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 !" 621.431.73 

 !"#!$%&'$ ()$ *#+"#,-$*&$ "#.,&!&/  &-),01

2*$"%$!&'$ (&1 3 !#*),)( #,!)4)5&-$6

*.,. -7879, &.#. (7:79;<79, #.=. ,;<>:?9

 !"#$%&' ()$*+,"$-.!//0' -!1/&2!$%&' */&.!"$&-!-

 !"#$!"$ %&'()*)%  +2 % %&,-).!&, /010, 0%2)3)'"-4!&,

5%"/02$-$6 – )*!)%!)$ .(")("2$2!)$ !0.(0%-$!"$ (01%"2"7 ", 8)!-

*2(98:"" % '959;$3. < 80=$*2%$ "!*2(93$!20 !0 50!!)3 >20.$

(01%"2"7 2$,!"8" .($5-0/0$2*7 "*.)-41)%024 /"'("5!&$ *"-)%&$

.("%)5&. ?02$("0- .)5/)2)%-$! !0 )*!)%0!"" 0!0-"10 2(95)%

10-/) ?$#59!0()5!)/) @292/0(2*8)/) *"3.)1"930, .)*%7;$!!)/)

50-4!$6A$39 (01%"2"B 0%2)3)'"-4!)6 " 3)2)(!)6 2$,!"8".

16–17 #$%&$ 2010 '. ( '. )&*&'$%&+ (,+%#$-./) 010&1/20/ 10-3

4+56*-$%16-73 )&*&'$%&08.3 0.#91:.*#, 910(/;+--73 6$2<-+3=+-

#* %$:(.&.> $(&1#1?.2<-13 . #1&1%-13 &+@-.8.. A$ 0.#91:.*# 01?%$-

2.0< (+6*;.+ +(%19+308.+ 9%+60&$(.&+2. $(&1#1?.2<-13 9%1#7=2+--

-10&.. B&1 &$8.+ C.%#7, 8$8 «!$3#2+%» . «D1%=», «E12<80($'+-»

. «F4G», «F1=» . «4$2+», «H.88$%61» . «4$'-$ )&1+%». I.#91:.*#

9%1=+2 9%. .-C1%#$J.1--13 9166+%58+ (+6*;.@ 09+J.$2.:.%1($--7@

5*%-$21( ATZ, MTZ. G0+'1 ( 81-C+%+-J.. 9%.-/21 *K$0&.+ 18121

300 K+21(+8. L%'$-.:$&1%1# 0.#91:.*#$ ?72 -$*K-1-.002+61-

($&+2<08.3 .-0&.&*& $(&1#1?.2<-13 &+@-.8. &+@-.K+081'1 *-.(+%0.&+-

&$ '. )&*&'$%& Forschungsinstitut fuer Kraftfahrwesen und Fahrzeugmo-

toren Stuttgart (FKFS). 

L0-1(-7# 6+(.:1#, 916 81&1%7# 9%1@16.2 0.#91:.*#, ?72 9%.-

:7( 8 0-.5+-.> (7?%101( IL2 ( (7@219-7@ '$:$@ $(&1#1?.2<-7@ 6(.-

'$&+2+3. H$00#1&%+-.> 6$--13 9%1?2+#7 ?72$ 910(/;+-$ %$?1&$

1&6+2<-13 0+8J.. – «'.?%.67». "%$&8.3 1?:1% %$?1&7 M&13 0+8J.. 01-

0&$(2/>& 10-1(* 6$--13 0&$&<..

H$?1&$ 0+8J.. ?72$ 1&8%7&$ 1?0&1/&+2<-7# 6182$61# 9%1C+001-

%$ N. 4.8*2.8$ (Leopold Mikulic) %*81(16.&+2/ 9%1'%$##7 %$:(.&./

6(.'$&+2+3 2+'81(7@ $(&1#1?.2+3 C.%#7 «!$3#2+%» [1]. O'1 6182$6

19%+6+2.2 10-1(-1+ 0&%$&+'.K+081+ -$9%$(2+-.+ 6$2<-+3=+'1 %$:(.&./

6(.'$&+2+3 $(&1#1?.2+3 0+#+30&($ «4+%0+6+0-F+-J» (%.0. 1). P%+-6

%$:(.&./ C.%#7 &$81(. B&1 6(.5+-.+ 1& (79*08$+#7@ ( -$0&1/;++
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(%+#/ 610&$&1K-1 «6%*5+0&(+--7@» 8 9%.%16+ ?+-:.-1(7@ 6(.'$&+2+3

0 -+910%+60&(+--7# (9%7081# &192.($ ( J.2.-6% CGI, 6.:+2< BlueTEC 

. &.6. K+%+: .@ -+910%+60&(+--*> '.?%.6.:$J.> (9.21&-7+: SL400 

HYBRID, ML450 HYBRID . &.6.) 8 (79*08* ?+:(%+6-7@ 0 91:.J.. M81-

21'.. $(&1#1?.2+3, .0912<:*>;.@ (161%16-7+ &192.(-7+ M2+#+-&7,

$88*#*2/&1%-7+ ?$&$%+. . M2+8&%.K+08.3 9%.(16. L?%$:J7 '.?%.61(

?72. 9%+60&$(2+-7 C.%#13 «!$3#2+%» ( (70&$(1K-1# 9$(.2<1-+.

!182$6 9%1C+001%$ H. 4+--+ (Rudolf J. Menne) 9%+60&$(.&+2/

C.%#7 RJM Consulting [2], 91:(12.2 (:'2/-*&< -$ 9%1?2+#* 0-.5+-./

IL2 0 &1K8. :%+-./ 610&.'$+#1'1 MCC+8&$ ( 0-.5+-.. (7?%101( 1&

(215+--7@ 0%+60&(.

H.0. 1. "1-J+9J./ %$:(.&./ 6(.'$&+2+3 $(&1#1?.2+3

0+#+30&($ «4+%0+6+0-F+-J» [1] 

O02. '.?%.6-7+ 0.21(7+ *0&$-1(8., 01'2$0-1 82$00.C.8$J..

6182$6K.8$, %$:?.&< -$ 916'%*997 0 %$:2.K-13 612+3 M2+8&%10.21(13

K$0&. 1& #.-.#$2<-1'1 ++ (82>K+-./ 61 #$80.#$2<-1'1, &1 #15-1 (7-

6+2.&< 02+6*>;.+ '%*997: #.8%1'.?%.6 (Micro Hybrid), '.?%.6 0%+6-

-+'1 82$00$ (Mild Hybrid), 912-73 '.?%.6 (Full Hybrid) . Plug-in Hybrid, 

K&1 #15-1 %$00#$&%.($&< 8$8 «$?012>&-73» '.?%.6.

A$ %.0. 2 9%+60&$(2+-$ 0&+9+-< MCC+8&.(-10&. %+=+-./ :$6$K.

91 0-.5+-.> (7?%101( IL2 ( :$(.0.#10&. 1& 0&1.#10&. %$:2.K-13

0&+9+-. «'.?%.6.:$J..».
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H.0. 2. I&+9+-< 0-.5+-./ (7?%101( IL2 ( :$(.0.#10&.

1& 0&1.#10&. %$:2.K-13 0&+9+-. «'.?%.6.:$J..» [2] 

"$8 02+6*+& .: %.0. 2, -$.(70=.3 MCC+8& 91 0-.5+-.> (7?%101(

IL2 610&.'$+&0/ ( 02*K$+ «$?012>&-13» '.?%.6.:$J.. 9%. #$80.#$2<-

-1 (701813 0&1.#10&. 9%1+8&$. A$ 10-1($-.. M&1'1 9%1C+001% H. 4+--

-+ 9%+608$:7($+& %$:2.K-7+ 0J+-$%.. %$:(.&./ 81-0&%*8J.. 9+%09+8-

&.(-7@ 2+'81(7@ $(&1#1?.2+3: 0J+-$%.3 %$:(.&./ 82$00$ C/<, 82$00$  

. 82$00$ D. O0&+0&(+--1, -$.?12++ +#8.+ ( C.-$-01(1# 92$-+ ($%.$-&7

%+=+-./ 9%1?2+#7 0-.5+-./ (7?%101( IL2 ?*6*& %+$2.:1($-7 -$ $(-

&1#1?.2/@ ?.:-+0-82$00$. P$813 916@16 -+ /(2/+&0/ -1(.-813. P$8, -$-

9%.#+%, C.%#$ «!$3#2+%» -$ 0+%.3-1 (79*08$+#7@ $(&1#1?.2/@

«4+%0+6+0-F+-J» 9%.#+-/+& 6(*@0&*9+-K$&73 -$66*( 6(.'$&+2/ . &+@-

-121'.. «0&$%&-0&19», .0912<:*+& '.?%.6-7+ &+@-121'.. ( $(&1#1?.-

2/@ S400 . ML450. 

D%+60&$(2/+& 9%$8&.K+08.3 .-&+%+0 916@16 C.%#7 «F4G» [3] 

( K$0&. 19%+6+2+-./ %+5.#1( %$?1&7 91%=-+(1'1 6(.'$&+2/ . 9%1612-

5.&+2<-10&. %$?1&7 M2+8&%.K+081'1 9%.(16$ '.?%.6$ 9%. (109%1.:(+-

6+-.. O(%19+3081'1 +:61(1'1 J.82$ (%.0. 3).

D%. M&1# 62/ 1?+09+K+-./ -1%#$&.(1( EURO 5 %+=$2$0< -+ 9%/-

#$/ :$6$K$, :$82>K$>;$/0/ ( 61(168+ 6(.'$&+2/ . 19%+6+2+-.. 610&.'-

-*&1'1 *%1(-/ 0-.5+-./ (7?%101( IL2, $ 1?%$&-$/. A$ 10-1($-.. O(-

%19+3081'1 +:61(1'1 J.82$ ((16.2.0< 1'%$-.K+-./ -$ .0912<:1($-.+

91%=-+(1'1 6(.'$&+2/ . 19%+6+2/2.0< 81-0&%*8&.(-7+ #+%19%./&./,
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9%.:($--7+ 81#9+-0.%1($&< 1?%$:1($(=.30/ 9%1($2 ( 910&$(8+ M-+%'+-

&.K+081'1 91&18$, 8$8 9%$(.21, :$ 0K+& .0912<:1($-./ M2+8&%.K+0813

M-+%'... P$8.# 1?%$:1#, ?72. (76+2+-7 02+6*>;.+ %+5.#7: 9181/

($(&1#1?.2< -+916(.5+-), 6(.5+-./ :$ 0K+& M2+8&%.K+081'1 #1&1%$

. 91%=-+(1'1 6(.'$&+2/ . 6(.5+-./ -$8$&1# (%+'+-+%$J./ M-+%'..).

I *K+&1# 9%16125$>;+'10/ *5+0&1K+-./ &%+?1($-.3 EURO 9%1612-

5.&+2<-10&< %$?1&7 91%=-+(1'1 6(.'$&+2/ *#+-<=.2$0<. P$8, -$9%.-

#+%, 9%. 081%10&. 6(.5+-./ $(&1#1?.2/ 1& 20 61 50 8#/K 9%+.#*;+0&-

(+--1 %$?1&$+& M2+8&%.K+08.3 6(.'$&+2<. L- 5+ %$?1&$+& -$ -+?2$'1-

9%./&-1# 62/ 91%=-+(1'1 6(.'$&+2/ %+5.#+ -$?1%$ 1?1%1&1(.

G %+5.#+ 9181/ %+$2.:*+&0/ 1?/:$&+2<-$/ 62/ &+921(1'1 6(.'$&+2/ &+@-

-121'./ «0&$%&-0&19», 9%. 6(.5+-.. -$8$&1# 1- -+ .0912<:*+&0/. D%1-

.0@16.& :$%/68$ $88*#*2/&1%-7@ ?$&$%+3. Q#+--1 &$813 $2'1%.&# %$-

?1&7 '.?%.6$ ?72 :$215+- ( $(&1#1?.2< C.%#7 BMW X6 ActiveHybrid. 

H.0. 3. D%+62$'$+#73 %+5.# %$?1&7 '.?%.6-13 0.21(13 *0&$-1(8. 9%.

%+$2.:$J.. O(%19+3081'1 +:61(1'1 J.82$ [3]: 45 % – %$?1&$ !GI; 30 % – 

%$?1&$ M2+8&%1#1&1%$; 20 % – !GI ( %+5.#+ 0&19; 5 % – %+5.# %+'+-+%$J..

D1 #-+-.> !. ,$'2.$%6. (David Gagliardi) [4], 9%+60&$(.&+2/

C.%#7 «H.88$%61» (,+%#$-./), 6$2<-+3=+3 0&%$&+'.+3 91 0-.5+-.>

(7?%101( IL2 ( #.%1(1# #$0=&$?+ /(2/+&0/ &$85+ *(+2.K+-.+ 9%1-

6125.&+2<-10&. %$?1&7 M2+8&%.K+081'1 6(.'$&+2/ ( 010&$(+ '.?%.6$.

P$8, ( &$?2.J+ 62/ =$'$ 2 ('.?%.67 0%+6-+'1 82$00$ Mild Hybrid) #1;-
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-10&< 91%=-+(1'1 6(.'$&+2/ 9%.#+%-1 ( 2–2,5 %$:$ 9%+(7=$+& #1;-

-10&< M2+8&%.K+081'1 6(.'$&+2/.

 !"#$"% &$'()$'* +,-!"&"+ ./2 + %0+'&'1"&2' "2 &2)3)$'

«#'-!'4'%05''» [4]

Step  Known 

T2W CO2

Demonstrated in 

(models)

Improvements  

Applied

Predicted

T2W CO2

0 (Baseline) 199 g/km Production 

vehicles 

None 199 g/km 

1 (Stop Start) 99 g/km VW Golf Blue 

Motion

Described above 99 g/km 

2 (Mild Hyb) 104 g/km i-MoGen (2002) As above, plus 4 to 

3 cyl, higher 

electrical effy’s, 

5% weight red’n, 

+4yrs more 

unspecified

improvement 

104 g/km 

3 (Full Hyb) 90 g/km  As above plus 

further 5% weight 

red’n, further 

electrical effy and 

further 3yrs 

unspec’

improvement 

90 g/km 

4 (Plug-In) Tehnology as Steo 3 with no further improvement, extend battery 

5 (Fuel Cell) Based on new Mercedes B-Klasse F-Cell [11] (0,87 kgH2/100km), 

corrected to C-segment body and 20% weight/drag reduction 

gives circa 0,75 kgH2/100km 

!2/ =$'$ 3 M&1 1&-1=+-.+ *5+ 1?%$&-1+. 41;-10&< M2+8&%16(.-

'$&+2/ (7=+ #1;-10&. 91%=-+(1'1 6(.'$&+2/. )$' 4 1:-$K$+& M91@*

01:6$-./ M2+8&%1#1?.2/ . 9%$8&.K+08. 912-73 1&8$: 1& 91%=-+(7@

6(.'$&+2+3. G%+#+--13 .-&+%($2 9+%+@16$ 1& =$'$ 2 8 =$'* 3 . 6$2++

?*6+& 19%+6+2/&<0/ *%1(-+# %$:(.&./ $88*#*2/&1%-7@ ?$&$%+3 -$ 2.-

&.3-.1--13 10-1(+.

I*;+0&(+--1 %$0=.%.&< %+0*%0-73 9%1?+' 1& :$9%$(8. 8 :$9%$(-

8+ 91:(12.& .0912<:1($-.+ (161%16-7@ &+@-121'.3 -$ ?$:+ &192.(-7@

M2+#+-&1(, =$' 5. L? .&1'$@ 197&-1-81-0&%*8&1%0813 %$?1&7 91 01:6$-

-.> .#+--1 &$81'1 $(&1#1?.2/ ?72 06+2$- 6182$6 9%+60&$(.&+2/#.
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.-0&.&*&$ &192.(-7@ M2+#+-&1( (70=+3 &+@-.K+0813 =8127 '. B00-

2.-'$ (IBZ Fuel Cell Institute) (%.0. 4) [5].

H.0. 4. I%$(-+-.+ &+@-.K+08.@ 9$%$#+&%1( 0+%.3-1'1

. 197&-1'1 1?%$:J$ $(&1#1?.2/ Smart [5] 

D%+60&$(2+--73 ( (70&$(1K-1# 9$(.2<1-+ 197&-73 1?%$:+J Hy-

dro Smart (7:($2 -+9166+2<-73 .-&+%+0 * *K$0&-.81( 0.#91:.*#$. L6-

-$81, 91 1?;+#* #-+-.>, 1- /(2/+&0/ 918$ 1K+-< 61%1'.# *61(12<0&-

(.+#.

<&%)5&. D%+60&$(2+--73 ( -$0&1/;+3 0&$&<+ 1?:1% #$&+%.$21(

10-'1 4+56*-$%16-1'1 )&*&'$%&081'1 0.#91:.*#$ *?+6.&+2<-1 6+-

#1-0&%.%*+& 02+6*>;*> &+-6+-J.> %$:(.&./ #1&1%-13 . $(&1#1?.2<-

-13 &+@-.8.. G 9+%09+8&.(+ ?*6+& -$?2>6$&<0/ 910&+9+--73 1&8$: 1&

.0912<:1($-./ *'2+(161%16-7@ &192.( . 6(.5+-.+ 91 %$:(.&.> 0.21-

(7@ *0&$-1(18 $(&1#1?.2/, K+%+: '.?%.6.:$J.>, ( 0&1%1-* M2+8&%1#1-

?.2/. F+:*021(-1, 6(.5+-.+ 91 &$81#* &%+-6* %$:(.&./ ?*6+& 09101?-

0&(1($&< 0-.5+-.> (7?%101( IL2.

.3'&"6 7'2)!028!,
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