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2.2.1 LEED for Homes
(1) Ne

LEED for Homes< ®]=2¢] USGBC(U.S Green Building Council) ¢l 2]
af NE FIRA AR o R A oA AREo] AZE g&4) Ad AREE F
T-otaL, o] AA &9 A&ETbseta AFAY] 1S fE uAelE F
g5 Fots Zgolth o] HIMNARE wEFEoly At FE o] A
2 ¢ 3°mM, market—rate®} FE | AL7}5sItr. LEED for Homes2)
BN AEE 87 FES Sl H7HE AAlske BrRE s "W owide v
<% 2.8>% Zr,

¥ 2.8> LEED for Homes I 7}5-% 42 uj3d

Prerequisites Minimum Maximum
Credit category (mandatory) point points
measures requirement available
Innovation & Design Process (ID) 3 0 11(8.1%)
Location & Linkages(LL) 0 0 10(7.4%)
Sustainable Sites(SS) 2 5 22(16.2%)
Water Efficiency (WE) 0 3 15(11%)
Energy & Atmosphere(EA) 2 0 38(27.9%)
Material & Resources(MR) 3 2 16(11.8%)
Indoor Environmental Quality (EQ) 7 6 21(15.4%)
Awareness & Education(AE) 1 0 3(2.2%)
Total 18 16 136

() AUARE 7}

off#] % CO, o st H7F 7elg]Ql Energy & Atmosphere (EA)
v (a9 2.3 Zo] F /A AEE HrrE S vk A WA Az A9
HERS %7} tool& ol &3 FZ% 74 (Performance Path)olm, 7 WA
A2+ 7 35 Checklists &3 /8% 7142] (Prescriptive Path) 0]t
AREARE S 7HA 7P E AdEE ¢ glow oud AR Hrh S

AEEA JUA RN 5T F 9l AgAFs 387w 2
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— START T

EA 1 Optimize Energy Performance EA 2 Insulation
Max. Points : 34, Prerequisite : EA 1.1 Max. Points : 2, Prerequisite : EA 2.1

EA 3 Air Infiltration
Max. Points : 3, Prerequisite : EA 3.1

EA 4 Windows
Max. Points : 3, Prerequisite : EA 4.1

EA 5 Duct Tightness
Max. Points : 3, Prerequisite : EA 5.1

EA 6 Space Heating & Cooling
Max. Points : 4, Prerequisite : EA 6.1

EA 7 Domestic Hot Water

EA7.1 Domestic Hot Water Distribution
System
Max. Points : 2 Max. Points : 6

EA 7.2 Domestic Hot Water Pipe o
EA 8 Lighting

Insulation
Max. Points : 1 Max. Points : 3
EA 9 Appliances
Max. Points : 3
EA 10 Renewable Energy
Max. Points : 10
EA 11 Refrigerant Management J
Max. Points : 1, Prerequisite : EA
2.1
| FINISH |

(1% 2.3) Energy & Atmosphere(EA) H7} A=

TZFH 7} (Performance Path) o] 7/dS Algste A WAl A=2E A9
AS EA 194= F5gEQ ‘Performance ENERGY STAR for
Homes’ & Q75tH o] A3} ASS X &3ste] ENERGY STARS F

_15_



AFE 8 Aeel s e e gu|sd. I ol AFFES
‘Exceptional Energy Performance’ = FHu] F4 347 0] HFoJHh H7)

WS v e odyA EFE AR HERS) Z #AE (4 2.0 % (4 2.2)
5 @439 LEED A4E ArEd).

ok

South
LEED Pts = {[Log(100 — HERS Index)] / 0.024} — 48.3
(A 2.1)
North
LEED Pts = {[Log(100 — HERS Index)] / 0.021} — 60.8
(2 2.2)

o17]4 HERS Index® w|=¢ FAARH=Y dUALss Btk 5
A=<l HERS (Home Energy Rating System) oA A& AUAL S &
7Vak7) Qe Abg-t= A Eo]tl. HERS Index 02 o|UA AH]7F ¢l A
£ %okH, HERS Index 4 1 7k olyA &¥F 1% S7FE &9
t}. T3k HERS Index < 1009 3sidsle= 8= E=9olgl o)

HERSOIA & 3% AFE AlEgolAd T2 WS AL Esle] x=Feo Y
W 58 AW 25 A FoE W AqUA AL, AFFEe] Jdnr 5
oA 2Q%S AAEa, o2 AlFFeEo Wi FE HeES AlE
sttt AbEd B3t o 2 HERS Index3ts T-3ta, o] #oz AEQ oYX

stH /¥ F 7} (Prescriptive Path) &) 7/1d S AR st & WA AE2E )
B35t 49 EA 2~6, EA 7.33 EA 8~109 H7}E AAof &, t}hS9 &

AR v 0 B/ 9 P, JdPAsg, 39, 29 b7

— H,

:é

BeluA F=e E£Fsn Ak 4 71Fe] MAE W4T §H o 7
S FFA NES HTL B 5 QAW 7 FEE wsA ARk i
i

2ol 947 ¢
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2.2.2 BREEAM-CSH(The Code for Sustainable Home)

1) s

The Code for Sustainable Homes(®]3} CSH)+
A= oH, FEAd oA =2 A A EFol siA FE o] HAY
= o AER BIHAREA FAZXR AETsAE s T
# 7]Folt}f. CSHE <% 2.9>3 o] =AA 9719
, 34709 ARFEoZ FAH gl

HH
a
e
1
g

Ul GEo.

<& 2.9> J7HE 8o vhsnlE

Categories of Tot'al Credits Approximate Weighting' factor
Environmental Impact in each weighted Valge (% Pomts
Category of each credit contribution)
Energy and CO, Emissions 29 1.26 36.4%
Water 6 1.50 9.0%
Materrials 24 0.30 7.2%
Surface Water Run—off 4 0.55 2.2%
Waste 7 0.91 6.4%
Pollution 4 0.70 2.8%
Health and Wellbeing 12 1.17 14.0%
Management 9 1.11 10.0%
Ecology 9 1.33 12.0%
Total 104 — 100.0%

@ AR E 37}

BREEAM~-CSHlA o= 4 CO, ¢ #HF 7€ 128]= Energy and
CO. Emission®® =2 CO, Ml so® F7Ittt o] &5 F 970
of AF&E, T3 2970]w of7]o]| WMEER gitstr] flgh FEE THEA
1.260] A-&=o] dAE 36.4%°] vlFT= 7HIth

B E T AdFdEos FA9 99 AHARTH dojuye CO, 9
WE= Aot Yl AAE &5 0 F A Dwelling Emission Rate (DER) 7,
Target Emission Rate (TER)® 2] HAE|A] oz H+-E +

=
=

7) DER, &A A& A% I, 5%, 2l i odA] ALz RY dojue A del m3
kgo] olrkateha wiET
8) TER, "R tAlel ofsf &&= = o) &=
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¥ 2.10> Dwelling Emission Rate? 7} 7|=

Percentage improvement of DER over TER Credits Mandatory levels

> 10% 1 Level 1

= 18% 3 Level 2

> 25% 5 Level 3

= 44% 3 Level 4

> 100% 14 Level 5

'Zero Carbon Home' 15 Level 6
o|t) DER, TER® @& v 4537 SAP 20058 $3tel F7het
i Qlew, ol& w=re HERSS #o] A= ouAdesS H7tshe Vv
AT} < 21159 2ol F 47449 A AUAYT FHEE AT
. olE 27} ofUALHFE ngos AR 2AANEF Tt oY

¥ 2.11> SAP 2005 AE AdUAAE T F7HA %

B 7HA & 7 &
SAP rating A e B S R e R R e
El rating (Environment Impact) e 34 deAE
DER (Dwelling CO, Emission Rate) A TFE Ol CO, Wl&&
TER(Target CO, Emission Rate) Y78 CO, W&

Aol 7lzstol AR U ES B AR JUAYEL e
AEE FEFES 495 AFFEAY nnE o P webd %
Free] AYe AF AUAYSS Frlskidl ol 4P Faw v E
T @ gRPAGE 99 FE A5E A5T £ dE FAgERo
=& 99 WAy, LRSEYIIALE, AR AN, REEVIALE, A
el A A, ARARTE A, Foss fF Fol 9tk

9) F59 9 12, AEAYATETHATAE ATl A A7, 533 shadx 3

=4, 2007.10



2.2.3 Green Star - Multi Unit Residential

1) s

Green Start 35¢ GBCA(Green Building Council of Australia)°ll
ol /e AAa®lo® HEo| AR YAy e HIEsE] st
AwEgen, olxsh 2o F84, AaAe A& Eoln AHore
stels= Hr7b7|ES 7IHFC. 2 3t} Green Starol A 34 97 RO R
Fr¥o] F7Fet™, Innovations Al&lE yYmA| 871 F-iel s = 7
Frre ol 7hsA7F walxl Aol Innovationd SHTE el T 7ol

e o)At FrbaE W wlye the <E 2.12>7 gl

Noofe b

of.

<E 212> F7Hw 2 aj @y 7hsnlE

Categories of Point Approximate Weighting' factor
Environmental Impact Available TSI Vel (% points
of each credit contribution)

Management 18 0.44 8%
Indoor Environment Quality 20 1 20%
Energy 26 0.96 25%
Transport 14 0.71 10%
Water 12 1.25 15%
Materials 31 0.32 10%
Land Use & Ecology 11 0.64 7%
Emissions 15 0.33 5%
Sub—Total 147 - 100.0%
Innovation 5 — —

@) AGARE F7}

oY% H7} & Energy (Ene)ol™ & 47}4]°o] AF-H71eE 02 1y
o] glom, uA FReA F 5T & e A 2607 HAA W
ANUA F-Fo] JIA = JEEH| &S 25%0]7] wiol] 5| JtFX
o] FallA Atz ofHtt,
NAA AeF7t 5 F 24 7t EY #A-hE oux avE HAag
5 1

s URle gelehi

i

Q1s}7] 938t Greenhouse Gas Emission®
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3T = [e] =] =] =]

U2 JAFSAES] oA H7Ed &S vlutAstr] sl 2b A 29
e A%2 BAVAE BReA RRAAE AE LifeCycled
upel EekSlal(#1), Life Cycled] @A ®H &5 (#2), AFEE (#3) o2
Lt
CE 2.15> 9l AFAEY IALI FHEA

= A Al D7 E

H 7421 A z
#1 ] #2] #3 AR AEB Fo
EA.3 Air Infiltration[1]
¢t A7 HAs) Ene 2 building fabric[2]
7 3.1.1 oA 48] =Z (EPD) [4]
A EF 3.1.1 YA 28] (EPD [4]
o =6 Tas
il L?;] %g(ﬂﬂii EA.4 Windows/[1]
—Factor (nor
= . " 13.1.1 elU A AR = (EPD [4
,j | SHGC(south) s 4]
o | 9 EEEE
3] EA.4 Windows[1]
"1 o &
EA.2 Insulation[1]
ddA s FF Ene 2 Building Fabric[2]
3.1.1 YA 28] (EPD [4]
A} A F 3.1.1 oY A &n]=(EPD) [4] EA.1 Energy
HE9l Hj#e] d%4 |EA.5 Heating and Cooling Distribution System[1] |performance[1]
e # 28 (9 3.1.1 ey A 21 2 (EPD [4]

< A gto] 4 (%) EA.7 Domestic Hot Water[1] Ene 1 Dwelling

o =3 284 eapa i EA.7 Domestic Hot Water[1] Emission Rate[2]

o9 3.1.1 YA 28] (EPD [4]

- EA.8 Lighting[1

! SR Ene 8 Int mgl[ i hting [2] el

n ntern ightin

o] 271 7| A ¢ erna g _g Greenhouse Gas

v 7 Ene 6 External Lighting[2] Ermissi (3]

1 A J e EA.9 Appliances[1] missions

P as

2 i & ZU]J;] s Ene 5 Energy Labelled White Goods[2]

=l N = ° Ene—11 Energy Efficient Appliances[3]
- _ EA.6 Space Heating & Cooling Equipment[1]
v 0] 8=
W Al AR g 853 3.1 o1 2] 24| 2 (EPD) [4]
HEFAZA dx Ene 4 Drying Spacel[2]
4| Arevzraga 44 EA 6 Space Heétmg & Cooling Equipment[1]
= Ene—7 Unoccupied Areas[3]
;] emamao] Aggn |PAS Lishting[l]
o - om x:]qui;;zT Ene 6 external lighting[2]
= ° ° Ene—7 Unoccupied Areas[3]
|
- AAe] FH 6.1.1 oJAtsle A wiE A7 (4]
o3
: A AR A A 8 EA.10 Renewable Energyl[1]
= a . CLO/@A};;] Low or Zero Carbon(LZC) Technologies[2]
E wEEree 3.2.1 AANIA 8 AAIA o] & [4]

[11LEED For

Homes, [2]Code for Sustainable Home, [3]Green Star, [4] =X 34 A=

=ASAE
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A& AuUA] 2vle TS vH= YA Qa4+ AA (1) 71%/9H
(Climate/Site), (2) 7AE/AA~® (Building/System) (3) AFAH/S-F4HH
(User/Operation) 2.2 Wz 4 1 ofd] (2™ 3.1) 3 ).

Climate Elements

‘Temperature, Wind Speeds, Wind Direction,
Relative Humidity, Radiation, Precipitation
Site Elements

:Vegetation, Water Bodies, Land Slope,
Thermal Capacity

\
ll %
! \
4 X
Building Elements
:Shape/Form, Building 1 User/ Operation Elements
Placement, Envelope = - :Occupancy, Activities,
Component te { Health/Safety, Comfort, Control

System Elements
:HVAC system, Lighting system

(149 3.1 AEL olvA e
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HA o] AL AE, S99, A - 3o HAS LB, Hols &Y
oA Y BE2 88 4 lom ZF wAo AL FA= 19y
2o HAFAA LS AFES An)r]E SO #d 2 AFE ouA dek
AAVNEE F535E AP on, <E 4.2 TFFET9 Hi=s A4
Bt @459 JdHAEES UEHYH I 4.3>E #ZH3o A W BEXAAE
[BRSRTIA=:

KE 4.2> A5 EAH
Az =23 7 %EZJEO% Hl‘é@ IS dHFE
(mm) (W/mTC) (J/kgC) (kg/m’) (W/m* - K)
BT 9.5 0.155 1130 910
919 o] A 65 0.030 837 30 0.423
EEDE 180 1.376 879 2198
AR 9.5 0.155 1130 910
Zu kel ) 90 0.030 837 30 0.313
EERE 180 1.376 879 2198
R 24 1.204 1130 2019
A o 7H4 EEDE 108 1.376 879 2198 3.171
REEEA= 24 1.204 1130 2019
AW E B e 40 1.204 1130 2019
Ha= | A=z4=aE | 50 0.1376 1092 600 0.389
w}et kel ) 55 0.030 837 30 :
EERE 180 1.376 879 2198
EERE 180 1.376 879 2198
2] B2 kel ) 110 0.030 837 30 0.246
AR 9.5 0.155 1130 910
AW E Ee 40 1.204 1130 2019
2= | BFFIAHE | 50 0.1376 1092 600
e A 30 0.030 837 30 0.586
K a9 E 150 1.376 879 2198
AR 9.5 0.155 1130 910
<E 43> F3o A4 2 =44
()ﬂjq_E [e)
23 = = =2 &2
T A= 7] (mm) (W/mC) SHGC
oo 5
o]F% 3= 8 2.97 0.85
o] 5
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| Hestrt olgdt A& ouA] Aol gk o

Fe doly Hlo]Ax FES 8l dyA M ZrIafe sl

ToMdE B4 oyx A TFE 13l DesignBuilder?t EnergyPlusE ©|

(1) EnergyPlus 3.0

EnergyPlusi= 90 FHE v]=r oy Xx]Ad o oa)] 7wts o= 324 =
o =24 BLASTS® DOE-29 AHuts 93tk dAxEdge
(Conduction Transfer Function: CTF) AlXb7|WH-& AREsta Qom 3t
o] oyx] FEAI A AFH AH TEEAM 2 dADEA Bt
T2 AMEE 3 gt (28 4.5 8 EnergyPlus 2130 1S
UERA 210 2 A, EnergyPlust W& ZE2I3 REEFC] AMZ AfE FH
o] L7 7Mo|t}sl),

EnergyPlus ;

Sky Model A Air Loop

Madiila - Simulation Manager Module
/

Shading \ Zone Equip

Mosule \‘\ Integrated Solution Manager Module
N Surface Heat Air Heat Emldmg

Systems Plant Loop

Window Glass 3 Condenser
Module t Loop Module

CTF 4 .
Calculation A'rFIEﬁ“;dT‘T:w“* PV Module

Module

Daylighting I Balance B =
alance q
5
Module h Manager Manager IL"E:"IE‘;;‘H \ —

(719 4.5) Energyplus X Z 7139 FA QA

51) EnergyPlus Manual, Getting Started, p.4~5
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(2) DesignBuilder 2.1

o35t

Design Buildere= 9=

gold ZEgHogH

EnergyPlus&

9] DesignBuilderAtell A 7l

DesignBuilderi= EnergyPlus®] R d e QlojA ofy&& sldstr] 93
B BUd 24a5S AlAskste] AFgA MRS dw EEE I 3x A
28 pdld S sk 4= Qlth DesignBuilder® o] €3] ¢4F tgadE 7dS
EnergyPlusE ©|&3l0] FXAIAHE REHS 31 AlgdHolds AR

File Edit Go View Tools Help

REE W SIIDEE Y
Untitled, Building 1, Block 1
Lapout | Activity | Construction

Navigate, Site

Openings | Lighting | HYAC

FPOLIROODDD B[E

BEET

Project_Mon-Occupancy

=

Project_Occupancy

[ () Zone 7
[ () Zone 8
= & Black 2
1+ 69 Zone 10
# () Zone 9
[ () Zone 3
) ) Zone &
#1 ) Zone 2
1+ () Zone 5
() Zone 1
[ () Zone 4
) () Zone 7
11 () Zone 8
Block 3

# G Zone 10
# ) Zone 3
) () Zone 3
1 (5) Zone &
1+ () Zone 2
# () Zone 5

[+ () Zone 8
= 5 Black 4
[ (3 Zone 10
# ) Zone 9
1+ 0 Zone 3
1+ () Zone
[ () Zone 2
[ () Zone §

GtANON | Avonometiic ~| Hormal e

Info, Help
ool ]
Edit block layout

Editthe layout of the current block
Blacks can be partitioned upinto 2 or
rmote zones by drawing intemal walls
(partitions). WWhen the region ofthe
blockis enclosad by extarnal andior
internal walls it becomes g zone and is
modelled separately in gimulations

Drawpartition to start drawing
partitions to sub-diide the block into
Z0n85

[ Grawvnid parimeter to create &
void i courtyard space within the the
current block.

Hanging partitions

It an intarnal wall does not join up at
both ends with another wall then it is
treated as 2 hanging partition!. In this
casge itis added o any existing
Thermal mass' specified for the zane
onthe Constructionstab and modelled
non-geametrically in EnergyPlus

Biock form

*oucan change the 30 block farm

parametrically from the Block tab ofthe
! Mode| Optiohs dialog, e.. change frorm

standard ‘Extrudad'to ‘Pitched roof

farm orchange the slope of a roof.

o@ Model Options

Floor shading

The way that floof surtaces are shated
depends on the Zone floor shading'
option on the Advanced tab ofthe
Building model options dialog, You can
shade by Activity template, HVAC
termplate or not shade atall.

-/ Clear data to bullding defaults
[ Loag gats (new block defautts)

¥=8130n  Y=5l42Im Z-0278m

(719 4.6

52) stl-&, 271" s2AAEe] A e71E A B oluA] adstl o

W AAFSES] =, 2008, p33

) DesignBuilder 42
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¥ 4.8> 813 AlEYo|A =

Ay 449

kA 1 2 5 9 11 15 18 20 23 | 40
1 TYPEL 40% 20% 2453 2% k1 65m yad | 25 | 2%
2 TYPE1 40% 20% 243 2% 4545 150m a2 | 3% | 3%
3 TYPE1 40% 20% 243 2% 5 250m qdd | 4%F | 4%
4 TYPE1 40% 40% 32% 4% k4 65m yad | 3% | 4%
5 TYPE1 40% 40% 32% 4% w545 150m saa | 45 | 2%
6 TYPE1 40% 40% 32% 4% 5 250m qad | 2% | 3%
7 TYPE1 40% 60% 4453 6% k1 65m yad | 45 | 35
8 TYPE1 40% 60% 443 6% 545 150m g | 2% | 45
9 TYPE1 40% 60% 4453 6% 5 250m qdd | 3% | 2%
10 TYPE1 60% 20% 32% 6% k=3 150m dd | 2% | 4F
11 TYPE1 60% 20% 32% 6% w545 250m ugd | 35 | 2%
12 TYPE1 60% 20% 32% 6% 5 65m sTad | 45 | 3%
13 TYPE1 60% 40% 4453 2% 2 150m g | 3% | 3%
14 TYPE1 60% 40% 4453 2% HiE45 250m yad | 45 | 45
15 TYPEL 60% 40% 4453 2% 5 65m sTad | 25 | 2%
16 TYPE1 60% 60% 243 4% k1 150m qid | 47 | 2%
17 TYPE1 60% 60% 24% 4% wE45 250m ygd | 25 | 3%
18 TYPE1 60% 60% 243 4% 5 65m Sad | 3% | 4F
19 TYPE1 80% 20% 4453 4% kel 250m sad | 2% | 3%
20 TYPE1 80% 20% 443 4% JE45 65m g | 3% | 4%
21 TYPE1 80% 20% 4453 4% 5 150m yad | 45 | 25
22 TYPE1 80% 40% 24% 6% k1 250m saa | 3% | 2%
23 TYPEL 80% 40% 2433 6% Wi545 65m dd | 45 | 3F
24 TYPE1 80% 40% 24% 6% 5 150m yad | 2% | 4%
25 TYPE1 80% 60% 32% 23 kel 250m i | 45 | 4%
26 TYPE1 80% 60% 32%% 2% 4545 65m gad | 2% | 2%
27 TYPE1 80% 60% 32% 23 5 150m yad | 3% | 3%
28 TYPE2 40% 20% 32% 2% w545 150m Uyad | 2% | 4%
29 TYPE2 40% 20% 32% 2% 5 250m sad | 3% | 2%
30 TYPE2 40% 20% 32% 2% 1 65m ddd | 4% | 3%
31 TYPE2 40% 40% 44 4% wE45 150m ygd | 3% | 3%
32 TYPE2 40% 40% 4453 4% 5 250m Tad | 45 | 45
33 TYPE2 40% 40% 443 4% =1 65m qad | 2% | 2%
34 TYPE2 40% 60% 24 6% 3545 150m yad | 45 | 2%
35 TYPE2 40% 60% 243 6% 5 250m saa | 2% | 3%
36 TYPE2 40% 60% 2453 6% =2 65m qdd | 3% | 4%
37 TYPE2 60% 20% 4453 6% Wi545 250m dad | 2% | 3%
38 TYPE2 60% 20% 443 6% 5 65m Uyad | 3% | 4%
39 TYPE2 60% 20% 4453 63 kel 150m Zad | 45 | 2%
40 TYPE2 60% 40% 2453 2% 4545 250m qdd | 3% | 2%
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423 Al &Yool A
813 A EYolAE 3t HF o] wel A oy a4 21l
EnergyPlusE ©]43to] AlE# ol S AAsta, 1 AHE <3E 4.9>] H
Ak AlEgold Ay, AzF WHrREsle] HFS 68.17Mcal/m’, A7HdH
ko] Hhe 14.85Mcal/m o2 YEbgon, Awejdx 9 9 - GiRst
Aat Aype BAEAS 93 dolguo]l Az &85t
<3E 4.9> AFEdHelAd A3
_ AR ikl _ hidcls ikl _ AR Al
BE | 2a | o wa | we | wy |UE) mm | wg
1 | 59.49 | 16.30 | 28 | 66.87 | 11.71 | 55 | 72.78 | 10.22
o | 4751 | 1833 | 29 | 59.20 | 11.69 | 56 | 58.64 | 7.68
3 | 4036 | 18.75 | 30 | 57.75 | 1041 | 57 | 46.79 | 9.88
4 | 5755 | 10.27 | 31 | 7281 | 7.59 | 58 | 62.95 | 18.81
5 | 51.47 | 11.48 | 32 | 5762 | 7.66 | 59 | 45.11 | 15.44
6 | 47.31 | 14.12 | 33 | 68.60 | 841 | 60 | 41.33 | 18.92
7 | 6366 | 6.38 | 34 | 7090 | 16.04 | 61 | 60.32 | 13.94
8 | 53.75 | 9.22 | 35 | 63.56 | 18.70 | 62 | 63.83 | 11.57
9 | 5325 | 10.15 | 36 | 54.64 | 16.85 | 63 | 49.62 | 14.08
10 | 41.36 | 13.01 | 37 | 60.89 | 10.77 | 64 | 74.64 | 23.46
11 | 53.11 | 12.98 | 38 | 7420 | 932 | 65 | 4821 | 18.76
12 | 53.03 | 13.05 | 39 | 59.37 | 7.89 | 66 | 36.61 | 22.40
13 | 59.42 | 10.26 | 40 | 6358 | 19.61 | 67 | 72.80 | 17.26
14 | 69.94 | 11.37 | 41 | 78.37 | 17.76 | 68 | 58.87 | 13.76
15 | 74.10 | 14.02 | 42 | 65.45 | 19.09 | 69 | 65.95 | 17.35
16 | 44.91 | 16.80 | 43 | 60.44 | 1353 | 70 | 69.92 | 14.47
17 | 54.43 | 19.89 | 44 | 98.99 | 14.46 | 71 | 69.77 | 11.01
18 | 53.96 | 19.86 | 45 | 76.03 | 1256 | 72 | 70.41 | 13.52
19 | 51.24 | 954 | 46 | 84.86 | 20.95 | 73 | 90.28 | 21.94
20 | 50.52 | 10.61 | 47 | 65.45 | 21.15 | 74 | 48.91 | 17.64
21 | 59.43 | 9.33 | 48 | 58.60 | 1854 | 75 | 69.13 | 19.66
22 | 46.30 | 18.37 | 49 | 78.67 | 14.87 | 76 | 88.15 | 17.58
23 | 43.83 | 1955 | 50 | 68.22 | 14.99 | 77 | 4555 | 14.25
24 | 58.68 | 21.92 | 51 | 82.16 | 14.79 | 78 | 93.71 | 16.66
25 | 47.42 | 11.84 | 52 | 96.14 | 10.04 | 79 | 73.86 | 26.87
26 | 60.60 | 1540 | 53 | 94.41 | 1291 | 80 | 56.81 | 22.51
27 | 64.79 | 14.70 | 54 | 104.34 | 955 | 81 | 7856 | 24.21
(+$] Mcal/m’ - year) B4 | 63.17 14.85
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<E 4.10> Rt st FAREA R
O & O o
FUN A ;]I}E;{ 2\ gex | BRAE F ;_l{g_
4 2y 15,378.891 28 549.246 17.814 0.000
=l 323,261.737 1 323,261.737 | 10,484.775 | 0.000
EEAl 4,282.523 2 2,141.262 69.450 0.000
A 2 ) 1,814.187 2 907.094 29.421 0.000
S A A ) 906.156 2 453.078 14.695 0.000
33y 1,314.789 2 657.395 21.322 0.000
At =5 473.582 2 236.791 7.680 0.001
& 1,046.767 2 523.384 16.976 0.000
G A 7 1,095.843 2 547.921 17.771 0.000
A 9] A 1,907.317 2 953.659 30.931 0.000
AW A5 dAFE 968.074 2 484.037 15.699 0.000
T A5 ABFS 344.632 2 172.316 5.589 0.006
Yy o« AEAE A 841.853 4 210.463 6.826 0.000
Ay o« S A 383.167 4 95.792 3.107 0.023
A} 1,603.240 52 30.832
A 340,243.868 81
7 A 16,982.131 80
a. R Al = .906 (=¥ ¥ R Al = .855)
% 4.11> YyEske] disk #FAREA R
O & O o
Fo A i T gee | wzaz P gg_
4 5y 1,626.778 28 58.099 87.236 0.000
E=pil 17,872.422 1 17,872.422 | 26,835.304 | 0.000
ELEAR] 155.395 2 77.698 116.662 | 0.000
A 2 A ) 210.018 2 105.009 157.670 | 0.000
S A 1.923 2 0.961 1.444 0.245
3y 1,080.677 2 540.339 811.314 | 0.000
Al o) =5 0.537 2 0.269 0.403 0.670
£ 84.790 2 42.395 63.656 0.000
G A 7 0.265 2 0.132 0.199 0.820
A 9] A 7.607 2 3.804 5.711 0.006
Ad A5 dAFE 20.323 2 10.162 15.258 0.000
> A5 dRFS 0.212 2 0.106 0.159 0.853
Y o« AEAE A 60.897 4 15.224 22.859 0.000
Y o« S A 4.134 4 1.034 1.552 0.201
=} 34.632 52 0.666
A 19,533.832 81
4 A 1,661.410 80
a. R Al = 979 (*8¥ R Al = .968)
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434 AARTFE T3 YA A A=

AARSG] Wste] % AE ] AxF W -

4.12>3 <E 4.13>9] W - RS )

I E ZF AAAEF FEE kg S 3AHo glom, H3 3
2 (FHEEF 63.17Mcal/m’ - year, YJWE3F 14.85Mcal/m’ - year) ol Z+
AART JFHS st W - durRelE Alabstth o W3y 7§38
Type B, W FHAH] 40%, $H HHAH 20%, 3283, 23323, 95
45%, FAAHFA 150mm, u}%g, A A3 AdRFE 2.97W/m' - K, 4
g% daiE 1.10W/m' - K9 =38 7Hl 8592 te Eo 22 W
How A5 = vt

E 4.14> AN FIFEE ol 87 W@ - S oS AR
kRSt YR lo)|
AARS zAa F st gy o3t &gk
(Mcal/m’ - year) (Mcal/m' - year)
ELEARER2) Type B 1 8.76 -1.08
A AH A 40% 0 —-5.85 —2.09
S A A ] 20% 0 —4.31 —
RS 3293 1 —-0.04 -0.67
A =3 2% %3 0 3.30 —
3k G 455 1 —-0.49 0.35
GA A = 150mm 1 —-0.67 -
A A 1A BIR=c] 0 5.81 -0.41

AW A5 ddF8& 2.97W/m' - K 0 4.08 0.66

T A5 dAFE 1.10W/m* - K 2 —2.50
I AR NS R R = R hal - - -2.53 0.44
by o« o e A ) - - —2.37 —

S Ty 63.17 14.85
A (Y - RSl oS5 A]) 66.36 12.05
AEYolAd Az 66.87 11.71

(19 4.12)9F (29 4.13)F EnergyPlus 2130 23k 8139 A&
glojd AapA e} FAREA ARERY EFHE AARMT FUbge] 9% o=
A ¢ke] HlwE YERH Zolt} olF HluE Fdl AEES HES A3
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Y = 2082 - 043 X; + 0.10 X5 - 0.02 X3 + 0.03 X4 - 0.05 X5
+ 065 Xg + 230 X7 - 0.37 Xs (A 4.12)
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X AT da7&
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ABSTRACT

A Development of a Energy Performance
Evaluation Method Applicable during the Early
Design stage of Multi—Family Houses

Son, Woo Jin

Department of Architecture

The Graduate School of Chung—Ang University
Advised by Prof. Eon Ku Rhee, Ph.D.

In this research with the Multi—Family houses selected as the
subject, the energy performance of design was easily confirmed
without specialized knowledge on energy performance evaluation of
the building and thus measures to evaluate the energy performance
were proposed as methods for decision—making of diverse design
alternatives.

In early design stage, for evaluation of the energy performance of
the Multi—Family houses, literatures and cases were examined in
order to deduct factors of building plan and performance range
having influence on the energy performance of the Multi—Family
houses. As for the factors of building plan deducted, the method of
experimental design, one of the statistical methods providing
information on main effect with small number of experiments, was
used to perform the experiments, and its influence on the energy
performance of building plan factors was seized through sensitivity
analysis. In addition, multiple regression analysis, one of the

statistical analysis methods, was used to propose an load—predicting
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equation capable of predicting the energy performance of the

Multi—Family houses through main factors of the building plan.

The research results can be summarized as follows.

(1) Based on intensive literature search, many strategies are
narrowed down to 10 strategies which mainly affect energy
performance. These include the wunit area, unit combination,
orientation, balcony shape, area ratio of facade window, area ratio of
rear window, thickness of insulation, location of insulation,

performance of facade window and performance of rear window.

(2) As a result of analyzing sensitivity of heating load, the
contribution ratio indicating influence on heating load depending on
level change of design variable was shown in the following order;
balcony shape > location of insulation > area ratio of front window >
unit area > thickness of insulation > orientation > performance of
facade window > area ratio of rear window > unit combination >
performance of rear window. Therefore, it i1s important than anything
else to enhance insulation performance of envelope including heat
transmission of front windows, and secure space for thermal
performance through installation of sash on the balcony end in order

to reduce the heating load.

In addition, heating load of the Multi—Family houses can be
deducted through the following design variables indicated in the
load—predicting equation; area ratio of front window, area ratio of
rear window, location of insulation, thickness of insulation, unt

combination, balcony shape, unit area, orientation, performance of
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facade window and performance of rear window.

Y =990 + 594 X; + 029 Xy - 0.16 X5 + 0.08 X4 + 049 X5 - 0.05 X5
+ 0.10 X7 + 451 Xg + 0.20 Xg + 2.86 Xy0 + 2.70 X531 + 0.10 Xio

Y ! heating load

X; : al - location of insulation (nside:1, middle:0, outside:—1)
Xy 1 area ratio of front window
X3 i al - valcony shape * area ratio of front window

(valcony shape; A Type:l, B Type:0, C Type:—1)

X4 a2 - valcony shape * area ratio of front window
(valcony shape; A Type:0, B Type:1, C Type:—1)

X5 ! unit area

X - thickness of insulation

X7 : orientation

Xg : performance of facade window

Xg9 ! area ratio of rear window

X0 - al - unit combination (2unit:1, 4unit:0, Gunit:—1)

X1 - performance of rear window

X2 : a2valcony shape * area ratio of rear window
(valcony shape; A Type:0, B Type:1, C Type:—1)

(3) As a result of analyzing sensitivity of cooling load, the
contribution ratio indicating influence on cooling load depending on
level change of design variable was shown in the following order;
unit area, area ratio of front window, valcony shape, orientation,
performance of facade window, location of insulation. Therefore, the
influence of solar radiation on cooling load is substantial and that the
design of an appropriate shading device is essential to shut out the

solar radiation.

In addition, heating load of the Multi—Family houses can be
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deducted through the following design variables indicated in the
load—predicting equation; area ratio of front window, valcony shape,
unit area, orientation, performance of facade window and location of

insulation.

Y = 2082 - 043 X; + 0.10 Xo - 0.02 X3 + 0.03 X4 - 0.05 X5 + 0.65 X5
+ 230 X7 - 0.37 Xs

Y : cooling load
X7 © unit area

Xy ¢ area ratio of front window

X3 © a2 - valcony shape * area ratio of front window
(valcony shape; A Type:0, B Type:1, C Type:—1)

X, © orientation

X5 : al - valcony shape * area ratio of front window
(valcony shape; A Type:1l, B Type:0, C Type:—1)

Xs - performance of facade window

. al - valcony shape

X7 (valcony shape; A Type:1l, B Type:0, C Type:—1)

Xg © al - location of insulation (inside:1, middle:0, outside:—1)

(4) In this research with the Multi—Family houses selected as the
subject, the load—predicting equation allowing architects in early
design stage to easily confirm the energy performance of diverse
design alternatives was developed and its validity was verified.
Therefore, if the architects are to sufficiently consider the diverse
design variables included in such load—predicting equation in the
early design stage, and reviewing the performance of the design
through such load—predicting equation, it would be possible to design

an Multi—Family houses capable of saving the energy effectively.
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