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|xO=t u} QD|rY=� s}Urm C=v@ Qm u}@ QtQt QOwB |}=}t}W |=yp=aiv= w pai "CU=
C=v}twr;wQO}y u}@Vvm =w =@ xm 'OyO|t MQ u=t}U Q}tN w �QtQt QOwB |Qwr@ |vOat
w OvwW|t s}Urm |=yC=v}twr;w@ Qm p}mWD x@ QHvt xD=v@ Qm |=yuw} w s}Urm
Qw[L [2]"OvyO|tV}=Ri= =Q |Q=WiCtw=kt s}Urm |=yC=v}twr;w@ Qm |=yC=QO}y
R= |m} [4 w 3]"OyO|t ?=DW C=m}r}U s}Urm|QD uw}U=QO}y x@ s}Urm C=v@ Qm
q=@ Ctw=kt uD@ CN=U |=Q@ xm 'CU= T}r}UwQm}t '=y|vOwRi= u} QDpw=ODt
xO=iDU= uqwRwB u=wva x@ xm CU= |aQi |rwYLt T}r}UwQm}t "OwW|t xO=iDU=
|m} QDmr= Twk |xQwmnvU p=eR =@Xr=N Q=}U@ RDQ=wm <=}L= |xH}Dv xm 'OwW|t
|x}L=v 'uD@ QOT}r}UwQm}t Qw[L "CU= s}U}r}U =} s}U}r}UwQi S=}r;CN=U QO
Q=DN=Ul} p}mWD w xv=OnvU w u=t}U Q}tN Ovw}BC} wkD =@ =Qh}a[ |L]U u}@
[5]"OQ@|t u}@ R= |L]U u}@ |xk]vt QO QDuoty w QDtm pNrND =@ R} Q Q=}U@
xO=O u=Wv QtQt QOwB |w=L|v=t}U |=yQ}tN w QOwB uwO@ u=t}U Q}tN u}@ |xU}=kt
s}UrmO}UmwQO}y |=wDLt Q_v R= ,=YwYN QwmPt |=yxvwtv u=}t |Dw=iD xm CU=
Vvm =w s}UrmO}UmwQO}y =@ Ov=wD|tT}r}UwQm}t QO OwHwt |=m}r}U [6]OQ=Ov OwHw
x@ 'OvQ=O =Q Ctw=kt V}=Ri= C}rw�Ut xm '=Q C=m}r}U s}Urm |=yC=QO}y w OyO

[3]"OvQw; OwHw
u=wva x@ QtQt QOwB R= xO=iDU= xm CU= xO=O u=Wv u}W}B |=yVywSB G}=Dv
s=wO w |m}v=mt C=}YwYN Ci)= x@ QHvt Ov=wD|t u=t}U R= |WN@ u} Ro}=H
�1 %CU= xOW xO=iDU= T}r}UwQm}t R= Qw_vt wO x@ 'Q[=L VywSB QO "OwW uD@
C@Uv QtQt QOwB |w=L uD@ QO xOt; OwHw x@ |=y|DU=m w ?}=at uOQm hQ]Q@
=D T}r}UwQm}t w C=a}=[ =@ u=t}U |v} Ro}=H u=R}t V}=Ri= �2 w |rwtat uD@ x@

"OwW ^iL uD@ C=}YwYN w OQmrta xm |}=H
|xOvvmQ)B O=wt u=wva x@ T}r}UwQm}t w QtQt QOwB R= |Q=}U@ u=QoWywSB uwvm =D
|R=Uxv}y@ |=Q@ |k}kO |UQQ@ =t= [8 w 7]"Ov=xOQm xO=iDU= uD@ QO uqwRwB w |FvN
u} Ro}=H u=wva x@ T}r}UwQm}t w QtQt QOwB |xO=t wO R= u=tRsy |xO=iDU=
|=yx@vH x@ xHwD w |m}v=mt C=}YwYN ^iL =@ uD@ O}rwD QO u=t}U R= |WN@
xO=iDU= Q=F; 'Q[=L VywSB QO "CU= xOWv s=Hv= u; |O=YDk= w |]}LtCU} R
|WN@ u} Ro}=H u=wva x@ T}r}UwQm}t w QtQt QOwB hrDNt |=yOYQO R=
xOW |UQQ@ uD@ |O=YDk= w |]}LtCU} R '|m}v=mt OQmrta QO u=t}U R=
CyH |@=NDv= |=y?}mQD uOw@ `t=H QO Q[=L VywSB |Qw;wv R= |WN@ "CU=
|Ov@xv=O QO OwHwt Cw=iD x@ xHwD =@ xm =QJ &CU= u=yv u=t}U =@ |v} Ro}=H
Ovv=wD|t |v} Ro}=H hrDNt |=yOYQO 'u=t}U w T}r}UwQm}t 'QtQt QOwB C=QP
xDW=O uD@ s=wO w |m}v=mt C}iQ_ w GQi w prN uOQm Q)B QO =Q |Dw=iDt Q=F;

"OvW=@
u=wva x@ QtQt QOwB C=a}=[ R= xO=iDU= xm Ov=xO=O u=Wv u}W}B |=yVywSB
O=O u=Wv �2011� 1u=oQ= "CU= Q}PBu=mt= uD@ O}rwD QO u=t}U R= |WN@ u} Ro}=H
?}DQD x@ =Q C}twD=}O w QtQt QOwB 'uD@ |m}v=mt C=}YwYN ^iL =@ u=wD|t xm
[3]"OQm u=t}U R= |WN@ u} Ro}=H u=tRsy w xv=o =OH Qw] x@ OYQO 10 w 5 =D
C=}YwYN QO QtQt QOwB =@ u=t}U R= |WN@ |v} Ro}=H Q}F-=D R}v u=QoWywSB |NQ@
QOwB =@ u=t}U |v} Ro}=H xm OvO=O VQ=Ro w OvOQm |UQQ@ =Q uD@ s=wO w |m}v=mt
=@ =t= &OQ=Ov uD@ s=wO w |m}v=mt C=}YwYN QO |yHwD p@=k Q}F-=D '�10 =D QtQt
uD@ s=wO w |m}v=mt C=}YwYN '�10 R= QDW}@ '|v} Ro}=H |=yOYQO V}=Ri=
QOwB C=a}=[ |v} Ro}=H Q}F-=D '�2019� u=Q=mty w 2nv}U [9 w 6 '1]"O@=}|t Vy=m
OvO=O u=Wv w OvOQm |UQQ@ RwQ 360 uU =D uD@ C=}YwYN QO =Q u=t}U =@ QtQt
w |m}v=mt C=}YwYN w OQm u=t}U u} Ro}=H �15 =D =Q QtQt QOwB u=wD|t xm

34



4/
1|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
tR�

u=Qt
a|

UOv
yt "xv=OR} Q w xv=OCWQO C=YNWt "1 pwOH

pwOt SSD C@w]Q |@Uv C@w]Q lWN XwYNt uRw |@Uv |r=oJ ẁv
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|r}rkD p}Uv=DB u=R}t w uOW |O}U= p}Uv=DB u=R}t '|v=yH V}=tQo p}Uv=DB u=R}t
QO |]}LtCU} R |=yXN=W u=wva x@ =yxvwtv O}rwD |=Q@ |r}Ui |=yCNwU
|t=tD '|O=YDk= w |]}LtCU} R |@=} RQ= |=Q@ u}vJty "CU= xOW xDiQo Q_v
xOW x@U=Lt pkv w ptL |Q}o Q_v QO uwO@ w uD@ CN=U |xrLQt =D =yXN=W

CU=
\}Lt R= C_=iL u=tR=U '|v=yH V}=tQo |xO}OB uOQm |:tm |=DU=Q QO
�GWP� |v=yH V}=tQo |}=v=wD u=wva x@ |Q=}at �US.EPA� =m} Qt= CU} R
R= CU= CQ=@a |v=yH V}=tQo QO xO=t l} |}=v=wD u; j@] xm 'CU= xOQm h} QaD
u}= 'xO=t u; Qta |xNQJ pw] QO CU} R \}Lt x@ xOW OQ=w |}xv=Nro R=o Q=Okt

%OwW|t u=}@ 1 |x]@=Q CQwY x@ h} QaD
XN=W =

X
imi �GWPi (1)

'sQo ?UL Q@ |O}rwD u=} QH sQH mi 'xO=t O}rwD QO =yu=} QH O=OaD i 'u; QO xm
l} QO u}tR V}=tQo QO u=Um} |}=v=wD =@ pO=at u@ Qm O}Um =|O sQo GWPi w

[30]"CU= xOW x�=Q= 6 pwOH QO GWPi Q}O=kt "xr=U 100 Qta |xQwO
CU} R \}Lt uOW |O}U= QO Vkv xm OvQ=O OwHw |vwo =vwo |}xv=Nro |=yR=o
s=Om Qy p}Uv=DB uRw u}}aD '=yv; |xrN=Ot u=R}t |Q}oxR=Ov= |=Q@ x=Q u} QDy@ w OvQ=O
R= s=Om Qy QF= u=R}t w uRw "CU= CU} R \}Lt uOQm |O}U= QO |}xv=Nro |=yR=o R=
|O}U= QO O}Um =|O OQowo QF= u=R}t |=v@t Q@ CU} R \}Lt uOQm |O}U= QO =yR=o
|x]@=Q CQwY x@ uOW|O}U= XN=W "OwW|t |R=UpO=at CU} R \}Lt uOQm

"OwW|t u=}@ 2
uOW |O}U= XN=W =

X
imi �APi (2)

w sQo ?UL Q@ |O}rwD u=} QH sQH mi 'xO=t O}rwD QO =yu=} QH O=OaD i 'u; QO xm
APi Q}O=kt "uOQm |O}U= QO u=Um} |}=v=wD =@ pO=at O}Um =|O OQowo sQo APi

[30]"CU= xOW x�=Q= 7 pwOH QO
|=Q@ sRq |SQv= Q=Okt R}v |r}Ui |=yCNwU p}rkD p}Uv=DB QF= uOQm |:tm |=Q@
Q_v QO �FP� u=wva x@ |r}Ui |=yCNwU `=wv= R= l} Qy R= sQowr}m 1 |R=UR=@

"QtQt QOwB w T}r}UwQm}t 'u=t}U |m} R}i w |}=}t}W C=YNWt "2 pwOH
QtQt QOwB T}r}UwQm}t u=t}U |}=}t}W w |m} R}i C=YNWt
0/12 90�95 21/63 SiO2���
0/09 0/6�1/2 4/27 Al2O3���
0/21 0/3�1/3 3/45 Fe2O3���
OQ=Ov � � TiO2���

55/64 0/5�1/5 6325 CaO���
0/08 0/5�2 2/77 MgO���
0/01 0/3�0/5 � Na2O���

� 0/02�0/07 � MnO���
OQ=Ov 0/2�0/5 � K2O���
� 0/2�0/4 � C���
� � 5/48 C3A���
� � 54 C3S���
� � 23 C2S���
� � 2/02 SO3���
� 0/04 � P2O5���

43/76 0/4�3 1/5 LOI���
� 0/01�0/4 � ��� C@ w]Q
� 6/8�8 � pH

2/5 1/9 3/2 (g=cm3) XwYNt sQH
� 20�25 � (m2=gr) XwYNt K]U
� 300�500 � (kg=m3) |tHL |r=oJ

550 � � (kgf=cm2) |Q=Wi Ctw=kt
� 1230 � (0C) ?wP |x]kv
� |wQm � pmW
� hQwt; � Q=DN=U

"QtQt QOwB w T}r}UwQm}t 'u=t}U |Ov@xv=O C=YNWt "3 pwOH
�QDtwQm}t� C=QP Q]k C=QP Q=Oktu=t}U T}r}UwQm}t QtQt QOwB

1/583 0/305 0/991 �10
8/668 0/678 4/747 �50
29/850 10/262 12/866 �87
8/668 0/687 4/747 u}ov=}t

|vRw hrDNt |=yOYQO R= |U} QD=t pt=W '=yxvwtv CN=U "CU= xOW x�=Q= 4
w 5 '2/5 '0� T}r}UwQm}t w �OYQO 20 w 10 '5 '0� QtQt QOwB C=a}=[
w QtQt QOwB C=a}=[ hrDNt |vRw |=yOYQO |QU Qy QO xm 'CU= �OYQO 10
|v} Ro}=H R= |W=v |xDi=} Q}}eD sHL "CU= xOW u=t}U u} Ro}=H T}r}UwQm}t
C@Uv w xv=OR} Q sHL Q}}eD j} Q] R= u=t}U |=H x@ T}r}UwQm}t w QtQt QOwB |vRw
C@=F |=Q@ =yKQ] |t=tD QO u}vJty "CU= xOW u=Q@H Oy=W \qDN= KQ] x@
xO=O Q}}eD xOvvmu=wQ jwi Q=Okt 'QDt|r}t 80� 10 |xR=@ QO AtqU= uDW=Oxov
xOW x�=Q= \qDN= |=yKQ] |Q=YDN= s�qa C=L}[wD '5 pwOH QO "CU= xOW

"CU=
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4/
1|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
tR�

u=Qt
a|

UOv
yt |Q=YDN= |=yCtqa "4 pwOH

AtqU= xv=OR} Q xv=OCWQO QtQt QOwB T}r}UwQm}t xOvvmu=wQ jwi ?; u=t}U KQ] xQ=tW�QDt|r}t� (kg=m3) (kg=m3) (kg=m3) (kg=m3) (kg=m3) (kg=m3) (kg=m3) \qDN=
85 793 1000 0 0 1/3 180 400 O 1
85 786 1000 20 0 1/3 180 380 M5 2
90 778 1000 40 0 1/35 180 360 M10 3
75 763 1000 80 0 1/35 180 320 M20 4
80 789 1000 0 10 1/45 180 390 SF2/5 5
90 782 1000 20 10 1/45 180 370 SF2/5M5 6
90 774 1000 40 10 1/425 180 350 SF2/5M10 7
85 759 1000 80 10 1/425 180 310 SF2/5M20 8
90 786 1000 0 20 1/45 180 380 SF5 9
80 778 1000 20 20 1/45 180 360 SF5M5 10
90 771 1000 40 20 1/475 180 340 S5FM10 11
90 756 1000 80 20 1/475 180 300 SF5M20 12
85 778 1000 0 40 1/6 180 360 SF10 13
90 771 1000 20 40 1/7 180 340 SF10M5 14
85 763 1000 40 40 1/7 180 320 SF10M10 15
80 748 1000 80 40 1/825 180 280 SF10M20 16

"|Q=YDN= s�qa C=L}[wD "5 pwOH
p=Ft C=L}[wD QO |Q=YDN= s�qa

\qDN= |=yKQ]
QtQt nvU QOwB w T}r}UwQm}t uwO@ \qDN= KQ] Oy=W \qDN= KQ] OC

�5 |w=L \qDN= KQ] %SF5 OYQO X |w=L \qDN= KQ]
SFxu=t}U u} Ro}=H T}r}UwQm}t u=t}U u} Ro}=H T}r}UwQm}t

nvU QOwB �5 |w=L \qDN= KQ] %M5 nvU QOwB OYQO Y |w=L \qDN= KQ]
MYu=t}U u} Ro}=H QtQt u=t}U u} Ro}=H QtQt

w T}r}UwQm}t �5 |w=L \qDN= KQ] %SF5M10 w T}r}UwQm}t OYQO X |w=L \qDN= KQ]
SFxMYu=t}U u} Ro}=H QtQt nvU QOwB OYQO �10 u=t}U u} Ro}=H QtQt nvU QOwB OYQO Y

[30]"APi Q}O=kt "7 pwOH
(GWPi) pO=at CO2 u=} QH

1/00 SO2

1/07 NO

0/70 NO2

1/88 NH3

0/88 HCI

1/60 HF

[30]"GWPi Q}O=kt "6 pwOH
(GWPi) pO=at CO2 u=} QH

1 CO2
23 CH4
296 N2O

3 |x]@=Q CQwY x@ |r}Ui |=yCNwU p}rkD p}Uv=DB XN=W "CU= xOW xDiQo
%OwW|t u=}@

|r}Ui |=yCNwU p}rkD p}Uv=DB XN=W =
X

ici � FPi (3)

|SQv= Q=Okt FPi w sQowr}m ?UL Q@ i u=} QH |iQYt CNwU u=R}t Ci 'u; QO xm
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"""QO
T}

r}Uw
Qm}t

wQt
QtQ

OwB
C=a

}=[
Q}F- =D<=RH= |R=UxO=t; w O}rwD |=Q@ |r}Ui |=yCNwU p}rkD p}Uv=DB u=R}t "10 pwOH

"uD@ hrDNt
FPi �pwS=ot� |SQv= O}rwD

�sQowr}m Q@ pwS=ot� |a}@] R=o s=N Civ nvU p=eR �sQowr}m �
1/49 0/0053 0/00003 3/37 u=t}U

0/0063 0/00002 0/001 0/0001 =yxv=OnvU
0/01 � � � ?;
83/97 8/2 3/2 1/7 xOvvmu=wQ jwi

FPi = (1=49� Ci)+
(0=0063�Ai) + (0=01�Wi) + (83=97� SPi) (6)

u@ QmO}Um =|O sQowr}m � s)= i \qDN= KQ]|v=yHV}=tQop}Uv=DBGWPi 'u; QO xm
O}Um =|O OQowo sQowr}m � s)= i \qDN= KQ] uOW |O}U= p}Uv=DB APi &�pO=at
|SQv= pwS=ot� s)= i \qDN= KQ] |r}Ui |=yCNwU p}rkD p}Uv=DB FPi &�pO=at
|xOvvmu=wQ jwi u=R}t SPi& (kg=m3) s)= i \qDN= KQ] u=t}U u=R}tCi &�pO=at
Ai &(kg=m3) s)= i \qDN= KQ] ?; u=R}t Wi &(kg=m3) s)= i \qDN= KQ]

"(kg=m3) s)= i \qDN= KQ] |xv=OnvU u=R}t
xOW xDiQo Q_v QO 1 '=yv; |xU Qy ?} Q[ 'QDt=Q=B 3 Qy O=} R C}ty= x@ xHwD =@
Qy |=Q@ |k}irD |]}LtCU} R XN=W '=yXN=W R= l} Qy uOQm p=tQv R= TB w

"CU= xOW x@U=Lt 7 |x]@=Q R= xO=iDU= =@ =yKQ] R= l}

EnvScorei =
pX
k=1

IAScoreik (7)

i �\qDN= KQ]� pwYLt |=Q@|]}LtCU} R OQmrta R=}Dt= EnvScorej 'u; QO xm
'u}tRV}=tQo |xOQ xU 'Q[=LVywSB QO�|]}LtCU} R Q}F-=D |=yxOQ O=OaD P &s)=
R=}Dt= IAScoreik w �CU= xOW xDiQo Q_v QO |r}Ui CNwU p}rkD w uOW |O}U=
|]}LtCU} R |xOQ QO s)= i �\qDN= KQ]� pwYLt |=Q@ xOW |yOuRw w p=tQv

%OwW|t x@U=Lt 8 |x]@=Q j@=]t xm 's)= k

IAScoreik =
IAik � IVwtk

Max fIA1k; IA2k; :::; IAmkg � 100 (8)

�\qDN= |=yKQ]� CqwYLt O=OaD m &s)= k |xOQ |D}ty= uRw IVWtk 'u; QO xm
's)= �i \qDN= KQ]� pwYLt |=Q@ k |]}LtCU} R Q}F-=D |xOQ s=N R=}Dt= IAik &

"IAi3 = FPi; IAi2 = APi; IAi1 = GWPi w

=yxvwtv |O=YDk= p}rLD "4
xOW xO=iDU= Kr=Yt |xv} Ry '\qDN= |=yKQ] R= l} Qy |O=YDk= R}r=v; Qw_vt x@
pwOH QO xm |DQwY x@ xOvvmO}rwD |=yCmQW w u=oOvWwQi |=yVQ=Ro R= xO=iDU= =@
VywSB QO xOW xO=iDU= QtQt QOwB xm |}=Hu; R= "OW xO=iDU= 'CU= xOW x�=Q= 11
Q_v QO u; O}rwD |=Q@ |}xv} Ry 'OQ=Ov |}=y@ I}y w CU= C=a}=[ |awv 'Q[=L

"CU= xOWv xDiQo
KQ] |O=YDk= OQmrta R=}Dt= XN=W '11 pwOH C=aq]= R= xO=iDU= =@

[30]"FPi |r}Ui CNwU hQYt p}Uv=DB "8 pwOH
(FPi) u=} QH
0/25 nvU p=eR
6/12 s=N Civ
7/80 |a}@] R=o

w O}rwD |=Q@ uOW |O}U= p}Uv=DB w |v=yH V}=tQo p}Uv=DB u=R}t "9 pwOH
"uD@ hrDNt <=RH= |R=UxO=t;

�sQowr}m � =wy x@ Q=WDv= u=R}t �sQowr}m � O}rwD
APi GWPi

0/0053 0/885 u=t}U
0/00002 0/0032 =yxv=OnvU
0/0045 0/0025 ?;
0/00481 1/11 xOvvmu=wQ jwi

QO FPi Q}O=kt "CU= sQowr}m Q@ pwS=ot ?UL Q@ i CNwU |R=UR=@ |=Q@ sRq
"CU= xOW x�=Q= 8 pwOH

w uOW |O}U= p}Uv=DB '|v=yH V}=tQo p}Uv=DB u=R}t 'Q[=L VywSB QO
uD@ <=RH= R= l} Qy |R=UxO=t; w O}rwD |=Q@ |r}Ui |=yCNwU p}rkD p}Uv=DB
sRq [45�31]"CU= xOW x@U=Lt xv=o =OH CQwY x@ xDWPo C=aq]= R= xO=iDU= =@
Q=F; |x@U=Lt |=Q@ R=}v OQwt |=yxO=O OwHw sOa x@ xHwD =@ xm CU= QmP x@
|=yVQ=Ro x@ \w@ Qt C=aq]= w =yxO=O R= =yXN=W VQDUo |=Q@ '|]}LtCU} R
w VQ=Ro u}OvJ C=aq]= u}ov=}t 'OQ=wt |[a@ QO "CU= xOW xO=iDU= x@=Wt
OwOL =y|vOwRi= w uW 'xU=t '?;"CU= xOW xO=iDU= w} Q=vU u} QDO@ '|[a@ QO
?}mQD '=yxv=OnvU uDUmW w G=QNDU= Ov}=Qi "OvyO|t p}mWD =Q uD@ uRw �90
OQ=O |mOv= Q=}U@ |SQv= x@ R=}v |R} QuD@ pLt x@ uD@ ptL w xv=NQ=m QO O=wt
QWDvt QiUtD= x@ pL=Qt u}= |] QO u@ QmO}Um =|O |tm Q=}U@ Q}O=kt u}=Q@=v@ w
\=@DQ= 'uD@ CN=U R= |W=v u@ QmO}Um =|O Q=WDv= xHwD p@=k u=R}t "OW Oy=wN
x@ \w@ Qt u@ QmO}Um =|O u=R}t 'p=L u}= =@ [46]"OQ=O?}mQD u=t}U u=R}t =@|t}kDUt
|=yVQ=Ro C=aq]= R= xO=iDU= =@ R}v =y|vOwRi= w =yxv=OnvU O}rwD w x}yD |=yOv}=Qi
w T}r}UwQm}t O}rwD QF= xm CU= QmP x@ sRq "CU= xOW xDiQo Q_v QO OwHwt
|}xvwo x@ QwmPt |xO=t wO xm =QJ &CU= xOWv ^=Lr C=@U=Lt QO QtQt QOwB
|SQv= w O@=}|tv Q=WDv= =wy x@ |}xv=Nro R=o =yv; O}rwD |=Q@ w OvwW|t |krD C=a}=[
w 9 |=ypwOH |=yxO=O R= xO=iDU= =@ C}=yv QO [39 w 32 '30]"OwW|tv hQYt R}v
'|r}Ui |=yCNwU p}rkD w uOW |O}U= '|v=yH V}=tQo |=yXN=W w 10
R= xO=iDU= =@ 10 w 9 |=ypwOH Q}O=kt "CU= xDi=} VQDUo 6 =D 4 |=yXN=W
CUO x@ u}W}B C=ar=]t w U�EDP� O=wt |]}LtCU} R |=yx}tqa= '=yVQ=Ro

"Ov=xOt;
GWPi = (0=885� Ci)+
(0=0032�Ai) + (0=0025�Wi) + (1=11� SPi) (4)

APi = (0=0053� Ci)+
(0=00002�Ai) + (0=0045�Wi) + (0=0045� SPi) (5)
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xQ=t
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37
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|xQ
wO'

�14
00

u=DU
tR�

u=Qt
a|

UOv
yt

G}=Dv |UQQ@ w p}rLD "6
AtqU= "1"6

|v} Ro}=H u=R}t V}=Ri= =@ "CU= xOW x�=Q= 3 pwOH QO AtqU= V}=tR; G}=Dv
u=Q@H |=Q@ xm &CU= xDi=} Vy=m uD@ AtqU= 'u=t}U =@ T}r}UwQm}t w QtQt QOwB
u=R}t 'Q_v OQwt 80 � 10 |xR=@ QO =y\wrNt AtqU= ^iL w AtqU= 'u;
xDi=} V}=Ri= |v} Ro}=H V}=Ri= u=R}t =@ ?U=vDt |mOv= Q=Okt x@ xOvvmu=wQ jwi
QDQ}otWJ uD@ AtqU= Vy=m QO QtQt QOwB =@ xU}=kt QO T}r}UwQm}t Q}F-=D "CU=
T}r}UwQm}t w QtQt QOwB |w=L |=y\wrNt QO AtqU= Vy=m u}= "CU= xOw@
Vy=m w u=t}U =@ xU}=kt QO T}r}UwQm}t w QtQt QOwB C=QP uOw@ QDR} Q p}rO x@
w QtQt QOwB nQR@ XwYNt K]U "CU= uD@ |=y\wrNt QO |r=N |=y=[i
|Ov@xv=O |=yV}=tR; xm Qw]u=ty "OyO|t Vy=m =Q uD@ |}=Q=m T}r}UwQm}t
w 2 ?}DQD x@ T}r}UwQm}t w QtQt QOwB C=QP u}ov=}t Qw] x@ 'OvyO|t u=Wv
xvwtv |=Q@ xOvvmu=wQ jwi Q=Okt u} QDW}@ "OvDUy u=t}U C=QP R= QDR} Q Q@=Q@ 11
G}=Dv =@ x@=Wt |H}=Dv R}v [48 w 47'15]'u}W}B |=yVywSB |NQ@ "CU= xOW xO=iDU=
VQ=Ro =Q uD@ |v=wQ QO QtQt QOwB w T}r}UwQm}t Q}F-=D XwYN QO Q[=L |xar=]t

"Ov=xO=O

XwYNt uRw "2"6
|v} Ro}=H �5 =D uD@ XwYNt uRw 'OwW|t xOy=Wt 6 pmW QO xm Qw]u=ty
=Q XwYNt uRw V}=Ri= u}= Cra "CU= xDi=} V}=Ri= QtQt QOwB =@ u=t}U
uOW Q)B w uD@ \wrNt QO u=t}U w QtQt QOwB R} Q C=QP QDy@ |oOvm =QB x@ u=wD|t
|v} Ro}=H |=yOYQO |=Q@ =t= "O=O C@Uv \wrNt uOW QDsm =QDt w GQi w prN
Cra "CU= xOw@ Vy=m x@ wQ w xOQm Q}}eD OvwQ u}= �5 R= QDW}@ QtQt QOwB
u=t}U =@ xU}=kt QO QtQt QOwB QDtm XwYNt uRw 'XwYNt uRw Vy=m u}=

"CU=
XwYNt uRw QO |Q}otWJ Q}}eD u=t}U =@ T}r}UwQm}t |v} Ro}=H V}=Ri=
QOwB Ovv=ty R}v T}r}UwQm}t "CU= xOQmv O=H}= Oy=W uD@ x@ C@Uv =y\wrNt
uD@ R} Q Q=}U@ GQi w prN w Ovm =i}= uD@ QO =Q xOvvmQ)B l} Vkv Ov=wD|t QtQt
|=y|v} Ro}=H |rm Qw]x@ "Ovm Q)B 'OvDU}v =yv; uOQm Q)B x@ QO=k u=t}U C=QP xm '=Q
uD@ XwYNt uRw QO |yHwD p@=k Q}F-=D 'u=t}U =@ T}r}UwQm}t w QtQt QOwB
=y\wrNt Q}=U w Oy=W uD@ XwYNt uRw u}@ hqDN= u=R}t |xv}W}@ w xDW=Ov
=@ x@=Wt |H}=Dv x@ [1]'�2015� u=Q=mty w Ro} QOwQ "CU= xOw@ �1/5 OwOL QO
QtQt QOwB |w=L |vD@ |=yxvwtv XwYNt uRw XwYN QO QwmPt V}=tR; G}=Dv

"Ov=xDi=} CUO

|Q=Wi Ctw=kt "3"6
xRwQ 180 w 91 '56 '28 '7 u}vU QO |Q=Wi Ctw=kt V}=tR; G}=Dv '7 pmW QO
"OW C@F =yv; u}ov=}t w V}=tR; uU Qy QO xvwtR; 3 'xvwtv Qy R= "OwW|t xOy=Wt
|Q=Wi Ctw=kt 'QtQt QOwB |v} Ro}=H OYQO V}=Ri= =@ xm OvO=O u=Wv V}=tR; G}=Dv
V}=Ri= �4 OwOL QO =Q |Q=WiCtw=kt 'QtQt QOwB �5 |v} Ro}=H "CU= xDi=}Vy=m
|}xDUy O=H}= w QtQt QOwB |oOvvmQ)B C}Y=N =@ u=wD|t =Q u; Cra xm 'CU= xO=O
w M10 |=yxvwtv |Q=Wi Ctw=kt "O=O K}[wD uw}U=QO}y `} QUD |=Q@ ?U=vt
Vy=m p}rO x@ 'Oy=W uD@ =@ xU}=kt QO OYQO 13 w 3 OwOL QO ?}DQD x@ M20

"=yxvwtv CN=U QO xOW xO=iDU= O=wt w Kr=Yt |xv} Ry "11 pwOH
�p=} Q� Ct}k �sQowr}m � xO=t

1500 u=t}U
10000 T}r}UwQm}t
67000 xOvvmu=wQ jwi
150 xv=OnvU
5 ?;

%CU= xDi=} VQDUo 9 |x]@=Q j@=]t s)= i \qDN=

Costi = (1� Ci) + (6=67� SFi)+
(0=0034�Wi) + (0=1�Ai) + (45� SPi) (9)

KQ] u=t}U u=R}t Ci &s)= i \qDN= KQ] |O=YDk= OQmrta R=}Dt= Costi 'u; QO xm
&(kg=m3) s)= i \qDN= KQ] T}r}UwQm}t u=R}t SFi &(kg=m3) s)= i \qDN=
KQ] ?; u=R}tWi & (kg=m3) s)= i \qDN= KQ] |xOvvmu=wQ jwi u=R}t SPi
|=Q@(kg=m3) s)= i \qDN= KQ] |xv=OnvU u=R}t Ai w &(kg=m3) s)= i \qDN=
w p}rLD CtUk QO w x@U=Lt |O=YDk= XN=W '\qDN= |=yKQ] R= l} Qy
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"CiQo Q_v QO =yQDt=Q=B R=
ECMi = Mecin

EnvScorein + Cos tin
(10)

EnvScorein =

EnvScorei
MAX fEnvScore1; EnvScore2; :::; EnvScoremg (11)

Cos tin = Cos ti
MAX fCos t11;Cos t2; :::;Cos tmg (12)

Mecin = Meci
MAX fMec1;Mec2; :::;Mecmg (13)

|m}v=mt w|]}LtCU} R '|O=YDk= |=yQDt=Q=B|k}irDXN=WECMi '=yv; QO xm
KQ] |xOW p=tQv |]}LtCU} R OQmrta R=}Dt= EnvScorein &s)= i\qDN= KQ]
&s)= i \qDN= KQ] |xOW p=tQv |O=YDk= OQmrta R=}Dt= Costin &s)= i \qDN=
O=OaD m w s)= i \qDN= KQ] |xOW p=tQv |xRwQ 28 |Q=Wi Ctw=kt Mecin

"\qDN= |=yKQ]
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