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ABSTRACT

KEYW ORD

Purpose: This study is to investigate the effects of facade insulation and window remodeling of an existing old ~ 12 2|22

middle school building on the reduction of energy consumption. Method: To analyze energy performance of building,

=3 55m U
FEX PPN

using DesignBuilder v3.4, building energy simulation tool based EnergyPlus engine. Energy consumption and problem s QA
of target building was analyzed based on data and survey. Based on building energy simulations it analyzed the o2& Zajoic
variation of energy demand for the building according to U-value of wall, glazing properties and external shading

devices. Result: When insulation of building was reinforced, cooling and heating load was decreased. Glazing
properties that minimize cooling and heating energy consumption were analyzed. In conclusion, it is important to

Green remodeling
Existing old school building
Building energy consumption

choose SHGC and U-value of window fit in characteristic of target building. Setting external blind for cooling load  Wwindow element

decreases 5%.

External blind
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Table 1. Overview of B-middle school

Location Chungnam, Cheonan
Founded 1995.4.25
Application Middle school
Configuration Classroom : 26, Other : 26
Total floor area 5776.18 m’
EHP Cooling COP : 24
(Electric Heat Pump) Heating COP : 2.8
Electric Radiator Toilet (1.5 kW)

2} Ao EHP7H 42 5] o] glont Wivhy 7]7] 25 Aj7hel Al
7] o] A7 s Eo] AFsH o & sEF o 2 gof
eIt 7 5 sPdAellE 1.5 kW8] 7]t oflo § 7}

A=oiglom, Hiddee] AAA S 2l Fig. 1.9 2t

a. The front view

b. Cente( hall
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AFE] 7] o ol Wit A 0] 512 kgt

32. 94 4 2 #3574

e A= o2 B587HE flote] AAEHS vig o=
71E HA 2 AT T udA 8 4E EASHI S’JBUr =
& HFErolli= 50 mn 741 ©] EPS S E A 7F 4§ & o] HhF-& Flo]
Z+Z} 0.633 W/m’K, 0.579 W/m’Ke]tt. Z]Eol&= 60 mm T2
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A=At o F o =3 m FF F2 2 285 dFnEels
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Fig. 2. Typical floor plan
Table 2. Properties of building envelope 34, A AE A A BA
Thermal .
Material | THK- | oonductivity | DSy | U-value 3.4.1. AR A7) o 2] AFgEE BA
(mm) (W/mK) (kg/nf) (W/ m k) [l =1
T 25 T 70 o ABE Tpreu |t Ao U7t dUo R AHgH T
. wall | Mortar 24 0.88 2800 | o Ut 7txofu R 0] A F2 By AET B E o] e FA4A
_ES |0 004 | 1o ol 4 2215 913l A5 2 ik et & Q7 Ao A S
asterboart .
Sl * Qako SHASE H g
Intemnal wall| Con block | 200 25 2400 | 1533 Alefstal A7) 2] AHg o2 g ete] 2okl
Granite 30 2.8 2600 =3 9] Lsmart[9] AU A= AATE O, G A AR
mortar 15 0.88 2800 T 9T E I3 87 A5 5 AN A7 AR AR A
Ground floor Concrete 120 2.5 2400 0.579 _ _ _ _
EPS 50 0.04 1400 &gl gt JEE Algotal Q. AR A8 =88 1A|ot
sand 100 121 840 2 -k & 4 QIE = nlAE AH|Ao)m, i A=) A% E 37
Tile 30 0.85 2000 ofY2] AME=R2 v F71okl Sl FAIE Eolal 9tk (Fig. 3.)
Internal floor Concrete 150 2.5 2400 1.612
Plasterboard 6 0.25 2800
Mortar 24 0.88 2800 -
—_ 409.9
Concrete 130 2.5 2400 = 400 378.9 371.5
Roof EPS 0 0.04 1200 0.520 % w0 359.2 ..o
Plasterboard | 6 025 2800 *za 300 2777
g 250 215.0
8 200 171.0
Table 3. Glazing description 5',?15" T
U-value < 100
Type SHGC (W/m'K) 2 so l
Winl Clear 3T, Double window 0.703 = 0
F Alutmmum 5 . 897 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year
33, U2 e g4 Fig. 3. Annual Electric energy use of B-middle school
A st Wt AR 2 o E o] eAgo] 4 WA o Ak
517 oF 11 A 7baE o] whel s 7R o] WAl 2 o] E6}7] wj Bl W 3.42.71&9 A7) oA A% 9 Hol 74
Alol|l= A7} gle A7t WAt "}, o]o] whap mAl o) L-smarto] A A58z AAZE AHARET HlolH = Ho] 2
S99 AAZEL 2014EE A ZHEES A 2 STt ESH A A ol ot A o] A ARgEFoltt. mEkA 2 Aol A= AA
Zo 2R3} 7|72}, Wiy 7| B, 1A g2 £ A A Al o] Al g2 Bl sty] fls) A a2 REE o
2o] oA AH|HELS AL WA = sl Aot uthat RaL, s @ Aof thgh 242 kS Al oot 2 g e
A AR of B et 5 5 Al 9 F A A4 2 = AAstet. 29 ol 2] 4v] 549 whetstaiat 4
Azbel et H RS S sk let shal A1 H0] A9 w47 FolA A AES 2R Aol REIFHS olgote] RAFE 5
Bsh= W Yol A A5t Ao 7] o] A oz Fotglet. 71 dlolel e R A B S 2] [10]004 AlE5h=
et Ag AA1E A o] 7hsotet ZF oA AFRE L Qe 20009 =B 2009 712] At 2] 9] 107 B 7]/dH o E
7171 24X 7F LA 5] = A1 @279 AAE A=t E A}gster
\_24 T o i O O P i 1501 =10
L A7) 8 LRSI Table 4.9F o] @4 ZAS EU)=2 Algelo] Aol A Bk A 2 & 3 $17] %2 Table 5.9F 22
AEo] 2yl r o} AH| W & 7F AFA 5] 9] o} ™, St HA[11]37} o q 2 oFd A 71 [ 1210l A5k 74

A5 A8t
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Table 4. Details of building use, energy density & schedule
Area Occupancy Lighting De\/nce Schedule Occupancy schedule
LG m) | (eoplem) | (Wim) D)
Computer Other Semester Vacation Start End
General classroom 65 0.49 7.88 6.25 391 v
Home base 65 0.49 7.88 - -
Computer 78 041 9.85 169.23 321 v Time Table
Soecial Science 128 0.25 8.00 3.13 1.95 v
peci
classroom Language 78 0.41 9.85 169.23 321 v
Wee class 78 041 9.85 6.25 391 v v
Library 130 0.25 3.94 5.13 v 09:00 18:00
Principal 65 0.02 7.88 6.25 1.25 v 09:00 18:00
Teacher Teacher 65 0.26 7.88 62.5 6.41 v v 09:00 18:00
Laboratory(Meeting) 39 0.13 13.13 52.63 10.79 v v 09:00 21:00
Administration 65 0.078 7.88 31.25 46.88 v v 09:00 18:00
Night-duty 65 0.02 7.88 3.85 5.84 v 18:00 08:00
Offi Audio 65 0.02 7.88 9.23 1.85 v 12:30 15:30
“ Print 325 0.03 7.88 25 125 J 09:00 | 18:00
Counseling 65 0.02 11.82 6.25 v 09:00 18:00
Nurse 32.5 0.03 7.88 12.5 4.69 v 09:00 18:00
Corridor, Corridor, Toilet 580, 30 - 1.09, 0.9 - 0.43,5 v v 09:00 18:00
Toilet Gym toilet 39 - 0.72 - v 09:00 18:00
Cafeteria 302 0.66 445 - v 12:00 13:30
Gym Cooking 167 0.03 3.07 - 97.38 v 10:00 14:30
Gym 554 0.06 9.48 - v Time Table
Table 5. Indoor set point temperature, ventilation -
Heating 20 °C
Set point 50
Cooling 26 °C
Ventilation rate 21.6 m’h-people -é e
g 30
&
AlEdlold o] H 718 e floll, i 129 7187455 oot g2
5} staat Egojro] HAEZS AdPstyeh Fig. 2.0 HAH i
‘CLASSROOM 4’ A& thgo2 AgS 4Asg0m, 4
- B i o
< Fol EEH AT e e Aol TUsHA A8ttt A 1 2 3 4 5 6 7 8 9 1.0 1 12
= o 3 o = Month
2] 94 (‘):]—iﬁ' 1}7]- 50 Pa(?l 7§T ;g' 7] th‘_: HACHE —‘:&]' Q O’i Average energy use (2012~2014) = Energy use (2014) H Simulation
t}.(Table6.)
Fig. 4. Comparison of Electric energy consumption
Table 6. Infiltration rate
Model KNS-3000C T AN K, A AAFE-2 1R E S71sE 12,19 F
Measurement method KS L 150 9972 A7)9] iAol 2 S & 4 Gk o= W o=
Infiltation rae ACH; 11 H359 Sor ULl 2 Aoz FRIHg e oo
et AlE o] dof| A & Weh7 | AA|E ghofl WSttt 54
Fig. 4= AA| 7] v 2] ARG} AlEdlo]de Bt 77 710l AA| ol J 2| AHg-Fo] AlEdo] A FE T & A2 A&
AN A 2 Q=F AVE v w g T molt R At AA of L33t mE & g4 R fE T 717] Ago] S7HRY] Wi
A AgepT tha Aol got 9 Ag MEe AR e O ulelE etk B8 shA7]o] o X ALg o] Al B0l H 2
& = Qlrh. 20143 e ofl AHE A7 A Al g o] S F Hop w2 A Algdol Ao A= A AAE whet Wi 7]7]
off £AH o9 2] 28-S Bl uo| B L ot 15%Ao] 2 2 £ FotA Tt AA| & o q 2] ok ol A 2] = AE7]
Mgl Aok 10%] Aol b MEE Aoz ARG, 5L AP e o2 2AHI,
A Bdo] S Ed 245 A7t A7) o 2] A8 2ol A Fig. 5.= AlEdlo]ldS o BAE At A7) ofvA] 283
% 2F377 MWh, B2 2F86.8 MWh= LFEFSEO o t9] T o} w25 e Tl oo, ZF Aof| A AR E] = 7] 7] HH] of] o7t
96.9 kWh/year-n, 87.81 kWh/yearm* 2] 7] o Y=|7} 41| E]+= Az

Aoz A0
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£ et 14 Bdr|Eo R AR Ee] 35 9 A
ot S A= 9 E Fol e Ad A7 A A Q= el ATt
ing .
sazmwh  Feom wheba oA sh A2 o] il 4] 4] 54 BAL vEo R,
24% 136.1 Mwh Wbl o | 2] A Q18 Al 7Hx1 o] f R @45 A5k
37% oh % 9l o 9 s Y TaS FeE 0A, §El 98 B
B Lichting SRIE 488 o) A 45 Aol ae stk
55.4 mwh
e 5.1, 9i5) @ st
Fig. 5. Annual Electric energy consumption distribution APAT-2 53l ofx 2ol tist T89°] S = A[13]
2 AFolAe A9, A, Fots vhee] duR-&ol A Wt
4 EIEE"EI 7|A R* I‘I.Q. HI‘OI‘ 7]%%%&“6}E% "I]-_bl]""(lng ]:/_]-OEﬂ ﬁ%%7g§’]—ﬁ]—ﬁQ'ﬂgﬂa
) =e JlE B Ao or 55 vFeto] EPS S5 100m S 7HAI 231, 21488 150m 57}
o] Table 7.3 Zo] @4 J-5& oF 28] o]4f 33} skt
g AdE2] olv A 45 4= Sl Fl e a4 7]=o 4
Q JllA] =% 9o 11335 dl 2] A= A5
€ 7hs4, ok 55 ool HRdT 848 Aot Table 7. U-value variation of the building envelope components
o1 282 A 1A A F el 4 A8 vl PSR T E—
oF Aulylako | Yl o] wA= o] Fo] ot iy Ckness
= : pu ]’:—J —"] | o = ]:—"] ]\_Z]TO1 /V\; (]j- =2 e (W/m’K) EPS(I'III'II) U-value (W/m’K)
710 | E A7) o A= o] @4 9] 7|} vl w S o o External wall 0.633 100 0.245
g Aol o ¢ F ot Agto|tt Tt Ao =3 m o T O R o] Roof 0.520 150 0.176
FolA Py o if 7] A o) 1aE 5| 4 go] Wash Comd Dox | P = —
ohar ettt g e 90 T FE7t oF 40%E AHA| st
v kel Lo =] 1) SEO 52. &% /5]% 12576]
A e T AL e HEY ovA] x| g2 JFS
712]7] Wi SHGC, VLT, U-value “5-& 27} th 2] A5} g Ao 745 G ol 2 o] ARG Hlgo] LAHE BFA§
A i Aol 7P AR 28] 24AE TEck A AE Zo] F31% AS oA gt olof w29 ol |
Shoirh g WAL o8 A B el el BN A A8 HI8 R4S BY 489 359 A Waslek ole] &
s Aol ST a7 B A4 SR A AP Table 8.7} 2ol 5 0] A7) e AR,
AW D == A7 EAY S o] & s E sty $isto] A=
7} 7V St o] BefelEolE A-gotg ., FlrElE Q 4of gt Table 8. The window system properties used in simulation
24 9kg Fig 6.7} 2ol Lhehuich Layer Uvalue
v Type icos | SHGC | owimk)
Winl 6CL+12Air+6CL 5012 0.703 2.704
Win2 6CL+12Air+6Lowe 4351 0.663 1.774
Analysis of the existing building, : -
Energy consumption and problem of target building Win3 6CLA12Air+6Lowcblue 11060 0408 Loll
I Wind 6CL+12Air+8Loweblue 11455 0.324 1.605
Analyzed the variation of the primary energy consumption for the Win5 6CLA12Ar+6Lowegreen 11686 0573 1.365
building according to U-value of wall Win6 6CL+12Ar+8Lowegreen 11461 0.468 1.273
1 Win7 6CL+12Ar+6Lowegray | 4379 | 0360 1281
lAnalyzed the cooling and heating energy consumption for the building
according to window properties
H Change of SHGC ” Change of U-value H BEASE 7|E£o] g2 ulE TddoA PVC Zgdoz H
= ZBHI, Win1 & 55 §217H 488 Q8 B54, Win2~Win7
lAnalyzed the cooling and heating energy consumption for the building 2 golE=Folt}, B Ao] E = 24m(6mn+12m+6mm) 2 5
applying to external blinds - -
pplying FZom AU % 29 $RFTF) FYHE A B
Suggest an effective designs = %75]3]'93\@ Win2, Win3, Win 4—“:— dHH-E 7He v]=5 AT

Fig. 6. Retrofitting steps for the school building

HZ=Zo|t}. Win5, Win6,
3Rt 2 o] B0,

7F7}9] SHGC %2 % 0.57,0.46, 0362 2 W3S F3ict.
5. 2 2HEY Iz 2 24
53. QA 22 FA) A8
2 AE2 20129 0] T ofu] =AY Bl QlE 2o M, B AEolA FaAn o] F7hs et AL FAdT BAME R <l
oF WA Ato] o] 5 WA o] o] ot} By EF A WAt S A g7 B A& v 2] M| S =27 FdE 712
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Ao R Ag B 8587 Slat A7t A9 ot Eat
20159 SUSE AF FA) Ex A4 2FA ] AA7F AR A
2o Yo RatEL 5 Ag NS Aeste] 51a7]
5} 17k 9 eorgd o] A §9-2 2HsH] 918 elo] o] o]
A3 glek. £ elAE A2 ZAT At kS Tefoto]
Table 9.9} 2] 45° ZFz.0] )% BefQIES 7k wA Q] ¢ o]
2.gsto] shd7] W oA BUS BASHT Sl 9
ShlEt @ S WA WAL ol mes}r] ] Aol
TRsetnz v Bl vlsh aubag 2o Bastg
Table 9. External blind design
External Blind

Slat angle 45° /45<

Slat width 50 mm yd

Slat separation 48 mn Z

Operation May~September Ou/ "

6. Z|2HY 7|g 22 HE0| ME Hx] Y5t

Hg B2 AZ1 U2 AHETFF OF WulrFol Wb 9
o 205 2122 G AT el R Ye] 845 A gote]
7%

ohg ou 4] A7 wakE EAsiart

6.1. 9] &<
71&9 st A= G2 5E FEA1717] flell FEA Q] F+
AE S7HNA €BRES A B 522 3ottt Fig
72 GE7E} o] gt A Wb oA A ¥ W
Temolth. Az Wk o] 48] 17936 MWho]A
171.78 MWh2 2F 5% ZrAE]glo ™, ©-9] HA o Wk o1 7]
AH]= OF 46.12 kWh/year Ol A ©F 44.17kWh/year-n® A7E
Aoz BAHeh EG W oui At oF 8% AAE oLt
o o] %) 7L walgh 20 2 Lehe,
200
= 180
E’ = 160
8 %— 140
S5 ©
En'ﬁ 120
£ E 100
£ £ =80
£3 40
Y 20

base base_insulated

mmcooling ##i heating -e—heating&cooling

Fig. 7. Annual Electric energy consumption according to enhanced
insulation
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6.2. %

T 7ok ] oA AR 52 48RS 1) Azh gk o]
U7 497 Fig. 8.3 o] BAH9IEh SHGC gto] Wol 45
%4@%%ﬂgﬂ5ﬂﬂ+ﬂ% ot g L

1] 711 = 161 2 et 27 ”%6}04 * Al
a7 I7HEE Aoz Z4HUI. WoluAs i
SHGC #to] ¥ 11 AHR-g #Lol =2 WindE 832 of <F 19%
A=} g 142& AEC] 7P okt Wi v A=
SHGC Zto] =11 97HR-8 Zto]l 2 wins=S A8 7| = 4
=] oF 46% 7:?’\5401 7P 2 ddES 2o ey 3
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