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Purpose: The final purpose of this study is to minimize the cost and time required in the green remodeling
decision making and further promote the green remodeling market, and in this work, a standard model for each type
of public building was developed as a first step to develop judgement tools to support pre-decision making. Method:
The standard model refers to a series of databases with pre-set input variables for each type of building in order to  Green Remodeling
minimize existing complex energy simulation input variables and increase accessibility to non-specialists. The  Pre-Decision Making
database was established using existing public building licensing data, building energy efficiency certification ~Energy Consumption

. Standard Model
cases, legal standards, and related research. Result: Based on the standard model database, we will develop support
tools for pre-decision making of green remodeling and develop a web-based system that can easily compare energy A CCEPTANCE INFO
requirements before and after green remodeling improvement and calculate expected construction costs. Received Apr. 1, 2021
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2. a%% %%éo" [[I-% E-’l._“-EH' -E—.ﬁ. Table 1. Classification system of public buzldn;gjml -
Main Use Detailed Use PN é::ﬂl .
2.1. golg 4 2 71 Elementary, middle |\ 00 64000 | 11415
and high school ’ ’ ’
| 9150 =7t EALE_ A5 FEAEE BAS 2167} dlo ey Ed‘;jf;"“ Library 100~43,000 571
o|AF g&golqltt. HolH £4 9 7H-2 2 22 g2 F9 research Dormitory 100~32,000 441
23 = et facilities Normal(large) 1,000~ 5,518
(124D W 353052 <1s)7t HolH 47(268,59671) Normal(mid) 300~1,000 5,518
Normal(small) 50~300 5,519
Green-remodeling Decision Making Support System Community
. Class 1 center 50~5,000 1,764
] soaross I S e neighborhood Police box 502,000 | 2201
1 Final Cutput Data living facilities
] Eneray Comparizan Business 50~1,000 5,573
Large 4000~ | 1,490
e e Business facilities Mid 2,000~4,000 1,490
Small 1,000~2,000 1,491
Facilities for Large 500~ 1,905
culture activities
and assembly Small 50~500 1,905

Study Range
| Dats

This 5
Public Building

Database

Erangy
Simulation

Data Analysis

o Construction Cost D&

| Remodeling Scenario ’

Fig. 1. Study range of the green-remodeling pre-decision making

supporting system
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Table 2. Energy factor selection for public buildings 15)7t glofefHo| AE 7122 AWA - S4(A/AIS - b=
5 . " o NI = =
Factor Literature | Expert’s Final 09| Z¢ HghZ EF R AFgstEon, 219 - 7t
: 5 . _ o 1w . o _
bsiis | pis | Gt 91o] A9 AUE ELOE ASSAT, BEATAE - 2
Building use . . . F00] e AR, S5, 23R, Ao gt R A% 2 o
Total area ° ° . A= Table 3.7+ 2t}
Floor area . - -
Region . . . 2) Aera], AR oEg A4
- _ - N
Completion year . R . ebdn] g gw e o) g Eghe AEE ovA A 4%
Direction ° ° ° ﬂg% /\‘I-Eﬂ il\]’(Flg 2)% %?} igﬁ—%}k——(—j—i /{j@g}ﬁq Zj%%g
Floors(ground/base) ° ° ° %E E‘l _H-E %‘Oﬂ tq-‘j/]- ‘(Z]ﬂ;gy—% '_HIL_"[ETQ‘ lﬂ, "—igﬂ— %%EHE] E% %
Floor height . - - HAEE A sl
Ceiling height . . .
B Table 3. Representative value of Education and research facilities -
W/D Ratio . . . ) , .
Elementary, middle and high school (Total area, Floors, Completion year,
Air conditioning area ° - - Region)
Exteri Thermal o N . Factor Representative Value Source
Xterior Transmittance y ;
wall Total area 5,319m License DB(average)
Composition ° - - . - -
P Region Gyeonggi-do License DB(mode)
The@al . . ° Completion year 1995 License DB(mode)
Roof Transmittance — -
Direction South License DB(mode)
Composition . - - -
Floors(ground/base) 3/0 License DB(average)
Thermal o . .
R . . ] Ceiling height 2.6m License DB(average)
Floor Transmittance
Composition ° - -
Total area(m’) Floor Class Name Main Use Detail Use ‘Window area ratio(%)
Thermal N N . s T i soave | bl N resdontel T Edvcnton onel eceorch ol o
b 9179.83 1 under/4 above Public No residential Education and research facilities 25.08
TranSMttance 12209.48 1 under;" above Public No residential Education and research facilities 23.59
. 14587.41 1 under/5 above Public No residential Education and research facilities 23.83
Window Area Ratio ° ° ® Toriz7s | T e sooes | putle N rortenti | Eatcson and reseae facie s
Glass type . - - ioest |1 undrit seve | Peble No resdantil | Edication ane esearch fais Y
11148 1 under/4 above Public No residential Education and research facilities 25.01
SHGC - . . Taeanty 1 undanfs sbove bl Ne resdontil — Edicaion and esearcs ot o
13509.68 4 above Public No residential Education and research facilities 24.67
Infiltration . . . toe mo e M G Soomoooss o
16650.12 1 under/5 above Public No residential Education and research facilities 29.77
Type . . i aehrs 1 s soove | Pl N resdantil | Eevcaion ane eceasch ol B
Heating 18157.87 1 under/5 above Public No residential Education and research facilities 24.56
. Capacity ° ° ° 11788.23 1 under/4 above  Public No residential  Education and research facilties 29.57
fac111ty 12533.61 1 under/4 above Public No residential  Education and research facilities 25.55
1 1 under/5 above ublic o residential ducation and research facilities
Efﬁciency ° ° o 1:230253932 1 undevg above Eub\lc :o residential Edu(a!mn and research facilities ig :Z
Type N N R Fig. 2. Example of energy efficiency rating consulting
Cooling R
L Capacity . ° . ]
facility Table 4. Legal standards of Thernal transmittance and SHGC by year
Efficienc . . .
Y Year 1980 1987 2001 2009
[ ] [ ] [ ) .
Hot water Type Exterior wall | 2093 | 0582 | 0582 | 047
facili i
i Capacity * b b Thermal Roof 1047 | 0582 | 0407 | 029
Air_conditioning facility e - - Tr";isc‘;““ Floor(directy | 1.745 | 0582 | 0582 | 041
Lighting density ° ° i (W/m'K) | Floor(indirect) - - - 0.58
Renewable energy facility - o o Window 2.559 3.489 3373 3.4
Operating schedule ° - - SHGC 0.744 0.744 0.688 0.688

(©2021. Korea Institute of Ecological Architecture and Environment all rights reserved.

19



TR BYY AN AYAET LS 9Bt BBUSE R¥Y BEDY 12
3) 9)n] EHE, SHGC, 471& tiEgt 474 @ W] BHP Bk §4:41257]
91 ATHR& W SHGCS) thEge Asrtang 7zo2 4 @ FFAN): ThaR e B A7) 247

F AZ0] 291 WA Z(Table 4)& g3tk W7 Z] @ ® 2HAN): Y5 B LED

ol ASHAYFA, A5 Au)7| 254 B 74, D52 @ QAN By

of of 7] Ao 71A] §3F2] 79 7| AAA ol SR {1410] et AR A 1nf

g 100kcal/hs HLstglom & ook

2 Table 6.7} 2t}

Table 6. Type and capacity of heating and cooling facilities

Main Use Detailed Use Type Capaﬂ(\:,;ty
4) 7] 7‘“@‘3], ;ﬂﬂgﬂl, },‘lxﬂ"(ﬂ/éﬂ] ‘:H"E‘ A7 Elementary, middle EHP 57325
AYALPAYA, AZEAIATEET I A, TBD5 and high school '
_ _ . University EHP or Absorption 686.51
g X B B Hu] 222 A5 Educat - -
= e Rd tell(Table 5.) 242 55 AH] TH/E AA5H uacna;ilon Library EHP or Absorption 375
owm, Bopdz HAGH 7leQ i+ v 2t research Dormitory EHP or Absorption | 425.72
facilities Normal(large) EHP or Absorption 473
Table 5. Facilities of sample buildings Normal(mid) EHP or Absorption 74.04
Heating and L. Normal(small) EHP 16.73
Num Cooling Hot Water Lighting R Class 1 Community center | EHP or Absorption 103.83
neighborhood ;
1 EHP _ Fluorescent _ gliving Police box EHP 29.63
2 EHP Electric Fluorescent, LED - facilities Business EHP 39.37
L i EHP Al ti 1,274.
3 EIP Gas boiler LED _ Business ar.ge §1ze or Absorp fon ,274.85
- - - facilitios Mid size EHP or Absorption 298.31
4 | Gas boiler, PAC Electric LED Photovoltaic Small size EHP 159.7
5 | Oil Boiler, EHP | Oil Boiler LED Photovoltaic Facilities for Large size EHP or Absorption 5293
6 | Gas boiler, PAC - Fluorescent, LED - culture
activities and Small size EHP 21.57
7 | Absorption, EHP | Gas boiler | Fluorescent, LED | Photovoltaic assembly )
8 | Absorption, EHP | Gas boiler | Fluorescent, LED | Photovoltaic
9 Absorption Gas boiler | Fluorescent, LED - Table 7. Type and capacity of hot water facilities
10 EHP Electric Fluorescent - Main Use Detailed Use Type Gzlkp::]l)ty Tz;k
11 EHP Electric Fluorescent -
- - Elementary, middle a Gas boiler or
12 | Absorption, EHP Electric Fluorescent, LED - nd high school Electric water heater 70 100
13 EHP Electric Fluorescent, LED - University Gas boiler or e 1300
14 EHP Electric Fluorescent, LED - Electric water heater ?
15 EHP Gas boiler | Fluorescent, LED | Photovoltaic Library GE_‘S boiler or 44 700
- . Electric water heater
16 EHP Electric Fluorescent - Education -
- and Dormito Gas boiler or 50 300
17 EHP Gas boiler | Fluorescent, LED - research v Electric water heater
: facilities :
) . Photovoltaic Gas boiler or
18 Ab t boil Fl t, LED
serption Gas boiler voreseent, /Solar heat Normal(large) Electric water heater 4 900
19 EHP Electric Fluorescent, LED - Normal(mid) e c(tiljz S;lltl:rr ﬁ;ater 9 200
20 EHP Electric Fluorescent, LED -
: Gas boiler or
21 PAC Gas boiler | Fluorescent, LED - Normal(small) Eleciric water heater 2 100
22 | Absorption, EHP Electric Fluorescent, LED - ) Gas boiler or
: B Community center . 12 200
23 | Gas boiler, EHP | Gas boiler | Fluorescent, LED - Class 1 Electric water heater
24 | Absorption, EHP | Gas boiler LED - neighborhood Police box Gas boiler or 4 100
- - living Electric water heater
25 Absorption Gas boiler LED - facilities -
; i i Business Gas boler or 5 100
26 Absorption Gas boiler LED Photovoltaic Electric water heater
27 GHP Electric Fluorescent, LED - 1
: Large size | S8 boter of 149 |2,700
28 EHP Electric Fluorescent, LED - ectric water heater
29 | EHP, Gas Heater Electric Fluorescent, LED | Photovoltaic B“S.iP?SS Mid size GQS boiler or 36 600
facilities Electric water heater
30 | Gas boiler, EHP | Gas boiler LED Photovoltaic ]
: , Small size Gas boiler or 19 | 300
31 Absorption Gas boiler | Fluorescent, LED | Solar heat Electric water heater
32 | Absorption, EHP Electric Fluorescent, LED | Photovoltaic Facilities Large size Ge}s boiler or 68 |1.100
33 | Gas boiler. EHP | Electric LED i for culture Electric water heater
> activities P
Absorption, EHP, . and . as boiler or
34 GHP Electric Fluorescent, LED - assembly Small size Electric water heater 3 100
20 KIEAE Journal, Vol. 21, No. 3, Jun. 2021
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Table 8. Specification of circulation pump o] AFEE|T gt THEZHIA dAR o2 AAstgon] REO]
Clreulation Pump 2 WAT oF 6.3kW= 43stsct
Main Use Detailed Cold/Hot Water Cooling Water ‘;I;;
Use Table 10. Standard model of Educatin and reasarch facilities -
Flow | Head | Power| Flow | Head | Power| Power . .
Normal(large), Normal(mid), Normal(small)
CPM)| m) | kW) |(PV)| (m) | (kW) | (kW) ; —
Elementary, Education and research facilities
middle and - - - - - - | 500 Factor Normal Normal Normal
high school (large) (mid) (small)
University | 1,968 | 30 | 18.5 [2,952| 36 |30.0 | 500 Total area (1) 4,076 638 145
Education | Library |1,075| 18 | 7.5 [1,613| 24 | 11.0 | 500 Region Gyeonggi-do | Gangwon-do | Gangwon-do
and , | Domitory | 1220 | 30 | 150 |1.831] 36 | 22.0 | 500 Completion year 1995 1995 1995
researc
facilities I\iormal 1356 | 18 78 2034 18 | 11.0 | 500 Direction South South South
(large) Floors (ground/base) 3/0 2/0 1/0
Normal
orma.
midy | 22| 12| 153181 12} 201500 Ceiling height 2.6 2.6 2.6
Normal 300 W/D Ratio 1.86 1.59 1.7
(small) ) ) ) ) ) )
Community Window area ratio (%) 29.5 20.6 223
Class 117 ter | 298| 12| 1.5 | 446 12 1 221 500 Exterior wall 0.582 0.582 0.582
neighborhood -
living Police box| - - - - - - | 300 Thermal Roof 0.407 0.407 0.407
facilities | Business | - ; Sl o o] - ]300 Trans- Direct 0.582 0.582 0.582
mittance| Floor
Large size|3,655| 30 | 30 |5482| 36 | 55 | 500 (W/m'K) Indirect 0.582 0.582 0.582
Business |7\ i size | 855 | 18 | 5.5 |1,283] 24 | 11 | 500 Window 3373 3373 3373
facilities
Small size | 458 | 18 | 3.7 | 687 | 24 | 55 | 500 Window SHGC 0.688 0.688 0.688
Fac‘hlt;zs for| | arge size | 1,517] 12 | 11 |2276] 18 | 15 | 500 Infiltration(ACH) 15 L5 15
culture .
activitis and - EHP Capacity (kW) 473 74.04 16.73
assembly |0 M7 T ) R R R (heating) cop 2.7 2.7 2.7
Absorption Capacity (kW) 473 74.04 -
Table 9. Coefficient of performance of EHP (heating) Efficiency (%) 3425 3425 _
B Rated Capacity| "ored POWer | ating Enp | Capacity (kW) 473 74.04 16.73
Pro-| Energy &W) Consumption CoP Cooling (cooling)
i cooling . . )
duct Ell:iactlle:llgcy kW) CoP COP 2.5 2.5 2.5
Heating| Cooling| Heating | Cooling| 7°C | -15°C Absorption | Capacity (kW) 473 74.04 -
(cooling) CoP 1.34 1.34 -
A 5 690 | 615 | 260 | 217 | 27 | 1.1 | 28 .
Electric | Capacity (kW) 54 9 2
B 5 75.0 67.0 27.5 29.9 2.7 2.7 22 (hot water) Efficiency (%) 100 100 100
C 5 825 | 731 | 293 | 270 | 27 | 28 | 27 Gas boiler | Capacity (kW) 54 9 2
hot t i
D| 5 | 883|797 | 344 | 310 | 26 | 26 | 26 (hot water) | Efficiency (%) |  77.53 77.53 77.53
sohti Fluorescent 15 15 15
E| 5 | 950 |80 | 378 | 346 | 25 | 25 | 25 Lighting
density LED 9.5 9.5 9.5
F 5 100.0 | 90.0 | 378 | 429 | 27 | 27 | 21 :
Photovoltaic| Capacity (kW) 72 17 8
Average 2.7 2.7 2.5 panel Area () 452 106 48

(©2021. Korea Institute of Ecological Architecture and Environment all rights reserved. 21
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Table 11. Standard model of Class 1 neighborhood living facilities

Table 12. Standard model of Business facilities

Class 1 neighborhood living facilities Business facilities
Factor . Factor
. Police box Business Large size Mid size Small size
center
Total area (m’) 896 255 340 Total area (m’) 11,308 2,720 1,414
Region Gyeonisng Seoul Gyeonggi-do Region Gyeonggi-do | Gyeonggi-do | Gyeonggi-do
nam-do
. Completion year 2009 2009 2008
Completion year 1992 1997 1990
T Direction South South South
Direction South South South
Floors(ground/base) 2% 2% 20 Floors(ground/base) 51 3/1 3/1
Ceiling height 26 26 26 Ceiling height 2.6 2.6 2.6
W/D Ratio 1.66 1.30 2.09 W/D Ratio 1.7 185 209
Window area ratio (%) 25 23 30.7 Window area ratio (%) 344 274 307
Exterior wall 0.582 0.582 0.582 Exterior wall 047 0.47 0.47
Thermal Roof 0.407 0.407 0.407 Thermal Roof 029 0-29 029
Trans- : Trans- Direct 0.41 041 041
. Direct 0.582 0.582 0.582 mittance| Floor
ARG | oo (W/m'K) Indirect 0.58 0.58 0.58
(W/mK) Indirect 0.582 0.582 0.582 : i i
: Window 34 34 34
Window 3.373 3373 3.373
Window SHGC 0.688 0.688 0.688 Window SHGC 0.688 0.688 0.688
Infiltration(ACH) 15 15 1.5 Infiltration(ACH) 1.5 1.5 15
cip | Capacity (W)| 10383 29.63 3937 EHP Capacity (kW) | 1,274.85 29831 159.7
(heatmg) COP 27 27 27 (heatlng) Ccor 2.7 2.7 2.7
Absorption | Capacity (kW) | 10383 . . Absorption Capacity (kW) | 1,274.85 29831 159.7
(heating) : 0 _ ] (heating) | Efficiency (%) | 84.25 84.25 84.25
Efficiency (%) 84.25
EHP Capacity (kW) 103.83 29.63 39.37 EHP Capacity (kW) 1,274.85 298.31 159.7
(cooling) CoP 55 55 s (cooling) COP 25 25 25
. .| Capacity (kW) | 1274.85 29831 159.7
Absorption Capacity (kW) 103.83 - - AbsorPtlon apacity (kW) i
(cooling) cop 134 ] ] (cooling) CoP 134 134 134
Electric Capacity (kW) 12 4 5 (hElectric ) Capacity (kW) 149 36 19
ot water . o
(hot water) Efficiency (%) 100 100 100 Efficiency (%) 100 100 100
. : Capacity (kW) 149 36 19
Gas boiler Capacity (kW) 12 4 5 (h}a: b01tl€1'
(hot water) | pficiency (%)| 7753 7753 77.53 (hot WaleD)| Eficiency () | 77.53 7753 7733
Lighting Fluorescent 15 15 15 Light.ing Fluorescent 15 15 15
density LED 95 95 95 density LED 9.5 9.5 9.5
Photovoltaic| Capacity (kW) 24 7 9 Photovoltaic| Capacity (kW) 117 46 24
panel Area (1) 149 2 56 panel Area () 731 285 153
4, BERA == 5. 88
3FA ST WS v o2 FEASE 157 ol digt 2 ATE IR EEY AR A A G4 A P ETE S
BELPo] LEE YoM O F ASATAAE F tiH L - AR A A A dA Q) AFEHN, FFAEES FH2 1502 &0t
F 2 BFLH(Table 10.), Al1F SHAYLAH (Table 11.), AF 1 2470 83 3t mE2 Y-S L2k}
Al (Table 12.)¢] tfgt of|Al= oh23k Zot BEREL2 7|£9 BT YA AlEF ol YHHSE A4S
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