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.2$'"LL47$@"44$<&0&#(.*20$6(L(6*.7$8(LL#2W*3(.&47$[\\;S=$.2$.,&$<#*>$D7$R\N_V$(0>$
.,"'$*'$&WL&6.&>$.2$(''*'.$*0$3&&.*0<$F*6.2#*(H'$L#2Z&6.&>$<#2E*0<$&4&6.#*6*.7$>&3(0>$
8U"(4$!('$/59$S2#T'$9LL#21(4$9LL4*6(.*20V$N$-&L.&3D&#$R\N\V$L$NQ=$

• U"(4$!('$D&4*&1&'$*.$6(0$(''*'.$*0$#&>"6*0<$9"'.#(4*(H'$6(#D20$L244".*20$>*#&6.47$*0$.,*'$
U"(4$!('$U&320'.#(.*20$5#2Z&6.$(0>$*0>*#&6.47$D7$(''*'.*0<$ab)$.2$6233&#6*(4*'&$(0>$
@"#.,&#$>&1&42L$*.'$BU!GG$.&6,0242<7$8U"(4$!('$/59$S2#T'$9LL#21(4$9LL4*6(.*20V$N$
-&L.&3D&#$R\N\V$L$NQ=$

L.'G!-%/!)O'R/3!M/!2)(!2'(2*#+/!-%)-!-%/!'OU/2-1R/!'D!-%/!5.'U/2-!1H!-'!+/G'(H-.)-/!)!(/M!
-/2%('*'$7!.)-%/.!-%)(!+/5*'7!)!5.'R/(!'(/S!B/!2)(!)*H'!2'(2*#+/!-%)-!-%/!2'(-/:-!D'.!
2'(H1+/.)-1'(!'D!O/H-!5.)2-12/!1Hd!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
=!%--5daa/(SM1X15/+1)S'.$aM1X1a9/H-g5.)2-12/3!)22/HH/+!Ya=\a==3!b#'-1($!9'$)(3!]SKS!)(+!K($*1H%3!FSWS3!=PPCd!
%&06,3(#T*0<$@2#$D&'.$L#(6.*6&'c$E*00*0<$.,#2"<,$*0021(.*1&$(>(L.(.*20I!F2^.)M["1**3!@/M!h'.XS!
<!9/H-!6.)2-12/H!9.'2%#./3!?A!0/5).-G/(-!'D!K(/.$73!MMMS/D2'$S'.$aO5a1(+/:S%-GS!N22/HH/+!Ya=\a==!



! Z!

E)J V%/!@)-1'()*!K*/2-.121-7!F).X/-!E@KFJ!)H!-%/!i1(+#H-.7!H/2-'.j!)(+!/*/2-.121-7!
$/(/.)-1'(!)H!-%/!H5/21D12!c)2-1R1-7_!

EOJ &/+#2-1'(!'D!N#H-.)*1)_H!2*1G)-/!2%)($/!/G1HH1'(H!)H!-%/!5.1G).7!/(R1.'(G/(-)*!
'OU/2-1R/!M1-%1(!)!O.')+/.!c/2'[/DD121/(27_!'OU/2-1R/S!

V%/!@)-1'()*!K*/2-.121-7!EA'#-%!N#H-.)*1)J!N2-!=PP;!)(+!-%/!@)-1'()*!K*/2-.121-7!&#*/H!+/D1(/!
-%/!@)-1'()*!K*/2-.121-7!F).X/-!E@KFJ!)(+!1-H!G'+#H!'5/.)(+1S!L.'G!-%'H/!H'#.2/H3!M/!2)(!
+/+#2/!-%)-!-%/!@KF!2'(H1H-H!'D!-%/!M%'*/H)*/!G).X/-!'5/.)-/+!O7!-%/!N#H-.)*1)(!@)-1'()*!
K(/.$7!F).X/-!,5/.)-'.!ENKF,J3!-%/!1(-/.2'((/2-/+!-.)(HG1HH1'(!)(+!+1H-.1O#-1'(!H7H-/GH!
'D!-%/!5).-1215)-1($!U#.1H+12-1'(HY!)(+!)**!/*/2-.121-7!$/(/.)-1($!)(+!2'(H#G1($!/b#15G/(-!
2'((/2-/+!-'!-%'H/!H7H-/GH!EH//!N55/(+1:!9!D'.!)!G'./!D'.G)*!+1H2#HH1'(JS!!

`/7!)H5/2-H!'D!1(+#H-.7!cO/H-!5.)2-12/_!1(!-%/!@)-1'()*!K*/2-.121-7!F).X/-!E@KFJ!)./!'#-*1(/+!
1(!-%/!@)-1'()*!K*/2-.121-7!EA'#-%!N#H-.)*1)J!N2-!=PP;!)(+!-%/!@)-1'()*!K*/2-.121-7!&#*/HS!
V%/7!1(2*#+/!EH//!N55/(+1:!9!D'.!D#.-%/.!+1H2#HH1'(Jd!

• 6.'G'-1'(!'D!/DD121/(-!1(R/H-G/(-!1(3!)(+!'5/.)-1'(!)(+!#H/!'D3!/*/2-.121-7!H/.R12/H!
M1-%!./H5/2-!-'!-%/!*'($[-/.G!1(-/./H-H!'D!2'(H#G/.H!'D!/*/2-.121-73!M1-%!./H5/2-!-'!
5.12/3!b#)*1-73!H)D/-73!./*1)O1*1-7!)(+!H/2#.1-7!'D!H#55*7!'D!/*/2-.121-7!)(+!-%/!./*1)O1*1-73!
H)D/-7!)(+!H/2#.1-7!'D!-%/!()-1'()*!/*/2-.121-7!H7H-/G!

• F1(1G1H)-1'(!'D!+1H-1(2-1'(H!O/-M//(!G).X/-!5).-1215)(-H!E$/(/.)-'.H3!2#H-'G/.H3!
(/-M'.X!H/.R12/!5.'R1+/.H3!('-1($!-%)-!/)2%!'D!-%/H/!2)-/$'.1/H!%)R/!+1DD/./(-!
'O*1$)-1'(H!#(+/.!-%/!@K&J!

• F1(1G1H)-1'(!'D!H5/21)*!-./)-G/(-!M1-%!./H5/2-!-'!+1DD/./(-!-/2%('*'$1/H!#H/+!O7!
G).X/-!5).-1215)(-H!E-/2%('*'$7!(/#-.)*1-7J!M1-%3!D'.!/:)G5*/3!('!#H/!'D!-%/!-/.GH!
cO)H/!*')+_3!c1(-/.G/+1)-/_!'.!c5/)X_!$/(/.)-1'(!'.!./D/./(2/!-'!5.1G).7!/(/.$7!-75/!
/:2/5-!D'.!-%/!2)-/$'.7!'D!i1(-/.G1--/(-!$/(/.)-1'(jS!

!
V%#H!-%/!cO/H-!5.)2-12/_!1(-/(-!'D!-%/!@KF!)H!)(!/*/2-.121-7!1(+#H-.7!1H!-'!H/*/2-!1(!)(!
#(O1)H/+!G)((/.!EO7!2'G5/-1-1R/!5.'2/HH/H!M%/./!5'HH1O*/!)(+!/DD121/(-!./$#*)-1'(!M%/./!
('-J!-%/!H/-!'D!/*/2-.121-7!1(+#H-.7!./H'#.2/H3!D.'G!)G'($!)**!'D!-%/!/*1$1O*/!./H'#.2/H!1(!-%/!
5).-1215)-1($!U#.1H+12-1'(H3!-%)-!O/H-!G//-!-%/!H5/21D1/+!5.12/3!b#)*1-73!H)D/-73!./*1)O1*1-7!)(+!
H/2#.1-7!'OU/2-1R/HS!V%/!H/-!'D!/*1$1O*/!./H'#.2/H!1(2*#+/H!O#-!1H!('-!*1G1-/+!-'!-/2%('*'$1/H!
D'.!/*/2-.121-7!$/(/.)-1'(!)(+!H/*/2-1'(!-)X/H!5*)2/!D'.!O'-%!'5/.)-1'(!)(+!1(R/H-G/(-S!

B%1*/!-%/!1(-/(-!'D!-%/!@K&!1H!-'!G1(1G1H/!+1H-1(2-1'(H!O/-M//(!+1DD/./(-!$/(/.)-1'(!
-/2%('*'$1/H3!+1H-1(2-1'(H!)./!G)+/!O/-M//(!G).X/-!)(+!('([G).X/-!$/(/.)-'.H3!)(+!
O/-M//(!H2%/+#*/+3!('([H2%/+#*/+!)(+!H/G1[H2%/+#*/+!$/(/.)-'.HS!!

V%/!+1H-1(2-1'(H!O/-M//(!G).X/-!)(+!('([G).X/-!)(+!O/-M//(!H2%/+#*/+!)(+!('([
H2%/+#*/+!)./!5.1G).1*7!)O'#-!H1k/!'(!-%/!$.'#(+H!-%)-!-%/!2'H-!-'!HG)**!$/(/.)-'.H!'D!
2'G5*71($!M1-%!H'G/!)H5/2-H!'D!-%/!G).X/-!.#*/H!M'#*+!'#-M/1$%!-%/!H'21)*!O/(/D1-H!D.'G!
./b#1.1($!-%/G!-'!+'!H'S!
V%/!cH/G1[H2%/+#*/+_!2)-/$'.7!M)H!1(-.'+#2/+!-'!)22'GG'+)-/!$/(/.)-'.H!-%)-!#H/!('([
H-'.)O*/3!R).1)O*/!)(+!#(2/.-)1(!5.1G).7!/(/.$7!D*#:/H!H#2%!)H!M1(+!'.!H'*).!/(/.$7S!A/G1[
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Y!V%/!U#.1H+12-1'(H!5).-1215)-1($!1(!-%/!@KF!)./!f#//(H*)(+3!@/M!A'#-%!B)*/H3!-%/!N]V3!T12-'.1)3!A'#-%!
N#H-.)*1)3!V)HG)(1)!)(+!-%/!]'GG'(M/)*-%!'D!N#H-.)*1)!E-%.'#$%!1-H!.'*/!1(!-%/!A('M7!F'#(-)1(H!A2%/G/JS!



! ;!

H2%/+#*/+!$/(/.)-'.H!)./!-./)-/+!*1X/!('([H2%/+#*/+!$/(/.)-'.H!#(*/HH!-%/!2/(-.)*!+1H5)-2%!
5.'2/HH!1(!-%/!@KF!./b#1./H!-%/1.!'#-5#-!-'!O/!X/5-!*'M/.!-%)(!-%/1.!D'./2)H-!#(2'(H-.)1(/+!
'#-5#-3!1(!M%12%!2)H/!-%/7!)./!-./)-/+!*1X/!H2%/+#*/+!$/(/.)-1'(S!
V%/!0^06!$/(/.)-1($!#(1-EHJ!M'#*+!O/!2*)HH1D1/+!)H!H2%/+#*/+!G).X/-!$/(/.)-1($!#(1-HS!
V%/7!M'#*+!2'G5/-/!M1-%!)**!'-%/.!H1G1*).*7!2*)HH1D1/+!$/(/.)-1($!#(1-H!)(+!M1-%!H/G1[
H2%/+#*/+!G).X/-!$/(/.)-1($!#(1-H!#(+/.!-%/!2'(+1-1'(H!+/H2.1O/+!1(!-%/!5).)$.)5%!)O'R/S!
VM'!)((#)*!./5'.-H!5.'+#2/+!O7!-%/!N#H-.)*1)(!K*/2-.121-7!F).X/-!,5/.)-'.!ENKF,J!
1**#G1()-/!-./(+H!1(!-%/!H/-!'D!cO/H-!5.)2-12/_!/*/2-.121-7!$/(/.)-1'(!-/2%('*'$1/H!+/5*'7/+!O7!
1(R/H-G/(-!+/21H1'(H!1(!-%/!@KFCd!

• /4&6.#*6*.7$-.(.&3&0.$2@$JLL2#."0*.*&'$8/-JJ=$
• ](.*20(4$+#(0'3*''*20$U&1&42L3&0.$54(0$8]+]U5=$

!
L1$#./!<[Y!D.'G!-%/!<\==!KA,,!EO/*'MJ!2'G5)./H!1(H-)**/+!$/(/.)-1($!2)5)21-1/H!1(!-%/!
@KF!O7!D#/*!-75/!D'.!-%/!7/).!<\\\!)(+!-%/!7/).!<\==3!H%'M1($!-%/!/DD/2-H!'D!1(R/H-G/(-!
)(+!./-1./G/(-H!'R/.!G'H-!'D!-%/!5/.1'+!-%)-!-%/!@KF!%)H!O//(!1(!5*)2/S!V%/!1(2./)H/H!1(!
2)5)21-7!G)7!O/!H#GG).1H/+!)H!D'**'MHd!

V/2%('*'$7! h/).!<\\\!FB! h/).!<\==!FB! 4(2./)H/!1(!FB!ElJ!
9*)2X!2')*! =>3P\Q! <\3CQ\! <Z><!E=ClJ!
9.'M(!2')*! >3=;Z! >3Y>Z! <=\!EYlJ!

@)-#.)*!$)H!I!^)H!'-%/.! Y3ZQ<! =\3\<P! ;3CC>!E=Q\lJ!
"7+.'! ;>PP! >;;P! Q>\!E=YlJ!

81b#1+!D#/*! QY=! >QC! [C>!E[;lJ!
91'G)HH! =Q>! Y;>! =Q>!EP;lJ!

B1(+! \! =>>P! =>>P!E(a)J!
V'-)*!1(H-)**/+!2)5)21-7! Y;3C><! CQ3CQY! !

!
V%#H!1(!-%/!*)H-!+/2)+/3!$)H[O)H/+!$/(/.)-1'(!%)H!%)+!-%/!*).$/H-!$.'M-%!1(!FB!-/.GH!
M%1*/!M1(+!%)H!%)+!-%/!*).$/H-!$.'M-%!1(!l!-/.GH!)H3!)22'.+1($!-'!-%/!<\==!KA,,3!1-!H-).-/+!
D.'G!)!k/.'!O)H/!1(!<\\\S!^)H[O)H/+!$/(/.)-1'(3!M1(+!$/(/.)-1'(!)(+!-%/!'-%/.!$.'M1($!
-/2%('*'$1/H!1(!-%/!)O'R/!-)O*/!2)(!O/!./$).+/+!)H!5.'R/(!-/2%('*'$1/H!1(!-%/!@KFS!V%/./!
%)R/!O//(!('!(/M!O.'M(!2')*!#(1-H!1(H-)**/+!)(+!-%/!O.'M(!2')*!2)-/$'.7!1H!'(*7!$.'M1($!
O/2)#H/!'D!./D#.O1H%G/(-!#5$.)+/H!-'!$/(/.)-1($!#(1-H!)*./)+7!'5/.)-1($!1(!<\\\S!4-H!H%)./!
'D!/(/.$7!$/(/.)-/+!1(!-%/!@KF!1H!+/2*1(1($!)(+3!)22'.+1($!-'!V)O*/!NY[P!1(!-%/!<\==!KA,,3!
-%/!)2-#)*!/(/.$7!$/(/.)-/+!O7!O.'M(!2')*!5'M/.!H-)-1'(H!1(!T12-'.1)!+/2*1(/+!H#22/HH1R/*7!
1(!-%/!*)H-!-%.//!D1()(21)*!7/).H!EC>S\!VB%!1(!<\\Q[P3!C;SY!VB%!1(!<\\P[=\!)(+!C;S\!VB%!
<\=\[==JS!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
C!0'2#G/(-H!5.'+#2/+!O7!NKF,!)./!)R)1*)O*/!D'.!+'M(*')+!)-!MMMS)/G'S2'GS)#S!!



! >!

!
L1$#./!<[Y3!<\==!K*/2-.121-7!A-)-/G/(-!'D!,55'.-#(1-1/H3!NKF,!

!
L1$#./!Q[=!D.'G!-%/!<\==!KA,,!EO/*'MJ!2'G5)./H!1(H-)**/+!$/(/.)-1($!2)5)21-1/H!1(!-%/!
@KF!O7!D#/*!-75/!D'.!<\==!M1-%!2'GG1--/+!)(+!)+R)(2/+!2'(H-.#2-1'(!5.'U/2-H!1(!<\==S!
B1(+!)(+!()-#.)*!$)H!+'G1()-/!-%/!2'GG1--/+!)(+!)+R)(2/+!2'(H-.#2-1'(!5.'U/2-HS!4(!
NKF,!5).*)(2/3!i2'GG1--/+!)(+!)+R)(2/+j!$/(/.)-1'(!5.'U/2-H!)./!*1X/*7!-'!O/!H#22/HHD#**7!
2'GG1HH1'(/+ZS!

!
L1$#./!Q[=3!<\==!K*/2-.121-7!A-)-/G/(-!'D!,55'.-#(1-1/H3!NKF,!

!
V%/!.)51+!$.'M-%!1(!M1(+!$/(/.)-1'(!2)(!O/!)--.1O#-/+!-'!./(/M)O*/!/(/.$7!H#55'.-!
H2%/G/H!H#2%!)H!-%/!F)(+)-'.7!&/(/M)O*/!K(/.$7!V).$/-!EF&KVJ!H2%/G/!)(+!1-H!G'./!
./2/(-!1(2).()-1'(HS!97!2'(-.)H-!-%/!.)51+!$.'M-%!1(!$)H!$/(/.)-1'(!2)(!O/!)--.1O#-/+!-'!-%/!
$.'M-%!'D!-%/!/)H-!2')H-!$)H!1(+#H-.73!1G5.'R/G/(-H!1(!$)H!-#.O1(/!-/2%('*'$73!)!(//+!D'.!
D*/:1O*/!$/(/.)-1'(!1(!-%/!@KF!)(+!1(R/H-'.!/:5/2-)-1'(H!'D!D#-#./!2).O'(!5.121($S!V%/!$)H!
5.'U/2-H!#H/!/1-%/.!'5/(!272*/!$)H!-#.O1(/!'.!2'GO1(/+!272*/!$)H!-#.O1(/!2'(D1$#.)-1'(H3!
M1-%!-%/!*)--/.!O/1($!G'./!/:5/(H1R/!)(+!G'./!H#1-/+!-'!%1$%/.!2)5)21-7!D)2-'.!'5/.)-1'(S!4(!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Z!NKF,!+/D1(/H!i2'GG1--/+j!)H!i$/(/.)-1'(!-%)-!1H!2'(H1+/./+!-'!O/!5.'2//+1($j!)(+!i)+R)(2/+j!)H!
i$/(/.)-1'(!)-!)(!1(-/.G/+1)-/!H-)$/!'D!+/R/*'5G/(-j!ENKF,!<\==!KA,,3!5!::1:JS!



! Q!

H'G/!2)H/H3!1(R/H-'.H!%)R/!G)+/!5.'R1H1'(!-'!2'(R/.-!D.'G!'5/(!272*/!$)H!-#.O1(/!-'!
2'GO1(/+!272*/!$)H!-#.O1(/!2'(D1$#.)-1'(!1D!M)..)(-/+!O7!D#-#./!@KF!5.12/!O/%)R1'#.S!

V%/!D'**'M1($!D1$#./!1**#H-.)-/H!-%/!H-/)+7!1G5.'R/G/(-H!-%)-!%)R/!O//(!G)+/!1(!2'GO1(/+!
272*/!$)H!-#.O1(/!/DD121/(273!M1-%!)!(#GO/.!'D!G)(#D)2-#./.H!('M!2*)1G1($!)-!*/)H-!;\l!
E8"T;J!2'(R/.H1'(!/DD121/(27!M%/(!O#.(1($!()-#.)*!$)H!)H!1**#H-.)-/+!1(!-%/!D1$#./S!

!
A'#.2/d!F1-H#O1H%1!"/)R7!4(+#H-.1/H!

Ehttp://www.mhi.co.jp/en/products/detail/efficiency_and_power_output.html) 
!

8''X1($!D#.-%/.!1(-'!-%/!D#-#./3!)!<\[7/).!)HH/HHG/(-!'D!-%/!1(R/H-G/(-!1G5)2-!'D!5'HH1O*/!
D#-#./!2).O'(!5.12/!-.)U/2-'.1/H!)(+!H'21'[/2'('G12!H2/().1'H!1(!-%/!<\=\!@V@06!
2'(2*#+/+!X9/;JH'$32>&44*0<$*0>*6(.&'$.,(.$($32>&#(.&$.2$,*<,$6(#D20$L#*6&$E*44$#&'"4.$*0$
'*<0*@*6(0.$4&1&4'$2@$<&0&#(.*20$#&.*#&3&0.$*0$F*6.2#*(d'$)(.#2D&$F(44&7V$E*.,$'"D'&K"&0.$
#&L4(6&3&0.$D7$<('^L2E&#&>$<&0&#(.*20Y!E@V@063!5!=\JS!
V%/!D'**'M1($!b#'-)-1'(H!D.'G!^).()#-!]*1G)-/!]%)($/!&/R1/M!?5+)-/!<\==!?5+)-/!6)5/.!
Q!ET/.H1'(!Y=aYa==J!5.'R1+/!H'G/!)++1-1'()*!1(+12)-1'(H!)H!-'!%'M!iO/H-!5.)2-12/j!
/*/2-.121-7!$/(/.)-1'(!1(!-%/!@KF!G1$%-!/R'*R/!1(!-%/!2'(-/:-!'D!)!2).O'([5.121($!./$1G/d!

• -E*.6,*0<$@#23$62(4$.2$<('^@*#&>$&4&6.#*6*.7$<&0&#(.*20$E*44$(''*'.$9"'.#(4*($*0$3&&.*0<$
0(.*20(4$&3*''*20'$#&>"6.*20$.(#<&.'$21&#$.,&$0&W.$>&6(>&$8L$NR=$

• b&@2#3'$(''26*(.&>$E*.,$.,&$6#&(.*20$2@$.,&$](.*20(4$/4&6.#*6*.7$;(#T&.$,(1&$6#&(.&>$($
E,24&'(4&$&4&6.#*6*.7$3(#T&.$*0$/('.&#0$9"'.#(4*($.,(.$*'$E&44$L4(6&>$.2$>&(4$E*.,$.,&$
6,(0<&$*0$#&4(.*1&$L#*6&'$.,(.$E*44$@42E$@#23$($6(#D20$L#*6&$8L$NP= 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
;!"1$%/.!%/)-1($!R)*#/!E""TJ!-)X/H!1(-'!)22'#(-!-%/!*)-/(-!%/)-!'D!R)5'.1k)-1'(!'D!M)-/.!1(!-%/!2'GO#H-1'(!
5.'+#2-H3!)(+!1H!#H/D#*!1(!2)*2#*)-1($!%/)-1($!R)*#/H!D'.!D#/*H!M%/./!2'(+/(H)-1'(!'D!-%/!./)2-1'(!5.'+#2-H!1H!
5.)2-12)*!E/S$S3!1(!)!$)H[D1./+!O'1*/.!#H/+!D'.!H5)2/!%/)-JS!""T!)HH#G/H!)**!-%/!M)-/.!2'G5'(/(-!1H!1(!*1b#1+!
H-)-/!)-!-%/!/(+!'D!2'GO#H-1'(S!8'M/.!"/)-1($!T)*#/!E8"TJ!)HH#G/H!-%)-!2'(+/(H)-1'(!+'/H!('-!-)X/!5*)2/!
O/2)#H/!1-!1H!1G5.)2-12)*S!EO)H/+!'(!B1X15/+1)!).-12*/!'(!c%/)-!'D!2'GO#H-1'(_JS!
!
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5.'U/2-S!N22/HH/+!=\aYa==S!



! =Z!
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