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Abstract : Environmental problems and the shortage of natural resources are currently gathering more attention in Korea and
international countries. With these problems, it is reported that most current domestic buildings are emitting approximately
138 million tons of greenhouse gas. According to a recent report from the investigation of Korean housing population, the
total number of households is approximately 129 millions, and the apartments that were built more than 15 years ago
amounted to 3.1 millions. This shows that the rates of old apartment housings are increasing. Therefore, it is necessary to
consider the deteriorated facilities and environmental improvement. Also, the construction industry is benefited by improving
these housings which may need either remodeling or reconstruction. Environmental friendly buildings are a rising
consideration for remodeling and reconstruction projects; it helps to determine many business matters in construction. The
main purpose of this research is to improve environmental condition in apartments with comparison analysis between
remodeling and reconstruction alternatives. This research is focused on characteristics of remodeling and reconstruction and it
sets up the same condition with each level in order to evaluate the value of environmental friendliness and analyze its
definition. The result of this research provides a unique emitting rate at a novel framework and this will cause the reduction
of Q0. It is analyzed that the remodeling construction can reduce the great amount of GO, Therefore, it will be a good
decision guideline in selecting the most eco-friendly alternative to improve environment for building construction. Although
reconstruction is a popular alternative nowadays in Korea, this research can provide a reason why decision makers should
put more emphasis on remodeling as an environment-friendly alternative.
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Table 1. National Greenhouse Gas Reduction Target in Korea
(Unit: Million Ton, Approximate Value)

Greenhouse Gas Emission Current Status
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Fig. 1. Research Scope and Methodology
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Table 2. List of Previous Research on Environmental Performance
Evaluation

Author Research Contents Source

LCCO, Comparison Analysis
Kim, Y. M. et al. between Existing Design
(2010) Criteria-based Apartment and
Low-energy Apartment

Journal of Facilities
Engineering in Korea,
Vol. 22, no. 4

Comparison Analysis on
Environmental Impact and Energy | Journal of Korean

Lee, K. H. (2003) Consumption of Reconstruction Institute of Housing
and Remodeling for Vol. 14, No. 5.
Aged-Apartment Construction
Prediction of Life Cycle Energy and | Journal of Korean
Lee, K. H. (2008) CO, emission for Apartment Institute of Housing,
Construction Vo. 18, no. 8.
Conference
Environmental/Economical Proceedings of Korean
Lee, J. H. et. al. Evaluation Model of Institute of
(2002) Reconstruction and Remodeling Construction
for Apartment Construction Engineering and
Management
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Table 3. Comparison Analysis on Environmental Load between
Reconstruction and Remodeling Projects

Item Sub-ltem  |Reconstruction | Load* Remodeling
! Overall Partial Demolition (Incl.
Demolision - >> o )
Demoalition Interior Finish Materials)
No -
Structural COz Emission for
) reinforcement < )
Reinforcement Reinforcement
needed
Construction Few amount of CO»
Huge amount of Emission (It may vary when
Structural Work 9 o >> ( y ay
COz Emission vertical/horizontal
Expansion required.)
_ Overall Finish -
Finish Work Overall Finish Work
Work
Heating/Cooling Similar
. Operatlon Similar Operation Period
Elediricly Period and and Energy Consumption
Operations Energy v P
Water Supply | Consumption
) Similar Repair . - )
Repair Scope S Similar Repair Scope

* >> | arge Difference , > Small Difference = Same or Simiiar
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Table 5. Reconstruction/Remodeling Alternatives

ltem Existing Alt. A Alt. B Alt. C
Apartment | Reconstruction | Remodeling 1 Remodeling 2
Unit 196 230 196 230
Building 2 2 2 2
- 13 =
- Floor 12 15 (E=Plot) 155
Location Doon-Cheon Dong, Gang-Dong Gu, Seoul Gross Area | 179150 m* | 234996 m? 24.464.1 m? 234996 m?
. 2
Project Area 7,900.00m*(2,392.47 PY) Gro;safArea D652% 505.06% A% o05.06%
Project Size 2 Buildings (10 and 12 Floors), 196 Units 0
Floor Type 79.3m2(24PY) 926m2(28PY), 105.8m2(32PY) B#i‘;‘gg Corridor Stair Stair Stair
Gross Area Ratio 226.52%
Plan - 10% 0% 10%
Structural Type RC Concrete-Wall Type Ramen Structure Expansion ° ° °
Parking Space 81 cars (0A1car/unit) Vertical _ 3 floor level 1 floor level 3 floor level
Expansion expansion expansion expansion
=7 E'"EI oo A—lx—l Not allowed to
33 XH L5 I- EIE I:H I Regulations - Applicable Applicable vertically expand 3
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Fig. 2. Reconstruction and Remodeling Alternatives for
Environmental Performance Evaluation
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Table 6. Won—Unit DB Application by Construction Phase

Phase | Classification Contents Source
Korea Institute of
MVVtas.tel CO, Emissions by Materials Construction
aenas Technology

Heavy CO» Emissions by Heavy Korea Institute of

Demolition i
Equipment | Equipmert ?;ﬁ;g%gy”
Transport | CO, Emissions by Transport Kim et

Equipment | Equipment

Korea Institute of
Construction
Technology

Input

Materials CO, Emissions by Materials

Construction Equipment Energy Korea Insitute of

Construction| Construction | Consumption, ?onﬁtrulction
Equipment | COz Emissions by Construction Gﬁ]‘;?yo%;’
Equipment Environment
Transport | CO, Emissions by Transport
Equipment | Equipment feactd.
. |Electricity, Gas, . Ministry of
Operation Wator GO, Emissions by Energy Environment
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Table 7. Wastes Generated by Dismantling and Demolition

Phase Material Reconstruction Remodeling
Waste Concrete High Lows
Waste Metal High Lows
D\sn;igtlmg Waste Bricks High High
Demolition Waste Tiles High High
Waste Plastics High High
Waste Glass High High

ST MBI H718e] B 5 A7)sks Ao] of
og, A1 ERe) wE AAME 2 Al 15 971
< Aol O, W1 NI WY1 ERel me
ANE D A gl iF SR ZAR A o3}
FaR)Ee] 79 AEIEo] 09%EA Ao 4] ¢
s AEIGO] %, S 4% BHF AL
ZASISICY (Table §) o1 48] AYAAI
WHIE A/I%E S5k ATBEA B oAl
& COPNEEE 248 4 92 Aot

Hﬂjﬂrﬂ

Table 8. Recycling Rate by Waste Type

Type Generation rate Recycling rate Unreggable
Waste Concrete 100 99.9% 0.1%
Waste Metal 100 96.0% 4.0%
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COp Emissions = (Wix Dix COi) — (1)
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CO : CO» emissions coefficient for each material

YO /1 AR Dl COBYTE 5
sl JANE H7E T AZE/ARREe] BTl d7)1E
3o At 488 T A8 Fed e B
A¥ElE B 2 glong B =Hoa= uhlEyEae)a

-8/ ZH*]—% 7Fedt EFs AR UmA =3l dhel
A QO 'S Stk
2) SHAEA CHAolMe CO, LM £ UHENZ]

% 253))

—_—

AV A B ohlet BAY £ AT
A% Avlel Aoz o7 ek N8 S )
siel, 3 A sk 2 szigel Wi sk

I, g&ﬂ glokgl #7158 ejslr] gk gl EAn)/ A
S ohj])“] Eatel OﬂL‘]ZV/\O S5 meksh, AlA)
dote 28 ouA)/re %%%hg oz I
AAGA Aol SAESIE =% ]-1:]. A BADA AL
= Aalexe] oliksleka u}]% o A <Jek AR
2 Formula 29} 2t}

CO, Emissions = >(Wix Eix Ti) —©

Wi * Amount of each waste

~
r

Ei : Energy or fuel requirement of heavy equipment for disposal of waste\
Ti . Coefficient for conversion of energy or fuel requirement into CO,

4.2 NSTHA

421 A3 25 Hole 47

AFRAIE BailES Sehs TS TR A
o] ool T AYSENE BAHEES gEl
F1%t HlolH o] etk AlFeAeIM T
= A AN, D7, A R AR
i aps) 5l ow, S AR olgstel 35
W EolxA g AuA eSS AR

4.2.2 NS BAHIET A58
(1) ASTA M| COLhdRr ZHH(RIA)
AlEEAIM Aol iRk BhamiEe:
| 2 A Qo wiEAlTE sk, A7l 2} A
A AAJTEAHON AN T RS 93 AlE
Folo] AR AlgEldxe] FisE Al cot

i 30 N mlﬂ

ON

2

J

stazispielsts =2n M5 Ais 2o 18 9]



Y- S 310 gy

Ak ZAARC. Formula 33 2tk

COp Emissions = 2(Wix COix Ri) —@Q
Wi © Amount of input material
COi + Unit CO, emissions coefficient by material
: Coefficient for each material
Ri (Conversion for material  Unit conversions coefficient suggested in

the inter-industry analysis method)
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Q0, Emissions = Z(Wix Nix MixCOi) — (4
Wi * Amount of input material
N * Number of equipment for transport of materials
= Total waste amount/Vehicle loading capacity
Mi : Material transport distance
COi + Unit CO, emissions coefficient per distance unit
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ECA : Energy consumption by process in the construction phase

Af : Gross floor area of the building [m?]
COi  Unit CO, emissions coefficient according to energy consumption
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Table 9. CO, Emissions Coefficient by Energy Source

Energy Source Unit CO, Emissions Coefficient
Electricity kgCOy/kwh 0.440
Water kgCOo/m? 0.587
Gas kgCOo/m* 2.347
LP Gas kgCOz/m® 6.600
Gasoline kgCOy/l 2347
Diesel kgCOy/l 2640
Kerosene kgCO/l 2.530
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COp Emissions = X(Wix co)  —— ®)
Wi : Electricity Consumption (KWh)
COi 1 CO, emissions coefficient for electricity consumption (kgCO/kWh)
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CO, Emissions = 2(Wix COi) —
Wi : Gas Consumption (m?®)
COi : COR emissions coefficient for gas consumption (kgCO2/m?)
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COp Emissions =W xCco) — —— ©
Wi : Water Consumption(m?®)
COi 1 CO, emissions coefficient for water consumption (kgCO/m?)
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Ae T AL Ao Vet

Table 10. Waste and CO- Emissions by Alternative

Ratio | Amount Emissions CO.

Amount _ Coefficient |Generation
of Waste Unrecyc-| Unrecyc—

Alt. Material | Unit
o | (gC0z | ton

5 Junt) | -CO»
C\Qﬁ]ﬁe m| 72687 | 01% | 727 | 105310 03
Reconstr

uction Wate

Reinforcement | ton |  851.9 4.0% 34.08 4045.76 1006
par

CO; emissions by wastes 1099

onaste | | 1487 | 01% | 141 | 108310 | O
Remodel|  Waste

ing 1 |Reinforcement | ton 165.1 40% 6.60 4045.76 212

bar

CO, emissions by wastes 21.3
odase e | 41255 | 04 | 13| 108310 | of
Remodel Waste
ing 2 |Reinforcement | ton 131.7 40% 527 4045.76 169
bar
CO, emissions by wastes 17.0

(2) Fz|= oI5t CO, Lzt
QoA A=t AVIERS VxR T Jds FEe
o Q%= Y] COEARE 41.29] Formula 20 w
2} ZAEY 2 A7olde BlolyhmEs- 10n, Fe}
AHHTP 1.0m* HIE ARSI A HAA] WAEke
= ARSI SiAGAIA ARSEE ARl ERe)
A5 O] A5ARE QO YT Table 113 Atk
SADANG L vigz) Bl B2 S 4 2y, vt

o GAe Helolphuls s AuEgeR, WA HAL
ge el a9 gulzgto s sk

Table 11. Heavy Equipment Use and Workload in Dismantling
and Demolition

Energy Unit CO,
Equipment Specification V{:S:Sd Consumption g)ne'ﬁé?g;
(L/hr) (kg-COyfm?)
012 m? R3 240 0.0687
020 m* 1538 380 0.0652
Breaker + Back Hoe| 040 m® 307.7 9.00 0.0773
070 m* 5384 10.50 0.0515
10 m’ 769.2 17.70 0.0608
0.12m? 316 240 0.2007
020 m* 526 380 0.1907
Crusher + Back Hoe| 040 m® 1053 9.00 02258
070 m* 184.2 10.50 0.1505
10 m® 2632 17.70 0.1776

Table 12:= S{AIEAA] HA R QI QO WSS
SRt Aok tiIARITZ)S AHEAR Qlsle] 2w
T AEZ o 36tonrCO, 5 HIESITE TIRF BRI=H &)
F 0.9ton, HIRJICEIEEH2)= F 0.7ton o oAFSIErAE 7}
aiEstdch FAIARI AP s AuEE, 71 giARI
)2 AAEAI R upe AARAHEAL 54050 = 4
w3, FYsis AR Blolrlel wiseo] QoAU
0.0687(kg-COy/m?) S H3PH 1,747.7kg2] QoY 0] 2%
ok QOpliEe] & oAE AR, ORI, tit BE]
2aR)), dIqEEd=2) otk FA = Qg QOMilE
e AREE AP TR A Az, A=
T 23D Toll FFS ot B =Rk S A
HHPPFHES- 10 m') 22 g}, AAF2AS 123
Qoo mF Ax AQAZF} QoS vl @A Sick

Table 12. CO. Emissions by Heavy Equipment Use in Dismantling and

Demalition
Unit CO2 CO»
Equipment | Emissions | Work | Work Sections E
Alt.  |Equipment|Specificatio| Coefficient | Area (Waste (o
n (kg-CO2 | (m? Generated)
Breaker + 5 Floor
Back Hoe 10m 00687 | 254405 (Concrete, Re—bar) 17
Reconstr
. Crusher + 3 Walls
uction Back Hoe 1.0m 0.1776 10,903.1 (Concrete, Re-bar) 19
CO; emissions by Heavy Equipment 36
Breaker + 3 Floor
Back Hoe 1om 00687 87611 (Concrete, Re—ar) 06
Remodeli Crusher + wal
na 1 rusher 5 falls
9 Back Hoe 1om 01776 | 19686 (Concrete, Re-bar) 03
CO, emissions by Heavy Equipment 09
Breaker + 3 Floor
Back Hoe 10m 00687 | 71936 (Concrete, Re—bar) 05
Remodeli
Crusher + 5 Walls
ng 2 Back Hoe 1.0m 0.1776 1,217.9 (Concrete, Re-bar) 02
CO, emissions by Heavy Equipment 0.7
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g 2R AT e QO d A ER Formula 27} ARS-
245 1 A= Table 137 2tk 53u)E= 7zt
TUH 1= EZo=w Hﬂs}o% Table 109] #H7)%
THOIS W AR & UiE APEEt) 11
ARA] A8 e DBE H FA2E U5E
LCA 7ol #3t 7124 AHANGL 19,2009 5
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U 4L Table 149} 2tk

Table 14. DB of Input Materials

Materials Items
Wood Cutting wood
Iron Door Fire door
Hardware Hinge , Door lock, Door check, Roof drain , Finish

hardware, Pivot hinge , Trench

Masonry Stone tiles, Marble, Terrazzo, Fire step

O 3| 1513 = .
LA(ZH ) sAEAR 2E HEIYE 7268.7m’ Ready-rixed concrete glc?)iri]ncrg)er,]clr_el?ehtwe\ght aerated concrete,
E EEO
_"7“(ton)i ]'O]'Eq 15991 1t01’1°] 5]—‘-7 1= '—f"" Door, Window, Frame Wood window,
25317 SlElode F 14MueE AlEEn: T8a e Brick Brick
Eeﬂ' o] %Zl—i]g];é}(gomﬂ{:) 7]};(] g':%‘g}_%]\ < HH 9] QO Cement Mortar, Resins plaster, Liquid water-proofing cement
Aako] = o =5 e A - Block Concrete lintel
3R] 2079%kg- 0/ T 5 1454t 3fe] 2A QO Plaster board Gypsum panel
/‘g%t 30.2ton (30,228.6kg—COz)§‘ )1\_%3}‘93\1:]’ ZEL‘% Ho]' @9_ water paint Vinyl paint , Eco-friendly paint
z EH?_]_—HE:] T%/é:;g-u] 2 ?_]‘5‘} CK)Z ‘Q‘/‘g%}:—% tH?l'A(ZHZﬂ'—'iT) Styrofoam Polystyrene foam , Insulation, Buffer material
- - Silicone resins. Caulking., Stone caulking. shower booth sill
< 318 tonCO,2 T9EE 713 2 o|aksleks wjZ ks
EH o ]J ] p:]— HE L]- Acnylic paint Acnylic paints , Preventing condensation paint ,
ERAa, dib BEIEEH) 620ton-CO,, TIJIC(EIEDE2) Rust-resistant paint
Aluminum sash Aluminum sash
4%5ton-CO, = UERTE 257gHI= <13 QO, WA 414 : — :
o o = AlElE o] Aple Trola Aluminum plate Aluminum ceiling finish AL molding
oy ”‘E“7 ]E %‘Eobﬂ ]f—tﬂ O}i ‘14 E-"]'C S ‘_o]—ﬁ}: E resin Liquid-applied membrane waterproofing, ~ Polymer
POy waterproofing
Hot rolled steel Stainless down pipe rain leader
Table 13. CO» Emissions by Waste Transport in the Dismantling Glass Clear glass, Pair glass
and Demolition Reinforcement bar Steel bar
Wallpaper Silk wallpaper
Alt. | Material | Unit Quantilyvomgne Spe_cmc P Equipment N(.)' Emissions Wire mesh Wire mesh
(m?) | Weight | (ton) Units | (ton-CO) Tile Porcelain tile, Porcelain tile, Stone tile
Waste | 11—ton Drywall Plaster board
m® | 7268 (72687 22 [15991 1454 302
Concrete truck Board Baseboard, Door stud, #FXFE2, Access hole, Curtain
Reconstr| Wasio 1o box, Plywood floor
uetion re-bar | 00| 8 N B8 e |77 16 Polyvinyl chloride. PVC window
CO» emissions by Waste Transport 318 Ppolyurethane resin Urethane foam filling
Waste | s 11-ton Plastics bar Segregation
1406 | - 22 |30%4 282 | 58
Concrete| ™ | " ' truck Plastics sash bar Thermohardening resin
Rirgo?el wese | | 1 - o B L R RS Plastics pipe Balcony drain ,PVC down pipe rainleader
re-bar fruck Section steel Lightweight steel ceiling frame
CO, emissions by Waste Transport 620 Granite Granite capping stone, Molding stone
Waste | _ 11-ton Talcum powder Stone spray coat
Concrete| M 1,125 22 | 2476 ek 26 | 470
Remodel
ng2 | WS iy |yt | - | o [aer | O e | 0z Al F42 Aol oJgh Qs COAH 2Pg2 422
=2 pS| AAxJo = 37 v = K=
CO; emissions by Waste Transport 4% ] Formula 3] weth AN H5TAL 354
512 ALZEH AWl et 7t 3 Fsh AR A QO
]
R dele AES)T, 7t oikiz ot Helshd
ReYA T
AlZEANA Y] QO L Al FlEe AAe} Al

T ARSEE Ao o5k Aoz o]F AkEsh
o FRAle] Aol AAAIR BR8] QO A
Fe AT oy, B =RoMe 3EFEY Life
Gydes SAEADA, Al3DA, SIIAZ EFdk A
AHAE AlEAl XA QO AEssitt

Table 159} 2tk oiel BEIEEH)H diICEIRDH)=
T 5% WAES Holal, tgo HWaEA
HEFAL WA o2 QOyHlEe] =T
HIFZIZE =9 QOIS 71 EHO]'A(ZH}]"—‘F)
o o] AN Y HrlE F EHLE 13826 mPola, 4

JATAe] TS m EM_L | e glol Zuiz o
njEe] ds] QOPIEASE Ball AEsin, i A2

Lo

725 v Bl AT 3 Bieikg o2
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Table 15. CO, Emissions and Ratio by Construction Work Types

WAOE QOIAFS AESINlor, 7 359 COE
AA012)9] Aol
P& 5 gl 7 %%—oﬂ s CortlaERe 3%

O

—

°
Reconstruction Remodeling 1 Remodeling 2 75“/}—' = Q'u Table 1631]’ 7ELE]’
one |00 Tt 000 [ruto| o [raro PN WIS COMABE vlaustl Table 175} &
missions missions missions
(ton-CO») | (%) | (ton-CO») | (%) | (ton-CO» | (%) tk EH?J'A(XH ) 646.4kg- -Q0,/m*0|11, Tt B(FL] 2=
Reinforced S orA(AA H 0/ 0] y 2 0
concrete 6545 | 43| 24814 | 212 15077 | 149 1) HRIACHRAS) vl 77.2%81 4795kg SCb/ s 22.8%
Work o] AEE Bth tICEIEEH2)] 9 tIAA
Mason =]
by | 7ess | a1 | %9 | 51|  7e8s | 76 AR 6639%2 E31, 336%2) RS B
Stone Work 736 05 812 0.7 736 0.7
Tile Work ms | 07 %7 | 08 ms | 11 Table 17. 00, Emissions per Unit Area by Alternative
Wood Work 23 02 2 02 23 02
Wat(\eNrpOrSKoﬁng 7349 48 %657 82 729 73 Classification Reconstruction | Remodeling 1 | Remodeling 2
Total CO, Emissions 15,194.0 11,7305 10,087.1
Metal Work 328 22 3592 31 328 33 Ratio of GO, Emiss o
Plaster Work| 16682 | 11 18028 | 154 15882 | 157 © ?O Reoorr::lerLJ(?ESHrealve 100% 77.20% 66.30%
Painting Work 8114 53 3727 74 8114 8 : ;
Dlﬁelretﬁoetm ROOg I?mlst;swons 0 34635 51069
Interior relative to Reconstruction
Finishing 26640 | 175 23785 | 245 2664.0 264 CO, Emissions per unit Area
Work (k0O 646.6 4795 4292
Joiner's Work| 4785 31 3986 34 4785 47
Glazing Work 8%7 | 55 11738 [ 10 8%67 | 83 (2) EQIAH| CO, shaizt
Roof and = =
Guters Wor 4 | 1 Wl 0] 4] s AFRAL] FPHIE RS Sl 918 S5nIsh
Total Total 100 | 1173050 | 100 | 10087.10 | 100 AlFS 93 A2 ERFEnh

HAARIF) 7 ok BEIERH)S Hlashd, dijiA
(A=) FrlE AR 13826m’e|3l -2 1,798ton

o] A9 5]0] 6534.5tone] CO27} wilEE=d], tiet BEIE
Be)9] - WG 30%2710} AR F 550 9
3 AEge s gulE 4800m°, dZ 688ton®] A QE o]
248l4ton°] HIEEEE 4053 1tone] HAHENE IS &
A TS UIIAAIE) T tRICEIEE )= 50269t0n
o] zlo|E Kol o TR B Aloldl] <Jgt A

Table 16. CO» Emissions by Alternative for Reinforced Concrete Work

SHPN AT COMIERS AT A28 Sl
A B DR SIS B Teisjlo) gk
ae olefd HolelE el e ofelfnE
ERAME EUARNE WS, 1 AN SEae 88
I8 HatoR Sl WY o 4229 A0
o} o

0

EHOJA(ZHﬁ%)Ql 8’“

ificati Inter-| Analysi
Alternative Spssificalion e eialAEIAlSS co2 Coefficien | CO2 Emissions | CO2 Emissions Difference
i i i i i . t ton- relative to Reconstruction,
Material | Unit | Quantity Seclor Unit | Unit Cost (kg=CO2/1 million Won) (ton-CO2)
—my 0
Concrete | | 13ges | TRV g 1,083.1 10 7415
d Concrete
Reconstruction
General 0
Steel bar ton 1,798 kg 7% 40458 1000 5,793.0
steel bar
CO» Emissions in Reinforced Concrete Work 65345 0 (100%)
i -484.0
Concrete | | agor |PEAMTREL s g 1,083.1 10 2575
Remodeing 1 d Concrete
emodeling
General ~3569.1
Steel bar ton 6838 kg 7% 40458 1000 22239
steel bar
CO; Emissions in Reinforced Concrete Work 24814 -4,053.1 (38.0%)
i -585.7
Cociete | e | 2005 PRVl b e 1,053.1 10 1558
Remodeling 2 d Concrete
emodeling
General 44411
Steel bar ton 417 kg 7% 40458 1000 1,351.9
steel bar
CO, Emissions in Reinforced Concrete Work 1,507.7 -5026.9 (23.1%)
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nEat o8 EREM, 24 S54H Aot o
COTAT, T &5 COTAFS Felsiglt
7HE dIARIF) S HEE &5kt Bk CO;
£ SAs7] Hstde AAWSA oA Er?a] = AIEF
o] 1,797.7ton& A=3dha, AW 115 Efdog
sfo] F 1647 A8 =H, 2REAZ 301qn7] oS o,
e 208kg-C0] olsletart WAlstE R ol s
340.6kge] QRS A= 4 Stk 22 WHes 1
ZHE A5, F2] S EQAA] %ol e CO
FS 9T F vk IEFT 748 ARG mE
COMIEHS 3P Table 199} 2ok UIRJICEIZHHR)
7} 7P AL 1.6kg-COy/ ntE vliESsIF o™, tiIARIKA
22 2307} B 37keCOy/ miE UERATE 18} &
7dalel e QO HiEH AIFEAY T3S A
7} u]ﬁs}aii o 06% Aol ExsiEz A A5

QOHE Holls FAIE 7 e Aotk

Table 18. CO. Emissions by Transport Equipment Use in

Table 20. CO» Emissions Due to Use of Equipment by Alternative

Construction CO, Emissions by
Item G;ro:: E:Z?r Equipment Energy Equipment
Consumption(TOE) | Operation (ton-CO2)
Reconstruction 23499.7 775 2330
Remodeling 1 6,549.0 487 149.6
Remodeling 2 5,584.6 47.1 1445
5.1.3 23|

AAET Yyl SIS QO HS =]
fsted 71Eete) Vs A7) R AR ST
drAIzEe] gydree] AR AHANS AR A
B35tk 2AF 7IREE 20101 119 ~ 2011 10802, 12
717 golElE 4=35l] tiehd 3037k %5k A=
7Hdslar sdsiAl Zm’s}air:} o Table 218 127047
(2010. 11~2011.10) % AHF&E A7 HES 741,017.0 KWh
o, A7A Ml g QOMiEH(Formula 4-6)7} oA A]
A OI*Pﬁ}E}* H|EA|SH(Table 9= o]&3lo] COMIEH
= 343 A% 326047kg YERSTE Table 215 AR

Reconstruction 4 QO “L”‘@Ebﬂ 2 zlE HolA| it o]9f 2
% WHoE sk, FEASEE AR 29uAY o
) | Equipment | No. CO; utd =10
ftem Uni Quantity) = yceq | units | kg-CO5UnIM '?I’(';;fggz]s EEE S
Reinft t L. L .
e'”%rg? MM T ton| 1,707 {11 ton Truck | 164 208 3409 Table 21. Electricity Consumption in the Operation Phase
Materials| ~ Cement ton| 3879 |11 ton Truck | 353 208 7338 Electrical Power e
- - Month Consumption (KWh) CO; Emissions (kg-CO»)
Ready-mixed w2712 Mixer Truck 2074 79 61829
Concrete : - : : Nov. 2011 52,487.0 230043
- - - Dec. 56,270.0 24,7588
11-ton truck CO. generation approx. 20.79kg-COy/Unit (30km transport distance) Jan. 2010 578150 25,4386
o . . Feb. 615140 27,0662
Table 19. GOz Emissions from Transport Equipment by Alternative Mer. 50,0700 25,9908
Apr. 50,379.0 22,166.8
Item Reconstruction | Remodeling 1 | Remodeling 2 May. 699120 307613
Total materials input(ton) 41477 23126 18214 Jun. 64,1230 28214.1
- . Jul. 66,2780 29,162.3
GO, Generation of Equipment ! i
Usedton-COy) 865 41 379 Aug. 69,6190 306324
00, per Unit Area (Kg-COy/m) 37 20 16 (S;:t" gg’gé'g igg;’;g
Total 741,017.0 326,047
2) A7
Al 2 %‘ﬂu QoifEds S 18 o FEFApRAES B SE Tk W)
422°] Formula 58 B-3)0] &3} 6}2 So] UigiA > = el TRE 7
= L
Ao NZEo = o] =) x? o o, T AMES 88l 2Pl WEkE A7t QO
et o s 501 Sty ey "V LS ol 28301 SADAOLOIY
7} Btk FARIEAS 315
I €tk FARIEAS 9] Formula 459 37140l tiydat ISR COMIEEES ZAEl dzk HlE QO

o 784 oUx|anlE 775TOES ARkl PCC
(Intergovernmental Panel on Climate Change)oll 1|}
I Qe AR eElEAS 0837ton C/TOES #31]
648ton C THIEF Fha Aotk ¢ S6lton C= B
HjEHgolng oSl FeE WEkl] eiMe
ton Cgloll /120 letekinia b/ erdxiah S Falo
(TCOR2 = TC * 44/12) 2380ton ©] oIslekilEaS +
ot ofoh 22 o s i BEIZE™) T (R
)] AP e] ;H%% TS s £
ARgel T Q2 S-S ARKPH Table 203 2tk

96  smzmpassl =27 S MiS 20144 12

1,348ton & 7K~ ]- 6ton =2 73.9%2] HIES XFX|}H,
7= R6ton O F 242%, =T 26 tonSZ 2.0%2] vHlE
2 AOE wiEARITh

Table 22. Annual CO. Emissions in the Operation Phase

ltem CO. Emissions (ton-CQxfyear) Ratio(%)
Gas 9% ton-COy/Year 739
Electricity 326 ton-COy/Year 242
Water 26 ton-COy/Year 20
Total 1,348 ton-COy/Year 100.0




o] Al A7 QOllETable 21)S EUIZ 30
A3 ARSI whe] ek COEERS A1=3 Table
29} 2k B AgollA TS Table 591 #2o] TitA
(A=) oRICEIEEFE) Y] dHzls 24 Asie
B2 5 Uijke] 307 QO T 37,45t E T
3kt ot BEIEEH)S AWAS o ZA A7
oug ojo HlHE} 38668 tonlE A=E AT

PREe2 Aualdo] i os wAEa, gaiEo]
RHee A0t vlusie] o|A] el Aol gl
Aog 7Ptk U‘JrEW A= Tk e
;GDI— m—/\go],_ QO 5, 8kg o7 =93 o]—l:]— j_E%oﬂ_,_
273l %o s oA A0S 2wl 2
AofFr1e] 133 FE w9 & 5 A Bk

Table 23. Operation Phase CO. Emissions by Alternative

ltem Unit Reconstruction | Remodeling 1 | Remodeling 2
Gas consumption m’ 917,011.5 952,061.5 917,015
Electricity consumption kWh 300,192.2 311,666.1 300,192.2

Water consumption m 24,286.3 252145 24,286.3
Total CO, generation

kg-CO» 1,241,490 1288942 1,241,490

FtAllA o] AU AY AR LHIFS LA 7FE8]
3L SRS ) vl 2 tiebE QoplERRS
AR FEo=E Uit ‘EL AT B G

oM BAEE Q5,0 Bl HIA(IZIS) 0] 705%, ThHet
B(EIED )2 764%, URICEIEDH)= 7BA%E 2|5t
Aot FAGA, AEA, FFAABN) R sl Aol
719] 187857} sisks W, tIMA(AIRIS)S T 52,795 ton
o] o7} Etstom, tiek B(E)==a)S 50,603ton,
dqElRde)E 47519%0n0] HAEITE HIIAGRIZE)
oje) oot BElRea)e) CoAlE Aols B85%, T
o} B(g]u%all)o] ok 41% xh:,] CO]E%\_EJJ— A= A
o= vERdth 3 dRlCEIEEE2) o] A titACHA

=) tiH] 001%=Z 10% 8= COERaRE Yeith o
JACEIELIF)E] B N F 471 o= FYUT )

ol 7o) olgAlRt elmelay vigk % 10% olde) of
el S ARENE Holug ApE gwdy

AR 287l frele slog ek

Table 24. 00, Generation by Alternative/Phase (All Buildings)

(annual) Unit: ton-CO;
Total CO, generation
(@0 years) ton-COz 372447 386683 372447 Item Reconstruction | Remodeling 1 | Remodeling 2
Gross Floor Area m 234996 24,461 234996 " 318 62 50
Y —— Demation 006% (1.17% (094%
Unit Area (mnua)) | 97C0IM* 528 528 528 155185 119282 102605
(22l Annvel Construction
6, Germa v (29.4%) (23.6%) (21.6%)
» 2
Urit Area (30 Years) | @ ez 15649 15649 15649 Operation sr204.1 366683 12441
(70.5%) (76.4%) (78.4%)
= 52,795.0 50,602.7 475192
A Tlo| =5t 0l =M , : :
T2y E7Eae] 32 W =4 Toid (100%) (100%) (100%)
- = Ratio of CO,
5.2.1 RgdY HIt - -
o Fmissons Ste o 100% 95.85% DO1%
el e A% eludy 2 oigke) s e
3L o s34 o B2k
ﬂ 74] ] Tjrﬁ] /T': D}ﬁ]A ‘d' a7 ]—— COZ ﬂ * Assuming 30 years for the operation phase
o7 7)F3k] AAEPE Table 249} 2t} FAMAE 7

ok 5 QOyEAuIEo] i 1% A==, FADAE
A Aokl HXE FF wihg- Aok ot ditARIA
29 QOHIEFE 318tonoZ, tiokEEd1,2)9} Hlw
ate] oF 56uoll ol2&d], ol tIRIA(INIS)S AHEA
2 Qlsle] HEAWEH Frie} ol alEE 1dH7IEo
ok 2eh] mioltk Al EAlE TR, FAHI(E-
FA) R QlEl WEE Qs SHE Aotk uRklA
(AL 155185ton o= TSk BEIEDH1)2] 1.34), o
JCE=L=)9] 15815 1 viEsiolck ozl xjol= A
53 fRd™o] Ve 54478 3 Aotk gk A
A7) BRE AZTAIA EAEE A0l IS TRk
A(RIZAZ)©] 294%, Tt BERIEHH)S 23.6% UHIC(E]
welE)E 21.6%S ATk

A= A AelF7lelA 7HE E HES AR
AoF SAEE £ delre AEs grdege] &

Table 25 HiQPE=E 2zt WA &) W23 Aeke
COEMEE Anls Qoksl Aotk wwAY QoM
Hlue SRt Sl #Eigh vijks Zed] 7)o
Aolck &) WAY 71 e COE wEE Ui

e N
CERIEE)A 202kgol, tiARIZF)o] 7 B

2247 UERGTE URICEIRED)e] el WA QO,
gl A2 olfi sk FEFUe) BRAoR Bau
/RS B3 B A Bt AHIE 22U 5 3
Zo] F2 @qololtk w3t Az Ywkzlog FRHE
Wz 30%=7}1 AL 1712 2351 gudy d1haol
BERIZAI)ES dRICEIEZD2)7E QOlE SHelA
eEsithe A8 =9ttt diCEIEE=)Y 7
9 HA FAZ Q1% A} Yot oz HANA HE
TEsAe Rl 23 Byl HES 77} oh;}j_
B

1
R A%
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Table 25. 002 Emissions by Alternative/Phase (Per Unit Area)

Unit: kg-COyfm?
Item Reconstruction Remodeling 1 Remodeling 2
Demoalition 1.35 0.25 021
Construction 660.4 4876 4370
Operation 15849 15849 15849
Total 22466 20718 2,022.1
Ratio of
COp Emissions relative 100% 9R.2% 90.0%
to reconstruction
Difference in
CO; Emissions relative = -174.8 2245
to reconstruction

Fg 32 SIAEA/ A/ QDAY dijhd Ty
QO WAES T=E JERd Aotk tiARITS)
tinlste] oigh BEIZDH)S 78% UIC(EI=H2)
100%2] COAAEANE HRlth SPAE 1HsA] &
SAEADAI} AlFEA] DEAT COSHIHS
(Fig 4 3D, thIAAS) oiv] ot BEIZDH1) 263%,
HICEIEEE2) 339%2] AHaAE Bk o= s
7} S REPANY F8YA] ZlRdo] AlFTAleIA QoA
Bt 82, BRI QeSS 29 4 U= ot
o7 AT £ e Aotk

S R orr 8 of

Unit : kg- CO2/m,

2,500
oyt t ...... :.l;].,g ......... f .-
2000 relative to relative to
d reconstruction reconstruction
1,500
1,000

" I
—

0

1 B

Reconstruction Remodelingl  Remodeling 2
l Demclition [ Construction [l Operation

Fig. 3. CO; Emissions per Unit Area by Alternative
(Demolition, Construction and Operation Phase)

Unit : kg- CO2/m,

800
26.3% 33.9%
600 relativeto refativeto
reconstructiol reconstruction
400
200
O I

Reconstruction Remodeling 1 Remodeling 2

I Demolition [ Construction

Fig. 4. CO, Emissions per Unit Area by Alternative
(Demolition and Construction Phase)
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costs for remodeling relative to = -312,300& - 401,0058
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