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Abstract

In mass flow analyses the use phase is ofien not adequately integrated. Above all user-related ef-
fects, life-time of products or product-systems are frequently unconsidered. Looking at the entire
process chain the total demand for aluminum is important. But balancing the environmental impacts
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ing the use phase itself and its integration in the process chain. Using this data the third target aims
al case studies which point out various user-related effects,
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information. Additionally, it is important to include the life-time of products, because the cffects
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represented with focus cither on user behavior, technological potential, recycling ability or life
span,
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] Introduction

The process chain of aluminium production is described by the severnl studies of the Collaborative
Research Center (CRC) 525 “Resource-orientated analysis of metallic aw material flows™ de-
scribed but the use phasc was excluded up to now. The purpose of this study is on one hand 1o close
the gap and on the other hand to develop a method for integration the use phase in the mass flow.
Aluminium is well sufted for many uses because of its properties and processing methods. The total
demand of aluminium in Germany, which amounts to 2.7 mio. Tonnes (2001), is shared imo eight
comsumer sectors (sce figure | (left). It can be calculated that that about 10 % (285000 tonnes) is
covered by the automobile industrie (3.341 mio. newly admined vehicles). In these sectors alumin-
jum is bounded in depots during the usephase. According 1o the lifespan of the different product
components, products respectiviey product systems it is estimated that this amount sums up 1o
approx. 700 mio. Tonnes (2001 ).
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Figure |: Distribution of the aluminium consumption to the industry sectors in Germany
(20011 1] (left) and rolling stock per permissible maximum weight [2]{right}

The largest end-consumer market for aluminium has been the transportation sector already over a
long period. About 44 % of the aluminium produced is captured here. Originally essential for light-
weight applications in the acrospace industry, aluminium is now widely used in bicycles, cars,
buses, coaches, lormies, trains, ships, formes, and aircrafts.

The use of aluminium in vehicles rised continuously in the last years. Presently the average alumin-
ium mass is spproximately 80 kg per vehicle in Europe. The European Aluminium Association
(EAA) estimates that this value will increase to approximately 160 kg per vehicle in the year 2008
{see figure 2). Several aluminium applications are already established in functional units like en-
gine, drive train, and chassis (see table 1). While in the past aluminium is widely used in uppes-
class cars, at the present time car manufacturers became more interested for aluminium applications
urlhemiddlcmdmmput:lmmmmmmmwighlmnhummmuu
weight of new features in the cars.
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2:  Aluminium use in car-components (estimated)( 1][3][11][12]

In this report an analysis will be carried out on the environmental impacts which are connected with
the use in individual traffic applications due to its lightweight potential in present and future vehi-
gles. As a basis for the analysis a “state-of-the-an aluminium vehicle™ (SAV) with 80 kg (2002) as
the current average aluminium weight in vehicles is defined as a reference-car (2000). In & second
fep an estimation is made of the future average use of aluminium of 160 kg per vehicle (2008),
pespectively of 210 kg per vehicle (2015), whereas these vehicles are called “aluminium=-intensive-
hicle™ (AIV) respectively “aluminium-maximised vehicle™ (AMV). This study covers the envi-
pnmental impacts of primary weight savings as well as the potential for the so called secondary
'_ ight savings. A second view is given to the impact of the ressource requirements of individual
e types (driving styles) compared with a “standard” consumer behaviour, which may superim-
any light-weight-advantage of Aluminium.

Application of aluminium alloys (examples)

Alloy Application
AlCuMg 2 +  wheel bacring ¢ crank and camshaft
* imnsverse control arm
AlMgSi | *  wheels s profiles for the structure
AlMg 2 * sheets for the car body
AlSi 17 CuNi = piston (pressed)
ted alloy |G-AISi 12 * crank case o  gear case
* il pan
G-AlSi 10 Mg * crank case e  cylinder head (watercolded)
GK-AISi 12 CuNi |» casted piston
AlSi9Cud + general applicable
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2 Method
2 The integration of the use phase in the Aluminium mass flow

In order to reduce the environmental impacts of product components, products or a service as effi-
ciently and effectively as possible, it is necessary to analyse the ressource requirements (e.g. encrgy
consumption) of all process steps in of & "closed loop”- view from production to the disposal. For
this a balance method is necessary, which seizes mass a8 well as energetic in- and outputs in an ine
ventory. Throughout the requirements of mass- and energy preservation in the regarded system the
completeness of the balance in the sense of an Holistic view has to be examined (see figure 3),

raw material supply
mmmg and reforestation

Figure 3:

The inventory can be designed as a matrix, whereby the regarded processes along the life span
described in a vertical analysis and the categonies of the in- and outputs of the respective subpn
essey are described in a horizontal analysis. In this paper the subprocess “use phase™ is in
(see table 2).

Different investigations [6,7,8, 9] postulate that in the entire life cycle of a product the use phe
has the highest environmental relevance so that a detailed view of the use phase is nessecary. In
model the use phase consists of five subphases (see figure 4), which have different relevance
intensity depending upon product. Generally the use of a product begins with the distriburion 10
final consumer (private or commercial consumer, service) and/or with its purchase and ends
the operation shut down and supply to the recycling cycle (collecting, sorting, processing) re
tively 1o the waste utilization plant.

Life evele of Aluminiam
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e 2:  Analysis matrix for the use phase (with examples)

CoFTmAET, (= T

] houmewfe | engineer
| eommuter trafl transporiatiomn
weokend taffic the graveyard
Fugh way, motor- parage wulo graveyard
yeay, country road

e subphase “purchase” is determined pnmanly by more or less conservative, conscious acting of
¢ buyer. This requires sense of responsibility, innovation strength and competence (rom both the
gver and the seller regarding ecological and socio-economic technique consequences and 1o avoide
issions. The "operation startup” of products can not be generalized. The start-up of a vehicle cov-
the filling with fuel, the removing from protection matenal and the inserting of additional
npments. This is quite different 1o other Aluminium applications s the start-up of a packing or
an covers the packaging or filling, the distnbution and the storage in the wholesale respectiviey
: el. The subphase "use” of & product represents the operational conditioning and the actual
of the product. This covers the application and consumption of products, the operation of & ve-
s or & machine as well as the manufsctuning of other products with the aluminium product.. The
e of a product can be again subdevided into the phases preparation, use and aflertreatment. The
inte e of products takes place to a great extent according to fixed schemes. Here measures
carmied out for keeping the function of the product in good condition. Repsir measures are ofien
pot planned events, which are differently complex. In the subphase “operation shut down™ the
woduct is supplied accordingly 1o waste disposal decrees to waste utilization plants for paper, glass,
tics and 10 the recveling svstems mainly for metals,

‘Figure 4: The use phase, devided into five sections, in the mass flow
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2.2 Life-cycle-balances tool: GaBi

The software system GaBi [4] is a commercial 100l 10 build up mass flow and life-cycle-balances.
Its calculation possibilities are limited to productlife cycle analysis but GaBi illustrates quite good
the life cycle in flow chans respectiviey in Sankey disgrams, allowing a quick overview of mass,
energy of even financial requirements. Some data is already contained in GaBi data bases and cas
be easily expanded and changed using the powerful datasource of the collaborative research comtes
SFBS2S in Aachen [10]. From the calculated mass flow unalyses the results can be transferred
build ecobalances, which represents a combination of inventory and asseessment. For the evaluati
using the "GaBi-analyst”, variations of the parameter and scenario analyses have to be carried
Thus the ecological effects (greenhouse effiect etc.) and its changes due to different assemtions |
SAV, AIV and AMV can be determined.

3 The future of the passenger vehicle as means of transport?

This question the pioneers of the passenger cars asked themselves such as Ford and Benz in the
of the 18" century. Hardly any product in our daily use, affected in such a manner the entire soc
over several generations in thinking, scting und planning. While the automobile became techn
perfect, more comfortably as well as affordable for almost everyone, the economical, social
ecological problems will grows with the use of the automobile (world-wide 500 millions in the
2001) (dota for Germany see figure 5).
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Figure 5: Rolling stock of emission reduced vehicles in Germany [2]

The individual traffic seems to become a victim of its own success and the further rising demand
mobility creates constantly new challenges, because still the social. economical and cultural
gress is connected with the speed of mobility. The transportation sector plays a central role in
modemn economy, because only the mobility of raw materials, semi and finished products as
people (e.g. pupils, trainees, working persons, travelers, consumers) ensures the share of labour
wellfiare in all sectors of the économy. In the background of the globalization the traffic secior
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a constantly growing significance. Resource-requirements, land consumption and environ-
| pollutions induced by traffic as well as direct and indirect damage of humans and nature
by accidents) require a reorientation in production and recycling of vehicles. This is also in
t to traffice space and traffic management as well as driver training. In the last decades the
1 of the vehicles increased continously (see figure 2 and 6). Safety measures, emission reduc-
measures, and claims for more comfort led directly and indirectly through adjustment of en-
and chassis 1o an increasing weight of 1,600 kg of present vehicles in the previous 40 years.
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re 6. Development of the weight of an mid-class vehicle [4, modified)

N Benefit and Potential of Weight Savings Using Aluminium in Cars

ith the movement of the vehicle various driving resistances (the movement against work), which
ermine the fuel consumption as a function of the mass substantially. The total traction resistance
« of a vehicle results from the sum of rolling resistance Fy,., acsent resistance Fy, flow resistance
acceleration resistance Fa, whereby the single resistances operaie not all at the same time (sce
Tigure 7 lefi).
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Figure 7. Dynamical forces during driving (left} [3] and primary and secondary effects of
motive light weight construction (right) [3]{12]

The importance of the vehicle weight for & reduced fuel consumption is undisputed. Primary
saving cffects can be obtained through weight reduction of the body. The success of such me:
is basis for further savings ot other vehicle components. The light weight construction leads
downsized nggregates and components like engine or tank. They induce again filrther potential

weight construction, the so called secendoray weight saving effects. Both the primary and 3
effects have to be considered when weight savings through the use of aluminium are dete

this measure on the weight of the motor, chassis, body and drive-train have 10 be cosideres, as
can reduced by downscaling according to the new technigue concept (see figure 7, right). For
vehicle generations the trget for weight reduction is 30 - 35 %, which is equivalent to approx.
~ 450 kg for a midclass vehicle. (see figure B)[5].
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Weight of & reference Primary lmtest wchmology Lowwer final weight of
car wghl (skumimiem vohacle) Alurmimiam vehscle
13000 kg (920 kg) {785 kg

it -thc—art “alumnia- innsve- “whurmsn s -maximined
slurniniam vehicle™ (SAV) vehicle™ (ATV) wehicle® (AMY)

B3 g Al por vehicls 160 key Al por velicle 210 kg Al per vehicle
(1998) {2003 (I015)
— -

s

2 B:  Targeted weight saving in the next car generations [4, modified)

Environmental Impact of the User Behaviour

pllowing the rule “To succed in an one-litre-vehicle it is nessecarry 1o have &n one-litre<driver™,
e behaviour of the car drivers has to be tken in account. Motor vehicles are subject to various
EC-guidelines, where the requirements regarding active and passive vehicle safety as well as fuel
i ion and thus COs-emissions of a vehicle are regulated. Consequently the definition of a
p consumption”™ of & vehicle is vehicle specific and varies upon the class. Fuel can be saved
ot only with & low-consumption car, but also significantly with a foresighted and reserved driving
ethod and last not bus least with a regularly maintained car. Driver trainings give helpful tips:

= "30-liter-vehicle™ - by frequent cold startings

® 1.5 - 2.7 % fuel saving with light oils

* aircondition is costly: approx. 0.3 - 0.7 | per hour

* power generation (e.g. music, navigation system) needs fuel: 0.5 | /100 km (average value)
= when the vehicle stops for more than 60 seconds - engine out

= drive in high gears / low rpm-values

* keep to the recommended speed on motorways

st each use of products leads to environmental impacts by the interaction “user — product -
onment”™. The user and his use behavior attain thereby special attention, because the extend of
environmental impact is directly dependent on the use behavior. The environmental impact of a
phase consists of user independend, so called technology-determined, individual and social de-
med effects (see figure 9, lefi),

ings af EMC 2003 315



Kiither, Friedrich

*

i
i
:

i
IE
:

envitonmental impact

envimame ntal impact

[—aﬂml behaviour —— wmer mstake ]

Figure 9 Classification of environmetal impact sources (left), describtion of the user behaviour
(right}, and influence of the user behaviour (own calculation)down)

The technology-determined environmental impacts are product intrinsic, which means that the user
has no influence. Neglecting the influence of any user behavior this would be the expectable envie
ronmental effect from the outgoing product and thus represents the optimal behavior. The individs
unl-determined impacis depends directly on the user behavior, since these are affected by various
factors such as motivation, environmental interest, time and budget as well as by the social sur
rounding. The surplus of environmental impacts as a function of the number of persons in the vehis
cle can be related to social-determined effects, compared with the purpose to use a vehicle with full
capacity. Individual-determined impacts results for e.g. from high speed or high accelerating drive
ETS.

The “normal behavior™ of an user is located somewhere between optimal behaviour and lapse de-
pending on what kind of preference the user has regarding time, budget, or environmental interes
(see figure 9 (right)). Altogether the consumer-dependent use behaviour always lead to failu
which are oftentimes multilayered.

In figure 9 (down) the COz-emissions ts distributed 1o the individual subphases, The purchase
is estimated because in this study this subphase is deeply investigated. The columns correspand
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the environmental impacts, calculated with GaBi which vary upon the above described factors as
well as climatic or regional parameters.

5 Results and Assessment

The environmental impact of the vehicle use phase is significant and the reasons are manifold and
many parameters have to be considered simultancously. Using a “spider chart™ it is possible 1o il-
lustrate qualitative as well as quantitative results and to give a summerized assessment of the use
phase at the same time. The center of the cobwebs represents the optimum of all paramcters, the
outer edge of the cobweb stands for the worst case. The scale is lincar in order to provide distorions

weight life span weight life
[100 kg (] (100 kg] "

[a]

global warming poiential global warming potential
[t CO-equivalent] [t CO-cquivalent]
“stole-of-the-art sluminivm vehicle” (SAV) || — ATV, high speed, high comfort
“aluminium-intensive-vehicle™ (AIV]) | | == “aluminium- intensive-vehicle™ (ATV)
“aluminium-maximised vehicle” (AMY) || —  AIV, optimal driving, mod. safety & comfort

iving

10: Environmental impact (left) and user influence (right) of the use phase of a aluminium
vehicle (calculated)

10 (left) schows the GaBi calculated emission results of the three technologies using differ-
shares of aluminium (SAV, AIV, AMV) together with improvments in safty, comfort, weight
life span. In view of the vehicle (user independent factors) the consumption of fuel can be re-
significant with which a reduction of emissions is obtained. For every 100 kg reduction of the

there is a decrease of 0.3 to 0.6 litres per 100 km in fuel consumption sccompanied with a
ion of gas emissions up to 20% [3]. As schown in the spider chart the emissions of CO; and
 are obviousley lower for the aluminium-intensive-vehicles (ATV) and aluminium-maximised-
icles (AMV) than for the state-of-the-art aluminium vehicle (SAV). Even safety improvements
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and life span extending measures can be realized without increasing emissions. Funthermore alu-
minium in vehicles increases safety directly through the new body concept or increasing energy
absorbency during crash. Through the mass reduction there is the possibility to add more safety
companents without exceeding the actual car weight (indirect effect),

The big share of drivers with non-optimal user behaviour lead o considerable environmental im-
pacts, The user does have influence on fuel consumption on four levels (see figure 10):

1. selection of vehicle type (consumption, safety, extras,...)

driving reason and “beeing lazy” (especially: short distances)
driving style (speed, foresighted.....)

transportating of not actual needed material (empty waetr bottles,..)

The diagramm reflects three scenarios, alss based on the aluminium-intensive-vehivele (AIV) (basis
2008). One scenaric combines a highely equipped (heavy) vehicle, which is driven agressiviy. A
sccond scenario represents 8 moderate driver in & vehicle with moderate safety and comfort stan-
dard (no seat-heating, no navigation sysiem, no extra hifi-equipment,...). The third scenario is the
referece vehicle also used in figure 10 (left) (blue lines) equiped standard, but normal user behay-
iour,

P YR

6 Summary

These results summarized it can be schown that

|. emissions can be reduced significantly by using more aluminium in vehicles

2. A part of the weight reduction gained by aluminium use can be transferred to an imp
safety and comfort level of the vehicles.

3. A slight improvement of the life span of the vehicle can be obtained by using
components.

4, The user behaviour influences the emissions significantly. A high-speed driver ¢
sates the advantages of an aluminium use by far.
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