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2.2. AZ duld gu AE AHZAE &3 AAZHEY AF

2.2.1. A= ov|d gu AE AtE AL

45l st Az HH%H—E o abEkEl 2= AZF 940FHE] o] = v, o
A

UL | WAY e 2g A3HE (20029 AE7]E)
2013 10 kgCOs/m? p.a(new schools) 80%
2016 0 kgCOz/m® p.a(new schools) Zero Carbon

o] opEdtw =R DCSF (Department for Children, Schools, and
Families) ol & A2 ©4(Zero Carbon) HiE A|HIWE 9310 @4
HE Az Fgu TdaS Axsta vk AR "4 HAIAEA(Zero
Carbon Task Force)E ZAAslo] A2 AojA= stu AFE &4 W&
AZE st A8 ety A= E Aldsta Q.

(7B Ashmount Primary School

Ashmount Primary School #% &% o]Z%® (Islington) A9 =&}

] & AFYE ¥ (Crouch Hill Community Park)ell $1x38] 9lom, 9
1% 374 & H7MA =] BREEAMOIA outstanding 59 = Watth

4207 8] =0l A&t low, 3T o R o]Folx it

%9 Aes TN Yt dAF g ZagE Z Y In-Situ

1

4
1o,

6) DCSF (Department for Children, Schools, and Families), Road to zero carbon final
report of the Zero carbon task force, 2010

_1‘]_



3% 6 Ashmount Primary school

Abd] A&7=
+ 979 w2 TddF
c AT (F5 AT
o A A F
* ApFA A
« 22 %53} (Sedum Roof)
_ % * T A D AAE
o cAEE AN
Ashmount Primary School(UK)| CHP (Combined Heat and Power)

(\}) Montgomery Primary School
Montgomery Primary Schools A=W E dWH7IE A EH (Exeter,

Devon County) ©] ﬂfﬂﬁﬂ O‘E’Jﬂ BREEAMO A very good S3< W3t

ok A= 4200, = 15 2® o]Folx Slth

European Passive house® 7]% 2 8to] 999 7|dAdss  0.6ACH

FIA7I FEE S8 G TR AAANG o] & AARH]

TFEA7171 ekl RS A&l on, AZS As AEEA7E A

ATt T 7T AFE Fstel A W E AREET BIPVE
S

&

A = o

&3] 1%k 166,000kWhe] A& Ak o] & F3 AR AFES O
il

3% 7 Montgomery Primary School

Aol 447)%
T ET T A
e 2
EREEICED

« A5 A AEA A
e * =T A 9 AAE
Montgomery Primary s 1@s A

School (UK) * BIPV_ A%
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Kingsmead Primary School2 AT HAF Al 9F
e B

-0|L
=
39
o

o, sds= 210%eln A=l FHe W 5E7F T4 o, BEE
whep o E*E’O] AT 15 AFEolty S AAT wds 52
AAtell ot S WA 8] flstol AAES o, X7t ZHE =2
AE=7b A AAHo] Qo] Azeols dAFS 5, AFole Adshes
qdge s sl

Sde A% 999 dddess FIIE, VIEdee FHARG
Low—e, °|%, &% #FdE ARSI on, 33 AdS 58 Ade)
B THAA 717187 AREY CO: MEFS 40285 4 AR
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(2 Howe Dell Primary School

Howe Dell Primary School @@= =L 359 EZT4H o+
(Hatfieldshire) ol $1x18ll 9lo™, 4—118] i‘@ 48001‘3401 *ﬂ%}ﬁ}j_’ A
ok A el frol BSA]Ado] glom,

AFAE, FF light walld g, &4 %L 7\]7]7] st 145 ‘8“343]

A, xS G YE A&t S AdE Aade T
Al e, 1a s AulE AESI3i AlAAAUA 9 A8 Aewe PV
aA, $E, Ade] AHgsslth
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(mp) Westborough Primary School

Westborough Primary School =WXZ HH7IE] A E (Exeter,
Devon County) el $1A18l glod, 71ES AFES gREHS F3t9] Zero
Carbon 74]@7] =5 A&kt
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3% 10 Westborough Primary School

A8«

Qb o] "ddF Y
7147 3
24 A %

c1EE FY,

cuAE 77 AHE

Westborough Primary « PV A%, wlo]ujA
School (UK)
2) vl=

n]=+9] EPA (Environmental Protection Agency)< 743132 =
=9 JNEs AERsa Jow, ouyA A =Z(Energy Zero), B
(Carbon Neutral) ¢] 71&E 7/|¢s =]
7y Fol| wEl ouA] AR, B4 FH Stu AFE] AT U HEo| A3
AR S AlFska AT,

w)=ro] 7P 3] (USGBC:U.S. Green Building Council) 9] %1874

= o)==

A% AFA4% LEED (Leadership in Energy and Environmental Design)
for Schools oA stw HAFEo| A3 AFS AAeta 9lom, K-12(128%

i
WE FEow so] st AN #uE 834952 kst o

(7P Richardsvill Elementary School
Richardsvill Elementary Schools> u]=2] 7|59 g4 7Fe-E
(Warren county, Kentucky)oll ¢x&l Qlow, 4427¢¢] &4 2F 07 0]
Folx Qltk 2010 8€ef &= ATt

AZE71H 0 2= ICFs(Insulated Concrete forms, Smart Insulation) & A}
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5% g AHE dAE e E5S A Abdelih AR A%
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7) EPA (Environment Protection Agency), www.epa.gov
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3 11 Richardsvill Elementary School

A+ AL
« ICFs A&
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Richardsvill Elementary
School (USA)
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(\}) Benjamin Franklin Elementary School
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3 12 Benjamin Franklin Elementary School
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Benjamin Franlin Elementary
School (USA)

(th Sidwell Friends Middle School
Sidwell Friends Middle School2 97 ¥ (Washington, DC) ol €x]3l] <)
on, S 40590lth 3% UER FALNTH 128d7HA 9] 5o

ggstal gl

Ak W, 3R Wl v P S99 53 $UY 440% WA &

3E AR AAAFE A wobEols] Sste]l WEwel = F2
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tlo
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o
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3 13 Sidewell Friends Middle School
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(2} Lady Bird Johnson Middle School
Lady Bird Johnson Middle School u|= BlAFAe] QJx]stal glow, 2
=07 o]lFojx Qt}. m|=F9 HIH AZFE AFALE LEED(Leadershlp
in Energy and Environmental Design)°l4] Gold 535 #5330,
& A7 G A 4 a8 FE, ﬂ@ﬂ%,ﬁﬁlimwlé
A, d'E 717 AR, 7 ARE S T 2, oA AR B
B, Al HdA= Solar Panel 2], A4, ¥ ]
yAle oJato] gAtE = olux]e] ol AA g dF=olA AnlEE YR
o 23 gakd A el AlgsteE skl

3 14 Lady Bird Johnson Middle School

Ate A87e

*F 5T AR E AR
* Solar Panel, A4, *d9
Lady Bird Johnson Middle colyx ZRYUEH
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3.2.4. AEAANZTE B

g A9 715 EAAS vtgo® ouyx| ek W CO, HiE AfE #1%

s ] Climate Consultant 5.0 ©]&3lo] AEAA|7]
At gwel A9 Wshrke A 2~7¢, 9~12€9 AE
4

stk stw AES AHLEE AgH 18~21T, 953

I9 5 AE AT A AL 09€9~129)

RELATIVE HUMIDITY __ 100% 80%
DESIGN STRATEGIES: OCTOBER through MARCH
3.4% 1 Comfort(57 hrs) 0/ 90% 028
2 Sun Shading of Windows{0 hrs) ? N
5 Direct Evaporative Cooling(0 hrs) 7 3 24
6 Two-Stage Evaporative Cooling(0 hrs) WET-BULB /. 1 /
7 Natural Ventilation Cooling(0 hrs) LE'(V;PCER””RE 7 £
8 Fan-Forced Ventilation Coolingi0 hrs) : 25, 25 020
16.5% 9 internal Heat Gain{300 hrs} ;
9.6% 10 Passive Solar Direct Gain Low Mass(175 his) / / o UDJ_
0.0% 11 Passive Solar Direct Gain High Mass(0 hrs) /g/
0.2% 12 Wind Protection of Outdoor Spaces(3 hrs) 5 016 £
0.0% 13 Humidification(0 hrs) // /// Xﬂ:.% S
0.0% 14 Dehumidification(0 hrs) // 4 ol o %
0.7% 15 Cooling, add Dehumidfication if needed(13 hrs) /’g/ E
76.4% 16 Heating, add Humicification if needed(1390 hrs) e e R
15
100.0% Comfortable Hours using Selected Strategies 7 s §
{1820 out of 1820 hrs} 1 2 2 L
1 & - 5008
s : — o004
.§ |- [y 5
] = Pl B 10
. T 13
-10 5 o 5 10 15 20 25 30 35 40
DRY-BULB TEMPERATURE. DEG. C
o)
A Hepx AA 71 H & (%)
Comfort (57hrs) 3.1
Heating, add Humidification if neede (1390hrs) 76.4
Internal Heat Gain(300hrs) 16.5
Passive solar Direct Gain(175hrs) 9.6

¥ 19 A&09~129)
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a7 6 AEAATIFE 24 950@~7Y)

RELATIVE HUMIDITY 100% 80%

DESIGN STRATEGIES: JUME through SEPTEMBER

9.2% 1 Comfort{112 hrs} 0/ 0% 028
49.1% 2 Sun Shading of Windows(599 hrs) \/ &
10 + High Thermal Mass Nigh T -
10.8% 5 Direct Evaporative Cooling{132 hrs) 7
13.3% 6 Two.Stage Evaporative Cooling{162 hrs) WET-BULE 7 q /
0.4% 7 Matural Ventilation Cooling{1 hrs) LE'(‘:P;R””RE /y £
39.6% 8 Fan-Forced Ventilation Cooling{483 hrs) : 25, / 25 n20
9'internal Heat Gain{0 hrs) :
10 Passive Solar Direct Gain Low Mass(0 hrs) ¢ uﬂ'l_
11 Passive Solar Direct Gain High Mass(0 hrs) /g/
12 Wind Protection of Outdoor Spaces(0 hrs) 51016 2
3k ation(0 hrs) 2 a0 4 Z
1L ication{D hrs) I E
28.7% 15 Cooling, add Dehumidfication if needed({350 hrs) '_ 5 §
11.0% 16 Heating, add Humidification if needed(145 hrs) SR
15 4
94.8% Comfortable Hours using Selected Strategies Tk 5 ol E
(1157 out of 1220 hrs) PP Ty MR IR - i
10 — / : > S N e o >\-/_.uus
0 - = — 7004
= ”//Jj?j;”’/, 56— =
™ ] \ A0
0 E il 5 10 15 20 25 30 5 40
DRY_BULB TEMPERATURE. DEG. C
)
oldqA Aok A 714 v & (%)
Comfort(112hrs) 9.2
Sun Shading of Windows (599hrs) 49.1
Fan—forced Ventilation Cooling(483hrs) 39.6
High Thermal Mass Night Flushed(236hrs) 19.3
High Thermal Mass(228hrs) 18.7

olF Tkl AHE A I ouAE Hekd ¢ Sl AAVIMer A
=9 9¥E T HYde] A5l anA]l e YEson, o
w49 A A AES Foko dARE Abdste] Aue WY e E A
2A7 AAIZIYel maabAsl Aler dEksth o] fo dud @] Alx
ge] Agol ede AC® yeRgov, Fef fA, AV AgeA stEF
W2 ARG AAVINY Agow A= AAE] adE FINA A=

oH AHgEE GlUXE AzFekE Zo] ANAY Row BARL,
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3.3. B 258w AE YA s = CO: M £4

3.3.1. Al EF ol &4 7ML

W 258w ARe W3 £54, B30 @Ak wAEe] gou, oA
A% A9 B2e A% TEFH 4% H1Tme) As} Yo} &
do] dato] v]AA| gro} A 2ESW AR AN TR o
3k Jare wAekTt

3.3.2. AlEH ol =7 AA

A 258t e AuyA v B4 AE YA 4 AlEHO|d ZE
ol ‘DesignBuilder2.1” ¥} ‘EnergyPlus6.0’ = A}&3}% o).
AE2 3D Ed#go] £0]3F DesignBuilder2.1e Algste] A& ndd

< 3k, YA @42 EnergyPlus 6.0 AH&-3t3ltt.

1% 7 EnergyPlus

Building Dest:nptmn m
‘ EnergyPlus ,
Simulation Mam-r
g Third-Party
l— User

Interfaces

Blaplay
Calculation Results b td

_29_



3.3.3. AlEYolAd ¢¥ dlolH

1) 717%lelE

Amel vy sn e A4 sael 44 JFel g Agarien,
WA ol dAFE2 2001d A WEFHEY AS5ES Au)7|E sof #3 +f
ol AAE Ael) AFE Rolol AWFES FAY NEL A gl
=3
w21 A, A PA D AuRe
AHFE
74 =7 (m) "
o T ] m (W/mZK)
0.5B A" = (Aerated Concrete Block) 0.1
o 42 (EPS Expanded Polystrene (heavyweight) 0.047 0.47
- 38 E (Cast Concrete) 0.2 ’
A E Zg (Mortor) 0.02
Al E g (Mortor) 0.03
=] & 32 E (Cast Concrete) 0.15 0.29
4 A (EPS Expanded Polystrene (heavyweight)) 0.08
H8= tjg ~ E}Y (Dirucs Tile) 0.01
Hper Aldl E g (Mortor) 0.03 0.41
B 32 E &2l (Aerated Concrete Slab) 0.35
Clear glass 0.003
= air 0.0027 3.84
Clear glass 0.003

) SharEj kol q %83, http://www.kses.re.kr/
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3.3.4. A 25t A 4H D COy HIEH £

D olld] AHE

o xSSE AR U amFe Wi, Wy, 29, 7)), FPoz
Rsgom, F9 4% Smeld AgHE 259 90%ol4ge] 4o
A AHEE7] gl FAAMNA AgeE A2AEFE AR Agel

wk il x4 7171 =i =
1€ - - - - - -
24 39,881 - 3,095 904 7,615 51,495
34 12,607 - 8,385 2,446 5,659 29,097
44 219 - 8,212 2,393 1,867 12,691
5¢ - - 9,112 2,659 567 12,338
6 - 9,589 8,748 2,552 - 20,889
74 - 15,622 6,017 1,755 - 23,394
84 - 2,015 1,642 479 - 4,136
9¢ - - 8,575 2,499 795 11,869
10¥ - - 8,748 2,552 4,226 15,527
11¢ 18,615 - 8,748 2,552 6,488 36,404
12€ 58,879 - 5,290 1,542 9,024 74,735
A 130,201 27,226 76,572 22,334 36,241 292,574
G HA G
B 32.12 6.72 18.89 5.51 8.94 72.17
(kWh/m”)

AA AzF YA anlES W 130,201kWh/yr, ¥ 27,226kWh/yr,
=9 76,572kWh/yr, 717] 22,334kWh/yr, 5% 36,241kWh/yro], 9]
ARG oA W 32.21kWh/m?, @ 6.72kWh/m?,

bR s
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18.89kWh/m® 717] 5.51kWh/m®, +% 8.94kWh/m°S. & ebwtth.

W anERE 12490] JHE FaL, U FRE Tee] 7MY o, 84
FUSIRE ARgRFe] Yol 71 WAl HERstTh

G, W, 229, 71719 AA Ay ouA AanRe 256,333kWh/yro®
A oA anl=Fe] 87.61%5 AHAshs AoZ Yeiston, 5% 7k o
36,241kWh/yre & QA U] &n|Ze] 12.4%5 A 8h=

O% 9 U 25w oluA] Anje 9
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2) CO, MEF A1)
AgelM AgHE A 2uFe] WE CO, HH%%} ae sk o
A AHEFO] WE ANRFBAES AWPstolok shul, AR ATl A
BUFIOL Folel 10702 ol ARILEE LI F Aok H7R
£ olgel Ao met Baratsich

AFBAE(TOE) = A8AFE (L =& Nm® 5 kWh)
X ZFutd ek (kcal/l == Nm® =% kWh) /10 kcal

EEE: _
oA o _ AR e 5
R 9 - — S 8k 4
EA7FA(LNG) Nm® 10,550 44.2 1.055
k= kWh 2,150 9.0 0.215
13) ol%4, TEFE AF/1&e2s ABY A5Hsll va AT, Fhdstn ke, Ax1et
=, 2008

14) AGALTE, oAdA 7189 Alsx A1E #, oluA] dFFeb)s
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< AH ?Ehﬂr.

ol =9 f ®iEASF7E 171 Wil IPCC(Intergovernmental
Panel on Climate Change)°lA AAIgE g4 wEATE 2 &3te] A3
w, A E ghel olibster: EAES @A YAF o R e ks wete] o]
Ahstea wiERE AR e dEe Ae oliksEA wiEATE 0.4682
TCOx/MWhE ARg-ato] 4H4 sttt

TC = 9829 AF3A=(TOE) X grixvjEA4
o] Atg} e an] &2 (TCO,) = TC X 44/12

28 oA A7 (e E )
{‘1:1:11-0:13]:
S EEE 9] T M H A5
ca Suat
EA7FA(LNG) Nm® 9,550 40.0 0.955
Y kWh 2,150 9.0 0.215
3£ 29 IPCCO &aviEA4
e A 5
Az
Kg C/GJ Ton C/TOE
= 19.60 0.812
EAZFEA(LNG) 15.30 0.637
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7 25stu e COz W& v <3 30>9 Zth

¥ 30 U 258w COy wEH (kgCOo/yr)
i el =73 7171 =ic =%
14 - - - - - -
2% 17,739 - 1,377 402 1,385 20,903
39 5,608 - 3,730 1,088 1,028 11,454
49 97 - 3,653 1,064 339 5,154
59 - - 4,053 1,183 103 5,338
6% = 4,265 3,891 1,135 - 9,291
74 - 6,949 2,676 781 - 10,406
8¢ - 896 730 213 - 1,840
949 - - 3,814 1,112 145 5,071
109 - - 3,891 1,135 767 5,794
114 8,280 - 3,891 1,135 1,180 14,486
129 26,189 - 2353 686 1,639 30,868
37 57,913 | 12,110 | 34,059 9,934 6,590 | 120,606
He)H Ao
. 14.29 2.99 8.40 2.45 1.63 29.75
(kgCO2/m")

AA A7 COp WiEHS I 57,919 kgCOyo/yr, {12,110 kgCOy/yr,
% 34,059 kgCOqo/yr, 7171 9,934 kgCOs/yr, % 6,590 kgCOz/yro &
AZF AA CO, WiZEHLE 120,606 kgCOz/yr © & YEFTE

o 7—‘0% 129 714 w2 COxE wiEstaler, Wihe 6€o] 7 &
. 898 A Bt 7ol M =A JERAIRE, el
% B ARESEA] 7] "o COp wMiEZo] WA v Ao
TR 39 A9 1229 2€4 CO, wWlEFHo] =2 FoZ YEye

o, AA COr WiEF -5 & odA &H7F =2 12489 COx M=%
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4.4.2. AAZIY Lol &

AALE oA 4H]

7‘5;_7]— g2

= =X

CO. & A#ZF £4

AR ofulAd 2Tew AR Hrbe= 72 AAZIME A gl wE dES AUy Aauld] HEAQ JEs n[X]7] u
Fol £A4 BF A8 B olUH £n) D CO, MERY AA ARH BAE A
I 42 AR ouR] &n] A3 9 COp MlE AFE 4
2050 | el 2| waee | GEER myey| aman | oae | eass | ARE | EBAR ) aaf
ﬁﬁa‘;‘i@ﬁ/ﬂ;ﬁ) 7217 | 7045 | 67.94 | 66.88 | 61.20 | 60.74 | 59.44 | 5891 | 57.03 | 54.99 | 52.46
A% (kWh/yr) | 256,333 | 243,124 | 230,359 | 226,181 | 203,922 | 202,092 | 196,982 | 194,932 | 187,532 | 179,522 | 169,620
7} (KWh/yr) | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241
W (KWh/yr) | 130,201 | 97,346 | 82,644 | 83,852 | 54,725 | 49,361 | 52,309 | 54,927 | 74,380 | 79,050 | 78,459
W (kWh/yr) | 27,226 | 46,924 | 48,808 | 43,424 | 50,291 | 53,825 | 45,768 | 41,099 | 39,378 | 37,243 | 27,932
Z (kWh/yr) 76,572 76,572 76,572 76,572 76,572 76,572 76,572 76,572 51,441 40,895 40,895
717) (KWh/yr) | 22,334 | 22,334 | 22,334 | 22,334 | 22,334 | 22,334 | 22,334 | 22,334 | 22,334 | 22,334 | 22,334
SR KWh/yr) | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241 | 36,241
A AR kWhm2yr) | — 1.72 | 251 1.06 | 567 | 047 1.30 | 052 | 1.89 | 204 | 252
A A8 (%) - 238 | 356 157 | 848 | 076 | 214 | 088 | 320 | 358 | 4.59
A A8 (%) - 2.38 5.86 7.33 15.19 15.84 17.64 18.37 20.98 23.81 27.31
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08 | oA | waee | R mgwy | gean | de | opss | 2R ZBMH | naf
HH;@FQO%;CH?ZW 29.75 | 29.24 | 27.79 | 27.32 | 2479 | 2459 | 24.01 23.78 | 22.94 | 22.03 | 20.91
A9 (kgcoy) 114,017 | 108,164 | 102,463 | 100,605 | 90,704 | 89,890 | 87,618 | 86,705 | 83,414 | 79,851 | 75446
7} (kgeoy) 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590
v (kgeoy) 57,913 | 43,300 | 36,760 | 37,297 | 24,341 | 21,956 | 23,267 | 24,432 | 33,084 | 35,161 | 34,899
W (kgeo) 12,110 | 20,872 | 21,710 | 19,315 | 22,369 | 23,941 | 20,358 | 18,281 | 17,515 | 16,566 | 12,424
%14 (kgco) 34,059 | 34,059 | 34,059 | 34,059 | 34,059 | 34,059 | 34,059 | 34,059 | 22,881 | 18,190 | 18,190
7171 (kgcos) 9,934 | 9,934 | 9,934 | 9,934 | 9,934 | 9,934 | 9934 | 9,934 | 9,934 | 9,934 | 9,934
H% (kgcoy) 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590 | 6,590
F A (kgeoo/m - 0.51 1.45 0.47 2.53 0.20 0.58 0.23 0.84 0.91 1.12
COMIEH 78 (%) - 1.70 4.97 1.70 9.24 0.84 2.36 0.97 3.53 3.96 5.10
2 A (%) - 1.70 6.58 8.18 16.66 17.35 19.30 | 20.08 | 22.90 | 25.95 | 29.73
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ABSTRACT

A Case study on Zero Emission Elementary School

Building Design

LEE, Hye Lin

Department of Architecture

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

Around the world, abnormal climate change has recently emerged as
an issue, due to the rapid development of industries and the
indiscriminate use of energy. In response to such a change, a great
deal of research is being carried out to come up with measures to
save energy and reduce greenhouse gas emissions, while in the field
of architecture, many skills are being developed to save energy.
However, the nation’ s policies and studies in the architectural field
are biased towards energy saving, while passive in setting criteria
for and evaluating the reduction of CO, emission. In order to
decrease CO, emission, now it is very essential to make an effort
to come up with criteria for application of appropriate design
technique according to the type of each building.

According to the type of buildings, the applications of building
design technique to diminish CO, emission vary; in the case of
building type with the massive and complex use like residence,
business and commercial facilities, considerable efforts and
investments are required to reduce CO, emission.

In the case of school facilities, their available time is limited, their
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structure is simple and their space use does not vary. Due to the
fact, less effort and investment is needed to decrease CO, emission,
compared to other building types. As a result, I selected the school
facilities as a subject building type. Through a case study on zero
emission school buildings abroad, I suggested an example of zero
emission school building design, aimed at reducing CO; emission to
zero through selection and application of applicable energy—saving

design methods and application of renewable energy system.

The results of this research can be summarized like below.

1) Through a case study on zero emission school buildings abroad,
I chose passive strategies including: arrangement and shape of
buildings; zoning according to load; increase of wall thermal
performance; increase of window thermal performance and change of
Solar Heat Gain Coefficient; improvement of air thightness; change of
window area ratio; overhang installation; natural ventilation; green
roof, and Active strategies including: high efficiency lighting fixtures;
lighting control system; high efficiency HVAC (Heating, Ventilating
and Air Conditioning) system. Additionally, I chose renewable energy
systems including: photovoltaic system; solar heating system;

geothermal system.

2) According to an analysis of climatic properties, the amount of
energy consumption and CO; emission in the region of the subject
elementary school, I concluded that the application of design methods
to save heating and lighting energy, as well as cooling energy should

be considered.
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3) I evaluated the design through consecutive application of design
methods. Furthermore, [ diminished CO, emission by 20.08%
through the application of passive strategies including: arrangement
and shape of buildings; zoning according to load; increase of wall
thermal performance; increase of window thermal performance and
change of Solar Heat Gain Coefficient; improvement of air thightness;
change of window area ratio; overhang installation; natural ventilation;
green roof. I could also decrease CO, emission by 12.06% through
the application of Active strategies including: high efficiency lighting
fixtures; lighting control system; high efficiency HVAC (heating,
ventilating and air conditioning) system. In addition, I could also
decrease CO, emission by 42.02% compared to the existing
elementary schools and all amount of CO, emission by 70.45%
through the application of photovoltaic system; solar heating system;

geothermal system.

4) In case of zero emission school building design, heating energy
could be effectively saved by southward arrangement and shape of
buildings; zoning according to load; wall insulation; improvement of
air thightness; change of window area ratio with various
configurations and cooling energy could be effectively saved by the
application of window insulation and shading coefficient; awning
installation; green roof; high efficiency HVAC system. Lighting
energy could be effectively saved by the application of design

methods like high efficiency lighting fixtures; lighting control system.
The design of this study is a zero emission school building design

according to the application of design methods, based on the existing

buildings and the regional circumstances of the subject elementary
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school. Therefore, the selection and application of energy-—saving
design methods must be differently applied according to the type of

the subject building, the region and the circumstances.

The design proposed in this study is a case of a zero emission
school building, by which I suggested its possibility and direction to
improve the effect of CO, emission reduction when designing zero

emission school buildings afterwards.
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