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Abstract
Many countries over the world have acknowledged the global warming problem by greenhouse gas emission and tried to
solve the problem. The Korean government has also taken many actions such as The Act on Low Carbon, Green Growth and
on Promoting Green Building in that architectural building section takes 1/4 of national greenhouse gas emission. Under the
situation that buildings constructed 15 years ago when insulation standards were reinforced take about 74%, The Plan on
Vitalizing Green Remodeling, finally established on July 2013, will induce energy-efficient remodeling of deteriorated buildings.
Using the energy simulation by the Visual DOE 4.0 program, this paper proposed the ways of energy-efficient remodeling of

deteriorated high school buildings by measuring energy saving performance of factors that were drawn from the previous
study. The factors considered are insulation, window's SHGC, south louver, system efficiency, and indoor setting temperature.
Among them, all factors except SHGC proved contribution to reducing energy use at deteriorated high school buildings,

compared with the baseline energy consumption.
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2. EEQEEEEI_O_I Aé'%'% _?_I-él-_l_ 7'1":‘ /M8 += Table 13 24,
B0 Od:[Loﬂ/ﬂ Xég]g].l—‘: “E%Qﬂﬂ@”% Qﬂﬁ%ﬂ OﬂL-]X] Table 1. Overview of S-Elementary School
a8 fudze oste AAE BATzioln RAmdo) Establishment Type | Public Establishment year 1988
AR G457 A ABE BeH HmA o9 ) N‘o‘ of class 28 . Student no./class no. | 28.5 .
) ! ) Site area 4,460m Gross area 5,826m'
FoA dEAS 7HAE B4 2dS AAsIoH 24 a4 Classroom status
g A7 |E 2 A oty 2o General classroom 28 | Library 1 | Video room -
Special classroom 2 | Other classroom | 2 | Teacher space | 2
2.1, A|ZHH Heolo| MH Administration room | 5 | Gymnastics 1 | Health office 1
Restroom 8 | Dining room 1 | Other space 2
FEurd dAdA Mg $AA L Eojof & 24
}T—'ﬁs‘éﬂ]—;ﬂ—oﬂ EH?J: }\]Z_]_-Zjl %’1‘?’1% )\\jxésl—l\:_} 7/_1()]@ E‘ ﬁ?—oﬂl‘_] 2) Z:}EH—?— 94 21:8] ﬂ% }\l/\47]_§_ gi}oﬂ u;}.% 5—1}-37—@%%9’] ol]];];(]%
= #E g 2 duAds BEsE W8 5¢ 2AEH W] B8 A7, FTANBAAZRI =23, Vol 10 No. 6.
wEstae] Azka Wele] d@ AwnH sEe AAsar. 2010. p.73-80.
rm R AN AAFR | o TmA SkoAe 2o Ao 3) o]dE ¢ 29. AHP HJ‘%‘d‘% O]%L} lr_ff;ffi?_ﬂ_ quxAdzre s &
_ . _ &7]&e] e A%, A EAEAFS] =23, Vol 1L No.
3k §A-#EIE) dAAE ‘w33 E Fgus 109 olio] H 6. 2011. p.127-132.
e FASYen AEH, dAE =5 FEFUe B 0 swaeied 2sEA9L, 2000
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Table 2. Chronical Change of Cooling-Heating System & Energy Source 9

Heating Cooling
Category

System Energy source | System Energy source
1960s Stove Brown coal - -
1970s Stove Brown coal - -
1980s Fan heater Oil/Gas Fan Electricity
1990s~ | EHP/GHP Electricity/Gas | EHP/GHP Electricity/Gas
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Table 3. Operational Standards for High School

Semester School day
Semester & -
Ist semester | 2nd semester | Standard Exception
School day®)
From 3/1 To late Feb. | 220day/yr | 198day/yr
Operational Monday-Friday Saturday
hour? 07:50~22:00 07:50~12:00
Human9) 0.54 People/m’
Density®)
ensity Lightingl0 | 9.5 W/m’
Legislation standard Setting standard!)
Indoor - - - -
Cooling Heating Cooling Heating
temperature
26~28C 18~20C 26C 20C
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Table 4. Overview of Standard School

Structure Reinforced concrete

Size Four floors above ground
Building area 1,333m?

Gross area 5,826m’

AC area 3,193m’

Non-AC area 1,672m?

0.5B/1.0B Brickmasonry

Archi 1 f . . . .
chitecturalform T50 Bid-type insulating board, Cement-mortar finish

U-factor: 4.06 W/m*C, SHGC: 0.774, Tvis: 0.83

Window Double window

Roof type Flat slab

Cooling system Package air conditioner

Heating system Gas fan heater

No. of class 25
g
g2
5|z
2
2z
Corridor Library
. Rest Class Class
Cooking g 8| = Lobby room room room
B = Teacher E 4
Dining 2 Office £ | B
E £

Class
room

Fig. 1. Typical Floor Plan of Standard School

5 e 9 2%, g AAVE HEe wE stwuEE ouxy
wale] #AF AT, FIEIAAZSE =3, Vol 10. No. 6.
2010. p.73-80.
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Table 5. Device, Lighting and Occupancy Density & Occupancy Schedule for High School

Room type Area | Lighting(W/m?) Device | Occupancy(m’/people) | Device cooling | Schedule Occup. schedule
Division Sub-division (m?) Input | Number (W/m?) Input | Max. number | capacity(kW) Semester | Yearly | Start End
Sg:::im Classroom 68/81 | 11.9 }g Zz ;;g 36 People g [ 830 | 22:00
. Computer 162 8.89 18 ea. 50 1.9 85 People 13x2 ea. o 8:30 18:00
Sﬁ:fom Library 162 | 1185 | 24 ea. | - 1.9 | 85 People 13x2 ea. ° 830 | 18:00
Science 162 8.89 18 ea. - 4.05 40 People 13x2 ea. o 8:30 18:00
Teacher 135 10.7 24 ea. 15 35 39 People 13x2 ea. ® 7:30 22:00
Office Principal 34 9.5 4 ea. 15 34.0 1 People 5 [ ] 230 18:00
Health 68 95 8 ca. 15 340 | 2 People 5 o ' )
Information 34 9.5 4 ea. 15 17.0 | 2 People - [ ]
Adminstration | Administration 34 9.5 4 ea. 15 6.8 5 People - o 8:30 18:00
room Publication 34 9.5 4 ea. 15 17.0 2 People - o
Night-duty 41 39 2 ea. 15 20.0 2 People 11 o 18:00 8:30
Cooking&dining | 105 114 15 ea. 5 2.1 50 People 13x2 ea. o 11:30 13:30
Support room -
Broadcasting 68 9.5 4 ea. 50 13.6 5 People 11 [ 11:30 | 13:30
Restroom 68 9.5 4 ea. - - - - o - -
Non-AC Corridor - - - - - - - [ ] - -
space Stair - : - - - : - ° - -
32. BEESD oy sy 2wy 4. oLix] AEH 0|4 Za}
wEgurde] oA sHE AR 4 AEHCIA Mz QUzAE U A[EY0|M A}
ZEIWOFE Visual DOE 4.0& Al&3t3em Fig. 2
2 304 RHEo] AlEF o)A AR HojA AW F ArA AlgdeldA Stugd 7P 2 Aols yEhy
Zz70] SUd Aol sty 2QYS AASHT =S H] = 98T E AdAY] AELE, Ad2AZ IE 2
Tz HE uAanF AHE maHo] TIAZO YN P FzAEeIH 2 ATFdAE 2ERD 9
o FxET ulEzEre] TR wE ~AZE A7) A A AlgdleoldA A3 dHHsE AAsr] flaA
AL, A =A%, 2t Ame] BAA, HVAC Alzdlel i LFSAMNLS 2-F5asy ANg8e 2Astd s
F 5 mxstw JuAsA Zdye 98 YYAEE stue] YHWsE Table 5 9 Fig. 494 2] A8ttt
TSunA REAARE, ¢ SEFIue] HAENS g
o2 AT
1% Somester 2 Semester
Heating
Period | Heating |  Intermediate Cooling Cooling |  Intermediate Heating
mg:::?n Perod | Perod Period Period | Perod Period

Fig. 2. Energy Simulation Modeling for Standard School

—

Fig. 3. Energy Simulation Zoning for Standard School
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Fig. 4. Annual Operational Schedule of High School
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Fig. 5. Annual Energy Use of Baseline Model(Unit: kWh)
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Table 6. Alternatives of Insulation and Window Factors

Type Insulation(W/m’K) Window
Ext. W | Int. W | Roof | Ext. WD | Int. W/D | SHGC

Baseline | 0.47 3.26 0.34 | 4.07 3.26 0.78
Alt. 1 0.36 2.30 028 | 2.80 3.08 0.60
Alt. 2 0.34 2.10 025 | 2.10 3.01 0.35
Alt. 3 0.29 2.00 022 | 1.90 2.92 -

Alt. 4 0.25 1.95 020 | 1.80 2.83 -

Alt. 5 0.21 1.90 0.17 | 1.40 - -

Table 7. Alternatives of Daylighting and Control Factors

Type South louver depth | System efficiency | Indoor temperature
Baseline | - Air-conditioner | ¢ 11 591
+Gas heater
Alt. 1 200mm EHP grade 1 C27C / H 19C
Alt. 2 400mm EHP grade 2 C 28C / H 18C
Alt. 3 600mm EHP grade 3 -
Alt. 4 800mm EHP grade 4 -
Alt. 5 1,000mm EHP grade 5 -

htto./www.kieae.org
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Fig. 6. Annual Average Energy Use by Factor(Unit: kWh)
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Fig. 7. Average Energy Reduction Rate by Factor
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Table 8. Energy Reduction Rate by Best Alternative of Factors

Type Electricity | Cooling | Heating | Total Reduction
P energy energy | enmergy | energy | rate
Baseline 88,268 72,372 | 39,342 199,982 | -

Ext. wall ins. | 88,268 72,763 | 32,290 193,321 | -3.3%

Int. wall ins. | 88,268 71,228 | 33,678 193,174 | -3.4%

Roof ins. 88,268 71,999 | 36,852 197,119 | -1.4%

Ext. W/D ins. | 88,268 78,318 17,545 184,131 | -7.9%

Int. W/D ins. | 88,268 72,040 | 37,579 | 197,887 | -1.0%

W/D SHGC 88,268 57,139 | 69,027 | 214,434 | 7.2%

South louver | 88,268 68,075 | 39,342 195,685 | -2.1%

System Eff. 88,268 50,612 19,168 158,048 | -21.0%

Indoor Temp. | 88,268 66,061 | 29,518 183,847 | -8.1%
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