.8 - 2.8 - 2.8 -
window
Direct D 1.300 6.67% 1.800 22.22% 2.600 46.15%
1rec . . .
Exterior @ 14 ° 14 ’ 14 ’
Door ] ) 2.200 2.500 3.300
Indirect o) s 18.18% I 28.00% i 45.45%
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Fig. 1 Floor Plan of Standard 1, 3, 5.
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Table 3 Summary of Standard Model
NO. 1 2 3 4 5
Region Central Central Southern Southern Jeju
Location Incheon Siheung Gwangju Daejeon Seogwipo
Area(Exclusive Use)[mz] 27,414.68 27,760.16 7,692.24 4,586.16 12,730.24
Number of Household 990 996 300 182 354
Heating System Boiler District heating Boiler District heating Boiler
Primary Energy Consumption[kWh/(m2 - year)] 181.5 140.2 165 171.8 139.2
Primary Energy Consumption(Heating)[kWh/(m2 + year)] 126.4 73.5 107.8 92.1 84.4
Building Energy Efficiency Rating 2 1 2 2 1
Table 4 Regional U-value and SHGC of Windows

Outdoor Specification U-value SHGC
Blement  Air (Frame : PVO) [Wim” - K)] [

Condition =~ Central(C) Southern(S) Jeju(d) c s J ¢Cc s I

+ + +12 A+ +12 A+

Window 2 26%;&?33%?@%” 263?5&21§$+§+1§(2’5ﬁ)) 223‘2“;%333%‘1» 10 12 15 0355 0355 0355

22 mm(5 cH12 A+5le(soft)) 22 mm(5 cl+12 A+5 le(hard)) 22 mm(5 cH12 A+5 cl) 2.1 23 28 0516 0.516 0.688

Indirect
2 26 mm(5 cH16 AR+5 le(soft)) 26 mm(5 cl+16 AR+5 le(soft)) 22 mm(5 cl+12 A+5 le(hard)) 1.6 1.8 2.3 0.516 0.516 0.516
Balcony o 1 16 mm(5 cl+6 At5 cl) 16 mm(5 cl+6 A+5 cl) 16 mm(5 cl+6 A+5 cl) 3.1 3.1 3.1 0.688 0.688 0.688
Window 2 22 mm(5 clH+12 A5 cl) 22 mm(5 cl+12 A+5 cl) 22 mm(5 clH+12 At+5 cl) 2.8 2.8 2.8 0.688 0.688 0.688

Table 5 Primary Energy Consumption and Building Energy Efficiency Rating
Standard Model No. 1 2 3 4 5
Case No. 1 2 1 2 1 2 1 2 1 2
Primary Energy Consump'[ion(Heating)[kWh/(m2 - year)] 132.7 1242 793 713 1148 1045 98.6 88.6 82.6 82.1

leference of Primary Energy Consumption(Heating)
[kWh/(m year)]

8.5 8.5 8.0 8.0 10.3 10.3 10.0 10.0 0.5 0.5

Ratio of Difference of Primary Energy Consumption 641 641 1009 10.09 897 897 10.14 10.14 061 0.6l
(Heating)[%]
Primary Energy Consumption[kWh/(m2 + year)] 187.8 1793 146.0 138.0 172.0 161.7 1783 1683 1374 136.9

Difference of Primary Energy Consumption[kWh/(m2 - year)] 8.5 8.5 8.0 8.0 10.3 10.3 10.0 10.0 0.5 0.5
Ratio of Difference of Primary Energy Consumption[%] 4.53 4.53 548 5.48 5.99 5.99 5.61 5.61 0.36 0.36

Building Energy Efficiency Rating 2 2 1 1 2 2 2 2 1 1

(© SAREK 93



295, e, 4EA
5.1 NS

E%F_":ﬂ__l 19] 749, WYX AL 82 Case 19] 132.7
kWh/(m year) .U} Case 22| 124.2 kWh/(m2 - year)7}
8.5 kWh/(m” - year) Sto.m], Wboj L %] 2 @ 2Fe] Wigl&
2 641%°]th 13} YA 2 852 Case 19] 187.8 kWh/
(m’ - year) .U} Case 29] 179.3 kWh/(m® - year)”} 8.5 kWh/
(m’ - year) O, 12} Ui A| 22 o] WL 453%
ot} Case 17} Case 2] AFEANUAGETHS 257
o7 Fdsirt

¥R 29 A9, Wiy X 422 Case 19
79.3 kWh/(m” - year) .t} Case 22] 71.3 kWh/(m’ - year)
7} 8.0 kWh/(m’ - year) o, Wilof| L) x| 2~ Q2] W
32 10.09%°] T} 13} AN HA] AL TS Case 12] 146.0
kWh/(m2 year)EE]— Case 29] 138.0 kWh/(m2 year)7}
80 kWh/(m year) SO, [} OﬂLiX]Zt o] HshE
2 5.48%°|t}. Case 17} Case 29] AZEANUUA & &S
T2 15902 $Ysi)

52I_.I- XIO:l

Fxrd 34 A9, R A QLS Case 14
114.8 kWh/(m year)i‘i]- Case 29| 1 45 kWh/(m .
year)7} 10.3 kWh/(m® - year) So.1], Wilol| L] %] & Q 2F
o] Ws&& 897%°Itt. 13} oﬂLﬂx]ipL%k% Case 19]
172.0 kWh/(m® - year) 2.t} Case 2] 161.7 kWh/(m’ -
year)”} 10.3 kWh/(m’ - year) $tom, 13} o] LA A0
o] W& 599%°]T}. Case 13} Case 29 AZFE]
UASETHS 25022 Tddth

XTRE 49 A, YA A %2 Case 19
98.6 kWh/(m” - year) 5.t} Case 22] 88.6 kWh/(m’ - year)
7} 10.0 kWh/(m’ - year) o1, Wlo L] 2] A0 ko]
WSS 10.14%°] ) 1A} oA A Qe Case 19]
178.3 kWh/(m’ - year) 2.t} Case 29| 168.3 kWh/(m® -
year)”7} 10.0 kWh/(m” - year) Sro., 12} OﬂLiX] iﬂ_‘%}‘
o] WH3lE2 5.61%°|t}E Case 13} Case 29 A&
WAREEFE 25702 SAsh

5.3 M =X

FFrd 59 A9 Ao YA A QTS Case 19
82.6 kWh/(m2 year)ET/]— Case 29| 82.1 kWh/(m2 year)
7} 0.5 kWh/(m’ * year) Sro.1, HML%X]*&BH il
&2 0.61%0]th 12} A A8 %2 Case 19] 1374
kWh/(m2 - year) .t} Case 29] 136.9 kWh/(m2 - year)7}
0.5 kWh/(m” - year) Stom, 13} o|Ux| Qo] wa}
H2 0.36%°] k. Case 13} Case 29 AFENUA A&
THYT 1wl R Ttk

94

= 140
= OcCase 1
= 120 — H
= M Case 2
5 _— 100 —
a2 5
E £ a0
2 E
S =
& 2
2 7 ao
=
m
£ 20 —
&

o |

1 2 3 4 5

Standard Model
Fig. 2 Primary Energy Consumption(Heating) of Case 1,
Case 2.

5.4 Hab7(7]
o A e] Case 17} Case 29 W77 Wi

=
AQ 2 x]-o]~ 7]]%1{‘}1:1%] AT 21
219 0.3 kWh/(m2 year)

5
sks
A4 0.5 kWh/(m year), &
A e

-

5.6 &4

Case 17} Case 29] X]Od‘ﬂﬂ o A & Q. 8k o] x}o]
= %%‘—X]Oﬂ 8.0~8.5 kWh/(m’ - year), ‘F5-219 10.0~10.3
kWh/(m year), AFAS 0.5 kWh/(m year)©] T}

Y ougdAdezd WA uE Case 1
¥} Case 29| ol UA 2= Fig. 29 #th

THA G FRA G oA e ] WEkE
2 8.0~10.3%= Hl* SHAIRE, AT 1% w|vhe] Wl
= Eoﬂ‘:} AFA G o] ey A] A e ko] WsHEol
w2 o] gz Wakgo] B A Hqr} vt
i e ‘Q*}q]ﬁx]llz—j’%%ﬂ Case 1°] Case 27} o}
Case 19] YAt 50| 7] wftolr}.

[ep)

.8 B

2 Aol AEE @#’%71”7]%3} A7
o A9 A5E F9o I 3
wey A A awF st tisto
AFEAUAEEsHY ¥stE Q’OL'HHEX}
th 2 Ade= vt %T/]'

(1) Case 13} Case 22| A 9H™ oL X & Q72| 2)o]
= %—l"ﬂ]@‘ 8.0~8.5 kWh/(m’ - year), ‘B5-% %] 10.0~
10.3 kWh/(m year), A4S 0.5 kWh/(m2 - year)©] t}.

Q) Y A9 Case 17 Case 29 Hi7]|7]'d ]d'ﬂc}oﬂ
ISR B ﬂ"] o] ATt &

219 0.5 kWh/(m’ - year), B34 0.3 kWh/(m .
year) ZLA YEFSLT

%
1%
L\I

2

)

=
=

Y

o

=2

k)

i
3@ f N

|

}_

O

(© SAREK



(3) ZE FFELA undzd Wil gF A
& dUAasEeH Wshs AR Al i
ﬂﬁﬂiﬁ%%ﬂ%ﬂ1Mkwmm yean)t= &
w Wste] d&gs vA 7HsAel 9

AT EAAME A QI Tz WA ol gt

B U aSEST HIE AT, 559 A

71% %ﬁ‘ﬂg fJste] ke evd s dial 717
Av) T A7) 288 W (o, 2HouXA -

1
e BT 20 5 o8l N i A7
Ao A & 7psAlo] 9 ol9} #Ezle] A
IR E &Sl AFE WAL 24 “é%éﬂﬂ
Fo| AV ARFE /|F B ot 1A Boks} 2
7] Hoke] ARAQ HFA s)Fe] WQF Ao W
el

References

1. Ministry of Land, Infrastructure and Transport., 2015,
Standard of Building Energy Saving, MLIT criteria
2015-1108.

(© SAREK

. Kim, D. W., Chung, K. S., Kim, Y. I, and Kim, S. M.,

2013, A Comparative Study on Heating Energy Con-
sumption for Apartment Based on the Annually Streng-
thened Criteria of Insulation, Journal of Energy Engi-
neering, Vol. 22, No. 2, pp. 83-89.

. Song, S. M., Oh, S. H., and Park, H. S., 2011, A study

on the Design technique for the Building Energy
Efficiency Rating improvement of the Apartment Houses,
Proceeding of KIAEBS 2011 Autumn Annual Confe-
rence, Vol. 11, No. 2, pp. 197-206.

. Ministry of Land, Infrastructure and Transport., 2015,

Standard of Building Energy Saving Green Homes,
MLIT criteria 2015-994.

. Ministry of Land, Infrastructure and Transport., 2013,

Standard of Building Energy Saving, MLIT criteria
2013-587.

. President, 2014, Regulations on Housing Construction,

Decree of the President Republic of Korea 25882.

. Ministry of Land, Transport and Maritime Affairs, 2012,

Standard and Performance Codes of Green Homes,
MLTM criteria 2012-661.

95





