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A Case Study on Estimation of Energy Efficiency and Economic Feasibility
for Energy-Saving Remodeling of Small-sized Houses

Kim, Jaewook!, Song, YoungWoung?, Choi, Yoon-Ki'
1Seohyeonplus Co., Ltd
MEST-NRF Research Professor, Ph.D., Research Institute of Frontier Technology, Soongsil University

Abstract : Recently, various methods such as energy reduction, Greenhouse gas and etc., has been suggested worldwide. Korea
has a lot of deteriorated houses, thus there are many demands for the remodeling. However such studies are scarce. This study
analyzed the types of deteriorated housing, also suggests technology list to remodeling through domestic, foreign practices and
existing research. This study suggested combination of technology list for small house remodeling by energy simulation and Life
Gycle Cost related to windows, insulation and doors. This study that can be applied to the technical performance and economy
of the basic research would be the basis of the analysis technique.
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Case Study of Energy Reduction Technologies in Domestic
and intemational

Applicable Technique List Writing in Small Size Remodeling

Case Study on Estimation of Economic Feasibility and
Simulation

Suggestion of an Efficient Way in Small Remodeling

Fig. 1. Research Flow Diagram
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Table 1. Comparison of Energy Simulation System Feature

i . Analysis .
el Analysis of| of the |Dynamic e
Orcanizzi Go Annual | New | Energy IDa 1a
rganization untry Energy asrl]/-lgt?ﬁré Analysis gggt
i eat |j
Type Consumption Sooa in Hourly Output
_ | Lawrence Berkeley
DOE-2 National Laboratory USA © X © &
BLAST | University of lllinois | USA ) X ¢} A
Energy Department of
A
Plus Energy USA © © ©
TRNSY Universilyl of USA o o o A
S Wisconsin
g University of
ESP-r Stratholyde UK o] ¢} 0 A
University of Tokyo,
Society of Heating,
HASP Air-Conditioning JAP 0] X A A
and Sanitary
Engineers of Japan
CE3 P&D Soft KOR 0 A e] o]
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Table. 2. Current Housing Survey Summary

Item Description

Vulnerable Environmental Housing Residents who Want to Remodel

Survey Cbject House to Energy-saving type

Survey of Houses, Structures, Windows, Heat Sources,

Survey Contents Construction Reguest and Etc.

Survey Term 2011.08 ~ 2011.07

Survey Places 15 Cities-States and 183 Homes (Except Jeju Island)
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Basement 2%
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12%

~Unauthorized
5%

"\ Apartment
4%

a) Home Type

b) House Floor

Etc. 3%-,

More than ~ __Ftc. 1%
67~99m 100m" 6% 7

14%
SRC 22%

c) Structure Type

d) House Area

Etc. 5% ___late-night Etc. 5%
Boiler 2%

Qil Boiler
- 46%

“\-Briquette
Boiler 17%

e) Heating Method f) Construction Request Part

Fig. 2. Current Housing Survey Results
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Table 3. A classification of the Pro—environment Energy Reduction

Technology
Category Division Section
. Exterior Insulation
Insulation - -
Interior Insulation
Double Skin
Structure
Low Energy Double Roof
Building Type of glass part by window
Creation (Efficient lighting)
Technoloy Windows iah i i i ir—ti
ay High insulation & High Air-tightness Windows

frame

Louver System
Curtain & Blind & Roll screen

Control of the

Sunlight
Awning Window & Exterior louver
Efficiency of e )
using waler Water-saving sanitary fixture and equipment
Community energy supply system
Heat source Waste Incinerator system
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Table 3. A classification of the Pro—environment Energy Reduction
Technology (continued)

Category Division Section
Green roof system
Building Green wall system
greening Green garage system
system Green slope system(wall, retaining wall)
Green upper slab system
Exterior Making green garden in the site
Environment Water space - -
al Creation furtherance Making aquatic biotop
Technology Water space of artificial ground
Roof water spraying system
Efficiency of Rain-water utilization system
using water Using heavy water system
Permeable pavement
Control of the - .
sunlight Application of the light-duct
Electrical Room control system for heating and cooling
system Reduction device of standoy power
Green IT Lighting fixture(Light Emitting Diode lighting)
Technology onting 9 9 gning
Lighting Application of photo catalyst lighting fixture
Dimming control by part
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High-efficien High efficiency condensing gas boiler I B : o]- A a5
j=he 3 Z
Equg”nent Radiant heating and cooling system é J_}\]'Q’]"] b} E ‘:-Li }\] 0}93\1:} Kk
Teohnooy | air congitoring Reheating system of using cooling water 7} QIEjHo] st 7l 8= the Table 49 2tk
and heating Heating and cooling system using midnight
electric power
Aluminum heat sink Table 4. Expert Interview Summary
Electricity Substation faciliies or power systems
Hybrid ventilation system Period 2011.08 ~ 2011.09
) Ventilation tower Target Persons 5 Specialist in architecture remodeling
High-efficien Heat recovery ventilation system using the o 0 2 o o 10 a o
. cy Air environment bottom of the floating floor areer 5~10 years(2 people), more than 10 year(3 people
quipment Heat recovery exhaust systemiventiation in Occupational ,
Technology the household):heat transmission, sensible e Builders(3 people), Planer(2 people)
heat 0
Air shower system of entrance area
Sunlight generation Aol =13
817 el oFAE Jlevl WEI) QER
Solar energy Solar hot water %% 0*’] U6 T A ] "] 10 ]ﬁ IR ]- v 1‘!1‘
= =] 2~ = =
Buiding Integrated Phot Voltaic(BIPY) £ B3 5371A] A AR 7 T AfETE gEd
Wind energy Wind-power generation system %] :61/\].0]] Z(j'_%l:ft]_— _/,: 01‘— 7]% E] 2 A zé]g].o:] 75]'—/%1
Application of the geothermal water cooling Qo
New & Geothermal type air conditioner 0}09\‘:]‘ -8-2 ok Table 59 2Tk
Renewable energy Sewage water heat source system =5 187]-7<] TNes A= v ] Al ZH Al OﬂLﬂ ;(] IT 7
Energy Use Application of the ground source heat pump
Technology

Heat pump using rainwater

Recycling water water cooling type air conditioner using

subsurface Water

Fuel cell

Besides Application of small scale co—generation
Wood pellet boiler(biomass)
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Table 5. Energy Saving Technology Adapt to Energy Saving

Remodeling
Category Division Section
Exterior Insulation
Insulation
Interior Insulation
Low Energy Type of glass part by window
Building (Efficient lighting)
Creati Windows
reation High insulation & High Air-tightness
Technology Windows frame
Contral of the Curtain & Blind & Rall screen
Sunlight Awning Window & Exterior louver
Efficiency of Water-saving sanitary fixture and
using water equipment
High—gﬁ\cwency Heat source High efficiency condensing gas boiler
Equipment
Technology Radiant heating and cooling system

Air conditioning

and heating Heating and cooling system using
midnight electric power
New & Sunlight generation
Renewable
Solar energy
Energy Use
Technology Solar hot water
Exterior Building Green roof system
Environmental -
Creation gs stemg
Technology Vs Green wall system
Room control system for heating and
Electrical cooling
system . )
Green IT Reduction device of standby power
Technology Lighting fixture(Light Emiting Diode
Lighting lighting)

Dimming control by part
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Table 6. The terms of simulation system

Category Contents
Heating temperature 2T
Air induction from exterior 21m/p-m
Amount of fever (man) 294Wh/m-d
Amount of fever (equipment) 21.0Wh/m*-d
Heating time End of October ~ Beginning of April, 24hour
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Table 7. Construction Cost by Material

3 Thickness/ | Specifi
Work Material name Size it Cost
Glass wool 50mm m* 5,074 won
Extrusion Insulation .
Interior board No. 2 0mm " 11,770 won
Insulation : :
Exrusion uiation 50mm m 13014 won
Nailed plaster board 9.5mm m* 6,484 won
Exterior Sandwich panel 50mm m 25,301 won
Insulation
(Sanawic
h panel) Sandwich panel 100mm m 27,017 won
PVC frame+ .
Window 16mm double glass " 180,000 won
Door Insulation door 74 200,000 won
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Table 8. Summary of Case Study A

Site Location Gyeonggi-do Siheung-si
Site Area 13.17m Building Area 62.94m*
Category by
Usage of Single housing Direction Facing Southwest
Housing
Major Structure Masonry Roof Structure SRC
Heating Method Oil Boller Residence Ground 1st floor
Location
Window Type Aluminum window Floor Height 28m
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Table 9. The Case Study B on Technology Application

L . Applica | Applica
Category Division Section bilty ion
, Exterior Insulation X X
Insulation - -
Interior Insulation 0 0
Low Type of glass part by window o X
En_er_gy Windows (EffICIent . I\ghtmg).
Building High insulation & High o o
Creation Air-tightness Windows frame
Technology |~ ool of | Curtain & Blind & Roll screen 0 0
the Awning Window & Exterior
Sunlight louver © X
Eﬁ'C'eUCV Water-saving sanitary fixture
of using and equipment © ©
] B water quip
High-efficie Heat High efficiency condensing gas o o
. ney X source boiler
quipmen - - - -
Technology A|r . Radiant heating and cooling o X
conditionin system
g and Heating and cooling system « X
heating using midnight electric power
New & . )
Sunlight generation o] X
Renewable Solar ont g
Energy ener
Use & Solar hot water 0 X
Technology
Exterior )
Environme Building Green roof system X X
ntal greening
Creation system Green wall system X X
Technology
Room control system for o o
Electrical heating and cooling
Green IT system Reduction d[;eov\:vo:r of standby o o
Technology Lighting fixture(Light Emitting o o
Lighting Diode lighting)
Dimming control by part 0 X
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9,450
2,750 2,650 4,050

Room-3

2,950

Toilet

8,000
1,800

Room-2

3,250

Fig. 3. Hoor Plan of Case Study A
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Table 11. Summary of Case Study B

Site Location Gyeonggi—do bucheon-si
Site Area 114.95m* Building Area 34.69m*
Category by Usage of Multi-Family — .
Housing Housing Direction Facing North
Major Structure Masonry Roof Structure SRC
) Residence
Heating Method LNG Boiler Lseziien Roof Floor
Wood+Aluminum A
Window Type window Floor Height 223m
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Table 10. Heating Energy Demand & Payback Period by Application Technology of the Case Study A
Division VEE] [FEEE 2T Reduction Re?autci:(t)ion Annual Energy Inv:sittirzrillent Payback
Application technology kWh KWh/ m* (KWh/m?) %) Cost(won) (won) period
Existing House 15,880.6 2525 - - 1,209,261 - -
30mm 136742 2173 B2 14 1,040,781 1,556,998 dyears
XPS Interior 3months
Insulation-2 50mm 12,884.9 2047 478 19 980,756 1,635,308 OS5
9months
General Double
Windows/ b 12,5828 199 526 21 957,781 4,979,200 o
Doors Insulation more than 5months
20mm
30mm+General Double {8years
Windows+lnsulation 10,450.1 166.0 8.5 35 795,591 6,536,198
1months
Insulation/ more than 20mm
Windows/ 50mm+
Doors General Double 9,667.5 1536 %.9 ) 736,075 6,614,508 15years
Windows+Insulation 5months
more than 20mm
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Table 12. The Case Study B on Technology Application

_ Applic | Applic
Category Item Sub-ltem ability ation
Exterior Insulation 0 ¢}
Insulation
Interior Insulation o] o]
Type of glass part by
indow (Efficient lighting) © X
Low Energy wincow gning
Buildi Windows
Ul |.ng High insulation & High o o
Creation Air-tightness Windows frame
Technology
Curtain & Blind & Rall
Control screen ° o
of the
Sunlight Awning Window & Exterior o o
louver
Effici . ! )
Oflcﬂzir;cy Water-saving sanitary fixture o o
d and equipment
water
High-efficiency Heat High efficiency pondenS|ng o o
) Source gas boailer
Equipment
Technology Ar Radiant heating and cooling « «
conditioni system
ng ‘?”d Heating and cooling system
heating ; X X
using midnight electric power
New & Sunlight generation 0 X
Renewable Solar oo
E U
TgiL%yolo;ye Energy Solar hot water o] X
Envlizrﬁr?rrrigntal Building Green roof system 0 X
Creation Greening G I svst
Technology System reen wall system o} X
Room control system for o o
Electrical heating and cooling
System Reduction device of standby
Green IT power ° °
Technology
Lighting fixture(Light Emitting o X
Lighting Diode lighting)
Dimming control by part X X
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Fig. 4. Floor Plan of Case Study B
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Table 13. Heating Energy Demand & Payback Period by Application Technology of the Case Study B

Division Total heating energy . Reduction Annual il Initial
Reduction ) averaged Payback
(KWh/m) ratio Energy Cost =T Investment e
Application technology kWh KWh/ m# (%) (won) (won) (won)
Existing House 12,806.3 369.2 - - 974778 - - -
30mm 98579 2842 850 23 750,555 18,685 2020352 1 ?yearsh
XPS Interior months
Insulation-2 7years
50mm 9,199.7 265.2 104.0 28 700,499 22,857 2,121,950
5months
Exterior 50mm 105576 043 6849 18 805,287 14,251 1,568,662 ngeaf
Insulation months
(Sanawich 7years
Pannel) 100mm 10,083.9 290.7 785 21 767,742 17,253 1,675,054 {omonths
30750 91714 2644 1048 28 698,347 23,086 3580014 1ayears
) mm 1months
XPS Interior
Insulation-2
N 304100 88904 2560 1132 31 676216 24.8% 3695406 13years
mm 3months
Exterior
Insulation %00 8763.1 2526 1166 2 667,29 25624 3600612 f2years
(Sandwich mm 9months
Pannel)
Shltd 85449 2463 1229 33 0702 | 27006 | 3707004 | e
mm 4months
Windows/ | General Double Windows 11,1828 324 468 13 851,312 10289 1,140,000 dyears
Doors Insulation more than 20mm 2months
30mm+
General Double 85367 246.1 1231 B 650078 27,058 316035 dyears
Interior Windows+nsulation more 10months
Insulatior/ than 20mm
ngow 50mm+
0ors
General Double 78746 227.0 1422 2 500726 | 31254 | 3261050 | _veass
Windows+Insulation more 7months
than 20mm
50mm+
Exterior General Double 92365 2663 1029 28 703,298 2623 2708602 10vears
- Windows+nsulation more 2months
Insulation
(Sandwich than 20mm
vsa’;”‘iv”/y 100mm-+
indo
General Double Oyears
Doors Windows*Insulation more 8,764.3 252.6 116.6 32 667,387 25,616 2,815,054 {monihs
than 20mm
30+50
mm
13years
+General Double 78467 226.2 143.0 39 597,604 31,431 4729014
) Smonths
Windows+nsulation more
than 20mm
30+100
mm 12years
Interior and +General Double 7,55%6.5 217.8 1514 41 575,535 33270 4,835,406 Himonths
Exterior Windows+nsulation more
Insulation than 20mm
(Sanawich
Pannel)/ 50+50
Windows/ mm 12years
Doors +General Double 74391 2144 154.8 42 566,607 34,014 4830612
) 6months
Windows+nsulation more
than 20mm
50+100
mm 12years
+General Double 7,221.6 208.2 161.0 44 550,066 35,393 4,937,004
. 3months
Windows+Insulation more
than 20mm
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