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ABSTRACT

With the signing of the Paris Agreement, which is the new climate change agreement at the end of 2015, it will have a great impact on
Korea environmental policy. The construction industry, which accounts for 42% of Korea's total CO, emissions, has been
implementing various policies to improve the environmental problems. However, it is only applying passively to other projects except
eco-friendly building certification. This is because most of the eco-related systems are based on building facilities. Therefore, there is
aneed for a new eco - friendly design evaluation model that can be widely applied not only to architecture but also to civil engineering
facilities. In this study, a new model is developed based on the existing VE model, which adds new factors to evaluate the environmental
friendliness, potential environmental pollution concept and environmental risk of facilities. This model is an eco-friendly design
evaluation model that enables decision makers to effectively select alternative environmental criteria at the design stage. As a result of
the case analysis of the block retaining wall and the alternative retaining wall, the value of the eco - friendly value of the alternative was
1.026 times higher than the original one. If this model is used at the design stage, it is expected to contribute not only to the construction
of environmentally friendly facilities but also to the reduction of carbon emissions.
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Fig. 1. Study Procedure
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Table 1. Relationship of Function and Cost
Division Contents
Value criteria V=F/C (Function/LCC)
V : Value index
Table 2. Types of VE
Division @ @ ©) @
Function Keep Upgrade Upgrade Upgrade
Cost Reduce Keep Reduce Upgrade
VE Value & design
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Table 3. Classification of Environment Cost (Kim and Kim, 2016)

Main Middle Sub category

Environment |Air, radiation, land, pesticide, toxicology

Damage cost

Water, thermal cracking, odor emissions

Noise, vibration, industrial waste
Subsidence of land, Sunlight infringements

Environment
Pollution cost

Environment

destruction | Adding harmful food, water shortages
Destruction of natural landscapes
Environmental pollution prevention
equipment, operation maintenance of
environmental equipment
Environment |Factory planting,
pollution Environmental remediation
prevention |Raw material conversion and pollution
costs avoidance, non-pollution public relation
Environmental pollution prevention
training
Environmental pollution measure
Waste Waste incineration, waste burial,

treatment cost |treatment effective

Environment

Conservation | Environment
cost pollution  |Compensation,
Compensation |Animals and plants compensation
cost
Improvement of the manufacturing
Environment |yethod
ollution ] -
P Reduction of pollution control
Test research
cost Development of by products and joint
products, etc.
Contractor charges
Legal and Environmental pollution fine

institution cost | Environmental pollution charges

Other institutional relation costs
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Fig. 3. Risk Assessment Process

Table 4. Likelihood and Consequence Scale of Hazard (US
Department of Defence, 1993)

Division Frequency Mean
Frequent |Very frequent accidents
Probable |An accident occurred multiple times
Occasional |Sometimes an accident occurs.
Likelihood Little possibility of an accident,
Remote o .
but possibility exists.
Very little possibility.
Improbabl . ’
TPTOBAb™e | No accidents occurred
Catastrophic | Death or fatal system loss
Critical  |Serious injury, illness, system loss, danger
Consequence - — -
Marginal |Slight injury, illness, system loss, danger
Negligible |Minor injury, disease, system loss, danger
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N
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Table 5. Qualitative Risk Assessment Matrix (U.S Department of
Defence, 1993)

Consequence
Probability - — - —
Catastrophic | Critical Marginal | Negligible
Frequent 1 3 7
Probable 2 5 9
Occasional 4 6
Remote 8
Improbable
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EV = Eco-friendly Value
EF = Eco-Function
LCC = Life Cycle Cost

PEI = Potential Environmental Index

Eq. (1)& 283j0] 31837125 ARbsl= Ak Fig 4049}
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EF (Eco- Function) LCC (Life Cycle Cost)

Selection of LEED,BREEAM Items
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Using of Maintenance Data
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. : Calculation of Maintenance Cost
Mgt CaleUlationi By Akl ‘ for Original and Alternative
Calculation of the Environmental Calculation of the Relative Cost

Items and AHP Weight

Deduction of EF Point for Original and
Alternative

LCA (Life Cycle Assessment)

‘ Review of Original and Alternate ‘

¥

Deriving of Materials each Work
Using EBS Program

(If Original is equal 1)

Finding of LCI DB to Material
LCA Analysis
(Using of Global Warming Eco Point)
PEI(Potential Environmental Index) RA(Risk Assessment)
Expert Survey 1 : Selection of Environmental Items
that is applicable to Eco-Friendly Design Evaluation| —_______
Among 1-37 Environment Items f Identification of Hazard |
‘ | (Hazard : Selection of the Appropriate Environmental |
Expert Survey 2 : Selection of Appropriate Items for Original and Alterative)
Environment Items for Original and Alternative ‘ ‘

among Environmental Items selected survey 1

Environment Risk Assessment
of Original and alternative
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Environment Items

| 2

Calculation of Environmental Item Value
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Fig. 4. Process of Environment Design Evaluation
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LEED (Leadership in Energy and Environmental Design),
BREEAM (Building Research Establishment Environmental
Assessment Method) & A 44|20 2 wWo] g Foln] FAld)
2 mE A Awo]t) Table 6014 7 SHE-S kT

T 7z ZRAE i 71aREe] 7L o] E(Kim
and Kim, 2010) =k=t] £ Selxle 187 ex wo] A
= PES FE3te] &390tk #7371% EF (Eco-Function)
S =] Sfeir] VERR7E] o7 whegsto] Apd=e] A9kt
oigtel] ke 7} S ARt eal 7RE 71esdrE @5l
VE ZE7P} 2788k 21878 W7} 352 371810 AHP (Analytic
Hierarchy Process) %75 At nix|2te 2 w7} 715x]o}

Vol.37 No4 August 2017 733



Table 6. Eco-Function Assessment Contents

=0 e A

AR

DIV. Contents
LEED Sustainable land Water efficiency Energy and atmosphere Materials and resources
Indoor environmental quality ~ |Connect with local area Awareness and education Operating and Management facility
BREEAM Sites efficiency Water resources Energy Health & wellbeing
Management Waste Traffic Pollution
Table 7. Top and Upper Middle Environmental Contents
Rank Contents Rank Contents
1 Water 11 Environmental remediation
2 Waste burial treatment 12 Destruction of natural landscapes
3 Land 13 Odor emissions
4 Industrial waste 14 Subsidence of land
Top 5 Noise U.pper 15 Environmental pollution charges
6 Environmental pollution prevention equipment middle 16  |Contractor charges
7 Air 17 Thermal cracking
8 Waste incineration 18 Environmental pollution measure
9 Vibration 19  |Environmental pollution fine
10 |Operation maintenance of environmental equipment 20 Radiation
TEE datste] tidkt A9l EF #& T STEP 1

Apage) elat ojeleln] vlEshs BRYFRU e r St A o )
LCA 71¥& &8sy 1 = B d7tda] &g3laa} 3= CO, Eco-Friendly Project Evaluation Standard
Ml 8t FRUF 5 CO; 7h iR vk Aevis) \ Weight Calewlation J
HFE 283t STEP 2 ‘

A E FYEE AR AR A AREEE dse] ALk f Environment Assessment of )
Wedx] 24 =2 13e] EBS (Event Break Down System for Original Plan ::r: r‘:g‘:rr"ative Design
Construction)Z 831501 LCAEA]d] 483 LCI DBE ~ /
=7} DB¢} sj¢] DBE 283t STEP 3 "

' N
_ Calculating Potential Environmental Index Of
3.2 éPXHx—'ll §|_|'7°4I|_J|E(PEI) Original Plan and Alternative Design Parameter

2740l eld B3 GrIe} FaRAle] e o) st \ /
7] ope ulgg tho 2 st glome AR FAsl steps W
= EEdel v A mel FS‘XHE'?‘] §_1r7§9_°§0ﬂ Rl ( Deduction of Low Potential Environmental A
93} )80 7 0l2Elal o]& AAAS] sEn| ol Aosh= Index Original Plan and Alternative
o] Bl oleih 3AlA] M-S %S} 7 2] 2 . Combinatior J

3 A]<(Potential Environmental Index; PEI)o]t}h

FAA SEAHPED Y] S8 352 VE ks thde
2 SHu18- 713799 Table 3¢l sk 37709 M A=
% 3134 A7 218 Al Eagh 9 AAS 93 B
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Fig. 5. PEl Calculation Process (Kim and Kim, 2016)
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4.1 CHEAR
B wdo] g3kE HFE] flte] Fo] 72ER] 39S
o 2 ARREA stk Yok WA HelE ks £
= o] = E-=2) 34 (Segmental Retaining Walls)o]
tioke: E=2|E BAP} Bl o8 AL om AR|H=
¥ ke FAo R okish @9Eh RC (Reinforced Conerete)
ARl oll= VE 78 3e] = 689

= i
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Table 8. Expert Survey Results for Estimating EF ltems

B2l azefsfiof sh= EFE 2ME3l7] SleiA= LEED
9} BREEAM Z A 5 Ak} viQlel] 2143k 313 A17gsfof
StE AAZIES e R ARaARE A skl
A543} Table 83} 7] LEEDS} BREEAMS] FE31E0]
A&7Vt BAY o], ApAe} Ak’ o] AAHIH: 1
olf= 38 TEEC| ARFERE EAlE o) 23AR] w1t
oln] EQlu= e A&H o g FH Ao IS v)H)7)

R
afafor & d o)) el

2ol EE9S Aoz
Fhkech

21337 5(Environment Function; EF) 32 =&3F7] 2J8A
£ AHPAE ARSIt AHPREA: 71& VERIS) A 71533712
FE 78 et Ve dEES AR, U, A
F, KB, ‘BmEAP, R o= FAduo] JARE X187
“S(EF) %71oIX= Table 9olx1o} o] 21HdA] 58 Axsp]
St 712 ‘X8RP, ‘&89S LEEDS} BREEAMS]

Q] Ahsst BAle] o), Al AL o Ak

- D”plicateé%nézﬁEED and LEED items BREEAM items

A B C D E F G H I J K L M N
Expert] | 5 1 1 5 1 1 2 3 2 1 2 3 3 2
Expert2 | 4 2 1 5 1 1 2 3 3 2 2 2 3 2
Expert3 | 5 1 I 4 I 2 2 2 2 2 2 4 3 |
Expert4 | 4 1 2 4 I 1 1 1 2 1 | 2 3 4
Expert5 | 5 1 2 4 2 1 1 2 1 2 1 2 2 1
Expert6 | 4 2 2 4 I 1 1 4 2 | I 1 2 2
Average | 450 | 133 | 150 | 433 | 117 | 117 | 150 [ 250 | 200 | 150 | 150 | 233 | 267 | 2.00

A:Sustainable use of the land, B:Water efficiency, C:Energy use and atmospheric environment, D:Materials and resources, E:Indoor environment,
F:Connect with local area, G:Awareness and education, H:Creative design, I:Operations management, J:Health and comfort, K:Traffic, L:Waste,

M:Condition, N:Pollution

Table 9. EF Evaluation

Division Alternative Original

Evaluation items Weight Rating Point Rating Point
Maintainability 2.95 9 26.55 8 23.63
Durability 327 9 29.43 9 29.43
Scenery 0.60 9 5.40 8 4.80
Sustainable use of the land 1.48 9 13.32 9 13.31
Materials and resources 1.32 9 11.88 8 10.54
Safety 0.37 10 3.70 9 3.36
EF (Eco-function) 90.28 85.07
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Table 10. LCC Analysis of Alternatives  Alternative (Unit: ¥ 1,000)

S|
=

Ag7tug

Table 12. CO, Emission Analysis of Alternative
Alternative Eco - Point (Unit : kg CO2-eq)

. Replacement Discount
Repair Cost Sub Total NPV
Years Cost factor FIYV oerkl ;N 021(2 Standard|Quantity | Unit | Material | Eco-Point
A) (B) © D) | Ar¥®) P P :
1| 30500 0 30,500 | 09784 | 29,843 Welding | 200 0
Steel Pipe
2 | 30,500 0 30,500 | 09574 | 29201 -
Steel | ®308 | 1355 | M [ welding | 1.10E-02
3 | 30,500 0 30,500 | 09368 | 28,572 RC Pipe | (t=12)
. Deformed
4 | 30,500 0 30,500 | 09166 | 27,957 Retaining Bar | 3-38E-01
5 | 30,500 0 30,500 | 08969 | 27356 wall Wire | 1.00E01
6 30,500 0 30,500 0.8775 26,767 Plywood| | 1510 | m? Bolt | 6.90E-02
7 | 30,500 0 30,500 | 0.8587 | 26,190 mould Scantling | 136E.02
8 | 30,500 0 30,500 | 08402 | 25627
9 | 30500 0 30,500 | 08221 | 25,075 Alternative Eco - Point Sum| 1.45E+06
10 | 30,500 0 30,500 | 0.8044 | 24,535
,,,,,, Table 13. CO, Emission Analysis of Original
Original Eco - Point (Unit : kg CO2-eq)
s0 | 3050 | o | 30500 | 0338 [ 10274
SUM 1,214,519 Work | Work . . ) ]
Type 1 | Type2 Standard |Quantity | Unit | Material | Eco-Point
Table 11. LCC Analysis of Original Original (Unit : #1,000) Concrete| Rebar 240 , | Gasoline | 1.77E-04
. m N
root oo Replacement| T Discount | S y pouring | pumpcar Diesel | 1.45E-03
Vears| REPAT €Ot gt ub Total | —c ig{“?"a Wire | 7.22E-02
retaining
(A) (B) © (D) (A)*(B) wall Plywood| | 1001 |2 Bolt | 4.98E-02
1 36,500 0 36,500 | 09784 | 35714 mould Scantling | 7.53E-02
2 | 36,500 0 36,500 | 09574 | 34,945 Plywood | 1.07E-01
3 | 36,500 0 36,500 | 09368 | 34193 ..
4 36,500 0 36,500 0.9166 33,457 Original eco - point sum‘ 1.21E+06
5 | 36,500 0 36,500 | 0.8969 | 32,737
6 | 36500 0 36,500 0.8775 32,032 113} o] tjjote] Yok} 238,922,000 A7 = Aoz
7 | 36,500 0 36,500 | 0.8587 | 31,343 el
8 36,500 0 36,500 0.8402 30,668 A #A 9221 CO, Emission& LCA 2] 8t oJskH=z =
9 | 36,500 0 36,500 | 0.8221 | 30,008 Bhjolm T gho| olikslekan FalE Ao} ke Ak
0] 3650 | 0 | 3650 | 050% | 293¢ 3] o] HAYoNFY] B AT FYE vIXE =S
------ Table 129} 130j4¢} o] Folslgitt AlF Al FYste Ao}
so | 3650 | o | 36500 | 03368 | 1229 ] A8 A AR Qlgee] Ulel Bae ] A e
M bt 2 BAA 4 A AT BBS TRIYE A
P A5 SR Sk A 2 7 LOATA o] Bl w7y - Cueoll 2]
MsA = JFEER IloJg APR|aE AAEe] X
¥ TAE AES = 80%9]4H(Cho et al., 2016)E]0]o} h=t] B oA = 82%
%}g 1:1__ :?: %ob’]' EHOM Z‘} 9’] H :(Ys‘ ] 1_1_ ]Iﬂ AZ o S o
1o olg 2= o) elilzl - gHskley aela Yok uigke] AFeds) ke
EF 2 Table 9oi}x Aok B
& e 7 Sl da ] 19}75 ] o ’] 1.21E+06, 1.45E+06% 4F&w]o] gte] tihuct o g
EFgke 85.07, 90282 AF==|0r}: thite] AQhhTh 7]sat 219

BAo 2 frefgh Ao R et

38 AAM7F Bdle] WA 841 LCC= AN, e,
o] 2719} 50k FAEEMIE o 3%9] AEE
Cl&2 73k AFgsl9it)k LCC #4123} Table 10, Table

AFEH]
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Table 14. Selection of Environment Index Items for Original and

Alternative
Rank Contents Explanation | Representation

1 |Soil pollution 5.00 4.00

2 |Noise pollution 3.33 3.16

3 |Vibration pollution 4.50 5.00

4 Ope.ratlon mamten.tmce of 467 433
environmental equipment

5 |Subsidence of land 433 4.67
Another contents

Table 15. Risk Assessment of Alternative and Original

oy
>

Table 17. Result of Case Study

Division EF (UnitI:SVCI ,000) emcigizon PEI
Alternative 90.3 1,214,519 1,45E+06 132.80
Original 85 1,453,441 1,21E+06 128.64

Relative rate
Alternative 1.06 0.836 1.20 1.03
Original 1 1 1 1
Alternative EV 1.026
Original EV 1

Alternative Original
Evaluation Items
Level Level
Soil pollution 9 11
Noise pollution 11 6
Vibration pollution 11 11
Operation maintenance of 19 19
environmental equipment
Subsidence of land 14 11
Sum 64 58
Table 16. PEI Analysis of Alternative and Original
) . Alternative Original
Evaluation Items | Weight - - - -
Rating | Point | Rating | Point
Soil pollution 5.52 9 49.68 11 60.72
Noise pollution 241 11 26.51 6 14.46
Vibration pollution | 1.91 11 21.01 11 21.01
Operation
maintenance of 110 | 19 | 209 | 19 | 209
environmental
equipment
Subsidence of land | 1.05 14 14.7 11 11.55
Potential environmental index 132.80 128.64

1 AHP B4& 2Xsle] 71E4] k& T8+ tFS Table 59] Risk
Matrix & 24510 Table 159 0] 21315} tiele] 5714] 2}5e)
Risk Level2 wj7] Tt} Table 162] Rating@hol] 713 3F &
7VeA|eh drkste] 4AA BEAHPEDE AFskGATh

43 AEIEAM Znt

Slolel B4 guis) o] WEr] EaE Sule] 281
A%k AR 35} Table 1761419} 2] thele] gkt
CO, Emission gk FAVAAPE] go] BelshAl vkt

APdE2] 3A715(EF) 3 LCC 3ol Srelshl ak&Eglom
23149 F37FAZHEV)0] 1.0260.2 2=E|t) o] AL U
1.0264] 7}x)7} =55 vepdch

AVRL] A Ao Eflo g Sg- 8 S gl 29 A1
7b 2dg Jpasloich

VE Z@o] = Aol 687} 37 9] 852 g4+
okl Egepd FazlE FHo 2 AR 243 A gigke)
CO, Emission g7 ZHA1A3EA)5KPED o] YQtE T EefahA|
A=A 3371 S(EF) LCCgro] kit fefsh 4
Eo] A8 o2 vioke] IFA7IXZHEV) dige] tHT)
1.026M] 712171 E7 A==k

B A7) A3 npeko 2 AR A Ee] A ¢4
SHAHSHAR] AP Ee] 7VHW ofe} ekhmiEe] 5l V)

3 Sl OijkS Ashet] e =] E 2o V|diEck
ST e AT 9 Beks AT AEE 2o 218 A
7F BdE 7% ¥ 5 S o= ek

ZAel =
o] e 2014 AR A0 T B

TAlke] A 9e o} =8 AT-e](No. NRF-2014R1A2A1A
11051065).
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