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&'&C&HR5=&#6H3#H3G6?35#3-46#4&-3T/%6?3%6#=644&-3#
&?R5&%&4# &%&'-R%C&# H/51G?&%R# =303%?35=6%6?C6'#
83# *53%6?3S34# 3C6HD/5# &O&?-RC# D*5-3C?3%6#
&%&HR5=&#4&%P/5=6/4H6=65# ],

2
"#*53C?6#P6%#U&D&#

H&;6U# /?=101# P3?6%?35C6'-6%(# qO3??64?3# G38%3H3?#
3-46565#D:4H34#/?=101#P6%6C#6'?3C?3%#6G65#*53%6?3%#
H151?C1'#83#/?&HR#6D6?3'-6%C3?3%#6G65#=3H-34?3D6S6#
P1?T1?&%#H151?C1'-1%(

ZW_#'<:G9@#OL# <@NM[#'9@OLGR=T@#0--#
'<=\[M<\N[=:<?[#>]>@#6>:<P=9#>ML#+9KLMML:L
>3?6%?3535#HR5R%?&%#6G3%6H65=3#4&?&5#P6%6C#6'?3C?3%65#
G38%3D3#/?&5#T6%=6#83#GR4-R?&%R5R5#4&%'R?&'-R%R?C&HR#
&C&SRD?&# V6C&W%/# m(n# D&OR?RCR# 41??&5R?CR'-R%#
 W%3+# agii"(# V6C&W%/# D&OR?RCR+# \V,# ijgjj#
H-&5=&%=R5&# 1DT15# /?&%&4# F..# G&?R'C&?&%R#
T3%G34?3'-6%6?3P6?35# 4&UH&C?R# P6%# D&OR?RC=R%(#
$C&G#83#4&UH&C# -&5RC?&C&HR5=&5#P&'?&D&%&4#
-&5RC?&5&5# I/54H6D/53?# P6%6C# =/0%1?-1H15=&#
35-3T%3# 3=6?35# 83%6-&P&5R5=&5# 358&5-3%#
;&OR%?&5&P6?C34-3+# H3G6?35# 3-46# 4&-3T/%6?3%653#
T*%3# H/51G?&%# 3?=3# 3=6?3P6?C34-3=6%(# $D%RS&#
9/5-3#]&%?/#P35O3-6'6C6#6?3#P3?6%H6O?64#&5&?6O6#=3#
T3%G34?3'-6%C34# C:C4:5=:%(# F&OR?RC&# 35-3T%3#
3=6?C6'# /?&5# JS/Z65835-# 83%6-&P&5R# H&D3H65=3#
G&?R'C&# 4&UH&CR5=&46# -:C# P6%6C# 6'?3C?3%#
6G65# -3CH6?6# G38%3H3?# D:4# H3GC34# C:C4:5#
/?C1'-1%(#JS/Z65835-# 83%6-&P&5R#algg# 6'?3C# 6G65#
83%6# 6G3%35# 4&UH&C?R# P6%# 358&5-3%=6%(# N?4# /?&%&4#
aggn# DR?R5=&# T3?6'-6%6?35# 83%6-&P&5R# NH83GX-346#

35H-6-:?3%# -&%&IR5=&5# T:5S3??35C34-3=6%(#
NG3%=606#4&UH&C?R#83%6+#P6%6C#83#H6H-3C# 6'?3C?3%6#
/?&%&4# 41??&5R?&P6?C34-3# /?1U# 3C6HD/5?&%# &?-#
4&-3T/%6?3%3# T*%3# HR5Rp&5=R%R?CR'-R%(# JS/Z65835-#
83%6-&P&5R+# \V,# ijgje# H-&5=&%=R# 6?3# 1DT15?14#
T*H-3%C34-3=6%(# $5&?6O# H/51S15=&# 4&CD/5#
83# P&5-?R# 4/583D*%# 6G65# -:C# G38%3H3?# GR4-R?&%R5#
T*%H3??35C3H6# C:C4:5# /?C&=R0R5=&5# P6%# 3'64#
=303%#P3?6%?35C6'-6%(#f346?#lX=3#T*%:?35#C/=3?=3+#
6'?3C#&0&SR5R5# -:C:D?3#T*%H3??35C3H6#C:C4:5#
/?C&=R0R5=&5#H&=3S3#646#6'?3C3#81%T1#D&UR?C&HR#
-3%S6;# 3=6?C6'-6%(# >*D?3S3+# P&5-?R# 4/583D*%# 6G65#
l# -3C3?# U&%G&5R5# :%3-6C# &'&C&?&%R# 83# P&5-?R#
4/583D*%:5#41??&5RC#H:%3S6#-3CH6?#3=6?C6'-6%(

A&CD/5# C/=3?6# =3# G3?64+# U?&H-64# 83# ?&H-64?3%#
/?&%&4#:G#&5&#U&%G&=&5#/?1'C&4-&#83#41??&5RC#
H:%3S656# &D%R# P6%# =*5T:# /?&%&4# 6G3%C34-3=6%(#
A1??&5RC#H:%3G?3%6565#;3%# 646# -&'RC&#H6H-3C6# 6G65#
=3# &D%R# /?&%&4# C/=3??35C6'# /?C&HR5R5# 53=356+#
U&%G&?&%R5# :%3-6C?3%6# HR%&HR5=&# /?1'&5# G38%3H3?#
D:4#4&%'R?R0R5=&#3?34-%64#83#C/-/%6565#3-46H656#&D%R#
/?&%&4#P3?6%?353P6?C3H6=6%(

f346?#l(#V6C&W%/X=&#P&5-?R#4/583D*%#C/=3?6(

 
 

#ekil 5. SimaPro’da bantl  konveyör modeli. 

3,23 E6 MJ 
Elektrik, 
linyit, 
santralde 

% 8,14 

1,31 E6 MJ 
Elektrik, 
do!algaz, 
santralde 

% 2,84 
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f346?#lX=3#=3#T*%:?=:0:#:O3%3#P&5-?R#4/583D*%:5#
-3C3?#U&%G&?&%R#&%&HR5=&#D3%#&?&5#G3?64#G3%G383+#
G3?64-35#:%3-6?35#=603%#U&%G&?&%#83#H35-3-64#U?&H-64#
C&?O3C3=35# :%3-6?C6'# P&5-# G38%3H3?# 3-46?3%6#
&GRHR5=&5# =303%?35=6%C3D3# 4&-R?CR'-R%(# >6%6C#
6'?3C?3%6# P6%P6%653#P&0?&D&5#/4?&%#/%&5-R?R# /?&%&4#
3C6HD/5?&%R5# =&;&# D/015# /?&%&4# 4&D5&4?&5=R0R#
D3%?3%6#T*H-3%C34-3=6%(

_W# 5.3!42!"!3./# 0--# +(-.3!/-./# .3-.#
.-!3./# 83583$"

9/=3??3535#-&'RC&#H6H-3C?3%6565#4&%'R?&'-R%R?C&HR#
H/51S1+#H3G6?35#3-46#4&-3T/%6?3%653#T*%3#G38%3H3?#
3-46?3%6#P3?6%?35C6'-6%(#f346?#bX=3#T*%:?=:0:#:O3%3#
&O/-# /4H6-?3%65# &H6-?35C3# 4&-3T/%6H65=346# 3-46H6#
;3C#4&CD/5#;3C#=3#P&5-?R#4/583D*%#6G65#P&H4R5#
/?C1'-1%(#$D5R#P6%6C#S65H65=35#=603%#3C6HD/5?&%R5#
3-46H6# '346?=3# T*%H3??353C3=6065=35# G6O3?T3=3#
83%6?C6'-6%(# W.<# C2# DR?# /?&%&4# O&%&%# T*%35#
&?&5# S65H65=35# 4&CD/5# 6G65# i(lam(eee# =303%6#
P1?15C1'-1%(#>&5-?R#4/583D*%# 6G65# 6H3#&H6-?35C3#
3-46H6# bgj(emi# W.<#C2# DR?# /?&%&4# P3?6%?35C6'-6%(#
>1#3-46#4&-3T/%6H65=3#=603%#3-435#H&?R5RC?&%# 6H3#
H:?I:%# /4H6-# 83# &C/5D&4# /?C1'-1%(# A&CD/5?&%#
P1#4&-3T/%6=3#P&5-?R#4/583D*%?3%3#T*%3#D&4?&'R4#
/?&%&4# a+l# 4&-# D:4H34# 3-46D3# H&;6U-6%(# >1#
3-46565# P:D:4# /%&5=&# -:43-6?35# C/-/%6565# H:?I:%#
6G3%6065=35# 4&D5&4?&5=R0R# =:':5:?C34-3=6%(#
9/-/%6565#H/5#41??&5RSRD&#1?&'-R%R?C&HR#HR%&HR5=&46#
4&%&D/?1#D&#=&#=356O#D/?1#-&'RC&SR?R0R#6'?3C6#=3#
P1#3-46#4&-3T/%6H65=3#P:D:4#*53C3#H&;6U#=603%#

f346?#b( $H6-?35C3#4&-3T/%6H653#T*%3#4&CD/5#83#P&5-?R#4/583D*%(

P6%# 3-435=6%(# V/5# 41??&5RSRD&# 1?&'-R%R?&5#C/-/%65#
4&%&D/?1# 6?3# -&'R5C&4# D3%653# G38%3D3# =&;&# &O#
O&%&%#83%35#P/%1#;&-?&%R#6?3#-&'R5C&HR#=1%1C15=&#
P1#6'?3C#HR%&HR5=&46#3-46#&O&?-R?&P6?6%(#9/=3??3535#
4&CD/5# 41??&5RCR# H/51S1# /%-&D&# GR4&5# &O/-#
/4H6-?3%# W.<# 4T# 3C6HD/5# P&'R5&# =:'35# &?&5#
P6%6C65=35# P1# 4&-3T/%6=346# 35# *53C?6# H&?R5RC#
/?&%&4#=303%?35=6%6?3P6?6%(#$O/-#/4H6-?3%65#&O&?-RCR#
4/51H15=&# 6H3# 4&CD/5?&%R5# P6D/=6O3?# T6P6#
=&;&# -3C6O# D&4R-# -:%?3%656# -:43-C3D3#P&'?&C&HR#
C1;-3C3?# P6%# &O&?-RCR# =3H-34?3D3P6?6%(# >6D/=6O3?#
41??&5RCR# 6G65# 4&CD/5?&%=&# C34&564# ;6GP6%#
=306'64?6065#D&UR?C&HR5&#T3%34#/?C&=R0R5=&5#34#
P6%#D&-R%RC#C&?6D3-6#=3#P1?15C&C&4-&=R%(##

N4?6C# =306'64?606# 4&-3T/%6H653# T*%3# D&UR?&5#
4&%'R?&'-R%C&DR# T*%H3??3C34# &C&SRD?&# di#
/%&5R5=&# P6%# 3'64# =303%# 41??&5R?C&4# O/%15=&#
4&?CR'-R%(# J-435?3%65# -&C&CR5R# T*%H3?# /?&%&4#
-3CH6?#3-C34#C:C4:5#/?C&=R0R5=&5#D&%&%?&5R?&5#
P1# 3'64# =303%+# ;3H&U?&C&# H/51G?&%R5R#
3-46?3C3C34-3=6%(# o3%# 646# H6H-3C# P3'64-35#
C3O&%&# &5?&DR'RD?&# 3?3# &?R5RU# G38%3H3?# 3-46?3%6#
T*O#*5:5=3#P1?15=1%1?C1'-1%(

A:%3H3?# RHR5C&# U/-&5H6D3?653# P35O3%# '346?=3#
64?6C# =306'64?606# 3-46# 4&-3T/%6H6565# 35# *53C?6#
T*H-3%T3H6# ],

2
# 83# 3'=303%# H&?R5RC?&%=R%(# f346?#

mX=3#T*%:?=:0:#:O3%3#64?6C#=306'64?606#4&-3T/%6H6#
6G65# -3C3?# 3-435?3%# 4&%P/5# =6/4H6-+# =6&O/-#
C/5/4H6-# 83#C3-&5#/?&%&4#P3?6%?35C6'-6%(#.6&O/-#
C/5/4H6-# 83# I/H6?# 4&D5&4?R# C3-&5# 6G65# 3-46?3%#
G6O3?T3#'34?65=3#83%6?C6'-6%(
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>&5-?R# 4/583D*%?3%65# 64?6C# =306'64?606#
4&-3T/%6H65=346# 3-46H6# 4&CD/5?&%&# T*%3# =&;&#
D:4H34# /?1U# .:5D&# V&0?R4# q%T:-:#  to,"#
-&%&IR5=&5# -&5RC?&5&5# C&?1?6D3-# 6?3# T3G35#
D&'&C#DR?R# .$LF"#P6%6C653#T*%3#ia+bh#=303%653#
1?&'C&4-&=R%(#A&CD/5?&%#6H3#m+mm#.$LF#=303%6#6?3#
64?6C#=306'64?606#4&-3T/%6H65=3#P&5-?R#4/583D*%?3%65#
djgXR# /%&5R5=&# =&;&# =:':4# P6%# 3-46D3# H&;6U-6%(#
A&%P/5=6/4H6-# H&?R5RCR5R5# -3C3?# 4&D5&0R# P&5-?R#
4/583D*%:5#-:43--606#3?34-%6065#-3%C64#H&5-%&?=346#
:%3-6C# &'&C&HR=R%(# qO3??64?3# 4&%P/5# &GRHR5=&5#
O35T65#?65D6-65#H&5-%&?=3#D&4R?C&HR#H/51S1#/?1'&5#
H&?R5RC?&%#P1#4&-3T/%6=3#3-46?6#/?C&4-&=R%(

>&5-?R# 4/583D*%:5# 41??&5RCR# 6G65# JS/Z65835-#
83%6-&P&5R5=&5# H3G6?35# 3?34-%64# -:43-6C# 83%6H6#
$8%1U&#3?34-%64#=&0R-RC#'6%43-?3%6#&=R5&#-/U?&5&5#
/%-&?&C&#P6%#83%6=35#-:%3-6?C6'-6%(#s3%6565#-/U?&5C&#
&C&SR# $># :D3H6# :?43?3%65# I&%4?R# 3?34-%64# :%3-6C#
-345/?/Q6?3%656#-3CH6?#3-C34-3=6%# <%6HS;453S;-#83#
u15TP?1-;+#aggb"(

A&CD/5# 83# P&5-?R# 4/583D*%# C/=3??3%6565#
6G3%6065=346# ;&5T6# P6%6C# 6'?3C?3%65# G38%3D3#
3-46?3%6565#=&;&#4%6-64#/?=1015&#P&4R?=R0R5=&+#;3%#
646#-&'RC&#H6H-3C6#6G65#=3#41??&5RC#&5R5=&46#D&4R-#
D&#=&#3?34-%64#-:43-6C6#/?=101#/%-&D&#GR4C&4-&=R%(#
$H6-?35C3# 4&-3T/%6H65=3# P&5-?R# 4/583D*%# 6G65#
-:43-6?35# 3?34-%6065# 4*C:%# H&5-%&?65=346# D&5C&#

f346?#m(#N4?6C#=306'64?606#4&-3T/%6H653#T*%3#4&CD/5#6?3#P&5-?R#4/583D*%(

6'?3C6+#4&CD/5# 6G65# 6H3#C/-/%6565#D&5C&#H:%3S6#
*53C?6# U&D&# H&;6U-6%(# .603%# 3-46# 4&-3T/%6H6# /?&5#
64?6C#=306'64?606#T*O#*5:5=3#P1?15=1%1?=1015=&#
6H3#&H6-?35C3#3-46H653#P35O3%#'346?=3#3?34-%64#83#
D&4R-#-:43-6C6565#35#D:4H34#G38%3D3#D:43#H&;6U#
/?=101#T*O?3C?35C6'-6%(#J?34-%64#-:43-6C656#-3CH6?#
3=35#83%6+#I&%4?R#$>#:?43?3%6#6G65#3?=3#3=6?=6065=35#
H&5-%&?=346# D&5C&# -345/?/Q6H6565# G38%3H3?# 3-46#
:O3%65=346# %/?:# /%-&D&# GR4CR'-R%(# JH-/5D&# 6G65#
-/U?&5&5#H&5-%&?#83%6H6+#&H6-?35C3#4&-3T/%6H65=3#
=&;&#3-46?6#/?1%435+#64?6C#=306'64?606#4&-3T/%6H65=3#
$?C&5D&X=&46# H&5-%&?65# 3-46H6# *5# U?&5=&#
/?C1'-1%(#7?43?3%65#353%Q6#-345/?/Q6H65=346#D3%6#83#
D356?353P6?6%#4&D5&4?&%R5#353%Q6#:%3-6C65=346#U&DR#
G38%3H3?#3-46#:O3%65=3#=/0%1=&5#3-46?6#/?C&4-&=R%(#
c38%3H3?# D:43# 53=35# /?&5# 6'?3C?3%# :O3%65=3#
/?&HR# 6D6?3'-6%C3?3%# 6?3# 3-46?3%6565# &O&?-R?C&HR#
C:C4:5=:%(##

`W#6(/8%3$"#1.#*/."!3."

A&CD/5# 83# P&5-?R# 4/583D*%:5# F..# 6?3#
4&%'R?&'-R%C&# H/51G?&%R# &'&0R=&46# T6P6#
*O3-?353P6?6%^

 !F..# ;35:O# C&=35S6?64-3# D&DTR5?&'C&CR'#
P6%#4&%&%#=3H-34#&%&SR=R%(#J46UC&5#H3G6C65=3#
G38%3H3?# 3-46D6# =3# =644&-3# &?&5# 4&%&%?&%#
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83%6?C3H6# &C&SRD?&# F..X=3# D&%&%?&5C&4#
C:C4:5=:%(

 !$H6-?35C3# 4&-3T/%6H653# T*%3# 4&CD/515#
3-46H6# P&5-?R# 4/583D*%3# T*%3# i+h# 4&-# =&;&#
D:4H34-6%(# >1# 4&-3T/%6=346# 3-46565# dhbXHR#
&O/-#/4H6-#H&?R5RCR5=&5#4&D5&4?&5C&4-&=R%(

 !N4?6C# =306'64?606# 4&-3T/%6H65=3# P&5-?R#
4/583D*%:5# 3-46H6# 4&CD/5&# T*%3# i+b# 4&-#
=&;&#I&O?&=R%(#</H6?#D&4R-?&%R5#41??&5RCR5=&5#
H&?R5&5# ],a+# P1# 4&-3T/%6565# dhlX# 656#
/?1'-1%C&4-&=R%(

 !A&%&%# 83%C3# H:%3S65=3# =644&-3# &?R5C&HR#
T3%3435#35#*53C?6#3-435?3%#P&5-?R#4/583D*%#
83#4&CD/515#-:43--606#3?34-%64#83#C/-/%65=6%(

 !$GR4# /S&4# C&=35S6?6065=3# G38%3H3?# 3-46?3%6#
&GRHR5=&5#*53C?6#&'&C&?&%#D&4R-#-:43-6C6565#
/?=101#6'?3C?3%=6%(

 !c&?R'C&#H:%3H65S3#-&%&5&5#83%6-&P&5?&%R5R5#
34H64# 83# =:O35H6O# /?C&HR# 358&5-3%#
/?1'-1%1?C&HR# HR%&HR5=&# D&OR?RC&# 35-3T%3#
/?&5#83%6-&P&5R5R5#=&;&#I&O?&#41??&5R?C&HR5&#
53=35#/?C1'-1%(

 !F..# H&D3H65=3# 4&%&%# 83%C3# &'&C&HR5=&+#
34/5/C64#=303%?35=6%C3?3%3#=3H-34#83%3S34#
'346?=3#G38%3H3?#3-46?3%=35#=3#D&%&%?&5C&4#
C:C4:5#/?C&4-&=R%(

J?=3# 3=6?35# H/51G?&%&# T*%3+# G38%3H3?#
3-46565# &O&?-R?C&HR# 83# F..X565# C&=35S6?64-3#
D&DTR5?&'-R%R?C&HR# 6G65# &'&0R=&46# *53%6?3%#
D&UR?CR'-R%^

 ! F356?353P6?6%# 353%Q6# 4&D5&4?&%R# P&5-?R#
4/583D*%# 6G65# 4%6-64# *53C3# H&;6U# 3?34-%64#
-:43-6C6# 4/51H15=&# 64?6C# =306'64?606#
3-46H656#&O&?&P6?6%(#$5S&4#P1#4&D5&4?&%R5#=&#
:%3-6C# 83# H/5# 41??&5RSRD&# -&'R5C&HR# =&;6?#
-:C# &'&C&?&%R5R5# F..# 6?3# 65S3?35C3H6#
T3%34C34-3=6%(

 ! .:':4# H:?I:%# 6G3%64?6# P6D/=6O3?# D&4R-?&%#
4&CD/5?&%R5# &H6-?35C3# 4&-3T/%6H65=346#
3-46H6565#&O&?-RCR5=&#41??&5R?&P6?6%(

 ! 7?43C6O# 6G65# P:D:4# *53C3# H&;6U# 4*C:%:5#
H:%=:%:?3P6?6%# 83# G38%3D3# =1D&%?R# '346?=3#
:%3-6?C3H6# 6G65# F..# T6P6# D*5-3C?3%=35#
D&%&%?&5R?C&?R=R%(

 ! 9&=35S6?64# H34-*%:5:5# =&;&# 3-465# '346?=3#
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