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ABSTRACT: This study aimed at quantifying the impact of the reinforced standard for envelope

insulation on heating and cooling energy consumption in a Korean detached house as well as at

identifying the effect of regionally subdivided standards. For them, a series of simulations for

application of the reinforced standard on respective walls, roof, floor, windows, and all envelopes

were computationally conducted for a prototypical detached residential building. In addition, the

subdivided standards were applied to each regions—central and southern regions, and the Jeju

island. Analysis revealed that heat transfer through envelopes was the most significant source of

building heat gain and loss; the reinforced standard effectively reduced heating energy consum-

ptions, especially in central region; and the subdivided standards did not presented a clear difference

in the amount of energy consumption for the southern region and the Jeju island, thus, a further

study is required to investigate the necessity of regional subdivisions.

Key words: Envelope insulation(®]3] <), Heat gain and loss(8# 5 % £4) Heating and

cooling energy consumption(d el 4 2] 4:H]), Regional subdivision(#] & Al 3})
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Table 1 U-factors for U.S. residential

building envelopeS(W/mzK)(4)

Ext Under

Zone x —floor Roof Floor Window Door
wall

ext wall

| 051~ . 015~ 160~ 692~ 397~
086 O 037 199 1124 823

, 051~ . 015~029~ 692~ 397~
086 O 037 061 1124 823
048~ 015~ 019~ 261~ 281~

35070 %Y 037 049 73 397
036~ 015~ 019~ 261~ 281~

4 oe %Y 037 049 73 397
032~ 015~ 019~ 261~ 281~

5 o051 %Y 037 042 664 397
032~ 015~ 019~ 2,61~

6 os1 968 037 036 556 284
029~ 015~ 019~ 2,61~

T oas 968 037 036 64 2B4
029~ 015~ 018~ 199~

8 o040 968 093 032 556 2%

Fig. 1 Climate zones in UsA.?
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Fig. 2 Variation of U-factors for detached
houses.
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Table 2 Previous and reinforced standards for U-factors of building envelope, Korea(W/mZK)(S' ”

Previous Standard Reinforced Standard

Region - -
Central Southern  Jeju Central Southern Jeju

Envelope Components - ; - ’
Region Region Island Region Region Island

Directly facing to the exterior Under Under Under  Under Under Under
Exterior wall of Y & 0.47 0.58 0.76 0.36 0.45 0.58

the living room Indirectly facing to the exterior Under Under Under Under Under  Under
ectly lacing ¢ exteno 0.64 0.81 1.10 0.49 0.63 0.85

Directly facing to the exterior Unde Under Under  Under Under Under
Roof of the Y & r0.29 0.35 0.41 0.20 0.24 0.29

top floor Indirectly facing to the exterior Unde Under Under  Under Under Under
Y & r0.41 0.52 0.58 0.29 0.34 0.41

Underfloor heating Under Unde Under  Under Under Under

Directly facing 035 1041 047 030 035 0.35
to the exterior  Non-underfloor Under Under Under Under Under  Under

Floor of the heating 041 047 052 041 041 0.41
lowest floor Underfloor heating Under Under Under Under  Under Under
Indirectly facing 052 058 064 043 050 0.50
to the exterior  Non-underfloor Under Under Under Under Under  Under

heating 0.58 0.64 0.76 0.58 0.58 0.58
Side wall of multi—family housing fpder tnder Under Dnder Lader - Lnder
Underfloor heating Under Under Under Under  Under Under

Floor bewteen 081 081 081 08 081 0.81
two floors Non-underfloor heating Ulniigr Ulnilgr Ulniigr Ulnilgr Ulniigr Ulniigr
Multi—-family Under Under Under Under  Under Under

Directly facing housing 300 330 420 210 2.40 3.10

to the exterior Others Under Under Under Under Under  Under

Window and 340 380 440 240 270 3.40
door Multi-family Under Under Under  Under Under Under
Indirectly facing housing 430 470 600 280 310 3.70

to the exterior Others Under Under Under Under Under  Under

4.60 5.30 6.30 3.20 3.70 4.30

UAZs vugozy FRAY dRx9 1 363" HFE AlEHNAHES ALEsIAoH, o) F
i AFE Fo AR g 284 9 e 53 nEe dA5 9 £AHS AMsta, oY
e AEYA HES = AL HHoz gt} A%, vte, A 5 AE Qo] ZF 24l dig 7
oA AnEe dujAadle] 2F ouX & 9 Zstd d4driEe] Aged wE Wi d
2 R A4 72 AAV d AR 9y dd YA s =&ttt
71e] A 3w FGbe] gl &% VE2AER TENSN] ASE 3 25 Wa2d PdAd
AHEE Zlo R o idEtt B9 67.7%% FAE AEH, 642% % d5UE
489%7F 100 m” wwkel Roz 2ALH kY wak
2. o7 ey TEANFEE A@GFE 4A R 45Ht A%
= &8 e AU Ve Y dHEs A
21 Algalold 2ZEgo ¥ MU A ALY o) 5 Mo R, B Aol ALgE B%
FHHAES 2ddaA o (Fig. 3(a), Fig. 3(b))
7% 2 7aE 9y v Fe w2 AZ oy AHA g 2712 Table 3o Azl =] dch & A9
A Aes AFHor Aastr] 9lste] eQUEST AES d5FAAENERE FEYF 7+F
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(a) South-east exteriors (b) North-east exteriors

Fig. 3 Exteriors of the target building.
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Table 3 Descriptions of a prototypical
detached house

Central Region : Seoul
Region Southern Region : Busan
Jeju Island

Region and Wgztt};er TMY?2 for each region
Climate Cooli
ooling
Heating and  period Jun~Sep
Cooling
Periods Heating ~ Jan.~Feb,,
period Nov.~Dec.
Area(m’) 84
Floor to
Ceiling 2.42
Height(m)
. Residential 93.9
Design Spacial
Components  Storage 40
Components ()
Laundry 2.1
Window
Wall Ratio 0.23
Windows
Shadin Not
Devices installed
Technical Cooling DX coils
Components Heating Hot water coils
Cooling 23.6
. Normal ———
Set-point Heating 20.0
Temperatures
°C) Cooling 29.4
Setback ——————
Heating 15.6
Ventilation
(ACH) 0-35
Infiltration
Occupant  (m’/mins) 10.7
components
4 persons
(Sensible heat : 291.2
Occupants

Watt, Latent heat : 234.4
Watt)

Sensible 287.2

Occupants ————

Internal Latent 188.7
Loads —

(Watt) Lightings 4919

Equipments 406.9

50] Ao ek o] 7} x

o F R 28eS 73%011 s
x| o] Alo|slul GAA S BAIdto 7 Ty E
of et A AR3te] gL HES 5 o)
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Table 4 Test cases according to the application A 99, A5, b, A T HE Fo 4Ad
of reinforced standard(Y : application, =, HSEANE, 37 2 7] 59 dFd A5, 2
N : non-application) 2o AR, 21, AU77] 5& S5 AuEd 5
Application of the reinforced ow FAEM, dEde Ay fuE eF dHk
Regions standard Cases o 37 % 7] 5 UyFE B3 £42 FA-
Wall Roof Floor Window c}. e zZtzt FRAF (ML) 935 10,931.6
N N N N Casel KWhe} 94 12,103.8 KWh, 932934 <
Y N N N Case2 A5 12,3676 KWhel €<4 10,023.0 KWh, 18]
Central N Y N N Case3 I AFE A5 11,8108 KWhet &4 10,404.0
Region N N Y N Casel KWhe A4E . 2459 49 wrrelo] 4
N N N Y  Case FEut e Aow yEyon FRxde 4
Y Y Y Y Caseh $ A Ae o] ASHUYL. dEde FHA
N N N N CaseT ofo] 714 BAG drel AFE WEE Aow
Y N N N Case8 L e}

Southern N Y N N Case9 Fig. 4, Fig. 6, Fig. 8¢ €359 749 Agn
Region N N Y N Casel0 w932 23 AEd HESo| oF 32.3%(F5A )
N N N Y Casell ~4L1%(AFE)ZA AA A5 4PrEe A
Yy Yy Y ¥ @ Casel Agre & & ook 2 Fe 247 FHAY 35265
NN N N Caseld KWh, &34 46795 KWh, 12|31 AF% 48542
Y N N N Caseld KWheltt. dA & HA5EFS A0 AF= B
Jeu N Y N N Caseld o 2, 94 B ASFL AT} FE
land - N N Y N Casel6 & % ek ol 7 9T adr]Fe] AFA o
NN N Y Caseld AojHor A7 AAEA AR WEoR ARE
Y Y Y Y @ Cacld o oolelg Ewlow 2B o, A b wds)Eol
A o, A%, ke el welw Zarh AF e
Table 5 Test cases according to the A 7 dAEe dAHe HAor B 4 9} 9y
application to the diverse climates HEEwg Aury A 29 nF 8 (B2 wpd
Climates Central Southern Jeiu Fol wor dF5e] WA o= 7} FEe |
Region Region  °f A3 paHe} glov, Aol W WEe B@

Standards (Seoul) (Busan) 'S1and 0= o ol o
: g ASFo] Z2 ol AVl n YA 745
Central Region Casel9 Case20 CaseZl = X2ew w2 Row Almwrh 1 99 A
Southern Region Case22 Case23 CaseZ4 AE TAL YRl Aged gy 2 279

Jeju Island Case2b  Case26  Case27 S0 2 eyt

Fig. 5, Fig. 7, Fig. 99| €29 49 9y& &
3. B4 # Znt & A= EHo] 862%(F5HA9), 86.5%(H A
o), 283l STA%AFE)EA AA I o
Bl2Ee] Ay AL 7]E dd7v]E] o 1 s AAAT %2 4z $HA9 10,4333
=] 4 A5 5 &Y, Aekd 9drise A8 2, KWh, @429 86749 KWh, 183 AF% 90705
agar A Akl &dkel whsko] AAE KWhzH FT5A 0] 7} B2 d&de e
A=, o= A7k V1% d¥er Almndn
31 7|& | =0 2et AdE2 HFHSF & Eeh AFEY Ae we fkol: & st ¢
= FAGEG &4l 2 Aow yeutth o9 d
AEE AE HEeluA A A -
Fig. 4~Fig. 9= 7F A9¢] dA56~-99) R & S e €A #H2AN] flEk] F5A
d1~24, 11~-129)F9] vE Yepdin 2359 R AFE A FiHoer Ho FshdE o vdt
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Ventilation /
Solar Heat In?;tiag)o "
Gain (27.0) '
/ > Occupants
Windows (5.0)
(3.2) Lights (6.4)
Floor (3.9)
Roof (10.3) Equipment
s (14.4)
Walls
(14.8)

Fig. 4 Heat gain components in central region
(Seoul, Korea).

Windows
(31.7)
Ventilation
\/ Infiltration
Floor [ gL (13.8)
(17.5)
Walls
Roof (19.4)
(17.7)

Fig. 5 Heat loss components in central region

(Seoul, Korea).

Ventilation /
Infiltration
(18.7)

Solar Heat
Gain (23.3)

Windows
(3.6)
""" Occupants
Floor (5.5) (4.4)
Roof (9.8) Lights (5.6)
Equipments

Fig. 6 Heat gain components in southern
region (Busan, Korea).
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Ventilation /
Infiltration

Floor (17.4) (13.5)

Walls (19.5)
Roof (18.4)

Fig. 7 Heat loss components in southern

region(Busan, Korea).

Solar Heat I
) Ventilation
Gain (24.5) /nfiltration
A (11.2)
Windows A
(4.6) :‘éa:?:..;; :
Floor (6.6) SSiHHE Occ(::psa;nts
Roof (12.4) Lights (5.7)
Equipment
Walls S(13.1)
(17.5)

Fig. 8 Heat gain components in Jeju island.

Windows
(29.4
\ Ventilation
Floor \/ Infiltration
(17.5) (12.6)
Walls
Roof (19.4) (21.1)

Fig. 9 Heat loss components in Jeju island.
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O Heating
B Cooling

18,000 }

casel case2 case3 case4 caseS caseb
Cases

Fig. 10 Application of the reinforced standard
to the central region.

D Heating
18,000 B Cooling

case7 case8 case9 casel0 casell casel12
Cases
Fig. 11 Application of the reinforced standard
to the southern region.

B Heating
18,000 B Cooling

case13 case14 case15 case16 casel17 case18
Cases

Fig. 12 Application of the reinforced standard
to Jeju island.
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B Heating
8 Cooling

Energy (KWh)

case19 case20 case21

Cases
Fig. 13 Reinforced standard for the central
region to three climate zones.

D Heating
B Cooling

case22 case23 case24
Cases
Fig. 14 Reinforced standard for the southern
region to three climate zones.

B Heating
B Cooling

case25 case26 case27
Cases
Fig. 15 Reinforced standard for Jeju island to
three climate zones.
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