


Environmental Description, Passat Estate




The development engineers also modified the
software in the electronic engine control
system (ECS) to reduce the engine speed. And
BlueMotion drivers also shift gears very eco-
nomically. The ECS signals a “recommended
gear”, which appears on the multifunction
display in the cockpit. The radiator grille trim
was also modified, the suspension was low-
ered and an underbody tray was fitted, which
improved aerodynamic drag (Cd * A) to 0.624.
Low rolling resistance tyres fitted on the stand-
ard production model complemented the tech-
nical improvements. The combination of
these measures with our efficient TDI engines
resulted in particularly low fuel consumption
(4.9 litres of diesel per 100 km over a combined
cycle) and correspondingly favourable CO,
emissions of only 129 g/km.

Among other things, the fuel economy of our
TDI engines is due to direct fuel injection. In

Vehicles assessed

combination with supercharging, this tech-
nology also makes modern petrol engines,
such as Volkswagen’s TSI units, very econom-
ical. Thanks to supercharging and direct in-
jection, TSI engines develop more torque,
especially at low engine speeds. The result is
more comfortable driving and better fuel
economy at the same time as greater driving
pleasure. In 2008, TSI technology received the
Engine of the Year Award for the third year in

succession.

A natural-gas-powered Passat can be even more
economical than the diesel or petrol models.
With its 1.4-litre TSI engine, the Passat 1.4 TSI
EcoFuel emits about one third less CO, than a
comparable petrol-engined model. Further-
more, it is as inexpensive to drive a Passat with
CNG (compressed natural gas) as it was to drive
a petrol model 25 years ago.

VW Passat Estate VW Passat Estate VW Passat Estate VW Passat Estate
2.0 TDI DPF® 2.0 TDI DPF® 1.4 TSI DSG® 1.4 TSI EcoFuel
BlueMotion DSG®
Engine capacity [cm®] 1968 1968 1390 1390
Output [kW] 103 81 90 110
Gearbox 6-speed manual 5-speed manual 7-speed DSG® 7-speed DSG®
Fuel Diesel Diesel Petrol (Super) Natural gas (CNG)

Fuel consumption

[1/100 km or m*/100 km for CNG]  (7.3/4.7/5.7) (6.374.1/4.9) (8.3/5.5/6.5) (8.8/5.6/6.8)
(urban/overland/combined)
Emission class Euro 5 Euro 5 Euro 4 Euro 5
Carbon dioxide emissions; combined [g/km] 148 129 154 121
Maximum speed [km/h] 206 196 198 208
Acceleration 0-100 km/h [s] 10.1 11.9 10.8 9.9
DIN unladen weight [kg] ~ 1497 1468 1429 1577
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In terms of energy content, natural gas costs
only half as much as petrol on the German
market. The German government is promot-
ing the use of natural gas as a motor fuel by
imposing a considerably lower rate of fuel tax.
Tax on natural gas is only a few percent of the
tax on petrol or diesel and under the present

law this situation is due to continue until 2018.

In addition, the bivalent Passat 1.4 TSI EcoFuel
is just as safe, convenient and serviceable as

a petrol or diesel model. The three natural gas
tanks and the petrol tank are all installed in

a space-saving underfloor configuration with
no adverse effect on the versatility of the inte-
rior or the boot space. The steel tanks have
been subjected to the most severe crash tests
available. In the event of an emergency, the
gas supply is automatically cut off by electronic
shut-off valves.

Irrespective of the fuel used, diesel, petrol or
natural gas, TDI and TSI engines can increase
their savings potential even further in combi-
nation with the DSG® dual-clutch gearbox de-
veloped by Volkswagen. The DSG® combines
the efficiency of a manual gearbox with the
ease of use of an automatic. This gearbox is not
only more convenient to use; it also improves
both performance and fuel economy.

Life cycle contribution to summer smog
Passat Estate 2.0 TDI DPF®

35.3%

As part of its integral product policy, however,
Volkswagen considers not only individual en-
vironmental aspects, such as fuel consumption
or emissions, but the entire life cycle of the ve-
hicle. Among all environmental impacts, road
traffic is mostly associated with the greenhouse
effect and summer smog. The car plays a less
important role in contributing to other environ-
mental impacts, such as the destruction of the
ozone layer and acidification or eutrophication
of lakes and rivers. We will therefore concentrate
on the first two categories mentioned.

A comprehensive analysis of all investigated
environmental impacts can be found in the
background report of the Environmental Com-
mendation at

www.environmental-commendation.com.

Within the environmental impact of the entire
life cycle of a car, the production and - even
more so — the recycling phases have a compar-
atively low impact on the environment. The
most relevant environmental impact occurs
during the vehicle’s service life, with direct driv-
ing emissions and fuel production accounting
for the greatest impact. Not surprisingly, direct
driving emissions are the main factor in terms
of the greenhouse effect.



Easing the Environmental Burden

Compared to its predecessor, the new Passat presents a much better balance
sheet over the entire life cycle of the vehicle with regard to the greenhouse effect
and summer smog. Although CO, emissions are slightly higher during production
of the new model, these are very quickly offset by lower emissions during the sub-
sequent service life. With an assumed lifetime mileage of 150,000 kilometres, the
two diesel models emit 22.2 metric tons (TDI) and 19.4 metric tons (BlueMotion)
of carbon dioxide. Equipped with the DSG® dual-clutch gearbox, during its serv-
ice life the 1.4-litre TSI emits 23.1 metric tons of carbon dioxide as a conventional
petrol-engined model, while the CNG-powered Passat 1.4 TSI EcoFuel emits only
18.2 metric tons.

Over the entire life cycle, for the TDI this equates to an overall reduction of around
10% compared to the previous model. The BlueMotion achieves an even better
value of minus 19 percent. In the case of the petrol-engined 1.4 TSI DSG®, the re-
duction is about 22 percent, while the natural-gas-powered TSI EcoFuel achieves
areduction of all of 32 percent in

greenhouse gas emissions com-

pared with the petrol-engined ref- over full life cycle (diesel models)

erence model. in percent

The overall reduction in emissions
of this greenhouse gas is significant, 100 -10%  -19%
since the Passat 1.4 TSI DSG® emits
approximately 10 metric tons less

CO, than its predecessor. The true 80
scale of this reduction is illustrated
by the fact that the entire produc-

60
tion process for a Passat Estate 1.4
TSI DSG® generates approximately
6.4 metric tons of greenhouse gases. 40
20

Reduction of greenhouse effect/summer smog

Greenhouse effect Summer smog
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. Passat Estate 2.0 TDI

. Passat Estate 2.0 TDI BlueMotion
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And, thanks to the reduced fuel consumption
and the related savings on the fuel provision

front, other environmental impacts, such as

the contribution to the formation of summer
smog, are also reduced.

Volkswagen optimises not only the produc-
tion and service life of a vehicle, but also its
recycling and disposal. In cooperation with
other industrial partners, we have developed
the VW-SiCon process, which enhances the
environmental compatibility of the vehicle re-
cycling process by enabling the material in
almost every component to be recycled. In the
conventional recycling of end-of-life vehicles,

Reduction of greenhouse effect/summer smog
over full life cycle (petrol models)
in percent

-22%  -32%

Greenhouse effect Summer smog

. Predecessor/reference model
B rossat Estate 1.4 TSI DSG®

. Passat Estate 1.4 TS| EcoFuel DSG®

n

after draining, dismantling and shredding,

some 20% of the vehicle by weight remains as
shredder residue. The VW-SiCon process, by
contrast, puts even the shredder light fraction
to optimum use as secondary raw material,
thus achieving a recycling quota of 95% of the
vehicle by weight. In 2006, Volkswagen won the
European Business Award for the Environment
for this contribution to resource conservation.’
We have, of course, also conducted a Life Cy-
cle Assessment for the VW-SiCon process.
VW-SiCon plants are now in operation or being

set up in several European countries.

2 Further information on the VW-SiCon process is available

on the Internet at www.mobility-and-sustainability.com.



Comparison of impact on the greenhouse effect — diesel models
(CO, equivalents in t)

Predecessor Production Service life Recycling
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Since 1996, Volkswagen has been the only automobile manufac-
turer worldwide to have its environmental management system for
vehicle development certified to ISO 14001. In line with the envi-
ronmental targets of the Technical Development department, we
develop vehicles with continuously improved environmental prop-
erties. To this end, we have put in place binding environmental
KEYWORD CO, equivalents standards throughout the Volkswagen Group that provide designers
with numerous specifications and support for the environmentally

The indicator substance for the compatible design of vehicles and their components. As a result,
greenhouse effect is CO, equiv- the use of harmful substances is minimised and recyclable materials
alents. All substances that con- are given preference. Wherever possible, renewable raw materials
tribute to the greenhouse effect and recycled materials are used.

are converted into CO, equiv-

alents through an equivalence At Volkswagen, environmental protection is an issue that affects not
factor. Thus methane (CH,) has a only our products but also our production processes. Through our
greenhouse potential 25 times environmental management systems we also ensure that in-process
higher than CO.. environmental protection is constantly improved. Since 2007, all VW

In concrete terms this means that production plants have been inspected for environmental com-

o crlesien @ e cE0), e patibility in accordance with the international standard ISO 14001;
2

11l 6 L, Teardhs oo ) s g ecenm in Germany and some other European countries, plants are also in-
4
house effect of 26kg CO, equiv-

alents. All emissions that contrib-

spected and certified in accordance with the EU Eco-Management
and Audit Scheme (EMAS). We started to have our plants certified
to EMAS as early as 1995. Furthermore, 22 Environmental Principles

ute to the greenhouse effect are

measured in this way. that apply throughout the Volkswagen Group ensure that all our
plants across the globe work to comparable rigorous environmental

standards.
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Comparison of impact on the greenhouse effect — petrol models
(CO, equivalents in 1)

Predecessor Production Service life Recycling
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We're Driving Mobility Forward

Volkswagen is working on a number of technologies for sustainable mobility as
part of its Powertrain and Fuel Strategy. This covers the entire range of present
and future drive systems from current petrol and diesel engines via hybrid drives
and engines with the Combined Combustion System (CCS) to electric vehicles
with batteries or fuel cell technology.

We are engaged in a number of projects with partners to produce fuels from var-
ious raw materials. For Volkswagen, the main emphasis is on second-generation
biofuels such as SunFuel®, which can be produced from biomass; during com-
bustion, these fuels only release into the atmosphere the same volume of carbon
dioxide as was absorbed by the plants as they grew. SunFuel can be produced
from all types of biomass and therefore does not compete with food production.
SunFuel is already being produced in the world’s first production plant at Frei-
berg in Germany and tested in practice. In technical terms, both petrol and diesel
could already be replaced by SunFuel®.

Volkswagen is also forging ahead with the development of hybrid vehicles, which
can be especially beneficial in inner-city driving and conurbations. Various pro-
totypes are already being tested. We expect that the results obtained by the Golf
TwinDrive fleet, equipped with an internal combustion engine, an electric motor
and a lithium ion battery, will be especially promising. The special feature of the
TwinDrive is that the internal combustion engine provides assistance for the elec-
tric motor, and not vice versa. This means that the vehicle can be driven consid-
erable distances through cities without producing any direct emissions. In electric
propulsion mode, the range of the TwinDrive is about 50 kilometres, which would
be perfectly adequate for most everyday trips. It only takes about four hours to re-
charge the batteries and any power socket can be used. In contrast to internal com-
bustion engines, electric drive systems generate no local emissions. From 2010,
up to 20 vehicles will be involved in an electric mobility fleet test in Berlin and
Wolfsburg to test electric propulsion in everyday use and confirm the undeniable
benefits of this drive system. In a zero-emission prototype of the “New Small
Family” series, Volkswagen has already demonstrated an electric motor drawing its
power from a pack of lithium ion batteries. Powered by batteries alone, the pro-
totype can already cover the average daily distances driven in today’s urban traffic.

In the long term, Volkswagen regards the electric motor as the powertrain system

of the future. It is still not possible to state whether electric-powered vehicles will
take their power from plug-in batteries or fuel cells in the future. As part of its
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Powertrain and Fuel Strategy,
Volkswagen is also investigating
the potential of fuel cells. For
example, we have developed a
unique type of high-temperature
fuel cell that eliminates many

of the problems associated with
previous low-temperature sys-
tems. The high-temperature fuel
cell will make the entire drive sys-
tem installed in a vehicle lighter,
smaller, more durable and less
expensive. Volkswagen is expect-
ing to test the first prototypes
with high-temperature fuel cells
in 2009. However, the first pro-
duction vehicles cannot be ex-
pected before 2020.

A key element in the growing
trend towards electrification will
be the use of energy from renew-
able sources such as wind or so-
lar energy or hydropower. Ideally,
an electric vehicle should be able
to “fill up” directly with electricity.
This drive configuration has the
benefit of high overall efficiency
as the electric power is used di-
rectly for propulsion, avoiding
the high energy losses associated
with hydrogen production.
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Further information

— The Golf.
Environmental Commendation

— The DSG® Dual-Clutch Gearbox.
Environmental Commendation

— Evolution not Revolution.
The Volkswagen Fuel and
Powertrain Strategy

— Making Zero Emissions Possible.
Fuel Cells and Electric Propulsion
Systems from Volkswagen

— Assuming Responsibility.
Volkswagen and CO,

— The Volkswagen AG Sustainability
Report 2007/2008

— Moving ahead. Thinking. Acting.
Responsibility and efficiency in
the vehicle life cycle

All these publications are available
on the Internet at
www.mobility-and-sustainability.com.

You will find further information on
the Environmental Commendation on
the Internet at www.environmental-
commendation.com.
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