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ABSTRACT

KEYWORD

Purpose: Recently, various technologies and policies have been introduced in building to reduce the energy 12! 2|22

demand and to provide a comfort and beneficial residential environment. However, various policies to reduce the

L8 Ze
o2 45 B}

heating/cooling load and to improve energy efficiency are mainly applied to new buildings and public institutions. S0l BTy B4
Accordingly, the government is promoting a green-remodeling policy for improving the energy efficiency and

performance of aging buildings. In this study, the energy performance evaluation and feasibility analysis on  Green-remodeling
green-remodeling of the small-scale housing was conducted. Method: In this study, in order to quantitatively ~ Small-scale Housing

analyze the energy consumption according to the application of green-remodeling design factors, ECO2 program

Energy Performance Evaluation
Feasibility Analysis

that used for energy evaluation was utilized. Furthermore, feasibility analysis was conducted based on the

green-remodeling technologies and results of the energy consumption. Result: In order to meet the minimum A CCEPTANCE INFO
requirements for green remodeling and receive interest support, the insulation performance conditions differed by ~ Received Nov. 25, 2020

region. When the renewable system was installed, the results of economic analysis were different depending on the ~ Final revision received Jan. 8, 2021

specific period. Considering the support fund of renewable energy provided by the government, the payback period

could be shortened from 4 to 8 years.
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Table 1. Analysis of Previous Researches

Year Author Description

* Energy saving effect and economic analysis

2012 Choi et al. of office building

* Evaluation of energy saving effect and
suggestion of integrated envelope design
method

2014 Jang et al.

Evaluation of energy saving technology and

2016 | Son & Song analysis of business feasibility

* Value assessment for a public building

2017 | Lee & Kim . Lo .
according to green-remodeling introduction

* Analysis on green-remodeling energy saving

2017 Lim et al.
1m et a effect

* Economic evaluation analysis of office

2018 L L
ee & Lee remodeling and green-remodeling
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| Analysis on Previous Researches of Green-remodeling

| Energy Performance Evaluation of Small-scale House |

| Classification by region | | Energy saving Factor |
[ ]
|

| Life Cycle Cost & Payback Analysis |

Feasibility Analysis on Green-remodeling of
Small-scale House

Fig. 1. Flow Chart of the Study Method

Table 2. Green Remodeling Construction Type

Insulation supplementation,
Essential Enhancement of Air tightness enhancement,
construction | cladding performance Window performance,
Solar radiation control, etc.
Zoning controls, Standby
Energy management power cut-off,
devices BEMS,
Smart meter, etc.
. Energy Storage System
additional Peak L(]))ad .Reductlon (ESS),
supportable evice Ice thermal storage, etc.
construction
Renewable Energy Solar, Geothermal,
Construction Wind, etc.
T High-efﬁc‘iency cooling and
e heatmg S}fstems,
LED lighting, etc.

Table 3. Standard of the Interest Support

Energy Performance
Improvement Ratio

30%
25%~29%
20%~24%

Interest Support Ratio

3%
2%
1%
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A A A= 2018 17402 min|ek Aol AA| ArdEoe C T o 2015 2016 o1 s
oF 199 F7k5|9000, 4822 FA=I9Irt, | C tmow
o] ;,q%q’ 7k o) 2b2] ALl ol Tt 18l elmEle) Abe] ol 72 Fig. 2. Status of Private Interest Support Project
QF AP FHE 2)&A 0 72 2751l QoW F8 AZE fist Table 4. Simulation Model Condition
Agle] o2 S|t Dot 744 A5E 34 35 Conditon Value
_ . eou
Feof gt AFQfo] F& o] FofA| Al glow, Aqf i THEFEof o Location Ulsan
ot A2 @AY mu]gh A o]}, Building type Residential house
. Heating 20°C
L HVAC Setpoint temperature Cooling 26°C
3. 0"'.:'1' ’gs EL-! Operation time 24hour
Infiltration (1/h) 6
3.1. ABHolAd nd Ae Floor Area / Height / Ceiling 100m’ / 2.8m / 2.3m
od. —
Aspect ratio 1:1.69
J9 g rddy FAHAME I3 frnddy oz ¥rt =g Roof 0.58
T 0 & ECO2, ECO2-OD, GR-E& 2|43} 9lrt. & 7] Seoul 00|18
al .
A= ECO2E 7|5to 2 g4 o 7] Aekg Ao npat 7|22 Heat transmission rate Window 6.60
a9 Frdy o) B U] 2 ag-g Bk v #4 (W/m*K) Roof | 058
=109 Floor 1.16
i “E}'D . ] Ulsan TR [ oss
AEE U7 Aeeid o 1= 20184 71+ FAF A Window | 6.60
A AlsHe AF= o] Bt 2]E AHgste] 100m' 2 7] 52 A sHtH101. East 10.8%
_ = _ 0,
AE o)n 9L 1289 = F35 89 15t 309 A 7] Window to Wall Ratio (WWR) oo 2
= - = . 0
Fo 2 AAstgon, 19829 104 30 AFE A=A P12 North 18.6%
A19% AZEQ &S Yt 228 sttt 1 o]9] Boiler efficiency 85%
AZALT By QASEL YAEE GEzg gAY s} Lighting power density (LPD) 15W/m’
of 7| dof §tgstrH11]. AA R what 5o Zko] 7} gL
&% glou}, B =Bolq YN 58 85%0] SRz A &
otal 2P L= 15W/f 2 AAstgeH12]. 7| &R 27142
Table 4.2} Fig. 3.3 £t}
ED(Energy Demand)+= 92| @770 & A9 W, Wi, 2.8m
w3, 2% FaolA o 33t BaE sh= oy A g %ok,
EC(Energy Consumption)i= U2 2% = oy a7
WEA]717] 918 522 )7 7]0] AHREE o] 2] g oJm] gt 13m m
} [13]. PEC(Primary Energy Consumption)+& 12} o1 2] 4 8.3F . S o
o2 Azol 4, 1L, 94 ME T2 So| Ao £ARS 1 Fig. 3. Simulation Model of Small-scale Residential House
35t of 1] x| o]}, Table 5. Result of Energy Demand and Consumption
e (kWh/m?yr)
o] 27102 A B0l 4E Wy ATH= Table 5.9 2
Table 4.2] 2 Agdolds _°° E'_J)r Table 5.9 2 Heating | Cooling | DHW | Lighting | Total
o} o] tf G242 A3 Sito] FUSI, 13} o1 2] A g Fk2 ED | 1537 20.4 30.7 27.4 2322
Hgo] &R} 66.5kWh/mt & %2 A} gt Seoul | EC | 2252 9.2 36.4 274 | 2983
- 5 PEC 251.8 25.2 40.5 75.3 392.8
/\Dgo/}j_-;_\:ﬂo /1L_] TE =o]7] ¢3 j_% Eﬂ]a]z]—}_/ﬂ
el 21 4= = 171 9144 : =ed3d S ED | 1113 16.7 30.7 274 186.1
Elof A & Ao Relih GARE AFAR O] 13} | 2] A8 8FS Ulsan | EC | 1697 75 364 274 241.0
v wsla T, AT 9 A4 9] 10% o2 SHelx| 9T}, PEC | 189.9 20.6 40.5 75.3 3263
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3.2. Case Study =7
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Table 6. Condition of Case Study

Location Passive element Active element
Ref A W50/ R50/ F20
Case A-1 W80/ R80/ F40
Case A-2 W110/ R110/ F60
Case A-3 W140/ R140/ F80
Case A4 | Seoul W170/ R170/ F100
Case A-5 W200/ R200/ F120 | Photovoltaic (PV)
Case A-6 W200/ R200/ F120 Geothermal
Case A-7 ‘W200/ R200/ F120 PV+Geothermal

Ref B W50/ R50/ F20

Case B-1 W70/ R70/ F35

Case B-2 W90/ R90/ F50

Case B-3 W110/ R110/ F65

Case B4 | Usan W130/ R130/ F80

Case B-5 W150/ R150/ F95 Photovoltaic (PV)
Case B-6 W150/ R150/ F95 Geothermal
Case B-7 W150/ R150/ F95 PV+Geothermal
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Table 7. Energy Demand of Heating and Cooling

(kWh/m?yr)
Location Case Total Energy Savings (%)

Ref A 174.10 -

Case A-1 130.90 43.20 (25%)

Case A-2 103.50 70.60 (41%)

o Case A-3 88.70 85.40 (49%)

Case A-4 717.70 96.40 (55%)

Case A-5 69.60 104.50 (60%)

Case A-6 69.60 104.50 (60%)

Case A-7 69.60 104.50 (60%)
Ref B 128 -

Case B-1 97.10 31.10 (24%)

Case B-2 80.20 48.00 (37%)

Tk Case B-3 69.20 59.00 (46%)

Case B4 61.50 66.70 (56%)

Case B-5 56.50 71.70 (56%)

Case B-6 56.50 71.70 (56%)

Case B-7 56.50 71.70 (56%)

400

O Heating M Cooling 0 DHW & Light O Renewable

300
200 180 gy

100
35

e
|

58

Energy consumption (kWh/m?)

S g
2OIN

-100
Ref Case Case A-1 Case A-2 Case A-3 Case A-4 Case A-5 Case A-6 Case A-7
A

(a) Energy consumption of Seoul

400

O Heating M Cooling 0 DHW & Light O Renewable

300

200 174

100
so 2
[
2 D D
58

Energy consumption (kWh/m?)

36

-100
Ref Case Case B-1 Case B-2 Case B-3 Case B-4 Case B-5 Case B-6 Case B-7
B

(b) Energy consumption of Ulsan

Fig. 4. Energy Consumption According to Green-remodeling
Design Factors and Local Climate
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r 12 q JATAL I A ¥
A - R AR o] AAA e} A gAREEA T AT Table 9. Initial Investment Cost of Remodeling
7} ZAFSHO] At=sheitH 14]. (KRW 1,000)
Table 8.% VA%S LYY 1-17 EyY , HFA~ 31 2] E :/_a] E\:-ﬂa] A
. Ha-EAL 15T, W oE]' e t Insulation Window Rene:vable Total
T FEHOE o]FolA= FAHIE UEHUH, FEFTAE system
Case® =z TYsH Ao =2 714514 LY. Case A-1 8,103 1,940 - 63,603
Table 9.+ Case™ ©7t Zo)7} A= FAR R & TEFAL & Case A2 9,106 2,440 - 65,535
A AAGAA A2 A= /g Table 9.914 & Case A-3 | 10,109 3,140 - 67,723
=7 8. .J_.E.J_}\H Table 9.2] Case® ZAMH|E 3HA}S]
A= Table 8.2] TH]e Table 9.2] Cased BAHIS L‘_’} Case A4 | 11112 3,840 - 69.912
o %_‘ |, o], BIPHAAl T 7Hse 3 AHIE Yultt
o Case A-5 12,115 4,540 5,028 78,562
Table 10 Case”ﬂ Oq7]- 01]]:1;(] H]_Q_E L}E}%E} Lg}_ﬁ O] 63: Case A-6 12,115 4,540 10,000 84,952
Aol uba A7k o AjH]go] AZE Qo ARERE Zo=9] Case A-7 12,115 4,540 15,028 91,414
o}, 27| 2 EHH] oA A ug Aol M & A2 AEAIAH Case B-1 7,788 1,940 - 63,199
= A3 A-69F B-6%th A GA AR I e FFAIAF AX] Al of Case B2 8,477 2,440 - 64,726
17 Hl-&-2 7| 850 25 ghtstelow, gt e g AH15] oA Case B3 9,165 3,140 i 66,511
ALl Q12 zHaglal u] A z] Al YUEF gl Z1EFH] QO S A
d-5ot= @F-& A8t njda] Al ¢ (3 x_lﬂ 3 ) 42 =4 Case B4 0.854 3.840 ) 68.295
fFraAH161o1A AA sk S HR7FEAIE aste] X2 59 5 e B o D10 <o —
— as€ b- > s 5 >
H| 9] PH7tE A&t
Ao 2) A28 A7) 0] vhek AArele o d A s} CwcBO | 1098 | 430 | 10000 | S5
or 7 A QA7 AE= Ao 7 715k Case B-7 10,542 4,540 15,028 89,393
Table 10. Annual Energy Cost of Remodeling Model
42, AAA BA v )
3A8 =4 (KRW 1,000)
ZAA =L AT S5 wE |7 E A sfjofgith 2 A
i , 3 _ Heating | Coolin; DHW | Lighting | Total
FolAE BE H§S AAZHNE SABHE LA ENPY, ¢ ¢ g
Net Present Value)& o]t 17|41, @47k (P)E 4H&517] Ref Case A | 1920 77 310 347 | 2,655
{15 mlef A B & (F)2 AZF A Hgo] =, A () Case A-1 1375 88 310 347 2,121
Al ] Glo] A SIX
wrep AaeelE ) S A8ote] @AV = fbE. Case A2 | 1078 99 310 348 | 1,836
1 Case A-3 885 111 310 349 1,656
Py=Fx[——] (Eq. 1)
(1+4) Case A4 | 735 121 310 350 | 1,518
Al g2 =2l S99 BV ES B 1017 3 Case A5 610 % 308 6 Lo15
Fgroz AEsto] —0.03%7F A= A9TH17]. Case A-6 30 24 21 128 205
Case A-7 19 15 13 81 129
Table 8. Common Cost of Remodeling
(KRW 1,000) Ref Case B | 1,488 63 310 346 2,168
Material Labor Indirect Total Case B-1 | 1071 76 310 346 | 1,805
Cost Cost Cost
Case B-2 857 87 310 347 1,603
Temt‘r’sri‘.ry 7,320 7,880 320 15,520
°D°“S lf’t}"“ Case B-3 703 100 310 348 1,463
cmolition
construction 3940 1,485 297 7,722 Case B-4 549 113 310 349 1,321
Plati k 1,441 2.4
\;“?g WOrf A40 960 % 496 Case B-5 450 23 30 64 847
e 5,300 2,000 ; 7,300
construction Case B-6 19 24 69 128 242
Painti
e 400 600 - 1,000 Case B-7 11 14 39 73 138
work
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110.000 Table 11. Government Support Fund of Renewable Energy
105,000 (KRW 1,000)
100.000 General Low-carb
/ Type nel W- on
95,000 — module module
F 90000 T M M // N PV ~2.0kW 1,037/kW 1,244/kW
§ 85.000 A 2.0kW~3.0kW 838/kW 1,005/kW
3 I
= ~10.5kW 691/kW
= 80.000 / Geothermal T0.5KW~17.5KW S3TW
S 75000 . ~17.
-®- Case A-1 -4- Case A-5
70,000 Case A-2 Case A-G
Case A-3 -6 Case A-7
65,000 b C:Z: A e Table 12. Local Government Support Fund of PV System
60,000 (KRW 1,000)
01 23 45 6 7 8 91011 1213 14 15 16 17 18 19 20
_ Type General module
Time (year) Seoul ~3.0kW T00/KW
(a) ROI result of Seoul Ulsan ~3.0kW 3,514/kW
110,000 100,000
105,000 95,000
100,000 00.000
95,000 /‘//-.;"//. ’
e ——3 .
S 90,000 4—o—o *> > * g 85000
: - 2
g 8500 P g 80.000 ¢—e—e—t—t—t A
S 50.000 =3 /
z : gz 75.000
C  75.000 o
-8~ CaseB-1 - CaseB-5 70.000 -8- Case A-1 -¢- Case A-5
70,000 Case B-2 Case B-6 : Case A-2 Case A-6
65.000 ¢~ CaseB-3 @ CaseB-7 65,000 o CaseA3 - Case A7
Case B-4 Case A-4
60,000
001 23456 7 8 910111213 1415 16 17 18 19 20 60=0000 L 2 3 4 5 6 7 8 o 1011 12 13 14 15
Time (year) Time (year)
(b) ROI result of Ulsan

Fig. 5. ROI Result According to Green-remodeling Design Factors
and Local Climate
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HeTF SAS v W EH &= 2]l o] vl z 7 o] Alo|ate] whal 2
7| ZEAH 7} 3 4 409HERE o] 2008H47EA] Ago] o EA 4

SH Uk AR, dE 2o 7HSAE Feole Case A-13}
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(a) ROI result of Seoul (considered support fund)
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Fig. 6. ROI Result Considering Support Fund
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