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Abstract

The subject of this diploma thesiscuseson the applicable/validcarbon dioxideemission standards for
passenger and light commercial vehidigsoss weight lower or equal to 3,5im)the European Union ahthe ways
to achieve these emissiaaggets The greenhouse effect is a natural phenomenon according to which the atmosphere
of the earth holds heat, thereby increasing its surface temperature. Due to the human activities the action of this
phenomenon has been enhanced, leading to climate chashggohal warming. In recent years, actions have been
launched to curb human activity that contributes to Climate Change. Today, passenger cars are responsible for 12%
of the totalCO, emissions in the in European Union. The legislative European instiuiarning recmgnizedthe
critical effect of ehicles to climate change, haset compulsorfCO, emission targets corresponding to the whole
fleet of eachmanufacturers. The curre(@018)emission limits se130g CO,/km for passenger carghile targeting
the 95 gCO/km limit from year 2021 The CQ emissions of vehicles in the European Unionrasasured through
the Worldwide Harmonied Light Vehicle Test Procedure (WLT,Ryhich has,sinceSeptember 201 feplaced the
previous NEDC (New European Driving Qggprocedure thahas been in place for several decades and has been
deemedobsoleteand unrepresentative oéalworld driving conditionsIn the pursuit of achieving the EU's new
emissionlimits and handling the tightWVLTP test procedure, vehicle manctfiarersgradually introduce to their
engines and vehicles new technologies to re@@eemissions such as diesel engines, turbocharging;sstgrtand
cylinder deactivation schemess well as other more groundbreaking solutions such as hybrid orédltsievehicles
and the use of biofuels.

Summary

The subject of this diploma thesis consists of two main axes: the applicableadimh dioxideemission
standards for passenger and light commercial veliiclib® European Unioand the ways teeduce these emissions.

Initially, (Chapter 2reference is made to the greenhouse effect, i.e. the natural phenomenon according to which
the atmosphere of the earth holds heat, thereby increasing its surface temperature. Greenhouse gases, such as wate
vapor (H:0), carbon dioxide (Cg), methane (CkJ, nitrogen monoxide (PD), ozone (@ and some fluoride gases,
play the most significant and determining role in this phenomenon. Although the greenhouse effect is a natural
mechanism of the Earth's planet, ttam of this phenomenon has been linked to Climate Change and global warming
over the last decades. This is due to the human activities that increase the Concentration of greenhouse gases in the
atmosphere, leading to the action of the "enhanced" gresalaffect.

Given the situation and the continuing burden of the global climate, mainly due to unexpected and widespread
meteorological changes, the issue raised the interest of the scientific community, which predicted that at the end of
the century a totancrease in global warming of £5. 5 A C  a-industrial lepels & likely to happen. In recent
years, actions have been launched to curb human activity that contributes to Climate Change. A primary role in this
effort is played by the IntergovernmahPanel on Climate Change (IPCC) and the United Nations through actions
such as the United Nations Framework Convention on Climate Change (UNFCCC) Change), the Kyoto Protocol and
the Paris Agreement, actions to be discussed in the relevant chaptessioégis.

In thethird chapterthe standards of CG@&missions from passenger cars and light trucks in the European Union
are discussetarbon dioxidds the only greenhouse gas for whamission standardsxist in the EU. A historical
review of the Euspean institutions' efforts to reduce £€émissions from the above categories of vehicles is then
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presented. These efforts begathe late 190sin the form of voluntary agreements between the European institutions
and the major car manufacturers' asstiens operating in the EurogdCEA, JAMA, KAMA). While initially
manufacturers proved to respond to their voluntary commitments, it was clear enough before their efgiajon
that there was a failure to match the averaged®issions of vehicles i the targets set. Thus, European institutions
introduced mandatory GCemission limits for automotive vehicles fleets. The start was made in 2009 with the
introduction of the average emission target of 130 gki® for passenger vehiclés be fully applcable in2015.
Then, in 2011, the specification was introduced for light trucks (Light Commercial Vehinolebe orderof

147 gCQ/km with a 2020 deadline and an intermediate adjustment phase ofd@%kgn betweer?014and2016.
Theregulations adopted at the end of 2013 set an average emission level 608%km and 147 ¢CO,/km for the
fleets of the passenger cars and light truokse enforced from 2@2 For future projects, the European Parliament's
proposed target for passengars is in the range of gCO2/km, to be enforced from 2025.

Chapter four discusses theiving cyclestest procedurei.e. of the system used by the vari@mesintriesand
organizations to measure fuel consumption and emis$ionsvehicles.Until September 2017, the NEDGlew
European Driving Cycle)was used in the European Union for the measurement of carbon damddgollutant
emissionsthis has now beeabandoned due to its inability to fullgpresenactual driving conditionsthusleading
to underestimated measuremergginning September 201He much more representatiVELTP (Worldwide
harmonized Light vehicles Test Procedura)cedurdor light-duty vehicless employedbased on reakorld driving
data.

In the last and mosimportantpart of this thesigChapter S5we analyze ways to redu€O, emissions from
passenger and light commercial vehicles via technologies currently (osgutoposed to be used) internal
combustion engines. The internal combustion engine plays aokeyn today's transporg fact that is expected
continue to apply in the years to come. Engine performance, its combustion, efficiency and emissions are related to
engine designpperating parameters and fuel properties. The above parameters are important for optimizing engine
performance and reducing emissions. In this paper we present the advantages of diesel engines over their respective
petrol engines imegard tofuel consumpon and therefor€O, emissionsin addition, technologies, such as the use
of turbocharging, engine stastop, cylinder deactivatiotlepending otthe engine load, variable valve timing, variable
compression ratio engines and Miller cycle are preseifiteslbenefits ofisinghybrid orelectrifiedvehiclesas well
asa variety of techniques that help to imprdfie aerodynamic efficiency and weight reductigfiivehicles are also
discussed
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Notes:

2030 transport target: 8 % increase in greenhouse gas emissions from transport compared with 1990 levels.

2050 transport target: 60 % reduction in greenhouse gas emissions from transport compared with 1990 levels.

2050 maritime target: 40 % reduction in greenhouse gas emissions from maritime transport compared with 2005 levels.

Overall greenhouse gas emissions from transport (including aviation but excluding international shipping), are represented by an orange line. Emissions from
international maritime transport are shown in blue,
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Usd UUecseasosayd U UsUellUsd Uxs egUaac3Usoal 3
EuropearAuto-Oil Programme Ue 6  cae s lieodéld d &9 4 riasstblesgalird
el Uds "69hUqUU Uxs o Uglilyelroszalbogfdb Ussdadd &t
hy} aU Us 6e 13 295U Usd aqldstdl) Bdesddébsesdg, edgda
299U cjeld usUos OBDlslbs dJdiey (el edddmdfUe; U Us ¥ iaU
] h Us 2000 oaUs eUUY ¢ 63 Ua 30U GUsUaCAEA U g
(CleanAir for Europg[12Je Us U f Uds Usy Ugsd “~jeusUosy Ul ;
g h Uds Tpegddydaigiede U Uy h 8 “~98 GgooajyaeaUdeys
h - v¥yd UacUs UsU UgedUa y¥yd URUU, U eloeae 3U0U0(d
Usa 6e L 3

¢ Ufgeblgld Usg CAFEGg Y2aWWUeaUs d"EmvicoomestdAdtiorg Ue g
Programmdlea 2002 e¢U oaes93e U RAGUGd Usg Kg} v Uyoai
yetGUGGd aUds dyﬁ sd GU;U00dosat s 95U Uds U a
bUaUaxvyadd GU bUGseayd ~pedbosdyd, UdBe sAgiily duae:
dUe UUsoed GUy UUdosoed o9[B.Uds ehagstd Usg Uy

36



312.y3 90 Usa 6e 13 2995U6aU0doeyald Euro 1

zyG} o oaUs Uds UG Fpreds20e6) Usg Up&OUsEY j gdead Us
9950 UU 3yU U sbUUsa¥ oaUs UaUlG; ¥ e &8FUBLU, UssdU
Uy e 6 daggdddsdg. 3UU0d UEfo50eUs  j200P ,8 85 ~} giis U:
jgdease3UUs [Regulatiohhs s gyo yvemigifiiic i GU hHaU UU oy 3
Kgy ¥ Uyoeed Osxviddd, 66U U3 Dumediedd =8 Bs $ aydd yUF
3U ¢000U0U; U 6gi3 aU0UY "Ujya UxGd o250 30U 0UOGUyead
Euro s UlGy) Bghovlfs ) dloce co@h@dssxmysoabBglldé ¢ ¢ U
sceeUUddJoydegd eceelUUsd oUs UGUyehesesUUs U

TUOUdo| EUYU|¢ e Uy 8¢ CO(gkm)| HC (g/lkm)| HC+NO: | NOx(g/km) | E ¥ ¢ U UPtvu

]

(g/km) (g/km)
BeeesUBUY3gle; Ud 3UasUa
Euro 1* | 1992.07 | 2.72 (3.16) - 0.97 (1.13) - 0.14 (0.18) -
Euro 2IDI | 1996.01 1.0 - 0.7 - 0.08 -
Euro 2, DI| 1996.0% 1.0 - 0.7 - 0.10 -
Euro 3 | 2000.01 0.64 - 0.56 0.50 0.05 -
Euro 4 | 2005.01 0.50 - 0.30 0.25 0.025 -
Euro 5a | 2009.09 0.50 - 0.23 0.18 0.008 -
Euro 5b | 2011.09 0.50 - 0.23 0.18 0.004 6. 0%10
Euro6 | 2014.09 0.50 - 0.17 0.08 0.008 6. 0110

Bcee UUU U o93dUey; Ud bUsscasdd

Eurol | 1992.07 | 2.72 (3.16) i 0.97 (1.13) i i i
Euro 2 1996.01 2.2 T 0.5 T I T
Euro 3 | 2000.01 2.30 0.20 i 0.15 i i
Euro4 | 2005.01 1.0 0.10 T 0.08 i i
Euro5 | 2009.09 1.0 0.1¢ i 0.06 0.005f i
Euro6 | 2014.09 1.0 0.1¢ i 0.06 0.005 6. 01 PO

e U UUEubD&Gs0U U sbhUUsa¥ gy clhlls &3l yboYa“esquqzaﬁ'i(nJcbogNlncgUgsGesUUU Udd
Useyd GUsd "~ Uy UsdyaUsd UszUs jelv¥’ UG:oafgrmnyd.ﬁBr@iucUbdlml;s)g Uxs 84 a¥3 ugssh;uxqu’ 'U;U

*Bo

a wyw¥vd Uds 30/09/1999, cU0U0Y U Uds dyeO®Usleedesia W U0g ey "B escle eUW B i &30 Uals shq tbely Uldr 3Y colbll
b. U'h 01/2011 o250 haU UU ee3Uyal

c. U'ph 01/2013 25U AaU UU ec3Uyal

d. 0 s} ewmylm(mogmdghﬂrqurocarbon)s 0.068g/km

e ehses 0290 asste;Ug’ YeUlleg yUaUleagi

f.0.0045gkme U Ud3 ejelid Udd PMBUlUssaUlalUd eyUydidd

g 6.20kme@dU GUU U;aU ';LULd;UaE;urE)ﬁagaU sticiasd Usg
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ZFUsgd Yas3zUaUdl;3glio¥pbeszBU2
soeesU0U QH Wb cgods
"e6g OGgseulUiegs Usd UsUaGUsscUd
oaUUdomupaUde; agUUUs U K UsUaGUesscd
de Uy eedsal,

Ui #ap 8 DU ec®” 9B U
UaUG) ¥ W@yl Y? BxU Weals jec
aU0Udoaey alg, U
slidoal,

Uy 99 e { Yl e dadd s UyedhsU Gggin @8 Us -

Uds deUjeedsalU "~ 10dd UUssshedidd sceeUUs(d,
gU ~ Uy Usa¥YUxy fy3 90U ~ jUelb a1l UGG 16  FagU Gy ) evxsU Us Y
TUUdodEUY(¢ge Uy g CO HC |HC+NO(| NOx |[ExeUU UYaeds
(g/km) | (g/km) | (g/km) | (g/km) PM Exe UUs
(g/km) PN (#/km)
Bcee UUU ¢ U Udlg 3UpWeayclyd
Ny,Class | | Euro 1| 1994.10 2.72 i 0.97 i 0.14 i
O1305|Euro2| 1998.01 1.0 i 0.70 i 0.08 i
IDI
Euro 2| 1998.0F 1.0 i 0.90 i 0.10 i
DI
Euro 3| 2000.01 0.64 i 0.56 0.50 0.05 i
Euro 4| 2005.01 0.50 i 0.30 0.25 0.025 i
Euro | 2009.09 0.50 i 0.23 0.18 0.008 i
5a
Euro | 2011.09 0.50 i 0.23 0.18 0.008 6. 011
5b
Euro 6| 2014.09 0.50 i 0.17 0.08 0.008 6. 011
Ny,Class Il | Euro 1| 1994.10 5.17 i 1.40 i 0.19 i
13051760 | Euro 2| 1998.01 1.25 i 1.0 i 0.12 i
kg IDI
Euro 2| 1998.0F 1.25 i 1.30 i 0.14 i
DI
Euro 3| 2001.01 0.80 i 0.72 0.65 0.07 i
Euro 4| 2006.01 0.63 i 0.39 0.33 0.04 i
Euro | 2010.09 0.63 i 0.295 | 0.235 0.003 i
5a
Euro | 2011.09 0.63 i 0.295 | 0.235 0.008 6. 011
5b
Euro 6| 2015.09 0.63 i 0.195 | 0.105 0.008 6. 011
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Ni,Class Ill | Euro 1| 1994.10 | 6.90 i 1.70 i 0.25 i
>1760 kg | Euro 2| 1998.01 1.5 i 1.20 i 0.17 i
IDI
Euro 2| 1998.0% 1.5 i 1.60 i 0.20 i
DI
Euro 3| 2001.01 | 0.95 i 0.86 0.78 0.10 i
Euro 4| 2006.01 | 0.74 i 0.46 0.39 0.06 i
Euro | 2010.08 | 0.74 i 0.350 | 0.280 | 0.00% i
5a
Euro | 2011.09 0.74 i 0.350 | 0.280 | 0.00% 6. 011
5b
Euro 6| 2015.09 | 0.74 i 0.215 | 0.125 | 0.008 6. 0% 1
N2 Euro | 2010.08 | 0.74 i 0.350 | 0.280 | 0.00% i
5a
Euro | 2011.09 0.74 i 0.350 | 0.280 | 0.00% 6. 011
5b
Euro 6/ 2015.09 | 0.74 i 0.215 | 0.125 | 0.00% 6. 011
Bcee UUU €U o93dUey Ud bUsgscasd
Ni,Class | | Euro 1| 1994.10 | 2.72 i 0.97 i i i
O1305|Euro2| 1998.01 2.2 i 0.50 i i i
Euro 3| 2000.01 2.3 0.20 i 0.15 i i
Euro 4| 2005.01 1.0 0.1 i 0.08 i i
Euro 5| 2009.09 1.0 | 0.10 i 0.06 | 0.005f i
Euro 6| 2014.09 1.0 0.1¢ i 0.06 | 0.00%" | 6. 0=
Ni,Class Il | Euro 1| 1994.10 | 5.17 i 1.40 i i i
13051760 | Euro 2| 1998.01 4.0 i 0.65 i i i
kg Euro 3| 2001.01 | 4.17 | 0.25 i 0.18 i i
Euro 4| 2006.01 | 1.81 | 0.13 i 0.10 i i
Euro 5| 2010.09 1.81 | 0.13 i 0.075 | 0.005f i
Euro 6| 2015.09 | 1.81 | 0.13 i 0.075 | 0.0057 | 6. 01e
Euro 1| 1994.10 | 6.90 i 1.70 i i i
Euro 2| 1998.01 5.0 T 0.80 T T T
Ni,Class Ill | Euro 3] 2001.01 | 5.22 | 0.29 i 0.21 i i
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>1760 kg | Euro 4| 2006.01 | 2.27 | 0.16 i 0.11 i i
Euro 5| 2010.09 227 | 0.16 i 0.082 | 0.005f i
Euro6| 2015.09 | 2.27 | 0.16 i 0.082 | 0.00%" | 6. 0%°1
N2 Euro 5| 2010.09 2.27 | 0.16 i 0.082 | 0.00% i
Euro 6| 2015.09 | 2.27 | 0.18 i 0.082 | 0.00%" | 6. 0¥

Fde Usit G Usd:
*f8oU UUEUbOYWmHID?2, 65 eY¥YesUd UsUGdly YdeUUdd ca
Classi O 1 ZI&s8 Il 12591700 kg,Class Il > 1700 kg

30 Udqyeis UU hyosU Urs o93dUey vys yeelUleg yUs

b.
C.
d.

e.

f.0.0045gkme U0 Uds cjeld Udd PMBUtsaUGaUd ey Uy dGdd

a.

h.

j.

y¥d 30.09.1999 eUihre UO0W eledeme WEW jesl dessasld Ue

U'h 2011.01 25U RaU UU eg63UyaU
U'h 2012.01 995U fRaU UU ega63Uyal
U'h 2013.01 995U RaU UU ega63Uyal
ehsze 95U o993dUey Ud YeUleg yUoaUlceai

U s} 6 (INMIMA)wod-mefthanghgdrocarbons= 0.068g/km
U s} & iNMMEmod-mehaneghgdrocarbons= 0.090g/km
U s} & iNHAE(mod-mefjhpnehgdrocarbons= 0.108g/km

6 . kmawaWU a0y aU ~j 1 U0 "qgyehimidasges i a6 d Usg

Yas3 U320k slisUo) Ullyd Us 6ec ed Ag) ¥ Uyoeed 1,03 rvl0dc¢
?2) [14]

] odaegdalilsUsemxeyd UsUGRH) ¥3 4+ ¥3 UsY “~doe |} &}y
2001:2010(F ce3Wke "84 Ua oaUsUad 30U ~ U3 U00dyeaUBOUds

aUbye UUPMafyay Udd UGUyeeoed Uxs 6jyars Usa @6eg’
UsUatUesscUdEufoy sisUoy Ulyd
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220
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40

w@®= cnacted targets

Grams CO, per kilometer normalized to NEDC test cycle

20
ss®@ea» proposed targets

or targets under study
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"Uy Uoysigedds Ullp fyre idds U

321. AdUas3Ussaca GURGaos

A 1995
gAhg) ¥ Uyose K sUje’ e goedyUdaU eCoid o0 00 o sochel
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GU0ds "~ oadjelihydadd Urys oaU0U0U3 Gevplds JoelBs dyse U
egyr G6909636e9013 eyUp¥vys, o9s9U Uoes} Y 6G6devyYUrs
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A 1998

¢ Kgy ¥ Uyee KA sUje e g yo3UyU0 UdUaessUsayd Gg
Co,e0 Uds Kgjy ¥ Uyee Os3rlid FudpehdiGaOMabutatiuers B d

Associationi ACEA) , Uds3 tU v3soae Osvyiad FUUUGaUgUGU:L
Manufacturers Association J AMA) oaUs Uds 7Te) UvUsoad Osxvld 1
(Korean Automobile Manufacturers AssociatiorK A MA) . jgUyd 6s UdUess

Uy tgel3 Ue gUgalWl¥iges 6 6 de ¥ Uy 3140 f@Dglkan s @B f cdeU Grrzy U
OGUyectdei 3 GUegd 3yegd GURaesgd eecdeyYUxs @
aUUUadoUsosae deUjsedsal CAGEAef)sl ¥lied g2 0ADS 02009008 Uk
KAMA. A3U1 ;W 63 h3osU UVGUyesoed GdeUsit ddaUs @
Co;, U R Us 2004 " UjyeglsyYtUdeUs U seaaalUsd ol
UdUaes3UsayY fy) oU.
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A 2013

U 95% Ux
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09U Ue 2020.
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A

A

ACEAdJ European Automobile Manufacturers Association (Associatio®dastructeurs
Europ®ens doO6Automobil es): BMW, Dai ml er Ch
PeugeoCi t r o £ n , VolRswagenGroup. ,

JAMAG Japanese Automobile Manufacturers Association: Daihatsu, Honda, Isuzu,
Mazda, Mitsubishi, Nissan, Subaru, Suzuki, Toyota.

KAMA 8 Korean Automobile Manufacturers Association: Daewoo, Hyundai, Kia,
Ssangyong.
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5%

Dalmler 1583 143 140 101

BMW 6% 1563 138 139 100

GM 8% 1445 134 133 96

Volkswagen 25% 1417 133 132 96

Average 1400 132 1320 95

Ford 8% 1322 129 128 92

Renault-Nissan 12% 1329 128 128 93

Flat (Incl. Chrysler) 6% 1209 124 123 89

Toyota 4% 1325 122 128 92

Zf‘tfo(épn";“gem' 2% 1374 122 130 94
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Status 2012 Target 2020

EU-AVERAGE | 53 (132) 3.8 (95)
Fiat 4.7(18) 3.4 (86)
PSA (Peugeot-Citroén) 49 (122) 3.8 (99)
Toyota 4.9 (122) 3.7 (93)
Renault-Nissan | 5.1 (128) 3.7 (93)
Ford | 5.2 (129) 3.7 (92)
Volkswagen | 5.3 (133) 3.8 (96)
GM (Opel) | 5.4 (124) 3.9 (97)
BMW 5.5 (138) 4.0 (100)
Daimler | 5.7 (143) 4.0 (101
-10% -20% -27%

Required reduction 2015-2020
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CO, [g/km]
Mookt
Share &%&f@ ]‘ > | s
1%

Iveco 2487 230 248 210

Dalmler 9% 2245 219 225 186

Toyota 2% 1974 202 200 160

Ford 12% 1842 189 188 148

Volkswagen 15% 1904 183 193 154

Average 1834 180 187 147

Renault-Nissan 19% 1816 180 185 145

GM 6% 1767 178 181 141

Zf‘tfo‘;e)ugem' 1% 1638 150 169 128

Flat 10% 1647 157 170 129
das UBUdz vyl Lg’a he;se(]leBaLmucs;on[:)ls 299U Use 2012 U°
aUUUGaUgUGBGUyd Udd Ugy v UysedrdodPhgys G6deg U206
[17]

GioaU Us 2020, 6 GUHceyg WFggCOpllégL ) dg) UdoL 3

1479COxkm, oYUs “~6g UsUsGUsscUa aU o360080%me ¥

Fced3WN GsU Us 2020gYUs3sbyYggdcddoasedqeaoasUalUs

GURecrs Uxlkdda bivedls Ug Us a3 diUpcheexmsE @Ed swa®DGU 3 U |

Uaddoes ey idfgaegede YUrs. B eylted hHu@OgkmUos 6¢

UsUaY, UdUU U R oaYdU eUaas3Usoae cUUUbsae Usg
55



G@UoavYdUdedlo2001Fas3Us 16%. Bs "~ UypstihUU;ea ol
aYag UUs wevid U ' Ues 2qARe 8@ksglys 0lUbAeslsag dge ks gs (P
3880 YdUsU U aUUgsdd Uxs GURe¥ys Ueg 2020.
Status 2012 Target 2020
EU-AVERAGE 7.2(181) 5.6 (147)
PSA (Peugeot-Citroén) 6.4(159) 5.1 (128)
Fiat 63057 5.2(129)
GM 7.1(178) 5.6 (141)
Renault-Nissan 7.2(180) 5.8 (145)
Ford | 7.6(189) 6.0 (148)
Volkswagen 7.3(183) 6.2 (154)
Toyota | 8.1 (202) 6.4 (160)
Daimler 8.8(219) 7.4 (186)
Iveco 9.2(230) 8.4 (210)
-10% -20% -27%
Required reduction 2017-2020
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Zi 384 1800 242 23194
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S s m % Km/h Km/h Km/h m/s? m/s?
Low 2 589 155 3101 263 514 25,7 19 -0,94 0,90
Medium 433 48 4737 11,1 74,7 443 394 -0,93 0,96
2
High 2 455 30 6792 6,6 85,2 57,5 53,7 -1,11 0,85
Extra 323 7 8019 2,2 1231 91,4 89,4 -1,06 0,65
High 2
Fi 3@ 1800 240 22649
a3 UaUdj Uy UaUdy) st Uso0caWLTOg ¥t &d®d s Uesg oi aaag
A WLTC Class1
B oi CPhpovYilldd yeUs Ussz BMRUsArEWid wHidla hlbds gg U
WLTC s Us Uas3Us UsUs j ety UgUsodg); detifilz YPWE a U.6
GgsycUs U cilgaUsesUt|(ss teUss aca Uy YEAE48E s Us g oi 9o
- 2yodl zyiq
- aopeY;acpeUsgd bdeliell zyosl UUci U UUci U zyosll zyos9l
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s s m % Km/h Km/h Km/h m/s? m/s?
Low 1 589 154 3330 26,1 49,1 27,6 20,4 -1,00 0,76
—
e‘i'“m 433 48 4767 11,1 64,4 446 396 053 0,63
Low 1 589 154 3330 26,1 49,1 27,6 204 -1,00 0,76
Fi 3¢ 1611 356 11428
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WLTP WLTP City

Charge

Chargedepleting Chargesustaining eelieiie

Criteria Emissions,

Criteria Emissions, | AER City, E
FCCO2, AER, EAER, leria Emissi ity, Eac

FCCO Cit
Rcpc, Repa, Eac 2 y
Class| Low 3+ Medium 31 + Low 3 + Medium 31 + Low 3 +
31 High 3-1 + Extra High 3 | High 3-1 + Extra High 3| Medium 31
OVC-HEV
Class| Low 3+ Medium 32 + Low 3 + Medium3-2 + Low 3 +
3-2 High 3-2 + Extra High 3 | High 3-2 + ExtraHigh 3 | Medium 32
Class ) Low 3 + Medium 31 + )
3-1 High 3-1 + ExtraHigh 3
NOVC-HEV
Class Low 3 + Medium 32 +
3-2 High 3-2 + Extra High 3

AER - All-electric range

EAER - Equivalent allelectric range

Eac - Recharged energy

FCi FuelConsumption

NOVC-HEV - not off-vehicleCharging hybrid electric vehicle
OVC-HEV - off-vehicleCharging hybrid electric vehicle
Rcoa -Chargedepleting actual range

Rcoc -ChargedepletingCycle range
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INFINITI VC-T ENGINE
COMPARISON OF VC-T TECHNOLOGY IN HIGH AND LOW COMPRESSION RATIOS

Ratio 14:1 ] Difference in piston height Ratio 8:1
between compression ratios LOW ——
= Piston
Upper-link
Multi-link
Crank Shaft

Harmonic Drive

Control Shaft
Actuator arm

. / Understanding VC-T technology

1 When a change in compression ratio

EFFICIENCY POWER is needed, the Harmonic Drive turns

and moves the actuator arm

2 The actuator arm rotates the
control shaft

w

As the control shaft rotates, it acts
upon the lower-link, which changes
the angle of the multi-link

The multi-link adjusts the height the
piston can reach within the cylinder,
@ thus changing the compression ratio

INFINITI

EMPOWER THE DRIVE
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