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FEFYY NUA/CO, W5 Bk ARRA AR TEFY AFA

E7h itk AW FEFY ATARE A% ANGHS AreEA oY

A/CO, BEE TFHT Ak B AFNAE Fue] 18P FHFY AF
]_

Aol thaiA FAE, vkl Z; QlFA =Wl A= WA AHA/CO,
ez B AN GA AlzHell g Bt ES sbeteklvy 3 7 <
SAZAA Aol AA AUA/CO, Bes Br7etr] S8 AREHAL s
AUuA s F7HA = el FrHH o2 2ALSHSI T

2.1 29 %7 FEFY AFAL
2.1.1 LEED for Homes

LEED for Homes& 37 ATFA9 7|+ A7 2 /My Hg
7] 98 USGBC(U.S Green Building CounciDel ¢J3] 20084 1€
oA WEO]HW FHIIA Ao 2A o] AR A7t F&H 0l AY AFE
H]_&o] AA v, AE&7Fsst AFAY A4S 98 gxdE FuHe 9l
Fote Z=Tolt). o] FIHAAEL dEFEolu v gl A8d 4 9l
O™, market-rate?} T A &7}s3sttt. LEED for Homes9 H7[A]2~H)
O <KF 21> o] 8 s}ES E&) HUIE AAEY, LEED for HomesS
3 S g e Ho Hae 13670t

rLr‘° mlo
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<3 2.1> LEED for Homes H7}5% 2 uj#

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

LEED for Homes+¥ 87H¢] 7Zhe|are]e} 4470¢] Checklist® 7FAaL At
7R are] WellM @7 =e] el met F7bs = Checkliste] = @ehd
T lem, Checkliste] 7kl loM & 39l B7hds ek F7bake) A
of wet depd 5 vk olvA 2 CO, o #3 @7k 7telaze]Ql Energy
& Atmosphere (EA)= (¥ 2.1)3 ol F 74 A== F7td = 3l

ot
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START

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

EA7.1 Domestic Hot Water Distribution

EA 7 Domestic Hot Water

System
Max. Points @ 2 Max. Points : 6
EA 7.2 Domestic Hot Water Pipe L.
. 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

|

Max. Points :

1, Prerequisite :

EA 2.1

| FINISH |

(718 2.1) Energy & Atmosphere(EA) H7} 7

1) AA ol9x AS(EALl. Optimize Energy Performance)

ENERGY STAR 13 Axe] Agol A& oz a&S wHA7| A
O Edozx AE] ofux] m&s /Idstr] g HriekEoln. A
591 ‘Performance ENERGY STAR for Homes & A|3#}] HS5S ES
stod ENERGY STARS] FAHF-F Q7 Aol wWae Flojy, 1 o]% A%
5l&- o ‘Exceptional Energy Performance’® Hu] H4 34 Ho] Fojxt}

[e

7_



Hrt e AL JUyA FF A HMHERS) d#HEHE (A 2.1)3 (& 2.2)=
ghg3ke] LEED A& AFEdth EA 1 58X A4S g53 22AE:=
EA 2~6, EA 7.3% EA 8~109] H7IE AeFst 4= 9t}

South

LEED Pts = {[Log(100 - HERS Index)] / 0.024} 48.3 ooeevooveeeeieeeaanenn. ] 2.1)

North

LEED Pts = {[Log(100 - HERS Index)] / 0.021} = 60.8 weevooveeeueeeeereann. (2 2.2)

2) A Ao A (EA10. Renewable Energy)
A AR & o]&gt e 2 o
HA ke oy o] AM|gS AAsy] fgh B o] H{rleE o 2 A
52 glom QJFFToA Hd 108S Fogit. A= A=
H 39S F Ade duAe Azt Ve dEiEE

NG S AMEe, 399 FokE HHetH 1%
= dubA el FAREHNAMY AzF Ay A}
A F-3}e] ZA= HERS Guidelinesel] A H
of W2le] o & e Aot
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(Example)

Annual reference electric load = 10,000KWh
Annual electricity consumption in LEED home = 7,000KWh
Annual electricity supplied by renewable energy system = 1,800KWh

percentage of annual reference electric load supplied by

= 1,800/10,000
renewable energy system
18.0%

LEED points, under EA 10 = 18.0 + 3 = 6.0 points

3) HERS(Home Energy Rating System)
EA19] #d 7]Fe]5= HERS: FAUNEES
TAZo|tE, 3% oty FAXASZE HFve  "@ETHo| A&y,
RESNET(Residential Eenrgy Service Network)ell 2l E95+=
National Tool®]t}.



AEe] e AgsA xdsto] ol sdets w8dFS JNEstaL,
A GAsAE e BA R whEolth dE wjul A] AE] AHA
ol AR E AFss o] Ha 9don, AA Energy Star ¢l5o] &&¥a
It
A .

ok 5% 39 3 ot d oouAAQs, AlATEe Wdn
SEAUA Ae S Axtslar, o2 e Wi 58 Falgs Al
Z3lt}h AFE9 HelgFo 2 HERS Index#ts 8k, o] oz A& oy

3 :
HERSE &9 UuAdssds 24357 9a HERS Indexzts A XS
Abg8tl, HERS Index 02 oux] An]7} ¢lE AEHES =3k, HERS
Index % 1 S7k= dyA AHF 1% 75 ov|ghty. ®3k HERS
Index =% 1009 &gt F8& HEFHolzt drh. HERSw d&e] 4
T Brsked 23S wF 2

atal itk mEFE] 4

A5}

Mo g o
tlo o

<% 2.2> HERS S34A7=

=5 HERS Index AU A d7tE
1 0 - 70 100% - 30%
2 71 - 85 29% - 15%
3 86 - 90 14% - 10%
4 91 - 100 9% - 0%
5 101 - 150 -
6 151 - 200 -
7 201 - 250 -
8 251 - 300 -
9 301 - 400 -
10 401 - 500 -

HERS®] H7bo| &= Wbt 2 58 A28l Hubo gloja]l A ajA o4 A
Alz=gle] Agy AdE U 2EE . o]& 13 HERSOIA &= 7+ Al
»Elo] 7EAel §8&E AAEa 9om, Technical GuideE =3 Wdd=t
9 GG AlzEd Ao AE AL A dX AHEAES AAEAL
o AAIEIL Q) 12 A E S|EFE A|AH wlo]Quj i HYE o
A2Ell I F

A AN A A A
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2.1.2 BREEAM-CSH(The Code for Sustainable Home)

The Code for Sustainable Homes(¢]3} BREEAM-CSH)+= 20079 44
FarolA fEA ST, FEA AN =& FAA EF oA FH
of AAH A H F U=F 3 AR FVHAREA FTAAQ AE7)s
e s4A7]7] 98] aekE xuA 7]Folth. BREEAM-CSHE 4449l
FE'S Grlske Ao® <GE 2.3>¥ Zo] AA 9l vl FEow Fi
=, 34709 MFEEgEROR FAEo] glom, WA T 1044 olth

J

[,

-
il

<& 2.3> Total Credit available, Weighting Factors and Points

. Weighting .
. Total Credits Approximate
Categories of . factor )
. in each . weighted value
Environmental Impact (%points .
Category . of each credit
contribution)
Energy and CO. Emissions 29 27.9% 1.26
Water 6 5.8% 1.50
Materrials 24 23.1% 0.30
Surface Water Run-off 4 3.8% 0.55
Waste 7 6.7% 0.91
Pollution 4 3.8% 0.70
Health and Wellbeing 12 11.5% 1.17
Management 9 8.7% 1.11
Ecology 9 8.7% 1.33
Total 104 100.0% -

BREEAM-CSHo| A oy =x] 2 CO, ¢ #HH ZFe|arg]+= Energy and CO
» Emissiono. 2 7&E9] CO, WlEA 5o =2 Hrlsit, o] &2 F 9712 A
el T 29902 WA 36.4%% vlTS 7HITh
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1) FAA viE&&(Dwelling Emission Rate)

<3 2.4> Dwelling Emission Rated] uj% % H4&HrislE {5

Issue ID Description NO. of credits available | Mandatory Elements
Ene 1 | Dwelling Emission Rate 15 Yes

TAY T AH2ZREH dojue CO, 9 wEZFS Algstr] fsA
A dE0wA Dwelling Emission Rate(DER), Target Emission
Rate(TER)®] HAEA] FFoz A5s T

DERE AA FAE 9t i, 5%, 28 dd A AFgo=Ry o
b= d ol m*d kgol olitstebA W ER2 ®d fAlel <] 3]
&= Hd wEZFS ov| gt

o
oft
S
£
,%

<3 2.5> Dwelling Emission Rate®] H7} 7]+

Percentage improvement of DER over TER Credits Mandatory levels
> 10% 1 Level 1
> 18% 3 Level 2
> 25% 5 Level 3
> 44% 8 Level 4
> 100% 14 Level 5
'Zero Carbon Home' 15 Level 6

BREEAM-CSH®9] Dwelling Emission Rate %7} X3 LEED for Homes%}
a7 A 2 ol YAl A AdesAlEdd 7|9kE Fth. BREEAM-CSH®| 7]5ko]
HE oy As AdFAIEE SAP 2005°]t}

2) A¥tA wj& 7|<((Low or Zero Carbon (LZC) technologies)

<3 2.6> LZC technologies®] ®1d 2 d+HreE 5

Issue ID Description NO. of credits available | Mandatory Elements
Low or Zero Carbon

Ene 7 . 2 No
(LZC) technologies
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Ao 8k offvx] oo A FE8 AAANUAZTY F5ste], A

= = o 2ZX g wEFY gregs E0)7]
3k FE o %A Technical guideol AsHA 7158 AMPEHS A3t
Zero of Low carbon(LZC) Energy Technologies AF&2 & YEUE= dAA
B4 wlEEe] HAlE A A gigte] QS (crediS U

of O -

=

<3} 2.7> LZC technologies® #H7}7|+

7} 7= Credits
10%9] & wi&= A 1
15%°] 4 WS o 2

3) SAP 2005

gdarel AFHAAE Building Act, Building Regulation, Approved
Document A-P& o]Fo]x <lt}. Building Regulatione 20079l 717d o]
o]Fo{#] Energy Performance of Buildings Regulations 2007¢] A& A|
AERe™, 20073 349 29¥HH mEo] WAsy] Ao A2 AlgE
2 71E AFEC g&iA AE dUAdsS Hrst

olell thgk EAIE oFststE A, SAP 2005 o] W AE YA
= S A&l 450melst FAAFE wEy

S Y FE&TE AL oMol v A

O:

Lo
N
fo
|
_|>i
rlr
12
o

oo & off Rk
o
o
L
ol

L
SR o] A7 duUAaMFE HRoR e 2AVIAMETE T
al

AFAH G Soll g FaaAE ved= 545 7HA

<3 2.8> SAP 2005 AE odUAAls HIIA %

BHI7A E H7HH &
SAP rating AT AUYAHE FIHA %
EI rating(Environment Impact) AE 34 AR
DER(Dwelling CO, Emission Rate) AT CO, HMEH
TER(Target CO, Emission Rate) EEFY CO, WES

_12_



\4

SAP 2005% o
2}, OHLM*Hl

JA B Fo R AES AUAAEsES Hrlele Aol 0}14
Hg o g2 zEo] AMshE dUAHE Ee wjEste
ol2M & AqUAFTS BHIIs ES] uA|H]
SAP Rating®] 4% =9 o 2 S8R A9
o] o x| v & A4 (ECF, Energy Cost Factor)& -3l
ela=
DERS CO, & WA 7= Zhzte] A2l HH%ﬂ]—’F(Emission Factor)=
wotel AbEstH, DERS trAlst7] 3 7o 2 EFETHY CO, MiEEs
AARst=d o] TERo|g 3l AH&wae DERTJr s}
SAP 2005¢1A4 AlAlskE e odA4ds #d A% 47FA(DER, TER,
SAP Raring, EI Rating) & 384 Al&%¥+= A3%= SAP Rating¥ EI
RAtingelth. A= 078 1007k419] & 7HAH, 1002 v &H]7F ¢l

O

O

off

[o

> F

e

o o
ok H mlo

o
2
|
o
ol
oft
off
=25

Al

az, o

=

=
off

= AHE 9u|gth &, AdEo] oYX E AAtstE A A= 1008 9
= At} SAP rating ¢ El ratingys 25 AEQ JUA LM HS blgow
stal Qlo, 7z Ml HAASTE T A AHE " AxolmE A A
AqUA A& &4 v bt
¥ 2.9> SAP 2005 S3544A7 =

foR=l SAP rating =< EI rating

1(A) 92 -

2(B) 81 - 91

3(C) 69 - 80

4(D) 55 - 68

5(E) 39 - 54

6(F) 21 - 38

7(G) 1 - 20
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SAP 2005+ (19 2.3)3% #2 Work Sheets

SAP WORKSHEET (Version - 9.80) - Final

9b. Energy requirements - Community heating scheme
This page should used when space and water heating is provided by community heating only, with or without CHP or hear recovered
Jfrom power stations. If CHP is not invelved enter "0" on box (83%), and "1.0" in box (84%)
Overall system efficiency of the heating plant
(100 % minus the amount shown in the ‘efficiency adjustment’ column of Table 4c(3) where appropriate)
Fraction of heat from CHP unit or fraction of heat recovered from power station
(from operational records or the plant design specification)

[

I
Fraction of heat from boilers 1-(83% = I:' (84%)

[ ]

Distribution loss factor (Table 12¢)

Space heatng from CHP or recovered heat, kWh/year [(81) x (83%) x 100] + (82%) x (85%) = I:' (86%)
Space heating from boilers, kWh'year [(81) x (84%) x 100] + (82%) x (85%) = |:|
Electricity for pumps and fans: from Table 4f for dwellings with mechanical ventilation, otherwise enter "0" |:| (88%)

(13 2.3) SAP Work Sheet

SAP Work Sheeto] JZHAIFES AL 7R3 AWl SAPoA #|F 35t
= 7k S5o]lH, o]= &3] SAP Rating, EI Rating, DER, TERS AF&3Ht},
T3k SAP 2005+ AIAAUA] A28 &9l ard e, Ao A
of thgt AFgtE WorkSheeto] 98-S &3 H7lskth. SAP 20059014 113}
I Q= Al YA AR B g I AAEL BYE 5 Al 2F o
Rom, 1 2o A EE A e Vo] e 4 U=EF st Q)
BREEAM-CSH$} mhz7bA| 2 SAP 2005004 528 & oy x] An|gko
2 HT AUtE AAete Aol ofydt olyA] v C

7hetth= Aot} o] E $138] SAP 2005941= AR F
&3 CO, WiEATE A3t AUrt.

_14_



2.1.3 CASBEE(Comprehensive Assessment System for Building

Environment Efficiency)

AEA= 20019 4¥€ “PAHEY TF4 ALV s EULETAEY
T ZRAERA WY o] Ao AR
5 2®l’o]  CASBEE(Comprehensive
Assessment System for Building Environment Efficiency)& 7§23}l .
CASBEE 7H2e] 8 HA42 AFES Life Cycled A% A &7153%F A3
& Adsr] f1ste] A4 2 A e 885 A= Ao|tho
CASBEE+ oy x|4H], 2H9=3, X937, AU el 4744 8 Foks
H7td o= s BEE 7IE9 E9E &3 QAFEY =4, 49
LAH=9 5374 Fshe 27k F8 7t ag2 et A4 o3
o <3 2.11>2 A4S 3 CASBEES] H7iety 9 & 7hg o]t
CASBEEC A 9] olUAAs H7} 7Featg]l= LR-1 Energy & o2 LR
0.49] 7FeAE 2+

oL
il o
- S S 27 B

<E 2.10> =¥ 7154

. Weighting Coefficients
Assessment Fields Score
Non-factory Factory
Q-1 : Indoor Environment
(4] 37 Level 1~5 0.40 0.30
-2 lity of Servi
Q2 * Quality of Service Level 1~5 0.30 0.30
(A¥l2= Ads)
Q-3 : Outdoor Environment on site
) Level 1~5 0.30 0.40
(FA Aol 374)
LR-1: E
Hersy Level 1~5 0.40
CIRERD
LR-2 : Resources & Materials
Level 1~5 0.30
GER )
LR-3 : Off-site Environment L | 1~5 0.30
) evel 1~ .
52 9 3A)

6) AT, Lo M¥E AH= WPaEe] A, d=dnprleds SHda
2004.11

_15_



CASBEE-NCeo|X+= %744 @A (Preliminary Design Stage)2} A 7|
F¥ WA(Execution Design and Construction Completion Stage)E 2+
Bt A& dyuAE Hrbets 35S gy 27 @A B F

shth, Aol o] WEo] g &l oA e =7|AA dAldAE AE

FE Wrbete whH, AAAA 9 FF A A e AR AN A
olg%g B

o 9 o _Ii s

1) dlg=x &4 H-3HEnergy Thermal Load)

Energy Thermal Load(dlHX] & F-3she] H7tol A= 27|44 dAL 4
ANAEA 2 FF A BT grhigel wdsith. B e 49 oy
Ao¥Hol 7] %3lH, Felo] ddy 7] x| oA HrlE

<E 211> oy|A 4 Fek B7F 55

Building Type Apt
Level 1 (FA3gh)
Level 2 grade 1] 453l @E3 T 7|UE © level 3o v
Level 3 grade 29 83l @y FH 7dE 19804 71+
Level 4 grade 39 A58l @3} Feo] UL 1992d 7]+
Level 5 grade 49 A-&3l= @dy F VI E 0 19994d 7+
GE 212> FAAR oUA def A2 o FARD v

2 F2 AzE Wdwk EsH(MI/m'.yr)

BZ I | o0 | m | v [ v | w
Grade 1 grade 29 v|Esl= AE

Grade 2 840 ©]3t | 980 °ls} | 980 ©]st | 980 o]a} | 980 o]s} | 980 °]&}
Grade 3 470 o]} | 610 °]3} | 640 °lal | 660 o3} | 510 ©]a} | 420 o3}t
Grade 4 390 ol3} | 390 ©]&} | 460 ©l3} | 460 ©]3} | 350 ©]3} | 290 ©]3}

« 1~VI& A9A seae s e

2) Ao #] o]8(Natural Energy Utilization)

Ao =] o] LHIEL O 9je] Wyl Eow BEETL 3 WA= 2ty
2] Aol goln, F WA= AR wFto]golth A A A H
o]-g d=o XA wAS AAAEA 2 FF GA BF s AAA
F AAZT] 9] o] Go iR AYse] THES Folgrh ¥ AAd YA A
Holg FEL | AR W] d FEe ZU|AA dAlet AAAA
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3|09, ool yAVEdTY, S dried Aol %
L7 AFESe, 1§ Adagier 345 A
AS Ax 2002¢ 1€ 1
3

2,

©,
4
)
of{
mY, of
He N
i)
©
o
o
(@)}
(L
L
ON
=2
iE L of\
B

7l BEAolE B g, oA - Ak

e ol
2GR, AHSd, dlEAde] 4 EFAAR T e
ol 9

nm wgE R Weighting factor
(%points contribution)
EX o] & 15 7 16.2%
uE 6 2 5.9%
ol g A 12 3 11.0%
R 14 9 16.9%
TAH 9 4 9.6%
FALS 3 - 2.2%
A T 6 1 5.1%
AVl 3L 17 1 13.2%
AUEH 18 9 19.9%
Total 100 36 100.0%
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AEE F4 136702 oFolA ov, Aa W7
,8__ 3

AFEJASTAES] AAHA/CO, o Hdd Friagss 49y ga3

D oluA 2E - WA 128 (R
A%2o] olUAauE 34 An Alg] olg Sasls NET 2hD
A7 gloemm AZBolA X dzte] wim £A7kx WS o4 @t}
Aol AHEe| ol dafo] oA T BE AUAE sulaE £
oA el ouix anEe Aol B R AFEe oA
X

ot 2uTbie] MES ALFE AS

12 X (QUAG A ZAEAM HH A - 60) + 25

e AUA AW HAIMHSF Y
% - EPI : olY A4 5 A F(Energy Performance Index)

- Wk At 1248 23 A%, A3 GRS 1290w §

Bkl ad g

B2 FAE, ZEAAlEel o 7E oy Al AavEE Aleldk EPL Aol
e oA auu ol

<3 2.15> EPI doll & o YA] AH|H]&
EPI d<= 607 704 80% 904 1004

A AnF vlE(%) 100 88.8 77.5 66.3 55

gAeIdA S Age S G FolwA ol s WAL 5 9
et MEZE 22U 5 9yl BEel dAdUA 282 NP
Pahs AHelA B GRS Brksts owA, dAeluA Ade] AA o

Ho el A4S Fodn AEreES <E 2,173 Z
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4) o YA A5 A% (EPI, Energy Performance Index)

A A5AEZ(EPL, Energy Performance Index)? 7Bl 7} oy A
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2.2 7HY 87 TFFTEH AFAE Hu, 4]
2.2.1 B7}ekE v

47}4] Toole& F&Ao=Z AEe AA| AA/CO, 5l gt H73
¥t o, AYA/CO, ol 71 2 wHS A e
LEED for Homest} BREEAM-CSHo|A+= F4 £& HAA|gdEo =z

=]

AAADFEAZACNNE BAGE oz Bise] weA Br)s
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<FE 2.19> d¥A % CO, o FEnja

AFAZAZES
LEED for Home BREEAM-CSH CASBEE — —
SAE-FETH
Optimize Ener Dwelling Emission
phm &y werns Bmisst Building Thermal Load | o= Zn|k
Performance Rate
Heating & Cooling HVAC System &
Distribution System Equipment for
Space Heating & Improving Energy
Cooling Equipment Efficiency

Ventilation System
Hot Water Supply

Water Heating

system
Direct Use of Natural
LZC Energy Energy
R ble E A oA o]&
enewable Energy Technologies Converted Use of NA eld=] o8

Renewable Energy
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2.2.2 W@ Ml

) F el HEk elvyA R CO, Fat vE
Zt Tool®] old#] B CO, H7Fd=o] AdAelA AAsh= wizle] wES
e, BREEAM-CSHSF LEED for Homesel 7% <F 27.9%% #|5:%

H &S xA&ar glom CASBEES 7% #H7bib2lo] thE 3714 Toold} =}
o] 7} 9lo] Holat H]JL 715 SFAIRE, LR AAlolA 40%E 2}A] gk}, o]
of Hlall =] XN HAFE ASAES] A5 dux] 9 CO, H7tdEo] =}
A sz vl o] thE 37W Toolell Bt A A 2pA|staL s As & F
o)
%Y
<E 2.20> oA 2 CO, #& & wjd vl
AABZAZES
T8 LEED for Home | BREEAM-CSH CASBEE s wEzY
=3 1363 1047 5 1364
o=/
o, ae 384 294 - 1874
v & 27.9% 27.9% LR9] 40% 13.2%
2) ARFEe] A HE P

(D) A= dA Fab o4 &
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<3} 4.4> Sample F&T8 HIAARE(AA])

4] FE 7
= | A3 gD [ 48w | 41 gD [A48F | 2% a9 [ AHe
AAg | AEe | kWh | AAgk [ AEg | ton | A& Az | m

402 103 122 19 3.2 3.3 0.1 137.2 | 137.2 0.0
502 255 412 157 5.3 30.2 24.9 161.8 | 282.9 | 121.1
602 140 415 275 11.5 28.4 16.9 32.9 110.6 | 77.7
702 526 948 422 27.5 48.5 21.0 86.9 139.9 | 53.0
802 126 152 26 3.2 3.3 0.1 110.1 | 110.1 0.0
902 126 167 41 2.3 2.5 0.2 153.0 | 153.0 0.0
1002 | 687 1134 447 32.2 52.1 19.9 | 178.8 | 227.0 | 48.2
1102 191 353 162 11.3 20.1 8.8 86.6 104.3 17.7
1202 155 234 79 4.1 4.1 0.0 141.6 | 141.6 0.0
1302 | 337 678 341 26.6 42.3 15.7 | 117.9 | 218.4 | 100.5
1402 | 337 647 310 56.1 75.6 19.5 | 178.8 | 230.6 | 51.8
1502 | 480 899 419 23.0 43.0 20.0 | 207.0 | 279.2 | 72.2
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OA ARG ARARE APAAAT] 2AME 2R Ste] Sample FF
g sba AL§FS W, §9 R A ALgZFo 2elakith Sample
STHAA AREE F oy AR 11692.1Mcal/yr ©]il, 1% W
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(+9] : Mcal/month/AlIth)

= = o | 39
Jan | 1836.9 | 1379.0 | 300.0
Feb | 1256.8 | 808.8 | 290.0
Mar | 1302.4 | 849.4 | 295.0
Apr | 735.1 317.1 | 260.0 1500
May | 448.8 60.8 230.0
Jun 371.5 23.5 190.0 1000
Jul 336.9 18.9 160.0
Aug | 331.2 | 182 [155.0 | °®
Sep | 416.1 98.1 160.0
Oct 732.0 354.0 220.0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Nov | 1756.8 | 1348.8 | 250.0
Dec | 2167.6 | 1729.6 | 280.0

2500

2000

CENECTe,

(719 4.6) Sample ¥&TY 7}=ALEEF
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(49 : KWh/month/A1 )

S B A s

Jan | 371 0 371
Feb | 290 0 290
Mar | 355 0 355

Apr | 330 0 330
May | 354 | 10.2 | 343.8
Jun | 371 | 59.3 | 311.7
Jul | 437 | 79.6 | 357.4
Aug | 432 | 115.4 | 316.6
Sep | 354 | 12.2 | 341.8
Oct | 317 0 317

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

S om0 | e
Dec | 382 0 382 mdds mdy

(719 4.7) Sample ¥&78 HdHALEZF
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(2) AlEdolds 7 ARt Ay AH

O 44gdelH

Algdoldel AREE 7] HolHE EddEe] 91X g ofibA o3 H
AT Ao ZIBHelEE ARESIIT. AlEdH oS St Wi
Base Modelol A9} vlz7kx 2 69 11€A 99 10¥€7kA], H7]3t
ol A 3E7tA e} 11904 12974 5/ = DA 4D

FA 2xet 37slg, Au BEEFe A BaseModel AAHA] =3
H AAES AR W AAHL=24T0), WY AAHL=026T)9 A
°- AARsid oy, 7|sias 7] AA"S A8
A estthe S aEste] Wil Avs MAl 1L.OACH= A743kal
of vl 37k 3 7]%F2 Base Model?} &Y gt

A& 99z Sample B9 =HREAS B3 tEstglod, WA, &

gH 9 oo AT EAXE <3 4.5>, <iE 4.6>7 Zr

<E 4.5> HA B &85 4 8 247

T4 A = FA(mm) |@HA=E&E(W/mT)| BlEU/kgT) | BlZF(kg/m)
74 ZagE 200 1.376 879 2198
MIHE 9.5 0.155 1130 910
o o A 65 0.030 837 30
2P E 200 1.376 879 2198
AWl E &gt 18 1.204 1130 2019
S N HEWE 90 0.516 836 1922
- o A 65 0.030 837 30
AHEY S 90 0.516 836 1922
AHE Zef 50 1.204 1130 2019
HEXEEE 40 0.1376 1092 600
Zen < A 20 0.030 837 30
=0 2P E 150 1.376 879 2198
7% 230.5 5.56 1004 1.3
MIHE 9.5 0.155 1130 910

41) HEE), AP A8 oA Aok 913 Bt 5 9 8 AAAR A
ek A AL ualeke] =2 1995 8, p.65
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<E 46> ZF3Y A4 9 EAA
) e A | S aa(W/mC) | AEAT0-D | g FII=(0-1)
I 5
o= TIN5 6 3.1 0.85 0.76
oo 57 5

23
elof o WHREl 1022.2MWh/yr, Wk 272.6MWh/yr
o2 AzF Wk Bajeke 1294 8MWh/yro 2 el

(&% : MWh/month/Alth)

= Gain/Loss 300

Jan 272.3 = __

Feb 211.7 - == =

Mar 140.0 5 B =

Apr 40.9 150 é é é

May -0.9 100 =5 = SHeating
«311? _igg 50 __E_E E E_ B Cooling
u -75. = 5 =

Aug -98.9 Sl R : TRIET

Sep ~55.92 e lan Feb Mar Apr May

Oct 2.1 100

Nov 113.5

Dec 241.8 e

(2% 4.8) A7 Yol ¥

(3) A58k 2 Al gl A5k v

AA ZARE SEFEY] =AZES SRS ¥ B2 TR oluA A
F o do|B4243E ARRSte] Wi, F9, FAALE ERerlon dAVIARE e
TR7EA7I718] ARG El the dE2ARRA] AdE R eR WALE
FS FASAY. Simulation®t AAl A|A LHFIe] Aaps the] Y
sop gon] Wi oUx] Au|Ze oxbHel= +10.36% ~ —10.29%,
AUA W] QAWM= +8.43% ~ -16.66%= 7t el €E Ao e}

42) AUABARTH, 20051 oA F2AR BILA, p. 838~840, 2005

43) A, A=l dquA &a& oF Wbl R ANl A3 A p
334~336, 2007

44) F=d=geAl 2006 7RV BEgE S 7P A7|and@E AL p. 57~59,
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R 167%% YEh A8 5 s Aow waAthe) fep B o
Fol At EnergyPlus® o83 Wybd o]y 4nle olZo] sPseltia @
2~ 0]
T M
D A7 e
Sample F&T899 oA &g F4oA AEH ZAZIARANEE & &
AxAME E8l GRS ES e &, ZAIZFS BE 10,5650Kcal/m'46),
HAY AE 80%, dEAE 5%4DE A &3] WEEA T
(¢ : MWh/month/house)
= Actual Simulation 300.00
1¢ 256.9 272.3 25000
29 192.1 211.7 ' \ ]
34 125.5 140.0 200.00 /L
44 32.7 40.9 \ /
54 14.4 0.0 e \ 4
6 3.3 0.0 100.00 /
7Y 2.3 0.0 com \ /
3¢ 2.3 0.0 ‘ ) §
od 10.5 0.0 000 ﬁ—ﬁﬁ:‘\‘———/{ A—
10‘% 25.4 2.1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
11¢ 126.5 113.5 ‘ o
1 2%] 2287 24 1 8 —— Actual Simulation
(19 4.9) At FE-3)
@ Az el
Sample F&T 89 AdUA] AH|sF FAA 4tEdE W AHANSZFS o
U #a]aete] 1992 11955 20089 4€97H4] dUAa &5 AFo=
T5E 321970 AFEE T lewel ddEH= AFo IHas(CoP) F#
(4.11W/W) & Apgste] gy J-s

shon st Wy
Mzal ghatel Aeleld o Aom, FAARL @ g
oF 33998 Nror AEH golu, 1% Wwdd A8 2| diol

45) ASHRAE, ASHRAE Guideline 14:Measurement of energy and demand savings,
Atlanta, GA:American Society of Heating, Refrigerating, and Air—Conditioning
Engineers, 2002

46) AMUA7| & A5z A13 w4, qJuAdZFEib]E

47) 7138 ﬂZ TETH] OHLW TEESH BV T 2 Su AR
g 538ts] = J(AZA), Vol.22 No.12, 2006
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T AAke] kst
2AFE A S wer
Reof gk deoly XYY
= Actual Simulation
14 0.00 0.00
24¥ 0.00 0.00
3¢ 0.00 0.00
49 0.00 0.00
54 8.8 0.88
64 51.1 42.7
74 68.7 75.0
8Y 99.6 98.9
9¢ 10.5 55.2
109 0.00 0.00
114 0.00 0.00
129 0.00 0.00

Hoh =k WRske] A4g-, AARY &9
Ak ghe] v E fEE AR &9
2 g &t}
(¢ : MWh/month/house)
120.00
100.00 -

80.00 A
60.00

40.00 / \
20.00 / \

0.00 4 t\jl:/‘v—v—v—vg:l:l:’_\

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

—— Actual Simulation
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2) 7} AlzEle] §8F A4

(1) Bl G99 npet Bap g 4|2
naY §Fo Age Wt 3

2 Ageth et B adae 39 AsY
s Bl WE

=

e EAR) WAlS 7haH A E 9o AHgsheE o= siglon, o
A bEE GRetE o] &ete] By §%S AMEsglth iy &%
AbES D adRetet gREek, ddisl, waiRetE FAHA AbESth 2
A= Bde7l g@FetE gt &7 vl i, dd 2 owia
Hahwrs ayste] Axkst Ay o 472.34KWZE A= FH AT, EnergyPlus
Zrao s P& Plant®t Systemold &% B I EF T
autosize® A-&3 A Aoz ALS FddT Add S HEIES
7459 autosize® AEAE A59 FHiS FAAES W, Ao7t fla=
At webA] E AF] AlE#H el 4 AAl autosizeo] HEo] 7}

(2) #7]A] olojA : PTAC(Packaged Terminal Air Conditioner)

AT WEa&(COP)S AUAasEsw AFSLZ 558 321970
T load s AFe IPaE(COP) Higk 4.11W/W)S A}
o ofo]Ae] &2 autosize] o] 7 EE autoziseR A A

Y
= iy

&

¥@ o oy
Aoy

off
-

(3) 58 Alx=Hl
EA) 8o A &4kl Tank Volumed F8A| A8 &80 autozise?)
BI7Fet W2 A 8FS AAste] dE€sloof st} Tank Volume

]

o
o

U = %= A )

50) AbAAFAR, e AUAESE s B7PIE B AN B3 A5+, 2007, pp
334-336
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ATt ALH(11E~3Y) Ht 9% AFEFS 8.04ton, 9 5H(6E~9Y) Ht

W AR FS 4.75tono 2 AT o] & IR ARt & 39 AF S

79.8tonl. % A3}

Tank Volume AlMY I3 S8HANSZS 243
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AP 93 FEARE S 56.520% 01, dRbA o ¢l 1Y Ho
HRES 750~15002 AAstH 1Al et Hagh Azek HojA| v&
= /7= 95 g ol& S8 Artstd, 490 s VIee® e A
T AR YA FEARE S 42.860~85. 7100tk wEkA B A= #
A AP I3 AR ROl RIS ol AAHER fasiria ddeta Azt
T I3 FRAEEFS doF 5TeE AAste] 25%9 <HHdE&S Fo] Tank
Volume 7202 AASATSD FRA AT ] §3F2 AP 93 78t

=]
n
2 abgdith 2 Al 24d aREs Jlse=sd oF 1000We] &%
o] AEd.

(4) 37] Al 2=H
7| 2~EL 7 AudEE EAFel A AES HAElg o, 3

7| e
orx uralnle}l o] 0.7ACHE H&3tgon 29 Volumed =3 g
ol m'/s2 FAkshd 0.042m'/s7F Bt

(5) A3t 37| A| 28
TEFuo] 784 0.7ACH7 2A4E &, ZEFexe 7|4 3H7)A 2~
g 5o Aol woepxlou, A =EE A Esid
ol x| B-a7} wo] whAslAl ®oh. waEbd B oA 3% A c;z%
2

=
Al des FAN7= Aoz Il Z4°éﬂ%§’&71 A=Es Z2F Bd

Ry

O

e F7)@y wj7)W, Heat Exchanger S22 FAH
e F7] Tw wFS AAsMoF sk ol $U|SleRE
2 B AFA A E B3 dr|3l4E 0.7ACHY UL 9]
£ X Zone® Volumes irelste] AbEstH, oF 0.042m'/seol™, o= H7]
W Heat Exchangerd] B5F FU3HA 1833

_
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4% EPA(Environmental Protection Conditioning)& A€ S|EAZ7} &
Eote T W Al AE Sl TP a0 £, 18 Ao, Hj&S
A AR AF= Al=Eolgkal el il 9 t}.63)

7] A g A2HE A

BH 5o FuAnE 0§l AwH AF
=

=3
Ad9 HEYLY g BF FEFY v DA 84X bsd WHS

[e)
StRskal, Boreholed AX|7HAS a#ste] 17ls9d X 5 = Piped
7 A

st A S AEAATY AE =o](15%F X 2.6m)ol u}
21574 0.8mE 1y ste] A3 o, Boreholed o] 44L& tm= A
k3t Borehole FA 2] 9 7|& TdAl 4mb4d, 3mbd S o= A A5}
a8y AA Al FFA AN AAISFAL = Borehole 7HA2 4. 5m66)
T M= AA AlFE I = Borehole 7F4 4.5mE #Fal

o] 5mAFE38l3itl. o]2 gk Borehole?te] o774 Pipe a3t &
HES BAE7] flg Aotk AA7FswW A B Borehole 1H4 A Kl
o glojA, B A= AR AAYL 1% AR <l
AR Fol °4T°r s TR (A" 4.13)2 AFdust

A JNAE YeERd Aol FHo 42709] Pipe

62) A, GAE BYF D HEE 22" X
st MApeke=5& 2008. 02

63) 183 A4 SEFREZ HT odF 2 HAT 7= B A, AT g
AALeFe =5 2006.12

64) AR Z]Oﬂ% s

65) AFAALE, Hol5Td
pp. 36

66) HP A2~®lH|3 http://hpsystemtech.co.kr/
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A28l ezt 9 dixyold 7]& g1, 2005, pp. 81
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BYNE AA0E St HERARRY AZHe] JAMNE 27 B,
SRR A28, faEEe U 5ol wdee] G9e sheln,
o §Fe ¢

B8 80%E MY nAYY §Fe %A MYF wis} BAsA A
43tk BE Control WAL A WAL Agste] Bao] wehx
FAFES st

<E 410> Hdels 9o s ntgRAbdy Aag 4 3 AA
Boiler
Nominal Capacity autosize
Theoretical Boiler Efficiency 0.8
Design Boiler Water Outlet Temperature (C) | 81
Max Design Boiler Water Flow Rate autosize
Floor Radiant Heating(Hydronic)
temperature control type OPERATIVE
Maximum Hot Water Flow (m'/s) autosize
Pump
Rated Volumetric Flow Rate (m'/s) autosize
Rated Power Consumption autosize
Motor Efficiency 0.87
Pump Control Type INTERMITTENT
(28 4140 (" 415+ B E ddo= e vpeEAbd) A28

of Zradl oMo Loops =43} g Zojth. AN 255 B4
TH337] Y= Plantd-¢ Demand 9 W 7] 4% (Pump, Bypass,
Pipe, Inlet & Outlet Pipe, Splitter, Mixer 5)¥ $t7 1 Al%S AH3slA
AAstal 7zt 79559 Inlet¥} Outlet Nodeol| /9] o5& ZAdsloF gt
o 2 AFeA A& A Fohd WAo]B 2 Demand Side”t
6071 MY Al=gog g H o] Utk
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HW Supply - HW Pump Splitter Boiler
Inlet Node .// B \ Outlet Node Inlet Node —1H —
° (| >—o o—+
<
HW Pump HW Supply
Bypass Inlet Node
HW Supply Bypass
HW Supply Boiler
R . Bypass Outlet Node '. .
Heating Supply Side OUSE"T":L“
Outlet Pipe
HW Supply HW Supply -
Qutlet Node Exit Pipe Inlet Node Mixcer

(713 4.14) Schematic of Hot Water Loop-Plant Side (Boiler)

HW Demand HW Demand Entrance Splitter  RadiantWater
Inlet Node | Ipipe Outlet Node Inlet Node
o, { I @ P
Heating Demand Side
Inlet Pipe HW Demand
Bypass Inlet Node|
HW Demand Bypass
Floor Radiant
HW Demand Heati Syst
eating System
. . Bypass Outlet Node
Heating Demand Side o
. Radiant Water
Outlet Pipe Outlet Node
[ @ <
HW Demand HW Demand -
Outlet Node Mixer

Exit Pipe Inlet Node

(29 4.15) Schematic of Hot Water Loop—Demand Side
(Floor Radiant Heating System)
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2) #7)1A o|oJA(PTAC : Packaged Terminal Air Conditioner)

EnegyPlus Al&3sh= PTACE ¥ Wwho] BEF 7hs3sh WAooz Hof
At mEkA Aol A= PTACE ol &35ty Wivhs Algstes 9%
& AR PTACY $3%S dwbdom A7t 248 5 A +
A 5] 7) LEHE—Oﬂ s AAEEE autosize® A3 Y. Rated SHR(EEH])
£ A 2URES Agae A AuE AR B 5 AR F3T)
°] *JEH%— 57&"% T A &tk PTACS FEAlolE A EE 5137
W&ol Fandl 324 £ AFoz A4}
<3 4.11> PTACY +4 ¢ 44

Packaged Terminal : Air Conditioner

Supply air volumetric flow rate autosize

Outside air volumetric flow rate autosize

Cooling Coil

Rated Total Cooling Capacity(gross) autosize

Rated SHR(Z¥H]) autosize

Rated COP 4.11

Fan

Fan Total Efficiency 0.5

Max Flow Rate autosize

Motor Efficiency 0.9

PTACS 742 (19 4.16)3% #ow, & A7 = Wl A= ARE-st

A s Alojagln.
PTAC(Packaged Terminal Air Conditioner)

Heating Coil Cooling Coil |
PTAC OA In Node
(Outside Air)

Do@%ru—l—o

Fan OA Mixer
r—

PTAC Fan |

I
PTAC OA Mixerl
OutletNode Outlet Node L —L’—l—.

4 d

PTAC DX Cool
Coil Outlet Node
PTAC Exh Node

(Relief Air)
PTAC Air Outlet Node PTAC Air Inlet Node &

(Zone Air Inlet Node) (Zone Air Outlet Node)

Zone Boundary

(13 4.16) Schematic of Packaged Terminal Air Conditioner

_70_



=
7 Bdo] A48d 5% A" ARG S7VE RdH e dAE
O FA @& MH gEHAeRE T o] ettt Tank Volume 2 o
|FS oA AAHE s AREsIlen AeRxEE 15T, dveks 5
5TV AA AT, ddL 7t2E AREste Zle= siglon, dads
90%= AAsqlth. AHTTEA F-AILHY] 7tEE 259 ¥ 80~8
5CALolol A HYl &7 229 dAIE A3t
<E 412> F2AI=He 74 2 A8E AldE)

Water Heater

Tank Volume (m') 0.072
Setpoint Temperature (C) 55
Maximum Temperature Limit (C) 82.2
Heater Maximum Capacity (W) 1000
Heater Fuel Type Natural Gas
Heater Thermal Efficiency 0.9
Ambient Temperature () 15

4) F7|A| 2~

A7 2004 AR FoloF @ AR @rl=e 0.7ACHE &35,
B A 2Ee] A W HAHEAL < 413> 2

<HE 4.13> 37|A2=Ele] 248 3 A2 AldiE)
Unit Ventilator
Maximum air flow rate (m'/s) 0.042
Outside air control type Fixed Amount
Minimum outside air flow rate (m'/s) 0.012
Maximum outside air flow rate (m'/s) 0.042
Fan : ConstVolume
Fan Total Efficiency 0.5
Max Flow Rate (m'/s) 0.042
Motor Efficiency 0.9
67) AP, A& AuAEE Tw WPIE 2 AN #g A5 2007, pp

334-336
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5) Adusgt s7] A ~H=
= gl = R TTA
A 0.7ACHZ AAsIglom, Alxele] 4 @ A
4177 2.

© Aol 488 dd
o

<E 4.14> Adusgk srjAxde) 4 5 A

ol
il

faic)

Ventilator

Supply air flow rate (m'/s) 0.042
Exhaust air flow rate (m'/s) 0.042
Supply Fan

Fan Total Efficiency 0.5
Max Flow Rate (m'/s) 0.042
Motor Efficiency 0.9
Exhaust FanFan

Fan Total Efficiency 0.5
Max Flow Rate (m'/s) 0.042
Motor Efficiency 0.9
Heat Exchanger

Nominal supply air flow rate 0.042 m'/s
Sensible effectiveness at 100% airflow heating condition 0.76
Latent effectiveness at 100% airflow heating condition 0.68
Sensible effectiveness at 75% airflow heating condition 0.81
Latent effectiveness at 75% airflow heating condition 0.73
Sensible effectiveness at 100% airflow cooling condition 0.76
Latent effectiveness at 100% airflow cooling condition 0.68
Sensible effectiveness at 75% airflow cooling condition 0.81
Latent effectiveness at 75% airflow cooling condition 0.73
Nominal electric power 50 W
Heat exchanger type Rotary
Threshold temperature 1.7 C
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ERV(Energy Recovery Ventilator)

Heat Exchanger

Heat Recovery
Supply Fan Outlet Node 1

o< ( —oA
Supply Fan
Qutlet Node |

|
|

Qutside Air
| Inlet Node
|
|

Exhaust Fan

I
|
. Zone ’]‘

ExhaustNode |

Exhaust Fan
Outlet Node]

Heat Recovery
Outlet Node 2

AARE AxAde] dial, eldd 2d AxgS mdd ot AR Ae

Ae&sE AR on PVe 588 dutxo g ez vgAad AgE gd

o] FE&E 11~13%6»o]n, dutA o7 1299 &S 713 Hdo] BAo]
]

<FE 4.15> EjFF oA Ajx"e] A 2 A

PV System

DC to AC inverter conversion efficiency 0.9
Conversion efficiency input mode FIXED
Value for cell efficiency in fixed 0.12

2
T Bl A8 ALVl Ae H 9E Rl AA] A= vy
da7ieh ey QAris 5 AASA sk 447l e dvi=
== Agsiitt. B9y H Aead Jdrle Mss <& 416>, <&
417>3 2ok Jh7) s Agudd s F 487, epEudM s 1A 9
Avi= T 144v)E AASSih ALY 14D WA AAlss skl T

68) WA, BATE BT 2 Bjd Asee] ATE Wt AT, Bt Al
Eﬂé—_']_% @l/g]_ﬁ_"]—‘?’l%f%, 2008. 02
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AstA 3mE 4§ A, B34 x= HHPoA oF 199, IFAFo|A] oF

5% W9, 3mE 4 §stel® Tsitin Basrh
<E 4.16> BHY f1d719] Ha

Solar Collector

Test Fluid WATER

Gross Area (m) 2.9646 (H€ 3m)

Maximum Volumetric Floe Rate 0.000045

Coefficient 1 of Efficiency Equation(Y-Intercept) 0.691

Coefficient 2 of Efficiency Equation(lst Order) -3.396

Coefficient 3 of Efficiency Equation(2nd Order) -0.00193

Coefficient 2 of Incident Angle Modifier(1st Order) -0.1939

Coefficient 3 of Incident Angle Modifier(2nd Order) -0.0055

<E 417> AF3#HY (479 Ma

Solar Collector

Test Fluid WATER

Gross Area (m’) 2.849 (1€ 3m)

Maximum Volumetric Floe Rate 0.000045

Coefficient 1 of Efficiency Equation(Y-Intercept) 0.573

Coefficient 2 of Efficiency Equation(lst Order) -2.8501

Coefficient 3 of Efficiency Equation(2nd Order) -0.0028

Coefficient 2 of Incident Angle Modifier(1st Order) +0.0469

Coefficient 3 of Incident Angle Modifier(2nd Order) -0.1044

BHEEY A~ Tank Volume % €352 HYE A|2®S W3 AMES
S g 498 ndael A4an AFLE 9 FHLE, nxdds A
§ G99 FFE A AW AR EXFS BAeA A g

<FE 4.18> BzdY AlxHY e

Water Heater

Tank Volume (m') 432 m
Setpoint Temperature (C) 55
Maximum Temperature Limit (TC) 82.2
Heater Maximum Capacity (W) 60000
Heater Fuel Type Natural Gas
Heater Thermal Efficiency 0.9
Ambient Temperature (TC) 15
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Collector

Inlet Node
——@—p Collector

Splitter

Collector Pipe-
Collector Node

Collector Loop
Inlet Node

Collector Inlet Pipe

Collector Qutlet Pipe

Collector Collector-

Collector Loop

Mixer

Collector

Pipe Node

Qutlet Node

Outlet Node

(¥ 4.18) Schematic of Collector Loop
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Storage Tank Source Storage Tank Source Pump- Splitter  Storage Tank
Loop Inlet Node Water Heater Node

Source Inlet Node

P

Collector Loop Pump

Storage Tank Source
Qutlet Pipe

Storage
Tank

. Storage Tank Source
Outlet Node

Storage Tank Source
Loop Outlet Node

Storage Tank Source

>

Water-Pipe Node

Mixer

(13 4.19) Schematic of Storage Tank Source Loop

Storage Tank Use
Loop Inlet Node

DHW Loop Pump

Water

<

Water Heater Heater
Outlet Node

DHW Use Side Splitter  Storage Tank
Pump Node Use Inlet Node
DHW Anti- Storage
Scald Inlet Node
Tank

Tempering Storage Tank
Valve Use Outlet Node
DHW Anti-

Scald Outlet Node

Water Heater

¢

Inlet Node

Mixer

(719 4.20) Schematic of Storage Tank Use Loop(Plant)
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Demand Demand Pipe- Splitter  Domestic Hot
Inlet Node DHW Node Water Inlet Node

Demand Inlet Pipe o -
Water Use
Connector|

[ ] Domestic Hot
Water Qutlet Node

Demand Outlet Pipe

Demand Demand DHW-
Outlet Node Pipe Node Mixer

(713 4.21) Schematic of Water Use Loop(Demand)

=
A HEAT AAue FEFE A48 49, AFLnT Piped wA
e AU A2 484 P g AEHD s BE 2AYo]
Ne ARl wTe @AY RUBEPe TS

2o AT E AY SERAE AAES GRS B g@Ee s B
P A5 Iy FFE @9t e Al HE A&Esion, & o
= Ao HH Y AFdustr] A&ttt A d S EFZ A|~EY] AlFF
A PHEHS 7IE £d1S Fasiinh. dwtA o g FAY AFdudtries 4
7 150mm~200mm, Z°] 100~200m2] Boreholed A|WHolA g3 F 9
7 25A ~40A%] Eoldd e EZEF i do|zE Ut s Aot

Abelsit) 69) B o Fo| A= B3l zrol AlEg ol 7E e 2 .
Jo]Z= PE vpolzm fARE Farste] €42 27mm, 77 ¢F 3.0mm=
AA G o, BoreholeJ Zlo]= 100m, #74L 150mm= A A3 9
7 27mm4 W] AFdude] #=3FA FF T8 wvith oA AZolE
Holon, TdelA xﬂ/\]_ #E° Pipe ¥4 =54 E3tort 25+2mm
wele]l #Ael 0.00045m¥/s ~ 0.0004725m3/s7TO7TDE ERGTE, Bl

A
o
o
il
3
i

(ot

69) AFAALHE GSHPY Asdnsr] AA 9 Ala7]s /MEHFHFRA), 2006.10,
pp. 4
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N g3 A 0.00045 m¥/so2 L3}

S|ERE Al=E 4 A AAE Fojof st Ta% A T & 7HA
© COP(EA A= COPell whel A iu|gFo] 2-5-Hm, o= CO, &R
7 AAEE FACTh 7|E EFHTITI AL A AFEudty] A A
Wi COP¥E 3.5~4.09] H9E 713t B AFoA COPE 3.5=2 AL3+9

|93l Piped /M4 oA AA3 427015 A &350 09, 42709 Pipe
A Ak

Jege ), 9y 042 Fs9ith. A9
SERIA Bgse Pahe W W9, W 0 #3994 A A9E o
Fo] WA aheln,

70) AAQALR, FolEd ads A D3E
2006.10, pp. 58

71) McQuay International, Application Guide AG 31-008 Geothermal Heat Pump
Design Manual, 2002, pp. 9

72) RETScreen International, Clean Energy Project Analysis RETScreen
Engineering & Cases Textbook Third Edition, 2005.09, pp. GSHP.64

73) olgE FEA AlEHCIMAES B3 ¥V, XD QEE A|2HY ATEM 9D FAA
371, %‘ﬂtﬁiﬂﬁ sk Aabeke] =, 2005.12, pp. 44

74) AAALR, HolaEY 1a5E AGS|EFRE A|LE sl gk AH(FHFRIA),
2006.10, pp. 40
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kel A AHHTEILA,

_78_



<E 4.19> A¥ 3|EFEE A|AH 7]

HeatPump : Water to Water

COP 3.5

Nominal Capacity (W) 579,202

Load Side Volumetric Flow Rate (m'/s) 0.00045

Source Side Volumetric Flow Rate (m'/s) 0.00045

GROUND HEAT EXCHANGER:VERTICAL

Max GHE FlowRate (m'/s) 0.00045

Number of Borehole 42

Bore Hole Length (m) 100

Bore Hole Radius (m) 0.150

K of Ground (W/m - K) 0.692626

rhoCp of Ground (J/m' - K) 2347000

rhoCp of Fluid (J/m' * K) 4182.11

Design GHE Vol Flowrate (m'/s) 0.00045

K of Grot (W/m - K) 0.692626

K of Pipe (W/m - K) 0.391312

K of Fluid (W/m - K) 0.602636

Rho of Fluid (kg/m’) 998.2

Mu of Fluid (N - s/m") 0.000987958

Pipe Out Diameter (m) 0.027

U-Tube Distance (m) 0.0253977

Pipe Thickness(m) 0.003

(19 4.22)FH (29 4.25)7HA+= AES o] &3 T A9 Ax=w 4
Lo, F9 Al2E AL Al (1Y 4.26)7 & FAo] AL TE FrtH
oh G Al 2="lo A 9] Demand §-9] A2 At BelE o] &3k nluEAL
Wi A 2~Ey 5| Plant -2 Aol A Boileret 7 GSHP(Ground

Source Heat Pump : Water to Water : Heating)”7} 37 A}&=ch. 182

GSHP= Als4dugtr|ef A4
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GHE

Condenser Supply . Condenser Pump Splitter
Inlet Node '/D\\“ Outlet Node Inlet Node :
Cond Pump Condenser Suppl
Bypass Inlet Node
Condenser Supply
Bypass S
GHE
Condenser Supply, (Ground Heat Exchanger)
. Bypass Outlet Node
Condenser Supply Side
Outlet Pipe GHE
¢ 0O |“ . ‘ Qutlet Node
Condenser Supply Condenser Supply Mixer
Outlet Node Exit Pipe Inlet Node

(719 4.22) Schematic of Condenser Loop - GHE

Condenser Demand
Inlet Node

— ]

Heating Demand Side
Inlet Pipe

Condenser Demand
Side Outlet Pipe

Condenser Demand

Condenser Demand  Splitter GSHP Heating Source
Entrance Pipe Outlet Node Side Inlet Node
—e o—
Condenser Demand
Bypass Inlet Node
Condenser Demand
Bypass
GSHP
Condenser Demand (Ground Source Heat Pump)
Bypass Outlet Node .
GSHP Heating Source
Side Qutlet Node
Condenser Demand Mixer

Outlet Node

Exit Pipe Inlet Node

(719 4.23) Schematic of Condenser Loop - GSHP
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GSHP

(Ground Source

GSHP Heatingload Heat Pum
HW Supply HW Pump Splitter side Inlet Node
Inlet Node Outlet Node
@ @
HW Supply
Bypass Inlet Node Boiler
. Inlet Node
HW Supply Bypass |:| = |:|
GSHP Heating
HW 5”':"'-"' ‘ Load Side Boiler
. Bypass Qutlet Node
HW Su pply Side Outlet Node
Outlet Pipe
HW Supply HW Supply - ]
Outlet Node Exit Pipe Inlet Node Mixer Boiler
OQutlet Node
(13 4.24) Schematic of HW Loop-Plant Side
HW Demand HW Demand Entrance Splitter  RadiantWater
Inlet Node I IPipe Outlet Node Inlet Node
@ , I @ @ P
Heating Demand Side
Inlet Pipe HW Demand
Bypass Inlet Node
HW Demand Bypass
Floor Radiant
HW Demand Heati Syst
eating System
. . Bypass Outlet Node
Heating Demand Side .
. Radiant Water
Outlet PIpE Outlet Node
[ @ <
HW Demand HW Demand E
Outlet Node Exit Pipe Inlet Node peer

(719 4.25) Schematic of HW Loop-Demand Side(Heating)
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Demand Demand Pipe- Splitter  Domestic Hot

Inlet Node 1 DHW Node Water Inlet Node 1
| @ P @
Demand Inlet Pipe o [
Demand Bypass Water Use
Inlet Node COI"II"IEC'tOI'-

Demand Bypass

Demand Bypass . Domestic Hot
Outlet Node Water Outlet Node
Demand Outlet Pipe
Demand Demand DHW-
Outlet Node Pipe Node Mixer

(Z19¥ 4.26) Schematic of HW Loop-Demand Side(Water Heating)
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718 B3 A8 Abg#e oF 1 525.03KWh/yr& vERSTH
<3 4.21> @54 AH8717]19 o439
o ENRE LAHE 19AE AT ALE A&
- (W) o) AZHE) | AZHARD (W)
TV 135.1 28.0 414 2420 326,957
A EH7] 494.5 17.5 88 218 107,577
A7)t 1118.2 9.8 28 55 61,662
3 H 165.1 24 .4 252 1324 222,530
77 A} 1063.1 26.6 54 292 314,760
Hh& B 96.0 27 473 2583 254,145
ALY 914 1010.2 14.9 22 77 78,232
g3 27 899.1 21.6 38 163 146,857
EIR=KeX 55.5 8.5 114 222 12,311
SHA - - - - 1,525,031
o AY AR Y 7| B9 gs Fa ste] AA il B A
Toll A AFEEE ke EEol A A A 2003-2005 74 9] @iH AT =
ol =] Au|FS Hitsle] Ha Edo] Agw Ao w3 ARSI ALt
A, A 2o e A8 Av S 706.35KWh/yrZ UEFS T
<3 4.22> AUd 2= oA AH| e
EOREESEES
ZH| A & Adl 7 2ol X
S dang (MWh) 2~H] %F(kWh) ZBeIA 2%
- (KWh/m’)
2003 12,704,193 44,572,083 624.50 7.806
2004 12,853,035 48,615,320 673.27 8.416
2005 12,980,980 50,873,036 697.59 8.720
ot - 48,020,146 665.12 8.310
kg i AlaEle] A9 AAE AYS 7 Aol A ALgE|d e F
7F 7] wEo] F&HolA AlEEE AYES Bud = vl webs dHAt
L] A9 A oA HAHEALEH Buk olye}, T84 HHAIEHS
ylolslojof gt} FEH-o] HAHALEFL V|ERATNA AE3E GES ALE
77) AFARE, A= dUAaE 55 H7IE 2 AZ el s A, 2006
78) HAA, SRR Bk 2 gD AlaEle] HA T ek o, st Ak

EH—{B—_']_% @I}\]_?_B_"]—‘?/]%E‘{rt_"‘, 2008. 02
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sl 7|EEdol = tidA G olutE WA & gt o=z 2uite] FE
7] AMEEFS 7 MgE R FGtste] 2AF- B4, O Y92 RS,
=77], AubEgE FBAEE] S AV Tolth. 2AF- A" 10
A &g A8 AbgHEFS A7 907KWh/yro|th. watr ZERd A
Aol A FE&AYH AL 54,420KWh/yro] t.
A HAFY  TrEANE W AHAY|ES 77 80,998m'/yr,
47 074KWh/yrelw, @9 the Ha 74 AvjEF @ A8 Av|2e 1,350
m'/yr, 4,117KWh/yr = Yebstth Al 928 & 2 59 7k AR
S <HE 4.23>3 Fom AlEdelAdS T AW WY AY Aw|"F 37
Al 2=Blo| o] Am|Eyl g o] AHAHEF VE TS T AkEs =
o 2 77l o] AY AvES YERd A <E 4.24>9F 2
<3 4.23> ¥ 2P A Jha AWE
7+~ (m')
ok Eich <7
Aot A - 295 =
HatZ=F 7 - 295 -
=S A - 295 -
TS - 295 -
4SS A - 295 -
HFZF 7 - 295 -

REER: 1,055 295 1,350
170 % 63,324 17,674 80,998
<E 424> ¥ 2P A AY AW

= (KWh)

Bk 37 | gz | =9 717 85 37
2 3HZ) 899 22.6 - 706 1,525 907 -
FH3H(F1h) 872 | 226 - 706 1,525 907 -
Z=7HE) 961 22.6 - 706 1,525 907 -
FHF3h) 941 22.6 - 706 1,525 907 -
HAH(F) 1,087 22.6 - 706 1,525 907 -
H2HF1) 1,058 | 226 - 706 1,525 907 -
Al o) H 953 22.6 4 706 1,525 907 4,117.6
1705 57,155 1,356 260 | 42,382 91,500 54,420 247,074
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fl

ALad /A28 g A, A QAT Aasn D e sn e
7

747t 77,924 w/yr, 261,595KWh/yrol®], @9lAe] B sk AvlE 9
AE A¥)EHE 1,299 m'/yr, 4,360KWh/yr 2 YEFSE Al EH ol S E4)
A A AAE Bl Ay A v, 7] 2 58 A 2F A9 Y
A pv@E 8 Bro o] dPan, V1€ BHE Bl A& 29 4
71710 X 8] A Anl=sS YEbd A3 <3E 4.25> <3E 4.26>3 2
< 4.25> A SAAAAE AE Al Az 7k R
7} 2~(m'/yr)
e S5 SHA
st SA - 295 -
H3tE oA - 295 -
FSS A - 295 -
FSTA - 295 -
HFSSA - 295 -
HASE A - 295 -

Ao+ 1,004 295 1,299
1705 60,250 17,674 77,925
<E 426> AGad FAA2E AL A Az A 2HF

A2 (KWh)

s 2}7] Hx | =H 7171 85 SHA|
H3HZ) 798 | 324.6 - 706 1,525 907
H3HZF3h) 789 | 324.6 - 706 1,525 907 -
=) 900 | 324.6 - 706 1,525 907 -
FHETH 893 | 324.6 - 706 1,525 907 -
3 () 965 | 324.6 - 706 1,525 907 -
4 (ZF3h 958 | 324.6 - 706 1,525 907 -
Ao o 893 | 324.6 3.5 706 1,525 907 4,360
1705 53,603 | 19,477 | 212 | 42,382 91,500 54,420 261,595

ET EEd vas|Ry, dhol A o] shaAvRRe] HER A 63,324m
fyrel|l Zlo] 60,250m'/yr2 #Z2d As & 5 Aok o= 4 Atg H
H H]

=
51m'/yre] 7pZeH|gFo] ZhAagh Aot} WwellM el A AndF T3 &

Tdo A 57,155KWh/yr old AHo], Adust 37|dx & 53,603KWh/yr
2 ZFAashe] 3,552KWh/yr o HA#HAS-gFo] A4Sttt



d7 2dy ddudt 3] A48 A dke] staau|gn A 2 Aol &
HQl PR 3] A= dY An[go|th. xFERE] AS- w719 vhol
AR E 7] AEES Agete] 3] Al=EA Y] dY AuRo] A Fol

1,356KWh/yr 2 At 22.6KWh/yr At 28y ddusgt d7)A]x

% 19,477KWh/yr, A 324.6KWh/yr ¢ #
W VA" A F7|HI o] Ay
2} Al AHEEE AEe] av|EFe] E WHE AA| 3

2N& FFxrde 7 AAHy Addudt 37)A] A8 A8 A9

(&9} © MWh/yr)

25,0

20,0

15.0

bAWh

10,0

5.0

0.0 Ez | )

EZ oo M PEET|

— =

| emzwws @zsm owom |

(1% 4.27) 87) Az=Eld e Ag e

Aok AR Az A BFE Rdo] FAo] 45 £Y
oA o= % 160me] A4S grg = Q). 8w 49 153
o2 o]Fo Ui A 60%THE AAE 7 9lo] 532.8m(= 532m'2]
AR Aol SHHEL(AA7ls fFadsd 18) AeH A A F ddFge
13,898KWh/yr&2 yelrow oWme 28 880KWh/yr® e A 53}

o EA] A AldE 42, 778KWh/yre] WAES Bt PV A X HA
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) 5559 AA T 7f2Ag3e o 7hAALS S 63,324m yr, 3R
2AMEEF 17,674m/yr2 A7 F 7FA AFEERS 80,998m /yrglth A EAL
o koA o] MeALge 57 155KWh/yr, SH7]A| 2~ 1 356KWh/yr, ¥
3 260KWh/yr, 22} 7]7]|l A 2b2F 42,382KWh/yr, 91,500KWh/yr 12
w, FEFAY HYAEH 54 420KWh/yro 2 FFERY HAAEe o
Z AYAREES 247 074KWh/yr& e
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2) AL #7) A2He A Be REAA ol aHF W] @
A @ AFNEes A AGud 87 Axw A8 A 3,075m/vre] Ths
SEESIE 8
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A FE&F AHF3 2HE] 78.6%= YEIRT)

4) Bl¥E 9% A2go Aeoe gRdAe AN HE H& Ze
L, Ao A S mingh FFEoldnl. 7 A TARS HA(HE
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FER 80,998 247,074

g & 77,925 261,595
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— 80,998 204,296
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Hgd 3% 65,326 247,063
Nt PES 72,723 247,070
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° 64,784 247,066

A sl EHZ 36,766 279,104
R 63,324 326,892
— - 19,092 326,634
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51 A&71<849 CO, AEH7}
5.1.1 CO, WZAF

FAE oUA AWEHS CO, MEFoz ksl fd CO, wMEATE
2/ A3l d4 FUE 253 CO2MEATES AMAeH] e AE=,
[PCCollA RbE= WiEAIFE AMESEaL Qlom, TCOZE WEalr] faiA TC
(RRamE=H)ol CO, FAF/eradad(44/12)s w3tk dgF79 CO,
& A AR FAH 2R E gloloy 989 6¢ oux B e A
WAl & oF Jlol =R A 964 7]FEEoE 0.1319(tonCO, /Mwh) * 44/12 =
0.4836(tonCO, /Mwh)Z wEaa, 20059 89 oUAAAATE AAHKH
aAelA 20033 7]=FEC® 0.424(tonCO, /Mwh)E WEAIFE HESA
o AA7A FAA FmTEASTE floRE FIdEE V]Fo 25t
7V HI2ARE AFEshe Aol wrgA e weba 0.424 (tonCO, /Mwh) =
CO, WEZE 2t&Esih

COz WIZEZ(CO, ton)e] A=W s dAme Agox FE3sty v

o o] MEFS S

* 397 CO, W& (CO, ton) =
TOEEEEH7|F) X S8AulEAIF(IPCCAS) X COp, &A4HAIF(44/12)
* 28 CO, WE=(CO, ton) = 0.424(CO, ton/MWh)

<E 5.1> CO, wi=A5F

@9 CO, W= ZH(TCO: )
T kass _ - }
TOE ga wjEAls | CO. MiEAs | CO: WiE®
FAEAY Kwh - - 0.424 0.000424
EAZF(LNG)| Nm' | 0.001055 0.6370 44/12 0.002464
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a¥ 5.7 HYE JE7] 7 2 AXAC e CO, A3t
i yeld Floltk CO, Axteol 71 4
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Both 264.3 B CO, &

(14 5.7) ALV T7, AASA W CO, M=

of WSS HYsl e
sabgare] Ao, SERE g% APAgFel TR Tl
Ag3e Aol FRae] 10098 FIE F Yo, HAAA 9
EYE 90 2@Exe o@ AUAEF] YL W+ FFREE A
SEFE Asgle] BT A AheArgFe] dast SEFL SR
A AE 3t 99
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3 99E A%, Jhx=AuE A2 QA% CO., #1525 CO.
Qom, SEAZ} wARTA A A Lule] T CO, HEH]
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5 -00| -02] -01 |, = ExE
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B ATNA AdtuAss FEFE A5/ Eane] e AR AA
CO, WEFANA Zzke] w3t AAsHE MEe EAsta, 20 B P
4 g 23Stk AA MEe 10002 Byshen

FeErde] REE COo, ME% 2 HE&S

5.3>3 ), 7tAE U Yo sk Wit 9] 7

CO, WiZ v &L 8.0%% oM, 4 59%, &8 7.6%H, 37|A 285
HE A AFEE =AY 28k CO, MEHFS >

& Atk HA CO, wiEHAA 7kt A8 Amlol] 9§ CO, W& 7}
20 65.6%, AHANA 34.4%Z 7k B[] 9]dk CO, vlEo] A

Hisl o 1.9 A= %2 HE&s AA AT

o U« 21 7} R
SR ik =4 it 7171 X s 7] e}
CO, Wi&=F

156.0 43.5 24.2 38.8 18.0 23.1 0.7
(CO, ton/yr)
H] & 51.3% 14.3% 8.0% | 12.8% 5.9% 7.6% 0.1%
A 65.6% 34,4%
AAig BNz A BN ol B4, 54T FakE wu
st 2 4 gtk AA BAAT AGust SUIAAE A8 Al Weka
WESke] S Flom, A AE A A an|ggo] FrtstE 5 o
g B9 oYX Aol HMEd AS & 4 YA oA F-EoA 9
HMES Hole= s, AA CO, #E9H H&ES 05%2 S H[ES Holu
Slof, & ol Adnd BrlAxde] A, 1de) WEE wolela A
ERFEA FGrlel=E g UHR 9989 ujdS UA AF3 bpel &
o] ¥l FFH CO, #HES T3l A+E A it}
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ik =5 s 7] EF A 2 Total
CO, W&& 51.3% 14.3% 8% 26.4% 100%
i H& 50.8% 14.2% 7.9% 26.1% 99%
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<GE 57> RS B Al H7F 5 2 owilA
Hl= Holak
COZ HE T o C02 %%% HH@,
(CO, ton/yr)
105+ 7.8 2.6% 5.1
9= 24.3 8.0% 10.2
8= 40.7 13.4% 15.3
75w 57.2 18.8% 20.4
65 = 73.7 24.2% 25.5
57 90.1 29.6% 30.6
1= 106.6 35.0% 35.7
35w 123.1 40.4% 40.8
25+ 139.5 45.9% 45.9
155 156.0 51.3% 51.0
(2) 3953 29 A Hrpr+
FEEeE Bdd 4 AL CO, AEHEHE 2.2 CO; ton/yrZ 0.7%<]
CO. & et @ w A& S gn), A3 §FL 14.3%9] CO, LHES
71 wolt), HA - HU A7 VS 5T CO, vH H/MES 109 A=
A&} 8, <F 5.8>3 Zr},
3 5.8> FEHE 2% Al W7F 55 % A
CO, Hl&= =8
CO T,‘I_Ll:l—% 34.7‘: HH;G
(CO, ton/yr) T ° "
105+ 2.2 0.7% 1.4
Rl 6.8 2.2% 2.8
== 11.4 3.7% 4.2
=a 16.0 5.2% 5.6
=a 20.5 6.8% 7.0
5= 25.1 8.3% 8.4
ol 29.7 9.8% 9.8
359 34.3 11.3% 11.2
=a 38.9 12.8% 12.6
=a 43.5 14.3% 14.0
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YRsts B 9, HA CO, A7 1.2 CO, ton/yre AA COp &
HE 04%00M, Hi T 8.0%0 EHES 7H wolth Ha - Ho 4
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CO, M= 9%
CO, & A= w4
(CO; ton/yr) 2 g &

10&w 1.2 0.4% 08

95w 3.8 1.2% 16

8w 6.3 2.1% 04

Tew 8.9 2.9% 39

65w 11.4 3.8% 10

5w 14.0 4.6% 48

s 16.5 5.4% 56

3w 19.1 6.3% 6.4

2w 21.6 7.1% 79

e+ 24.2 8.0% 3.0

(4) dg5-st &9 A "7+
AgFete] HA - FHa s 3 COx i F7MEs 109ARE Alitst
&b, < 5.10>3 Zom, HA CO, v52 1.3%°] wH9ES 7H wolH,
Ho 5> 26.5%%9 wo|tt.

<3 5.10> A=A 29 Al 7 5 2 A

CO, Hi& 9= by o N
(C02 ton/yr) COz RN =1 -"1 S HH@!
105+ 4.0 1.3% 2.6
9= 12.5 4.1% 5.2
8w 21.0 6.9% 7.8
75w 29.5 9.7% 10.4
659 38.0 12.5% 13.0
5w 46.6 15.3% 15.6
453 55.1 18.1% 18.2
3w 63.6 20.9% 20.8
255 72.1 23.7% 23.4
15w 80.6 26.5% 26.0
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Case 1 Case 2 Case 3 Case 4
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Case 1 Case 2 Case 3 Case 4
A gl gh7| A2~ 28 {5 1.0 1.0 1.0 1.0
HEE CO, A3 A 39.0 30.6 30.6 30.6
SRR CO, A7 A ) 12.6 5.6 5.6
WHIEE CO, A7 A4 - - - -
AEREE CO, 27 A4 5.2 - 2.6 2.6
Total 45.2 44.2 39.8 39.8
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1) 329 AAlse At F CO, WlE=2 304.3 CO, ton/yre]$lom,
ALt 37 ~8S 2838 HL 1.4 CO, ton/yre CO, & A7s <+
DA B EF whd A|AES Hed A HA 5.9 CO, ton/yrol A Ho
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A Ao gyd7E Rt

CETRY AEHolA AR W JFAARE S 63,324m/yr, 9% 7F22A

7,674m'/yr2  AZF F b ARERR2 80,998m'/yrlon, dE AL
Wabe el AgALgE  57.2MWh/yr, F&5Ael  HeEaLg
MWh/yr, 7|EF-% 135.5MWh/yre2 Z#Rd dAi%e A7 & A9
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35.

g3, Aulge=Eg, Al 1798, A 835.(2005), pp.722-728

A, @R R Bdg 2 g Alawle] HAHFF Wl A,
gt Ak st A ARkl =1, 2008. 02
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SHASHE R3] =7 pp. 637-643

WA, skaro] wle) AeNH ABAFFA AT HA #e AT, TS
A e AARSEe =, 200634
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ABSTRACT

A Study on the Performance Assessment of the
Sustainable Building Technologies for Multi—-Family
Residential Buildings

LEE, Jongsik

Department of Architecture

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

Recently, specific plans and movements to reduce the emissions of
CO. have been visualized in the global range. Korea has suggested
'Low carbon, green development' as a new national development
paradigm, and established 10 corresponding plans. One of the main
source of CO: is from residential areas, and the total CO., emissions
from residental buildings is estimated to be approximately 10% of the
total CO. emissions in Korea. Since multi-family residential buildings
occupy the largest percentage of residental buildings, therefore
reducing the emissions of CO. from multi-family residential buildings
is expected to have high effects. To realize low carbon/zero emission
from buildings such as multi—-family residential buildings, reducing the
CO. emissions amounts by utilizing renewable energy is considered to
a priority matter. However, the sustainable performance assessments
are insufficient in the building technologies for domestic multi—family
residential buildings, therefore, it is necessary to establish an
assessment method that can reduce CO. emissions.

First, the standard models of multi-family residential buildings are
selected, and then the sustainable building technologies that are
applicable for multi-family residential buildings are induced by
analyzing the examples. Then sustainable performance of the basic
building technologies and sustainable building technologies are
assessed. According to the results, the sustainable performance

assessment index for the building technologies are established and
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then an optimal plan for when the sustainable building technologies

can be integrated and applied to the standard model was formulated.

The study results are summarized as follows.

1. To induce the building technologies that are applicable to
multi—-family residential buildings, residential complexes and model
complexes that are built within 10 years were studied in the inside
and outside of the country. In the study results, the building
technologies that are applicable to domestic multi—-family residential
buildings are; heat recovery ventilators, photovoltaic system, solar hot

water heating system and geothermal heat pump systems.

2. To assess the sustainable performance of multi—-family residential
buildings, the standard apartment building models were selected and
the precision energy analysis program EnergyPlus was used to
analyze the energy performance. The analyzed energy consumption
was then converted into emissioned CO. amounts by using the CO,

emissions parameters of the fuel types. The results are as follows:

1) To use EenrgyPlus, the energy consumption data of actual
multi—-family residential buildings and simulation results were
compared. In the results, the range of error was approximately 16%,

which proves the validity of the simulation results.

2) In the simulation results from the standard model; the heating load

from the total CO, emissions was 51.3%, the sudden water heating
load was 14.3%, the cooling load was 8.0%, and the electricity load
was 26.5%.

3) In the results of converting the energy consumption and reduction
amount from the building technologies into CO», emissions to analyze
the distribution ratio compared to the entire CO. emissions; the heat

recovery ventilator is 0.5%, the photovoltaic system is 1.9%~5.9%, the

- 132 -



solar hot water heating system is 6.3%~13.1% and the geothermal
heat-pump system is 39.0% when both heating and hot water heating

are applied.

3. The sustainable performance assessment index for the building
technologies of the multi-family residential buildings was established
based on the CO, emissions according to the type of load of the
analyzed standard model. The minimum CO. allotment upon the types
of load was established to 5% by using the obliged renewable energy

installation system.

4. An optimally integrated application method for the building
technologies is in charge of heating and hot water heating through the
geothermal source heat pump system and in charge of the electricity
load through the photovoltaic system and at this time the CO,

allocation rate is 45.1%.

For this study, a performance assessment was conducted the 4 types
of sustainable building technologies which are considered to be used
the most, and optimal plans were suggested. Therefore, the
consideration for applying various types of applicable sustainable
building technologies for multi-family residential buildings is required,
as well as the performance assessment studies according to the

variables of the building technologies.
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