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Executive Summary

Emissions of greenhouse gases, foremost carboiddiosausing human induced climate change
have become a global and fateful issue. All parbaght to be engaged in the mission of
mitigating the anticipated impacts. For any orgation determined to deal with the issue,
measuring its carbon footprint is an essential gidpke.

Since 2001 SKF has monitored the level of ,nissions associated with its manufacturing
processes. Included in this scope are theg €@aissions originating from electricity, heat anelf
consumption at the production sites and otherifesl During these years the emissions figures
have been published in the annual sustainabilippnte from which it is evident that SKF has
managed to reduce the group’s total,@issions. This is in line with the annual £€&duction
targets, and in a carbon constrained future it khdne seen as a competitive advantage to
continue on this route. GGemissions from transportation of SKF goods anff stave so far
been kept outside the monitoring scope. These esue expected to contribute significantly to
the total carbon impact of a multinational manufaicly company like SKF, and hence they
should also be monitored and managed.

In this study of C@ emissions accounting, SKF freight transports axanmened. The
identification of emission sources, the handlingti@nsport activity data, the application of
proper calculation methodologies, organizationgbeats and questions of liability are all
integrated parts of the study.

Emission calculations are carried out for two sfiediogistics systems managed by SKF
Logistics Services; the Daily Transport System (D&8d the Global Air Freight Program. The
DTS, which is based on road freight transportsrates the European distribution of finished
products. It is estimated to contribute with 9 #0fnes CQ during 2007. Since the system is
optimized to a reasonable degree, the, @@pact per tonne-km is relatively low. Over thensa
period the air freight’s estimated emissions ar€®d0 tonnes. Together these transport activities
contributes to about ten percent of the SKF tota} €juivalents based on the reporting of 2006.
Adding the emissions from the remaining transpativiies that SKF utilizes will make this
share increase considerably, particularly if atdmund transports are accounted for.

The potential for CQreductions is covered by two change-oriented casedies. It can be
concluded that short-sea transportation seldommisilgernative to road transports. Intermodal
transports combining road and rail can, dependimghe circumstances, reduce the G@pact
considerably compared to only using road transpBeslucing transportation work by optimizing
a transport activity is seen as the best optiond@ reductions. Efforts should be put into
reducing the need for air freight transports, cdesng the high emission levels per tonne-km.
Monitoring emissions for all transport activitidsat falls under SKF responsibility will reduce
the risk of sub optimization.

Introducing system changes in order to decreasgessions will have a range of implications
for all actors involved. Effects on lead-time, cestd warehousing capability are some of the
factors that will have to be further analyzed. @tharriers to introducing system changes can be
lack of knowledge, resources and available trarnggations.
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1. Introduction
1.1 Background

“...for their effort to build up and disseminate gtea knowledge about man-made climate
change, and to lay the foundations for the measuhed are needed to counteract such
changes.{The Nobel Foundation 2007)

Not surprisingly the Nobel Peace Prize 2007 wasrdedh the Intergovernmental Panel on
Climate Change (IPCC) and the former US vice pesgidAl Gore. However, the scientific
foundation has a long history; in 1896 Arrheniublmhed his findings on the relation between
the atmospheric carbon dioxide (g©oncentration and the global mean temperature éhitls
1896). A century later IPCC, founded in 1988, hablighed a series of assessment reports that
summarize the state of knowledge on the issue. Miitey Gore and other advocates have been
communicating their message to the broader public.

Along with this intensified focus on climate changke interest for corporate accounting of
greenhouse gas (GHG) emissions has increasedofar years SKF has focused on monitoring
and reducing C@emissions from stationary sources (SKF Annual iep@06). In addition, there

is today a strong mandate in the organizationgo a@iclude transports (of both goods and staff)
in the accounting of GHG emissions (Jenkinson 208@ever, since this interest for transport
emission accounting is rather new, the existinglgiines and methods are not giving full support
to companies. The difficulty of measuring indireatvironmental aspects, reflecting that SKF is a
buyer and not the owner of its transport activjtiesther contributes to the complexity. This
situation is shared by many other manufacturing games with significant transport demands.
Hence the issue raises several questions, e.gchWaw data should be used? How should the
calculations be done? What should be reported?sthdy will examine these issues and thereby
contribute with a guide to transport emissions aotiag and the problems associated with it.

1.2 Purpose

The purpose of this report is to explore the pdlgsds for monitoring CQ emissions from
freight transport, from a manufacturing companyésgpective. With a clear focus on SKF freight
transport activities it covers the areas of; tramspdata handling, emission calculation
methodology, and emission accounting principlese ®iudy will provide answers to the
following research questions:

1. What are the driving forces behind accountirrgd®, emissions from freight transport?

2. How can environmental impact from freight tram$pbe handled by the environmental
management system?

3. How should C@emissions from freight transports be calculated?

4. How can SKF's transport systems be adjuste@toedise CEemissions?



1.3 Methodology

A variety of methods have been addressed in ocdanswer the research questions and these are
discussed in this section.

Literature studies

Companies’ interest for accounting €€missions from their freight transports is a rathew

and evolving field. To understand the driving fardeehind this newborn interest a number of
sources have been addressed. By publishing thatidicidoundation on greenhouse gases and
human induced climate change IPCC makes an imgoct@mtribution. Apart from scientific
proofs, the discussions on climate change covarcissuch as socioeconomic consequences and
possible political measures.

Related to freight transport, figures on state madds within the sector are provided by official
statistics. Prominent sources are provided from DEARd its energy organ the International
Energy Agency (IEA), as well as the European Coraimiss statistics from Eurostat.

Literature studies also have importance for theugision on environmental management systems
(EMS), which is the tool used by the corporate @ddr working with environmental issues.
EMS is also an academic field and by addressirgyvasit research the second question in the
purpose can partly be answered.

Personal communication

A number of interviews have been conducted. Theya#irsemi-structured, meaning some topics
and questions have been prepared in beforehande wttiers have been raised through the
dialogues with the informants. Interviewing witheteemi-structured approach has been judged
appropriate since it encourages a two-way commtioitao that also the informants can bring

up questions of interest. The informants are ma@dy employees at different departments. Also
academic experts in the field of logistics haverbiegerviewed.

When searching for specific transport data it llaeetimes been found necessary to turn directly
to transport suppliers, or other actors, for answ8uch occasional contact has been made by e-
mail.

Questionnaire

SKF’'s logistics unit has agreements with some 8@daling agents in Europe. On suspicion that
these might provide transport data differing fromattin the SKF data systems as well as in
standardized emission calculation manuals, it wasidéd to do a questionnaire study. The
guestionnaire, presented in appendices 2 and 3,ewmsiled to the contact person at each
forwarding agent. It was then passed on to an eyeplin position to answer the questions, who
then replied with the filled-out form. For thoseeats not answering, a reminder was sent out. In
the end, answers of varying quality were receivecthf55 percent of the forwarding agents.



Calculation methodology

The area of emission calculation has been mappédthdoexamples on “best practice”. The
Swedish association “the Network for Transport &mironment” (NTM) and the Greenhouse
Gas Protocol, which is a partnership between theldVBesources Institute and the World
Business Council for Sustainable Development, areftequently referenced sources providing
the industry sector with C£mission calculation tools and manuals. Both haegiged input to
the discussions on calculation approaches as wédl the actual calculations.

Benchmarking

CO, emission management is an evolving field within ¢oeporate world, and in recent years a
number of business initiatives have been launcheatld name of climate change. A few of these
initiatives have been looked at since they areghbto give a picture of the business culture that
surrounds global warming. They also say somethiiaythe position of the corporate collective

in relation to the issue. Some companies are ofseoahead of others in the ambitions on,CO

emission management. A few have been found to siaeples on good practices.

The participation at a full-day seminar about Sustiale transports is also considered to be a
valuable experience. The seminar, organized by $tedish Environmental Research Institute

in cooperation with NTM, gathered some essenti&racfrom the industry and the transport

sector, which gave their views on emission mitigadi

1.4 Delimitations

This study will focus on freight transports of 8hied products, i.e. only the outbound flow of
goods. Apart from a minor study on global air flgigthe geographical boundary will be
transports within Europe. However, transports oletdturope can be handled according to the
same structure as presented in this study.

All transport modes will be included in this stu@tthough the focus will be on road and short
sea transports. The accounting of air and railsparts will be covered in a general sense, but is
not the primary focus. For a further discussionwl@ir transportation at SKF, a previous study
on SKF's business travels is recommended (Joharg&adellqvist 2007).

Goods handling activities, e.g. by forklift trucksgnveyer belts etc, are kept outside the scope.
These activities are often electric powered andethergy need is thereby covered by the total
electricity demand of the factory or warehouse. T8, emissions from the production of
electricity used at SKF’s units are already inclite SKF’'s CQ accounting today.

Since greenhouse gases are the main focus for ®K#& global corporate level (SKF intranet
2007) and CQ@by far is the most dominating greenhouse gasherttansport sector, only GO
emissions will be considered in this study. In 20€&rbon dioxide accounted for more than 98
percent of the total greenhouse gas emissions thertransport sector (EEA 2007, Swedish EPA
2007).



Another reason for only including carbon dioxiddliat this study focuses on the organizational
and operational structure of the accounting prodssff. The accounting procedure will be the
same for any type of emission, and hence one tgpenbugh to state an example. Other
emissions, e.g. nitrogen oxides (N@nd particles are of course important as wellianduld be
relevant for SKF to consider all transport emissiontheir further work within this area.

In SKF’s current C@reporting the lifecycle perspective is not considerA lifecycle perspective
means that the product is followed from the exioacall the way to the disposal (Baumann &
Tillman 2004). A lifecycle perspective can be impot for the result when accounting for
transport emissions, especially if the purposeoisdmpare vehicles with different propulsion,
e.g. a diesel fueled truck compared to a bio-fudtedk (Blinge 1998). In this study, the
calculations will be done without a lifecycle pegstive in order to be able to compare the results
with SKF’s current emissions accounting. Henceitiygact from other parts of the lifecycle will
only be mentioned briefly.

The discussions in the study are limited to a warisbuyer perspective, in this case SKF and
specifically SKF Logistics Services.

1.5 Previous studies

Lifecycle assessments of specific products have bdeae at SKF for many years. One example
is the study made by Ekdahl (2001) on sphericderdbearings. However, in these studies,
transports have not been the main focus even thivigncluded in the assessments.

At least one study at SKF, made by Carlsson ein &003, has compared different transport
modes for outbound transports, but it is not belnge on a regular basis. Local initiatives exist,
but there is no central monitoring of transport €sitns or any standard on how comparative
studies should be carried out.

Connected to this study is the report made by Jdwmmand Mellgvist in 2007, which discusses
sustainability issues connected to SKF's busines&ls. Their report can serve as a complement
when discussing the total impact of indirect enaissifrom the SKF group.

In the scientific field, extensive research hasnbesade where logistics and environmental
implications have been connected. There are alaodatds and methods developed for
companies, e.g. the Greenhouse Gas Protocol ar@lthel Reporting Initiative. Both are used
by SKF today.

Each field of study contributes to this specifipad, but none of them have a practical method of
how accounting of transport emissions should beezhput for a transport buying company. It is
in this area this study hopefully will make a cdmition.



1.6 Guide for readers

The study consists of four quite detached partaftEr two to five) which can be read
consecutively or separately depending on the réadgerest. In the second chapter; Setting the
scene, a background to SKF, transportation dilemamasenvironmental problems connected to
transportation is presented, as well as an intriialuto environmental management.

In the third chapter; Accounting procedure, thelgtmoves from the theoretical framework into
a more practical method description of the accognprocess. Benchmarking and strategy is
discussed as well as calculation procedures. B gbction, the first two research questions are
answered and the background for the third queiipnesented.

In the fourth chapter; Mapping a logistics syst€f, emission calculations are carried out. This
elaborates further on the third research questjotoimparing different accounting methods.

In the fifth chapter; Improving a logistics systerase studies focusing on changing the transport
system are presented. Hence the study moves fram mapping to suggestions on how the
environmental impact can be reduced. This sectiesgmts ideas on how a transport system can
be changed and provides answers to the fourthnasgaestion.

The last two chapters of this study provide a dismn of the findings and final conclusions.



2 Setting the scene
2.1 SKF and SKF Logistics Services

SKF was established 1907 as a manufacturer ofdli@lggning ball bearing. Today SKF is a
global supplier of products, solutions and servicethe area of bearings and seals. The Group,
with its headquarter located in Gothenburg (Swedéas 41 000 employees in some 140
companies worldwide. The business is organizedthree divisions; Automotive, Industrial and
Service. Each division serves a global market, $owuon its specific customer segments (SKF
intranet 2007).

SKF Logistics Services (SLS) is an independentriass unit within the SKF Group, organized
under the Service division. SLS manages the compalogistics activities related to the
distribution of finished products to final custorselts services include operating warehouses and
transports and support of the related flow of infation. Reflecting the fact that SKF is a
multinational company, SLS holds positions in soBt locations. Through its contracted
forwarders, SLS makes shipments by sea, air, roadrail to 170 countries worldwide (SKF
intranet 2007).

The transport concepts that SLS provides are pilynswited for the SKF demands. However,
being a profit driven unit, SLS also offers itsikigcs services to external customers. The share of
external business has increased over the yearsuanehtly stands for about ten percent of the
annual turnover (Ohlsson 2007).

2.2 Freight transports
2.2.1 Trends

The total freight transport activity in the indualized world has increased significantly over the
last decades. For EULhhis trend is illustrated by figure 2.1 in whidtettotal freight transport
work is divided into different modes. The transpadrk, measured in tonne-km, has for road and
short-sea increased dramatically. Rail transpost inareased slightly, while other modes have
been rather stable since 1970. This developmentdsadted in road freight increasing its modal
share at the expense of other modes. In differeBCregions the modal split varies
considerably, as for the United States where ramdgport stands for the highest modal share
closely followed by road freight. The overall inase of road freight transportation can partly be
explained by the concept of Just-In-Time. The Hglguency of order intake and the demands
for precise and often fast transportation has mamdel freight a preferred transport mode
(Lumsden 1998).

! EU15 includes the following member states: Betgilbenmark, Germany, Greece, Spain, France,

Ireland, Italy, Luxembourg, Netherlands, AustriartBgal, Finland, Sweden and England.
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Figure 2.1: The trends in freight transport work fU15 (1970-2003) show
an increase in road and short-sea freight transp8xurce: OECD 2006

Related to the increased transport activity over ldst decades is economic growth and the
development of an industrial structure causing éwngransport distances; a symptom of
globalization. In fact the actual goods amountionnes, has decreased in some countries, e.g.
Sweden (IVA 2002). Hence, the increase in numbdofhe-km is due to longer distances. The
correlation between GDP-growth and freight transpeork (within EU) shows no signs of
decoupling. This is especially true for the roaelght growth that closely follows the GDP-curve
(OECD 2006). Without going further into the questiaf cause and effect it is fair to say that the
linkage between GDP and transport demand is mstneé increased transport activity promotes
even further economic growth.

Increased transport activity causes a higher derfanmansport-related energy use. The world’s
primary energy consumption is dominated by fossérgy sources, which is especially true for
the transport sector. Directly related is the sestoigh CQ emissions. Figure 2.2 illustrates the
relation between transport development and thee@s® in C@emissions. Between 1970 and
2005 the total C@emissions including all transport modes (passengdrfreight) increased by
140 percent (OECD 2006).
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2.2.2 Challenges

The discussion on transport development and therseincreased energy use reflect two major
challenges confronting human societies on a gliavall; the enhanced greenhouse effect causing
global warming, and the depletion of finite hydndman resources. These issues are two sides of
the same coin. The use (combustion) of one is #jemcause of the other.

The worry for oil depletion has been raised at sveccasions ever since oil became an energy
carrier, providing services in human society. Intled and petroleum products have properties
making them excellent energy carriers. Lately tbhecern for a decline in production has been
stressed again, which has caused a major debaten®mide are the “peak oil” debaters that
foresee a peak in production within a few years treteafter an irrevocable decline (ASPO
2007). On the other side is the energy establishmeninternational Energy Agency and Energy
Information Administration, that relies on techmgilcal fix, unconventional resources and
undiscovered reserves, with the conclusion thatpiek will not be reached before 2030 (IEA
2004, EIA 2007). Both sides do agree that as denfanail intensifies price on petroleum
products will increase. However, the more acutestramt is not the finite resources that
motivate higher energy costs, but rather the gloliaate change.

Apart from direct fuel price changes, the extewwits of transportation might be internalized to
a greater extent. This make it reasonable to belibat transport costs will increase in the near
future. External costs are costs for covering ewteeffects, which can be defined as unintended
and uncompensated side effects of one actor'sit&givlio state an example; a specific company
can make good profit by reducing costs through glabtion of activities. However, this will
lead to increased transport work and thereby irser@a@missions with negative impacts on both
human health and ecosystem functions. Dependintgatianal regulations, externalities are being
internalized to some degree by fuel taxes, carbrest road tolls etc.



How to put monetary value on external effects d@ifficult question. Nevertheless studies show
that diesel fuel prices might be considerably higheonsidering the full cost, even for European
countries where petroleum fuel prices are alreaglpgdodominated by selective taxes (Friedrich
R. et al. 2001). Such ideas have received atterstioong policymakers and it is evident that
policy measures can be an effective tool for cdimgcmarket failures, such as the case of
transport emissions. New forms of policy measureshaing introduced. Kilometer tax for heavy
duty vehicles has been implemented in some Europeantries, while others are planning for
such taxation (SIKA 2007). Congestion charges a@ther example on policy measures that
have been implemented in some cities, e.g. Londdrisaockholm.

For a company, like SKF, these should be highlgtsgic issues. Quantifying the SKF €0
contribution due to its goods transportation aretahfter taking measures for reduction would be
a sound strategy in order to face future challenges

2.3 Transport emissions

2.3.1 Greenhouse effect and global warming

The greenhouse effect is a natural phenomenon wkegeps the temperature on earth within a
specific range. Short wave radiation from the sumeflected by the earth in the form of long
wave radiation. Greenhouse gases in the atmosphgrayater vapor and carbon dioxide, are not
affected by the incoming short wave radiation khgaab the outgoing long wave radiation. This
means that the gases trap heat in the atmospheping the temperature on earth on a higher
level than it would be without them. Without theegnhouse effect the average temperature on
earth would be about -17°C compared to today’s 18&kson & Jackson 2000).

The concept of global warming refers to the incee@s temperature on earth due to the

anthropogenic emissions of greenhouse gases tatthesphere. When the level of greenhouse
gases increases, more heat is trapped in the ate@sprhich results in increased temperatures.
Possible outcomes of the temperature rise ardregeased sea levels and changed precipitation
patterns (IPCC 2007).

The main anthropogenic greenhouse gases are cdibgide, water vapor, methane, nitrous
oxide and ozone, of which carbon dioxide is the tneostributing (IPCC 2007). Carbon dioxide
is released in the combustion of e.g. fossil fuelsl biomass. A difference is made between
renewable sources (e.g. wood) and non-renewablee®(e.g. oil), since renewable sources can
be recreated and hence the emitted carbon diogiddoe bound again resulting in, theoretically,
zero carbon dioxide emissions.

When a fossil fuel is combusted, the carbon inftle reacts with oxygen in the air and carbon

dioxide is created. In a complete combustion preces. when all carbon is used, there is a direct
relationship between the amount of carbon in tied &md the amount of carbon released (NTM

2007). The simple calculation is exemplified wiileskl fuel in figure 2.3.



General formula:

cc x3 x X [kg/l] = [kg COliter of fuel]

Values for diesel fuel:

cc = carbon content in fuel in mass percentage %860.86

& = fuel density = 0.820 [kg/l]

X = molecular weight relation for C&- (12 u + (2 x 16 u))/12 u = 44/12
Result for diesel fuel:

0.86 x 0.82 x (44/12) [kg/l] = 2./kg COylliter of fuel]

Figure 2.3: Calculation procedure for estimationaafrbon emissions from fuels.
The specific numbers are referring to diesel fuBlsurce: NTM 2007

Consequently the emission factor is close to 2.6fkgarbon dioxide per liter of diesel fuel. This
value does not consider the fact that some of éinean can be released as hydrocarbons, carbon
monoxide and particles. However, of the total carbmitted, less than one percent is in the form
of hydrocarbons or carbon monoxide (based on auledion from Volvo Truck’'s emission
factors (Volvo 2006)). Since it is such a smallrghifiis neglected in this study.

In order to compare different greenhouse gases @atth other to get the total impact on the
environment, C@equivalents are often used. This factor compdreglobal warming potential
(GWP) of the greenhouse gases with carbon dioxgd¢ha reference point (EEA 2007). The
GWP factors differ depending on the time horizoayBann & Tillman 2004). E.g. methane has
GWP 21 on a 100 year time horizon. This meansdhatkg of methane emitted today has the
same climate impact (within the next 100 years)lakg of carbon dioxide.

2.3.2 Other transport emissions

Carbon dioxide is one of two so called unregulaeussions, i.e. the emissions are not regulated
by exhaust gas treatment. The other one is sulglmxide, SQ. Hence the S©Qemissions are
directly depending on the sulphur content of thal,fijust as C@emissions are depending on the
carbon content. The sulphur content for road trariggiesel must not exceed 50 ppm in the EU,
which is a significant reduction compared to onlyfeav years ago. In Sweden, the most
commonly used diesel (MK1) only contains ten pprhjolv will also be the level in the new
European legislation which will come into force 2009 (Statoil 2007). However, for marine
bunker fuel the levels are considerably higher. Ewerage level is around 27 000 ppm
(Transport and Environment 2007), which makes sasports contribution to the global SO
emissions significant.

Other important emissions from the transport seater nitrogen oxides (NQ particles (PM),
hydrocarbons (HC) and carbon monoxide (CO). In Rerthese emissions are regulated by the
Euro standard and similar regulation exists in élgrth America. Over the last years the
regulated emissions have been significantly redubgdthe introduction of e.g. catalytic
converters and particle filters. However, the Estandard does not cover airplanes or vessels.
The environmental effects of transport emissioessammarized in table 2.1.
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Table 2.1: Environmental effects of transport einiss. Source: TFK 1998

CG,

Global warming

SG,

Acidification, eutrophication, health problems

NOx

problems

Acidification, eutrophication, ground level ozonerrhation, health

HC

Ground level ozone formation, health problems

CO

Health problems

PM

Health problems, pollution, climatic changes

2.3.3 Carbon dioxide emissions from different trangort modes

In figure 2.4, the difference in carbon dioxide ssibns for the four main transportation modes is
shown. Air is by far the most polluting, while raihd sea transports generally emit substantially
lower emissions per tonne-km. The numbers in theré are rough and can vary depending on
many factors, e.g. fill rate, electricity productiand allocation method.

g COsMtonne-km

SO0 a78
500

400

=00

=200

1o 52 15 13

o . = . 0 . | —
Road (seritrailer) Sea (large ship) Fail (electricity) Rail (diesel) Agr (BF47)

Figure 2.4: g CQ/tonne-km for different modes. Electricity prodaatis based on
Swedish conditions. Source: Baumann & Tillman (@G0 NTM (2007)

Emissions from road vehicles have been on the agdod a long time, but from a legal

perspective the focus has been to reduce the tedulmissions and the sulphur content as
discussed in previous section. However, for carbimxide there is no regulation today, even
though limits in the EU countries are under disirss

The carbon dioxide emissions for long distancetsmasports are generally lower per tonne-km
compared to road transports, and therefore seapoais are often seen as an environmentally
friendly alternative. However, short sea transpartscomparable to road transports in regards to
CO, emissions. Sea freight in general is also a lagggributor to NQ and SQ emissions, even
though all environmental effects of these emissiars not relevant on the sea (e.g. health

problems).
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Rail transports can be carried out by either elgadtpowered trains or diesel powered trains. For
electrical railway, the electricity production musé taken into consideration and hence the
emissions will differ depending on the electricfiyoduction for the country in question. The
environmental benefits from train transportation t& reduced significantly if the electricity is
produced from fossil fuels. Electrified tracks ateminating in Western Europe in terms of
percent of the total rail length (Jarnvagsforum40@lso in terms of the total rail transports, i.e
transported tonnes of goods, electrified railwages dominating. In Sweden for example, diesel
powered trains only make up 3-4 percent of alltraihsports (Belin 2007).

The release of greenhouse gases from aviationidyr@arbon dioxide from fuel combustion but
also water vapor released at high altitudes (cositrs thought to contribute significantly to
global warming. This is an area which has beentéelband more research is needed (Johansson
& Mellgvist 2007). The discharge of nitrogen oxidesalso a large problem for aviation (TFK
1998).

2.4 Environmental Management

In this section the framework for overall enviromta# work in companies, the environmental
management system, will be described.

2.4.1 Environmental Management in theory

Corporate environmental management can simply keritbed as the way in which firms deal

with environmental issues (Kolk 2000). Normally tberporate environmental management is
handled in the frame of an Environmental Managen&ygtem, EMS, which is a tool that

organizes and systematizes corporate environmeviigk (Ammenberg 2004). The existing

EMSs are often based on the so called Deming matis, called the PDCA cycle, of quality

management. This model consists of four parts;,mlancheck and act, and is visualized in figure
2.5.

In the first step of the Deming model, the compargeds to get a general view of the
environmental impact caused by the company’s digs/i When the most important areas are
localized, an environmental plan should be constdicThe do-phase consists of implementation
of the plan, including for example the creationaaforganizational structure and documentation
of the work. In the check-phase, the organizatiopésformance and compliance with the
environmental plan is evaluated. Finally, in the@tase, the whole process is being reviewed. At
this point, suggestions for improvements shouldliseussed so that the environmental plan can
be updated. This process is iterative, and is ssgpto generate continuous improvement for the
corporate environmental work. In order for thidss®successful, the management system must be
comprehensive, covering all activities of the oiigation, and be understandable to everyone
involved. It also needs to be transparent so tiatsystem can be reviewed, either internally or
externally (Welford 1998).
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Figure 2.5: The Deming cycle, which is often used &asis for
environmental management work. Source: Ammenbélg.20

Just as with other management functions, it is i@md for companies to develop standards. A
standardized EMS enables companies to demonstoated senvironmental management to

stakeholders which can lead to public relation fieneand increased market opportunities

(Welford 1998). The two main standards with acdediin today are 1SO14001 and EMAS, of

which 1SO14001 is the dominating (Ammenberg 2004)ey were both developed during the

1990s and are both voluntary with the possibilitpeing verified by an external body. 1ISO14001

is an international standard developed by indudtade associations, governments and non-
governmental organizations while EMAS is a Europstandard developed by the European
Union. Earlier a number of differences could benseetween EMAS and 1SO14001. 1SO14001
was often referred to as vaguer than EMAS sincell®01 applies to all organizations and is

open for any technological option, while the EMA&smmore directed towards manufacturing

and energy industry, focusing on best availablartetogy. The EMAS standard also contained
other specific requirements. However, in 2001 EMA&s revised and is now based on

ISO14001. The largest remaining difference is tAMAS requires an environmental report

which is reviewed by an external, independentdtparty (Ammenberg 2004).

The actual environmental performance of a compaag be divided into “facilities and
operations performance” and “management perfornfarfeéelford 1998). Standards like
ISO14001 often focus on site specific environmepiformance. On management level it is
harder to implement such framework since it isiclift to set targets on organizational work.
Instead, the management’s environmental performaaneerns to what extent the company has
in place the best management systems, procedurds paactices for compliance with
environmental regulations. Also the achievemenwioier environmental protection objectives is
important when measuring the management perform@ieéford 1998).

2.4.2 Environmental Management in practice

The reason for working with environmental managemethin companies, especially through an
EMS, could in short be described as response tkelstdder pressure, e.g. pressure from
legislative bodies (through laws and regulatiomsstomers and shareholders. There are a range
of benefits for a company that chooses to respontthis pressure by working according to an
EMS. There are financial benefits such as costgavirom working with environmental issues
in a structured way. Many measures taken to retlueecompany’s environmental impact also
directly reduce costs, e.g. energy savings in faavill result in lower energy expenses. There
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are also competitive advantages such as the besfefitaying ahead of the industry or the
legislation. Relationships with government agenctas be improved which can lead to
regulatory advantages for the firm (Kolk 2000). fihas e.g. in the EMAS regulation a
recommendation to all EU member states to faaditde relation between EMAS registered
companies and authorities. Last, but not leastctimpany can experience market benefits since
the company image can be significantly improvec&b\EMS certification.

An EMS certification is often seen as a sign ofompany’s commitment to the environmental
issues. However, in fact an EMS says very littlewtba company’s actual performance. It is
important to remember that an EMS only providetaadard on organizational level, i.e. how to
structure the environmental work with requiremehtantinuous improvements, but it does not
set specific levels of emissions or performancecofpany could set low targets with slow
improvement rate and still receive an EMS certtfama On the other hand a company could
perform well in the environmental area without mavian EMS. As Ammenberg (2004)
concludes; “it is not possible to answer the gdnqteestion as to whether an EMS actually
improves environmental performance.”

Even though an EMS does not necessarily decreasentlironmental impact, it helps companies
to gain better knowledge. The understanding of hthwe company contributes to the
environmental impact is a first step in order faprovement to be made.

In this study, the process of accounting for greeisk gases will be carried out within the frame
of the PDCA cycle. As a complement, the green memagt wheel, figure 2.6, is also used. The
green management wheel is interpreted as beinggpaite planning stage, where audit and
strategy issues are important.

Where are we?
» Where are the others~
Audit
\ 4
Where do we want to
2
Who should we tell~ Green be?
Communications Management Strategy
A
How do we measure How do we get there?
success? < <
Monitoring & management Action plan

Figure 2.6: The Green Management Wheel. Sourcen@iibn and Hailes 1991.

The two models were merged into one, as visualizdigiure 2.7. This is the authors’ attempt to
concretize the management models and at the sameegive guidance to the reader by making it
easier to follow the process. Throughout this reptap by step will be discussed. The act-phase,
i.e. the last step in the PDCA cycle, is beyondsitmpe of the study.
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Audit Imple mentation of plan

Where are we?
YWhere are the others?

through case study

Strateny
Where do we want to be?
Who should we tell?

Actian plan
How do we get there?
YWhao is responsible?

‘ Analysing results |

CHECK —— ACT |

Irmprave and
take action

_________________

Figure 2.7: Model based on the PDCA cycle and thee® Management Wheel.
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3 Accounting procedure

In this section the parts of the planning phasd & described. First the audit part, with a
discussion about where SKF and other companiedatay. Then the strategy for future work
will be discussed and in the end the action plahbei presented.

3.1 Audit

In the audit phase, a background to the currentiagibn in environmental accounting for
greenhouse gases will be presented with the attergiswer the questions in figure 3.1.

T
» PLAN » DO s CHECK —— ACT —
:. E; 4 L - e
Audit Implementation of plan ‘ Analysing results | i Improve and i
WWhere are we? through case study i takeaction
Where are the others? | —m+——————1 e
Strategy

Where do we want to be?
Who should we tell?

Action plan
How do we get there?
YWhao is responsible?

Figure 3.1: Planning stage, focusing on audit.

3.1.1 Environmental Management and transport

The emissions from transports can contribute siganitly to a manufacturing company’s total
environmental impact but still these emissions haeeived little attention in the past. It is not
mandatory in 1ISO14001 to include all aspects obmmgany’s environmental impact, only the
significant ones. For a manufacturing company I#&e€F, the most obvious environmental
problems arise from the manufacturing processfitsetl therefore facility related emissions
naturally receive most attention.

The Swedish Environmental Protection Agency (208ta)es three main reasons why indirect
emissions, such as transport emissions for trabbpging companies, are generally not included
in the EMS work;

e Lack of knowledge that one can, and should, inclundérect environmental aspects in
the EMS.

« Companies tend to focus on issues that traditiprei’e been on the agenda.
« Difficulties to measure indirect environmental aspe
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As mentioned in the introduction, there is curngiatistrong mandate within the SKF organization
to also include transports in the accounting ofssipns and the issue is added to the corporate
agenda. The limitation at this point is connecteditte third reason; difficulties to measure
indirect environmental aspects. This situation higred with many other companies, as the
transport area is rather new in emissions accogintin

There are companies that are able to report traisport related emissions, but the numbers are
often rough estimates and the correctness is diffio verify by an external actor (Swahn 2007).
It is not only the difficulties in measuring emi@ss that is a problem; there is also a question
about responsibility. Transport emissions are ofteanted as indirect emissions since in most
cases manufacturing companies like SKF buy thespram service from a transport supplier. It is
far from evident which actor should take the buraérthe emissions and where to draw the
boundaries of responsibility. One could claim thlaé manufacturing company should be
responsible for all emissions from the whole tramigiion chain, both upstream and downstream.
One could also claim that the company should oelydsponsible for the transports carried out
by company owned vehicles. To which extent shotkl ¢company take responsibility for its
products and the environmental impact they cause?

3.1.2 Where are we? - Environmental Management atk3~

The environmental work within SKF can be describgdigure 3.2 (Axelsson 2007). The a-level
corresponds to the group wide environmental pdicgt the b-level contains all common routines
within the SKF group, i.e. the environmental mamaget system framework. The c-level
corresponds to country level and the d-level todifferent SKF sites within the country. To give
an example; SKF in Gothenburg is a d group. Theljovo the group wide policy and
management system (a- and b-level) but also the kwvd regulations specific for Sweden (c-
level). The environmental work is thus very dependen the country of location and not
primarily divided into the SKF divisions.

Group
Environmental
Policy

Environmental
Management
System

Country level

Site level
EdEd[Ed |Ed

Figure 3.2: The environmental management strucatr®KF. Source: Axelsson 2007.
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All of SKF’s producing units and logistics centene 1SO 14001 certified. The environmental
work on facility and operation level is thereforelivcovered and an existing framework is in
place also for SLS. At the LSC in Gothenburg theSEMork covers four specific areas; waste,
REPA, energy consumption and transports within Swed&xeléson 2007). The transport
emissions are not monitored today, and therefareethre no targets set for this area.

At the LSC in Gothenburg, the environmental worls lh@en focused on following regulations
and monitoring emissions. Improvement work is mdi#ficult to carry out due to lack of
resources; there has not been any specific pergbromly environmental responsibility. Instead
the issues of quality and environment have beerdlbdnby the same person. Generally the
quality issue has received more attention sindea# been more in focus from the customers’
point of view (Axelsson 2007).

The strategic departments are not directly includedhe SKF environmental management
structure. According to UIf Andersson (2007), Eomimental Coordinator at SKF Sweden, most
of the environmental focus so far has been on itee specific emissions which are easy to
measure. He also states that the environmentatdsare not handled in the line organization,
since not all departments are included in the emwirental work. The top management passes the
strategic departments and focuses on specific fastoThe processes not directly related to the
factories might therefore receive less attention.

This is not a problem unique for SKF; accordingtlie Swedish EPA (2003) it is a general
problem for companies that the environmental mamage systems have been developed with a
focus on traditional production sites and not aifirict aspects from processes. Strategic work is
therefore not easy to include in the EMS frame #drallink to the parts in the company who
handles issues such as innovation and developrsemieak. It is difficult to set targets on
decision-making but on the other hand, it is ondtrategic level that the large changes can be
carried out.

On strategic level within SLS, the environmentalrkvbas been limited to a few lines in the
contracts with the suppliers (Ohlsson 2007). ThepBers are required to have an 1ISO14001
certification or “other equal environmental systeffihey also commit to run their trucks on “the
most environmentally friendly diesel available” tifird assumption in the contract is that the fuel
consumption is 3.5 1/10 km. However, the fuel canption level is not set due to environmental
concerns, but of economic reasons in case of inetehuel expenses during the contract period.

The 1SO14001 demand is met by most contracted faieva, at least in Europe, and is generally
not a problem. However, sometimes sub-contractarsn@t comply with the demands and
occasional exceptions therefore have to be made.dbthe few measures taken on the strategic
level leading to less environmental impact is therkwof trying to increase fill rates on the
trailers. Fill rate is a typical “low hanging frliin the transport sector; it decreases both the to
transport cost and the environmental impact atstrae time (Blinge 2007). Even though the
primary goal with improving fill rates has beenremluce costs, it also has a positive impact on
the environment in terms of lower G@missions per tonne-km.

2 REPA is a solution for Swedish companies to meewith their legal obligations of recycling

packaging material.
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When it comes to greenhouse gas accounting SKRFondake past years been able to report its
emission figures for the whole group. A certain @eperformance indicators is being measured
at each SKF site and reported in a special webdbaseironmental database; SKF Compass. In
this way all group emissions are gathered in oaeelThese indicators include direct emissions
from stationary fuel use and indirect emissionsnfrproduction of the electricity and heat that
SKF purchases. Other indirect emissions, suchaaspiort emissions, are not monitored. The
total sum of the accounted greenhouse gas emidsioegorted in the SKF annual report.

In the 2006 annual report GHG emissions were redadid be 419 700 tonnes, measured i, CO
equivalents. Figure 3.3 demonstrates the contdhutif each division. The Industrial and the
Automotive divisions are held, almost equally, @sgible for 98 percent of the total. The Service
division, under which SLS is organized, is heldpmssible for only one percent, about 4.000
tonnes of C@equivalents.

SKF CO2 emissions (2006) divided by division (total 419.700 tonnes CO2)
1%

1%

47% 51%

E Automotive M Industrial
O Service O Others

Figure 3.3: SKF’s C@Qemissions according to 2006 annual report.

The emission chart illustrates the fact that,@@issions from transportation, both person and
freight, are excluded. Adding these sources wouddymmably have a major impact on the total
picture, but without a profound estimation a disiois on quantities is merely speculative. For
personal transports, calculations have been madgng that SKF business travels for 2006
contributed with 23 700 tonnes of gQfive percent of the total emissions) (Johansson &
Mellgvist 2007).

3.1.3 Where are the others?

The induced greenhouse effect and climate change the agenda on different societal levels.
Not the least the corporate world is showing a gmgweoncern for the issue. This is exemplified
by the different business initiatives that haverbé&minched in the name of climate change.
Carbon Disclosure Group (CDP) is a collaborationnefestment institutions. Their aim is to;
“inform investors of the risks and opportunitieseggnted by climate change, and to inform
company managements of the serious concern of #igireholders regarding the impact of
climate change on company value” (CDP 2006). Tagele signatories manage as much as one
third of the total institutional funds worldwide P® 2006). Through a questionnaire the
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responding companies are rated in a Climate Digotod eadership Index, based on their
reporting of GHG emissions and their assessmeatctimate strategy.

Similar to CDP, but on a smaller scale, a Swedisliiance company publishes a climate index
(Folksam 2006). Based on a survey some 50 majoipanias, in terms of size and emission
levels, are rated in accordance to their answerguestions about climate performance.

Dow Jones Sustainability Index (DJSI) is anothéingaworth to mention. For eight consecutive
years SKF has been qualifying for this index thiatsato measure financial results based on
principles of sustainable management (SKF intraféf).

It can be pointed out that ratings like the DJSteheeceived harsh criticism. Porter and Kramer
(2006) argue that the ratings are inconsistenthasueed, and that the response rates of the
surveys are statistically insignificant. In conétusthey state that:

“The result is a jumble of largely meaningless riags, allowing almost any company

to boast that it meets some measure of social respitity — and most do.{Porter & Kramer
2006)

Regardless of the criticism, the ratings have eskatbusiness culture around climate change. So
many actors are becoming concerned by the riskgobfal warming, that even the few skeptics
have to reconsider, since the issue has wide rgngiplications. When SKF, as an actor within
this business culture, is turning to a new custorsastainability arguments is a part of the
company presentation. Most major original equipmergnufacturers, which are important
customers to SKF, also relate to sustainability nvpeesenting their concepts (Olsson 2007).
Companies are probably influencing each other wah&@iming their commitment to sustainability
and climate change. This might lead one to belibgecompanies are more or less side by side in
their ambition to account for G@missions, but that is not the case.

By glancing through a number of company sustaiitghi€ports and web pages, foremost for
companies listed on OMXS30it is apparent that a majority of companies htaken a group
decision on reducing CQemissions. In some cases also quantified redudi#mwgets are
published. Most companies report some,€Mission figures, primarily from stationary sources
There are some that also add their transport emnis¢o the total emission picture. However, the
sources are not always divided which makes it imjdes to identify the emission levels coming
only from goods transports. There are only a femganies that are distinct in this regard and
among them, the level of ambition differs. Somesrbeth inbound and outbound transports are
considered. Some reports emissions from a delingeehraphical region, while others report
only for a specific transport mode.

It can be concluded from studying sustainabilitgams that the external information companies
provide about C@emissions from freight transports varies considgralmterestingly, more
uniform and detailed information is often made &ldé through climate ratings, e.g. the
Folksam climate index.

3 The OMXS30 is a stock market index that lists3Bemost traded stocks on the Stockholm Stock
Exchange.
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3.2 Strategy

In this section the study moves from a backgrouestription to a strategy discussion, as in
figure 3.4.

N
» PLAN » DO »| CHECK |— ACT —
N El als R
Audit Implementation of plan ‘ Analysing results | 1 Improve and i
Where are we? through case study ! take action |

Where are the others? | —m—o~~—7+-—-1

Strateqy
YWhere do we want to be?
YWhao should we tell?

Action plan
How do we get there?
YWhao is responsible?

Figure 3.4: Planning stage, focusing on strategués.

3.2.1 Where do we want to be?

For SKF, not being subject to the EU Emissions ifgdScheme (ETS), COemissions
accounting is a voluntary act. Nevertheless, dieetissions from each site and indirect emissions
from electricity and heat production are covered3iF's GHG reporting (see chapter 3.1.2).
The inbound and outbound transports are the nessaio be covered in the attempt to cover all
company related emissions (Jenkinson 2007).

This focus on greenhouse gases is enforced byE@ Tom Johnston. His pretension of making
sustainability, and especially G@duction, a focus area is pronounced in the dmepart. The
message has also been spread to several emplofieesense that top management is putting the
issue on the agenda (Andersson 2007, Olsson 2Q@nsequently, Johnston gives his mandate
to the SKF Group Sustainabilftto make sure the issue is spread in the organizaoe way
this is done is through a 4 hours training sessionsustainability and climate change, which is
offered the staff (Jenkinson 2007).

The question concerning the motives for being phisactive has to be raised. What's in it for
SKF? In the sustainability awareness training, fimain reasons for the focus on sustainability
management are mentioned (see figure 3.5).

4 The SKF Group Sustainability’s mission is to depestrategies, policies, guidelines and processes

that insures that SKF is able to continuously imprtheir performance in four specific areas;
environment, society, employees and business. fidwpgvas formed 2005 as a response to a increased
interest from stakeholders (Jenkinson 2007).
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- Business opportunities
- Stay ahead of others

- Image

- New laws

Figure 3.5: Motives for SKF to engage in sustaitighiSource: SKF intranet 2007

These motives are quite general and could probablspplied also to other strategic issues, e.g.
quality or innovation management. They simply engitea the importance for a company to
always stay competitive. The idea that climate geapossesses risks but also opportunities for
companies, is discussed in the article: “Competithdvantage on a Warming Planet” (Lash &
Wellington 2007). The authors (representativeshef World Resource Institute) points out six
types of risks that affect and pushes companiessjoond to climate change:

¢ Regulatory risks: Companies are already indirestilyject to the Kyoto Protocol. The EU
Emissions Trading Scheme (ETS) directly regulate&s@&missions from some sector’s
production processes.

* Supply chain risks: Suppliers of carbon-intensivods, e.g. steel, are likely to pass
along its carbon-related costs to their customers.

* Product and technology risks: Low energy efficienayproduction and the finished
products is a shortcoming when energy is costly.

» Litigation risks: Major emitters face the threatlafvsuits, which has been exemplified in
USA.

* Reputational risks: Negative perceptions relatedlitnate change, among stakeholders,
risks the value of the company’s brand.

* Physical risks: Droughts, storms, floods and riseg levels constitute direct threats to a
company'’s assets. Insurance premiums paid on dsseted in vulnerable areas might
very well be increased.

These risks might be valid not only for manufactgrprocesses but also for freight transports.
There is ongoing process for inclusion of aviaiiothe ETS (EC 2007). Regulations, in general,
can make it difficult for transport suppliers whialieady operate with small margins. Most likely
they will pass along higher costs from fuel pricesd tolls, congestion fees, kilometer tax, fuel
tax, CQtax etc., to their customers.

The business interest in controlling &€nissions from all SKF activities seems to be imigg

a competitive advantage. In the risks mentioneckethéso lie some opportunities. Promoting low
friction bearings is one example on how SKF triesghin benefit in the carbon-constrained
future. Moreover, with the concept “Beyond Zero” FSKrgues that its products increases energy
efficiency among customers, and therefore SKF dmutigs to a positive net effect on emissions.
The energy savings among customer balances outsSi# emissions. The concept relies on a
number of assumptions and a major problem willeanbien customers wants to account for their
emission reduction from making investment in SKédurcts.
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Another way to be competitive is by setting andieaing CG reduction targets (SKF Annual
report 2006). In this regard it is important to qtodut that in order to manage it is necessary to
measure. A company needs to first understand tiveass and the levels of its emissions (Lash &
Wellington 2007). After tracking them over time thigks and opportunities can be reviewed.

3.2.2 Who should we tell?

The results from the accounting process could leel s a number of different ways, and the
level of accuracy may vary depending on the intdnge of the information. “When defining the

quality requirements it is important to carefullpnsider both current and future needs and
consider the strategic objectives or goals thatinfi@mation is intended to support” (Palsson
2006). It can hence be important to identify theedse of the information users before the
accounting procedure is decided on.

If transport emissions are to be published in theual report together with the emissions from
the other sources, the figures have to be accusta&eholders might respond to and question the
figures, which SKF then will have to stand up fearthermore, any CQeduction target will of
course be directly dependent on the baseline leviey, confidence in the figures is crucial. A
miscalculation from one year to the next might rairtarget with negative consequences on
trustworthiness in the commitment to sustainability

A high degree of accuracy is also necessary if Bkdiming to further concretize “Beyond Zero”
by supporting the concept with actual figures. Tame goes for the case if SKF is aiming for so
called carbon neutrality by investing in carborsefs to balance the own emissions.

If emission figures are only to be used internélly accuracy becomes somewhat less important,
because the liability is not an issue. One reasomdt publishing emission figures externally is
that transport emission accounting today is soméwstjective in terms of which transports to
include. Since external reporting often lacks tpamency, it can be difficult to compare
companies’ performance. G@missions from freight transports can be a lafdggres of one
company’s accounting but a small share of anotheven though the actual share of transports is
similar. A company who chooses to include a lafygres of all transports might therefore appear
to perform worse than a company who only includsmaller share.

Another reason to not publish emissions externallfo avoid including these emissions in the
overall reduction targets. Stationary sources aremost cases, directly controlled by the
company and reduction targets can closely be fatbwnd implemented by e.g. investing in
better technology. Transport emissions might beentbfficult to reduce without affecting the

service to the customers since there are few sadths transport options available.
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3.3 Action Plan

The background and the strategy have been discuisskd previous sections. The next step is to
make an action plan, see figure 3.6. The two gomestin this section are closely linked and will
therefore be discussed in an integrated form.

TS
» PLAN » DO s CHECK —— ACT —
:. ﬂ <+ L - e
Audit Implementation of plan ‘ Analysing results | i Improve and i
Where are we? through case study i takeaction
Where are the otherg? | ——-—-—--°-"—1 el
Strategy

Where do we want to be?
Who should we tell?

Action plan
How do we get there ?
Wwho is responsible?

Figure 3.6: Planning stage, focusing on the actien.

Since an increasing number of companies believedgieenhouse gas accounting is important,
standards have been developed to facilitate theuating and reporting of such emissions. This
is especially important for large companies withngn@roduction sites and different ownership
structures. To draw company boundaries and malka cteitines on how to report and which
method to use is important in order to get reliasiswers from all parts of the company.

One of the most common standards within greenh@ase accounting and reporting is the
Greenhouse Gas Protocol. This is the standard Si§€éen using so far for their greenhouse gas
monitoring. The Greenhouse Gas Protocol is a pasttife between the World Resources Institute
and the World Business Council for Sustainable Dpraent. The goal is to “develop
internationally-accepted accounting and reportitemndards for companies and other entities to
report their GHG emissions” (GHG Protocol 2007).

ISO also presents a standard for accounting anottireg of GHG emissions; 1SO14064. For a
company already committing to other 1ISO standattus,|ISO standard on GHG reporting might
seem preferable. However, the 1SO14064 is dirdutiyed on the GHG protocol, and therefore
there are only few differences between the two ii8pgle 2004).

The result from this study is supposed to servthadasis for discussion about calculations of
greenhouse gas emissions from freight transpor8Két. Since SKF is currently using GHG
Protocaol, this report will follow the GHG Protogmtocedure. This is only used as a frame for the
discussion about the general procedure and is xdusive. Similar working procedure is
described in e.g. GRIISO14064 and DANTESIn the following sections the steps in figure 3.7

> GRI; Global Reporting Initiative, an organizatishich has developed a commonly used sustainability

reporting framework.
DANTES; an acronym for Demonstrate and Assess Neols for Environmental Sustainability, a
project financed by the EU.
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will be described as well as the choices one néedsake within each of the steps. This will
work as the stepping stone for the case studieghioh the choices made will be analyzed in
guantitative and qualitative terms.

Identify Sources

Select Calculation Approach
Collect Data

Apply Calculation Tools
Roll-up Data to Corporate Level

agrwONE

Figure 3.7: The Greenhouse Gas Protocol proced8mirce: GHG Protocol 2007

3.3.1 Identify sources

In the GHG Protocol the environmental impact isidid into three scopes. Scope 1 includes
direct emissions from sources owned or controllgdtie company. In Scope 2 the indirect

emissions from electricity and heat production ereduded. These two scopes are currently
covered by SKF, as mentioned earlier. In the tlscdpe other indirect emissions, such as
transport emissions from contractor owned vehiates)d be included as well. According to the

GHG Protocol working procedure, scope 3 is optibaal therefore a company could choose to
not report on any indirect emissions or to choose or several areas to focus on. Hence the
guideline leave room for the individual companiesntake their own choices on the level of

responsibility they wish to take.

The scopes are designed so that no double countiamissions should occur for scope 1 and 2
between companies. Only one company should betal@decount for emissions within the same
scope. However, for scope 3 double counting migitun The GHG Protocol gives no direct
guidance on how to set boundaries for scope 3,f@nttansports double counting is probably
rather common. Companies often set out to incluth mbound and outbound transports and if
all companies in the supply chain do this the sdnransport emissions will be several times
higher than the actual one. However, scope 3 ismgpbosed to be used to compare companies or
to add up information, so double counting might heta problem if the results are used in the
correct way.

Even though it is not crucial to avoid double cangtfor scope 3, operational boundaries need to
be set so that all parts of an organization ussdinee accounting procedure. For the case of SKF,
transports are clearly a scope 3 emission since €K does not own any transport carriers.
However, it needs to be decided which of the compatated transports that should be included
in the responsibility of the company.

" The entire concept of GHG accounting is voluntitgwever, scope 3 is optional in the sense that it

not required in order to report a GHG inventoraatordance with the GHG Protocol Corporate
Standard.
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For facilities the organizational boundaries w#cie to which extent the company account for
emissions. The responsibility of the emissions @ased with the facility can be divided
according to two approaches: equity share or cbafproach. For the equity share a company
accounts for greenhouse gas emissions accordimg éguity in the operation and it thus reflects
the economic interest. In the control approachctapany chooses to account for the emissions
from the processes of which they are in controkdher operationally or financially. The control
approach is used for SKF’s current greenhouse gasiating.

These above mentioned approaches cannot directiabsferred to a process such as transports
since the legal terms do not quite apply, but alaimthinking might be useful. Below are a few
examples of how boundaries can be set for trangguissions followed by a discussion of the
advantages and disadvantages for each option.

Option 1; SKF only includes the transports that SKF buys f®Io$, i.e. external goods will not
be included in SKF's accounting.

e Advantages:
0 This excludes the emissions that external custotne®4 S create.
o It will avoid double counting
o0 Relatively easy to gather the information needed.

« Disadvantages:
o Does not reveal the total impact of the companiyidies.
o0 Emissions can easily be lowered by changing termsletivery. A
delivery currently carried out by SLS could be dajedhinto another Inco

ternf, e.g. ex-works or FOB where the customer take® drthe
transport instead, entirely or partly.

Option 2; SKF includes all transports that SLS buys fromgpeomt companies, i.e. also external
goods will be included in SKF's accounting.

* Advantages:

0 This option reflects the reality of the total SL8smess better than
option 1. Since SKF AB owns SLS to 100 percent, 3idize full control
over SLS. It can hence be claimed that SKF shoddcbmpletely
responsible for the emissions that their daughtenpany creates, since
they also can take part of the financial benefith 8LS having more
customers.

0 Relatively easy to gather the information needed.

» Disadvantages:

o0 Double counting will occur if the external customewnould like to
account for their share of the transport emissions.

o Emissions can easily be lowered by changing tefrdelovery.

® Inco terms; Standard trade definitions relatethéorights and obligations of the parties to thet@ct.
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Option 3; SKF includes transports in both upstream and dbeas supply chain. For SKF this
would mean the transports from the suppliers tdfdhtories and the transports from the factories
to the customer no matter who is the actual buféreotransport.

» Advantages:

0 Reflects a vision to take responsibility for SKRt&al environmental
impact which could be beneficial in stakeholdeatiehs.

0 SKF can indirectly control the inbound transports dither choosing
suppliers placed close to the production faciljtiemking the transport
distance shorter, or by placing demands on thelguppo choose more
environmentally friendly transports.

» Disadvantages:

0 Transports not purchased by a SKF unit, e.g. musbund transports
and some outbound transports where the customedidsathe transport,
are difficult to get information about. It mighteiefore be both difficult
and time consuming to cover all transports.

0 Administration within the company can be difficidince it is not
necessarily the same company or part of the grbap handles both
inbound and outbound transports.

o0 Double counting will most likely occur since thepglier might want to
account for the transports he/she buys.

o It might be difficult to set uniform boundaries evhich transports to
include. If inbound transports should be includedaybe also the
previous transports in the early supply chain sthdyel included.

Today there is no general rule on which approaalstg even though it could be argued that only
outbound transports should be included since itanake division of responsibility between

supplier and customer more distinct (Backstrom 20086 matter which approach used, it is of

importance that the boundary is clearly statedhst the accounting is done in the same way
throughout the company. Clear boundaries are adsuled to make comparisons of emissions
over time.

3.3.2 Select Calculation Approach

There are basically two ways of calculating emissifrom road transport; calculations based
directly on fuel consumption or calculations based transport activity (IFEU 2005). The
alternatives can be seen in figure 3.8. In the doelsumption alternative, the fuel consumed for
the transport in question can simply be multiplisdan emission factor for the fuel (kg @I0of

fuel) as in 1) below. This method is preferablesifew assumptions need to be made, especially
if only unregulated emissions are considered sategnical balance can be used to calculate the
emission factor (see section 2.3.1). However, ttaetefuel use can be rather difficult to collect
for transport buying companies.
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Calculation approaches
1. Fuel based{Liter of fuel) x (kg CQ/ liter of fuel) = kg CQ

2. Vehicle-km based{Number of vehicles) x (km one way) x (I of fuel/km
x (kg CO/l of fuel) = kg CQ

3. Tonne-km based{l of fuel/lkm) x (kg CQ/I of fuel) * (tonne-km) /
[(Cargo capacity of the transport) x (fill rate)kg CO,

4. Tonne-km based - simple cas€tonne-km) x (default value for kg
COy/tonne-km) = kg CQ@

Figure 3.8: Calculation approaches.

In the method based on transport activity, e.gnéskm or vehicle-km, more approximations
need to be made but on the other hand the infoomatbout transport activity is usually easier to
collect. The data needed to calculate tonne-kiim if)e simplest case, the weight and distance of
the transported goods as in 4) above. There arsyptd default values for emissions per tonne-
km that can be applied. However, important to retmemis that these default values are based on
specific fill rates. To get an accurate result specific fill rate for the actual transport shoblel
used as in 3).

Since transport activity often is chosen as a perémce indicator for transports, it is important to
understand the underlying mechanisms behind themnd-km is often used but it is a somewhat
tricky parameter. A changed number of tonne-kmds mecessarily going to change the actual
emissions of CQ Improved fill rates can for example increase tlenber of tonnes on each
vehicle, and hence the number of tonne-km, witlobiginging the emissions. To instead base the
calculations on vehicle-km reflect the reality bettvhen the transport is done by dedicated
vehicles. In this method the number of vehicleheathan the amount of goods is taken into
consideration, as shown in 2).

3.3.3 Collect Data and Choose Emission Factors
In this section, the input data needed to perfdrencilculations will be discussed.

3.3.3.1 Background to default data

For exact emission data, it would be preferableditectly monitor the emissions for each
transport by measurement equipment on each cangiercarhis type of measurements does
exist, e.g. on some of the large seagoing vess$as.road vehicles, measurement of fuel
consumption by technical equipment is rather comritmwever, for large transport systems, it is
difficult to use situation specific information felach transport. Even though the supplier might
have quite specific data, it can be difficult togezgate and pass on the information to the
transport buyers. For mapping an entire transpates, it is therefore common to use default
values instead of specific data. This will giveead accurate result, but facilitates the accounting
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process considerably. A general rule is to findatibn-specific data to the extent possible and
then use default data when needed (NTM 2007).

Emission factors

Carbon dioxide emissions from transports can béded into immediate emissions from the

tailpipe during the actual use of the vehicle amel thore indirect emissions from other parts of
the lifecycle of the transport system. The tailpgmissions of carbon dioxide can be calculated
from the direct chemical relationship as shownectisn 2.3.1.

The indirect emissions include emissions createdinguthe extraction, refinement and
transportation of the fuel itself. Also the capigalods, i.e. manufacturing of vehicles, building of
roads, maintenance of vehicles etc. can be inclullddecycle perspective ensures that no part
of the environmental load of the process is negtb¢Blinge et al. 1998). It becomes specifically
important when accounting for transport modes wlifferent propulsion e.g. electrical rail and
road transports, or different types of fuels, digsel and ethanol.

In the case of diesel, the indirect £&nissions from heavy duty vehicles can be estimaied
about 5-15 percent of the direct emissions fromftred (IVL 2001, IFEU 2005). Figure 3.9
shows the relative energy consumption from differgtages of the diesel fuel production. A
comparison is made to electricity productiowhere the end use contributes to a comparatively
small share of the total. This indicates why aclfde perspective can be important when
comparing transport modes.

Energy consumption over the total chain for diesel fuel and electricity

100% Extraction,

«— . ——
processing+transport

90% Conversion

Transport diesel —’»*’
80%
70%
60%
50%
End energy use
40%
30% - I __|Transformation
electricity
20%
End energy use

10% -

0%

Electricity Diesel
Note: Schematic presentation IFEU Heidelberg 2005

Figure 3.9: Energy consumption for diesel and eleity. Source: IFEU 2005.

°  The allocation of energy consumption to the défe phases is dependent on the type of electricity

production. An energy efficiency of 30-40 percexdt,in figure 3.9, is normal for e.g. coal-fired Eyw
plants.
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Capital goods, i.e. manufacturing and maintenafaeloicles, roads, rail etc, is more difficult to
include. Most studies do not include them for ressof feasibility (Baumann and Tillman 2004)
and this is also the reason why it is not inclugtethis study. However, a recent study shows that
capital goods could contribute to around 18 perednfreight transport’s total emissions of
greenhouse gases (Frischknecht et al. 2007).

Fuel and electricity consumption

For road transports, it is difficult to calculate measure the exact fuel consumption for each
single vehicle and engine type. To make it eadiee, vehicles are divided into different
categories. Each category of vehicles can thensbanaed to have the same fuel consumption.
The fuel consumption will of course differ deperglion a variety of reasons and is not only
depending on the size of the vehicle. Some of thetroontributing factors are discussed below.
These factors are normally included in the defaalues, which are thought to describe the
“normal” driving condition.

* Road category: Urban, rural or highway driving wveiffect the fuel consumption and the
amount of regulated emissions. Urban driving nolynaquires more fuel per km since
there are more starts and stops and more idling.

* Vehicle load: The load is often a large part oftibtal weight for heavy duty vehicles and
has a substantial influence on the fuel consumpfitre relationship can be assumed to
be linear, with a 30 percent difference in fuel mamption between an empty and a full
truck (NTM 2007).

e Gradient: Flat, hilly or mountainous landscape vaffect the fuel consumption in
different ways. The fuel consumption for drivingarhilly landscape can be estimated to
ten percent higher than driving in a flat landscdp&U 2005).

» Driving conditions: The fuel consumption varies deg@ing on vehicle speed. To get a
realistic value, the different speeds during aagisé should be taken into consideration.
However, this is not always feasible and averageedpcan be used instead, with a
somewhat less accurate result. Another impact emebult is the driver’'s behavior when
driving. Eco driving, i.e. driving in a more fuelning manner, can reduce fuel
consumption with around 10 percent (Swedish RoaahiAtration, 2007).

e Tire pressure; Low pressure in the tires can irsgdael consumption with about two
percent (NTM 2005).

Estimations of carbon dioxide emissions from seadports are more difficult than for road
transports, since each vessel is built as an iddaliwith specific characteristics. Again, the best
method to find the carbon dioxide emissions wouddidn find out the specific fuel consumption
for the transport, but since this can be diffigdheral numbers often have to be used.

Vessels are often categorized into following groupsies, general cargo vessels (RoRo, LoLo
and container ships), bulk cargo vessels and tankeEU 2005). Each group can be allotted an
energy consumption factor which is multiplied wéth emission factor for the fuel to get the final
emissions. However, the calculations for sea tramsgan differ significantly depending on the
carrier classification and the choice of allocatioethods. The fuel consumption will of course
also be dependent on e.g. weather conditions, wanesurrents.
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For railway the transports can be carried out llyegielectricity or diesel trains. For electrified
railway the electricity production is important teclude. The energy consumption will vary
depending on e.g. the gross weight of the trainteetlength of the train, and the gradient of the
tracks. A division depending on cargo type can &lsomade, e.g. bulk, average and volume
goods (EcoTransIT 2007).

Air transportation can be calculated by differetntig the takeoff/landing part from the cruising
part (NTM 2007). The cruising emissions will depemd the distance and the takeoff/landing
emissions will be constant no matter the flightatise.

Allocation

Allocation is a crucial parameter for all transpamdes and it will significantly contribute to the
results. In default values, such as g-@@ne-km, specific allocation decisions are oftaplied.

In order to make a calculation as accurate as Iplessi is therefore important to be aware of the
assumptions behind the default values since thghtmot be relevant for the situation specific
case. There are a variety of different ways aliocat can be made, and no strict rules are
established (Backstréom 2007). Different transpoddes or situations might require different
allocation methods. However, one thing to remenmmematter allocation method; all emissions
should be dedicated to the cargo itself, not toctirgo carriers (NTM 2007).

Physical measurements, like weight or volume, ararnonly used and the choice of which one
to use is preferably made based on the limitingpfaaf the transport; if the transported goods are
heavy, the weight will set the limit and hence editon based on weight is the most logical
choice. However, it can get tricky when both voluarel weight goods are transported on the
same transport. In those cases, a translationrfeatobe used to relate volume and weight goods.
In Europe a general calculation rule for road tpamts is that one cubic meter corresponds to 333
kg (Schenker 2007). If using a translation factiog, fill rate can thus exceed 100 percent.

Lane meter allocation is another method which mmonly used for RoRo vessels, since this is
the limiting factor. For container vessels, e.gUfEcan be used. For ferries carrying cargo and
passengers, the allocation might not be as stfaigidrd since the limiting factor can be
indistinct. One option is to allocate based onrthmber of decks, and then allocate the emissions
per deck on the weight or lane meters (Backstr6@v R0

Another question concerning allocation of goodsdsv the positioning of the cargo carrier
should be included. To include positioning implibsit the buyer of the transport should be
responsible not only for the purchased transporhfpick-up to delivery location but also for the
transport of the cargo carrier to the pick-up laratOften the carrier performing the transport is
not located at the pick-up location at the timett@sport is ordered, but needs to go to the pick-
up location empty or with only a smaller load.

However, it is generally difficult for the custonterknow what happens before the carrier arrives
to the pick-up location. One solution is to ask tupplier for the data on filling rate for the

transport to the pick-up location. Another solutigrich can be significantly easier, is to add 50
percent of the total distance of the bought trarts@¢éTM 2007). This number is based on the

10 TEU= twenty foot equivalent unit (the space thatandard 20 foot container occupies)
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assumption that the transport to the pick-up locatias a fill rate of 50 percent and hence the
transport buyer should take responsibility for ¢inepty half of the positioning distance.

Whether to include positioning distance or notnithe end a question about responsibility. Since
the transport buyer has no control of these tramspthey have no possibility to directly
influence or improve the positioning part of thansport. For SKF, where fill rates have been
highly prioritized, an addition of 50 percent tetemissions only due to positioning would not
show the true efficiency of the SKF dedicated nekwdt could be argued that the transport
suppliers are responsible for choosing customera may that optimizes their total transport
system (Lumsden 1998).

However, there are some basic inequalities in thesport system for which the transporters
cannot be held responsible. Some countries expané than they import, and thus the problem is
deeply rooted and cannot be handled by individwsivérders or haulers. But the system
inequality is not the only reason for the ineffiaig of the transport system. On average, one out
of four trucks drives empty (Blinge, in Chalmers ddain, 3/4 , 2006, p.10) .The solution to this
problem is probably not to blame either the tramspayer or the supplier, but rather open up for
discussion on how the problem could be solved. uestion of positioning distance will not be
discussed further, but could be kept in mind fotufe discussions between SKF and their
forwarders. Better forecasts on the transport delhmight help the forwarders to increase the
overall efficiency.

For dedicated vehicles the allocation procedure lmarexcluded since the emissions of ,CO

basically only will depend on the total weight, thehicle type and the engine power. The number
of vehicles is the more important issue to basectdeulations on and therefore no allocation
problem arise apart from the positioning questibaor non-dedicated transports, the optimal
solution is if the transport supplier provides datafilling rate. This can however be sensitive

information since it can reveal the company stiatég such case, default filling rates can be
used. As an example European road transports casdwened to have a fill rate of 70 percent
(NTM 2007).

Vehicle operation distance

The vehicle operation distance is an importantofagt the calculation of transport emissions.
However, to find out the exact distance for eveansport can be difficult and time consuming.
Seen from the transport buyer’'s perspective, tstadce can be estimated by internet tools, e.g.
ViaMichelin, but it is difficult to know if this vime corresponds to the actual distance. In
dedicated networks in which a company buys the hmrgo unit from the supplier, it is
generally easier to make assumptions since theocaiti be transported according to the
transport agreement. For non-dedicated transpiorten be a lot more complicated. Transport
suppliers often use consolidation of goods as anmeéincreasing the efficiency in the overall
transport chain. The customer’s goods could bespramied via a consolidation point that will
make the total distance significantly longer thiam $hortest distance between the pickup location
and final delivery location. This parameter can dificult for the customer to take into
consideration, especially for non-frequent trantpofhe best solution would be if the vehicle
operation distance could be provided by the suppbat if this information is not available
estimations need to be done. Methods on how tolbattidtance for non-dedicated transports
have been described by e.g. NTM (2007).
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Level of detalil

For the four input data categories discussed saafahoice has to be made on how detailed the
input data should be. A transport calculation camiade simple or complicated, depending on
the needs of the information user. A trustworthguit is important, but the concept of
trustworthiness is somewhat subjective. A choice teabe made on what is a “good enough”
result. This depends on the intended use of thdtres discussed in section 3.3.2. If it is only
voluntary accounting the result does not need tabexact as it needs to be when used for
regulative purposes.

Depending on where in the logistics chain the camipia placed, the possibility to get exact

results differs. A hauler is in direct control dfettransport and could therefore provide very
detailed information about distances and fuel udageach transport. The forwarder might be

able to receive the exact data from the haulerabgtegated data is probably more convenient to
handle. For the transport buyer it might be diffic@ handle each transport separately, even
though this data might be provided, and some gématians might be needed due to the

complexity of the transport systems. Also, for saort buying companies, the collection and

interpretation of data cannot be too demandingnie &nd resources.

3.3.3.2 Collection and quality of data

In the existing standards, e.g. the ISO14000 settese are requirements on data quality but
little or no guidance on how to practically perfodata collection to ensure data quality (Palsson
2006). This makes it difficult both to compare aratify results and is therefore a main problem
in the attempts to measure transport emissionst{$®&a07). The collection of data for transport
emissions for a transport buying company can bkgibe performed in two ways; relying on
transport information from the own organizationasking the contracted transport suppliers for
it. If the transport suppliers are asked for infatimn, it must be decided which level of
information the company wishes to receive. One @&g,, ask for the total greenhouse gas
emissions and let the supplier do all the calooiteti The total emissions are then just the addition
of the numbers received from the suppliers. One alano choose to only collect raw data on
transport activity, e.g. number of trucks, distarered fuel consumption, and perform the
calculations within the company.

As stated earlier, situation specific data showddubed if possible (NTM 2007). Logically, the
transport company should be able to provide madretson specific information, but in reality
this can be difficult even for the provider of thervice. The pros and cons with the different data
collection methods will be discussed in chapteresg a transport system is mapped. The quality
of the data will also be addressed.

3.3.4 Apply Calculation Tools

There are several different calculation tools tbamh be used for greenhouse gas accounting.
When following the GHG Protocol standard, the toskd is not so important. There is a
recommendation to use the GHG Protocol’s own tobld, this is optional. GHG Protocol’s
specific tool for mobile combustion is very generdlich makes it easy to use but on company
level it might not be the most convenient methodcofmpany could easily develop an individual
tool that better suits their specific needs.
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It is also common that companies already have siype of database in which environmental
information is handled. It could be beneficial belude all emissions in the same system. Such a
system will decrease the overall costs since tlewtding process will be better structured. It
will also ensure better quality of the environmérntdormation since all calculations will be
based on the same set of data. (IVL 2002)

3.3.5 Roll-up Data to Corporate Level

In the GHG Protocol there are two basic approathésndle the accounting of emissions within
a company; the centralized approach and the dedieett approach. In the centralized approach,
activity data is collected from each site and thia calculations are carried out on corporate
level. In the decentralized approach each site métheir own calculation and only reports the
total emissions to the corporate level. A benefithwthe centralized approach is that the
responsible person often has more knowledge inetingronmental field. However, on the
decentralized level the staff might be more awdrehe actual situation at the specific site.
Important, especially for the decentralized apphoas that a general, companywide, guideline
exist to ensure consistency (Erlandsson 2006).
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4. Mapping a logistics system

This chapter is devoted to the do-phase, see figute and hence C{emission calculations
based on the discussed methodology will be peridifiorea delimited transport system.

N
» PLAN + DO »| CHECK |— ACT —
S Eln als R
Audit Imple mentation of plan ‘ Analysing results | 1 Improve and i
Where are we? through case study ! take action |

Where are the others? | —m——

Strategy
YWhere do we want to be?
YWhao should we tell?

Action plan
How do we get there?
YWhao is responsible?

Figure 4.1: The do-phase, with focus on implemémtadf the plan.

4.1 System description

In the 1980s SKF's European distribution structdiféered compared to today’s set up. There
were 18 local and seven international factory wamsks, located close to production sites
(Toepfer 2007). The transports between warehousgs Wased on deliveries with full trucks,

which often caused long lead-times for some pragusince trucks waited on the pick-up

location until fully loaded. Hence the system contd meet up with customer’s requirements for
short lead-times, which led to the discussion ahaping it into the so-called New European
Distribution Structure (NEDS). (Axelsson and Dati$g\1999).

A crucial sub-component of NEDS was the Daily Tmors System (DTS) which organizes the

European logistics activities for outbound transpore. transportation of finished products to

final customers. DTS became operational 1992 amdeor to be successful considering all

objectives were fulfilled, i.e. improved delivergrsice to customers, reduced inventories and
reduced distribution costs (Axelsson and Dahlq#99). The nowadays mature DTS relies on
the strategic cornerstones listed in figure 4.2.
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The DTS logistics strategy:

» Dedicated and reliable service: dedicated traffreg attention to
reliability and speed.

» Cost effective concept: cross-docking at hub, gj\shorter lead-
times, lower costs and better frequency.

» Fixed timetables: departures and arrivals includin-operations are
scheduled.

» Dalily deliveries: most markets are served daily.

» Door to door service: goods are delivered fromgateto customer.

» Short lead-times: 48 (72) hours across Europe.

Figure 4.2: The DTS logistics strategy. Source: $ttFanet 2007

The DTS distribution structure includes transpdretween a number of international and
domestic hubs (terminals) that connect SKF productites with the customer markets. The
system is being demonstrated in figure 4.3.

@ L=Coand EOC

International
O hut

Domeztic
hdl hut

Lbay, Factories

Figure 4.3: The Daily Transport System. The pictereomewhat incomplete since
a number of production sites are not shown. SouB&d- intranet 2007

The European Distribution Centre (EDC) is the raglovarehouse for Europe. It is located in
Tongeren (Belgium) which belongs to a European aoea with a high level of ground transport
infrastructure and some major airports and harfdifkamp et al. 1998). With a great storing
capacity and a large number of order lines (5 &nnually) the EDC has the main task to
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serve the aftermarket, consisting of a large nurobeustomers ordering smaller quantities (SKF
intranet 2007). Examples of such customers arderetand car repair shops (Olsson 2007).

The DTS also contains four so-called Logistics ®enCenters (LSC) located in Gothenburg
(Sweden), Schweinfurt (Germany), St Cyr (France) Amasca (Italy). These warehouses are all
positioned close to production sites and thus d#86 have responsibility for consolidating

goods from specific factories. Compared to the ED@, number of order lines at the LSC are
much less (around 300 000- 500 000 per year) (SKFnet 2007). However, since most
customers are original equipment manufacturerg, rtieeke fewer but larger orders, the annual
shipping volumes are in general larger from the Ic®@pared to the EDC.

Apart from the hub at EDC and the hubs at the (&€ there are two international hubs located
in Helsinki (Finland) and Vienna (Austria). Thesmwever, are not operated by SLS but are
outsourced to another third party logistics suppkdl hubs function as goods consolidation and
deconsolidation points. The goods are cross-dockkith means it is instantly reloaded from

incoming to outgoing trucks. This of course delsrtihe need for building up stocks (Lumsden
1999), and consequently hubs are not considerbd wearehouses.

There are also around 30 domestic hubs in Europehviifl the purpose of serving the customers
in the country of location. These hubs are notudet in the DTS and neither are they operated
by SLS but by other third-party logistics providers

The delimitation of DTS is further explained byug 4.4 which illustrates the various ways that
goods can be transported from factories to custemgfS is captured within the shaded area.
Hence transports from factories to internationddshas well as distribution from domestic hubs
to customer, Freight to Customer (FTC), are notushed in the DTS. Within the DTS the
specific goods can be transported to and fromniatéonal hubs but always exit the system in a
domestic hub to become a FTC reaching the fingboosr.

Production site/
Factory warehouse Int. hub Int. hub Int. hub Dom. hub Customer

Figure 4.4: Distribution of goods from a SKF prodioa site to a customer.
The shaded area sets the DTS system boundary.

Every hub within the DTS is physically connectedtbg flow of goods which completely relies
on road transports, purchased from about 30 diffei@warders. The trucks can be either Full
Truck Load (FTL) or Less than Truck Load (LTL). FTilucks are fully dedicated, i.e. they only
carry goods for SLS and operate according to thet TS timetable thereby going direct from
hub to hub. LTL are used for smaller shipments wH&tS buys a share of the truck’s loading
capacity. By necessity this goods need to be addptéhe overall transport assignment of the
forwarder. Ferry transports are used when necegsgnbetween Scandinavia and the continent
or for crossing the Baltic Sea.
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Being a part of a global logistics system the D$3niore or less linked to other transportation
networks organized by SLS or its business partidrsse are:

» Freight to customer: distribution of goods from dstic hubs to customer.
« Global air freight program: air freight serving wbmarkets with a 72 hour lead time.

» Global sea freight program: ocean going vesselsrggworld markets on a weekly time
schedule.

« Regional transport systems: the equivalence of @p&rating in other regions. SKF
serves customers in 170 countries world-wide.

e Supply chain transports: material supporting transpgoing from suppliers to SKF
production sites, between SKF production sites, @hdourse from production sites to
hubs.

4.2 Assumptions

In order to map the CQOcontribution from the DTS, a number of assumptioasge to be made.
These are explained in the following section.

4.2.1 Method

The emissions from SKF's goods transports cleaalis funder scope 3 in the GHG Protocol
approach since all transports are carried out Imgractor owned vehicles, either owned by the
forwarder or its sub-contracted hauler. For thisecanly the outbound flow of finished products
is included and the specific focus is on the DTS.

The emission factors are based on NTM, NetworkTi@msport and Environment, which is a
Swedish network with the aim of creating a commardegline for how the emissions from
transports should be measured. NTM is not itseifopming any scientific studies on transport
emissions. Instead they update the data accordimghat they consider the best available data at
the moment (NTM 2007). Right now the data for rtrashsport is based on the HBEEAeport,
which was made in collaborations between authariteGermany, Austria and Switzerland. The
data will be updated according to the ARTEMIS pecojerhen the report from this project is
released. ARTEMIS is a project within the Europé&hrion with the goal of creating a common
guideline for transport emission calculation wittinrope, and therefore has a good chance of
becoming the standard for emission calculationk boSweden and the rest of Europe.

This choice of default data will exclude unburnedbon and neither will it include a lifecycle
perspective. Since other greenhouse gases frospwas have a minor contribution, only carbon
dioxide is included. The emissions are calculatedin excel sheet designed for this specific
study. The method behind the calculations is basebloth the GHG Protocol and NTM with the
emission factors adopted from NTM.

1 HBEFA = Handbook of emission factors for roadgort
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4.2.2 Transport activity data for road transports

The transport activity data used for calculatiorCa), emissions from the DTS network is based
on the TRMS system, which is the transport datéesygor SLS. A file called “trip specification
list” was extracted from TRMS and manually modifieg the authors of this report. In the trip
specification list following data relevant for thésudy could be extracted; number of vehicles,
maximum cargo capacity (kg) per vehicle, and kgadds per vehicle.

The maximum cargo capacity shown in the trip spestibn list was unfortunately not the
maximum cargo capacity of the transport but rathermaximum capacity that SLS has booked
in advance with the forwarder. The actual typerafi$port is normally a tractor and trailer with a
total maximum capacity of 24-26 tonnes. In the Nd@iMsion of vehicles, the European standard
semi-trailer is assumed to carry 26 tonnes. Theeettwe fuel consumption factor for a 26 tonne
trailer is used. However, in the SLS data the maximveight is 25 tonnes in most cases why this
is the maximum weight used as a basis for fill egmations.

In two cases the transports are carried out byrathigicle types than tractor and trailer. One case
is the transport between Gothenburg and Helsinkghvis often carried out by a lorry and trailer,
which has a maximum capacity of 36 tonnes. Therathse is the small distribution truck used
for express transports between Tongeren and Rahigh was assumed to have a maximum
capacity of 3 tonnes (Toepfer 2007).

For the full truck loads (FTL), the number of vdb&ghas been used as a basis for the calculations
since the total cargo capacity on the transpobdaght by SKF according to the transport
agreement. The fill rate has only been consideoeddlculating the fuel consumption, which is
supposed to be a linear function between the fuiesemption for an empty truck and a full truck
(NTM 2007). The values for RGuy and FG, depend on the vehicle size and will hence be
different depending on if the vehicle is a tracteth semi-trailer, a lorry with trailer, or a small
distribution truck. Of course it also depends omvbkhicle type, i.e. brand, engine etc., but is thi
study the specific types are not considered.

For the less than truck loads (LTL), tonne-km wasdias the basis for calculations. In this case
the average fill rate was approximated to be 7@gudr which is a NTM recommendation for
average European transports (NTM 2007). The distmace taken from the distance table SLS
uses, which is derived from a distance calculatiool (Toepfer 2007). In figure 4.5, the
calculation approaches are summarized.

Calculation formulas

Fuel consumption: FC = FGupy+ (FGui - FCompry)*fill rate

FTL - Vehicle-km based:
(Number of vehicles) x (km one way) x (FC) x (kg £1@f fuel) = kg CQ

LTL - Tonne-km based:
(FC) x (kg CQJI of fuel) * (tonnes-km) / [(Max cargo capacity wansport) x (fill rate)] = kg CO

Figure 4.5: Calculation formulas
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4.2.3 Transport activity data and calculation methds for other modes

Three other transport modes will be discussed;tsdea, air and rail. Short sea transports are a
part of the DTS since some relations require @, &ransports from UK or Sweden. The air
transports are not included in the DTS at all,wilitserve as a point of reference on the relative
emissions from different transport modes. The datmn method for rail transports will be used
in one of the case studies discussed in sectionThd sea, air and rail calculations are not as
detailed as for road transports.

For short sea transports, the data on transparvitgovas based on data from the DTS distance
list (number of km) and the TRMS file (humber ohtes). Data for RoRo ships was collected
from DFDS Torline (Nilsson 2007). Total fuel consution per km, average fill rate (based on
lane meters), and maximum cargo capacity were gawehtogether this resulted in 43 grams per
tonne-km. For ferry transports, data was taken ftbenStena Line’s homepage. Allocation was
made by first dividing the emissions by the numtifedecks. For the freight decks the remaining
emissions were allocated by lane meters accordittvl guidelines.

For air freight, the data on transport activity viased on data from the air freight suppliers. The
data covers the total transports within the glabafreight program during the first two quarters
of 2007. The distances were taken from the web*siteld airport codes” (2007). In some cases
the exact airport code was stated in the suppéita.dHowever, sometimes only the departure and
destination countries were stated. In those casesairport in the capital city was chosen for the
distance calculation. For air transports, a disaioc circulation before landing can be included.
However, since no detailed information about thecfjr flights was known, this was not
included.

The airplane types were not known, and thereforeettdifferent planes from different size
categories were chosen for the calculation. Thém®epypes were chosen since the suppliers, on
their homepages, stated that they use these tyjiés 2007, Kuehne and Nagel 2007). This
does not mean that these are the actual airplased for the SKF transports, but gives an
indication that these are commonly used planefdaght transports.

The emissions are calculated according to the NTihdiadines for air freight (NTM 2007). As

discussed earlier, the emissions are divided o parts; constant emission factor (CEF) and
variable emission factor (VEF). The CEF correspodihe high fuel usage during takeoff and
landing and the VEF corresponds to the fuel useaguhe cruising. The emission factors depend
on plane type and fill rate. Since also the fitesawere unknown, two different fill rates — 50 and
75 percent — were used for each plane type. Theuiar for the total carbon dioxide emissions is:

Total CO, emissions [kg] = CEF [kg] + VEF [kg/km] x distangkm]

The rail transports in this study are mostly cargeit in Germany (see section 5.1) by electrified
rail and hence only this is discussed. The mettaagols taken from EcoTransIT, which is an
environmental load calculator developed by IFEWdmporation with several rail companies in
Europe (IFEU 2005). This electricity consumptioragsumed to be dependent on the weight of
the train set and the gradient of the tracks. Tiéssions from the electricity consumption are
based on the national electricity mix in each coumtr, when data is available, the specific
electricity for the rail transports. These details listed in IFEU (2005).
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4.3 Results

4.3.1 Daily Transport System

The total emissions of Gor the DTS system week 1-26 2007 were 4 837 tonhadich

4 408 tonnes originated from the FTL transports 428l tonnes from the LTL transports. For one
year the emissions are approximately twice of this, 9 674 tonnes. It is not an obvious
approximation that the emissions for the last twarters will be the same as for the first two
guarters. Hence the number for the whole year shioellseen merely as an assumption. However,
for 2006, the first two quarters represented 5Xquarof the total amount of goods transported
during that year (SKF intranet 2007), which suppdite assumption. Figure 4.6 shows the
distribution of emissions for the FTL relations.d&scription of the relations can be found in
appendices 6 and 7.
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Figure 4.6: Distribution of emissions between tiid_Felations.

This result might be misleading since relationshsas GOTG (Gothenburg-Tongeren) and
GOSW (Gothenburg- Schweinfurt) have large totalssions when they in fact are the most
efficient relations in regards of fill rate. Tou#itrate the efficiency of each relation the amaint
CO, per tonne-km is shown in figure 4.7. The relatistating from Gothenburg have the highest
fill rates and thus the lowest emissions per tokme-The extreme relation Tongeren — Paris
express (TGPX) has the highest amount of emisgiensonne-km, 0.34 kg GOdue to the use

of a small sized vehicles and low fill rates. Tissapproximately ten times higher than the most
efficient relations.
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Table 4.7: Kg of C@per tonne-km for each FTL relation.

For LTL the results for each relation are showntable 4.8. As can be seen, the relation
Gothenburg-Helsinki (GOHE) is by far the largeshtributor and due to the large volumes on
this relation, it has recently been changed inttedicated flow. The amount of emissions per
tonne-km will be the same for all relations; 48rgsa This is a direct result of the assumed fill
rate of 70 percent on all LTL relations.
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Figure 4.8: Distribution of emissions between tfé lrelations.

The sea transports included in the DTS system iborér to about two percent of the total DTS
emissions of carbon dioxide. Since the sea tratsp@oe carried out by fast vessels that are
relatively small, the emissions per tonne-km werenbst cases higher for the sea transport than
for the road transport.

4.3.2 DTS compared to air freight

In figure 4.9 the carbon dioxide emissions from 8- global air freight program during the
first two quarters 2007 are shown. The choice aheltype and fill rate has a large impact on the
result. If a B747 with 75 percent fill rate is usd® 400 tonnes will be released. If an airbus
A300 with 50 percent fill rate is used 28 700 taall be released. This is a very large span, but
it is reasonable to conclude that the actual eonissare somewhere within this interval.
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Figure 4.9: Emissions from air freight dependingtu type of airplane and fill rate.
An average estimation could be around 20 000 tonmkih is around four times
as much as the result from the DTS calculation.

The contribution of air freight to the total tramspemissions is substantial. Of the total tonrfes o
transported goods (within the DTS and the globalraight program), air freight only stands for

three percent of the transported weight. Howewvetrpbthe total carbon dioxide emissions, air
freight contributes to 80 percent.
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4.4 Analysis

In this section the results from the DTS case switljpe analyzed as seen in figure 4.10. First a
sensitivity analysis of the calculations will be deraand after that an analysis of the method
choices will be discussed. In the end a discussibout data certainty and quality will be
presented.

TR
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Audit Irmplementation of plan | Analysing results ‘ i Improve and i
Whare are wea? through case study ! take action |

vwhere are the others? | -—m>™ ——————1—— el

Strategy
Where do we want to be?
Who should we tell?

Action plan
Howe do we get there?
YWho is responsible?

Figure 4.10: Check phase, focusing on analyzing diselts.

4.4.1 Sensitivity analysis

A sensitivity analysis was made on all relationstfoth the LTL and the FTL flows. An example
of how this was made can be seen in table 4.1,enherrelation Airasca to Schweinfurt (AISW)
is analyzed. The table also emphasizes the calmulatethod used in the previous section. The
analysis serves the purpose of testing how a selectriation in a few parameters will affect the
final result. The parameters are; distance, fuesamption and emission factor. The variations
are based on the authors’ judgments, which in &eninfluenced by the assumptions made by
NTM (2007) and the indications from contacted tparers.

It is estimated that the distance will differ mdoean upper end than to a lower end, e.g. the
figure 990 km has an estimated variation of —2 @etrand +5 percent. The assumption is that the
contracted distance is rationally based on thetstbpossible route, and therefore it should be
more difficult to make short cuts than it is to rmadetours. For fuel consumption, NTM suggests
+30 percent in the upper fuel consumption interizal, since none of the contacted transporters
were close to these numbers, ten percent was classéime upper and lower limit. The small
variation in the emission factor comes from the giveal differences in density and carbon
content of different diesel fuel blends.

The result is 303 tonnes of G@ith a minimum value of 266 and a maximum of 36@nes.
Applied to all FTL relations, the variations aretween 3 857 and 5 091 tonnes of LBy
comparing with the final result of 4 408 tonnescakulated and presented in chapter 4.3.1, the
analysis suggest an uncertainty of about +15 a@dpekcent. Since the uncertainty is directly
proportional to the multiplied variation of eachrgaeter the fuel consumption will have the
largest impact on the total uncertainty.
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Table 4.1: Sensitivity analysis of the relationasica — Schweinfurt

Description of transport relation

Transport: Airasca to Schweinfurt

estimate
Entity Unit | Value low high
1. Traffic mode Truck
2. Truck type Heavy Diesel Truck
3. Truck size Tractor + semi trailer
4. Cargo [tonne]| 25
capacity (CC)
5. Cargo type Average heavy goods
6. Fill rate (FR) [%0] 86,5
FR = Weight(cargo) / CC
7. From Airasca (Italy)
8. To Schweinfurt (Germany)
9. Distance [km]| 990 970 1040
10. Uncertainty in distance [%0] -2% 5%
11. Number of trips (week 1-26, 2007) 343
12. Vehicle-km [v-km]| 339570 332710356720
Vehicle-km = number of trips * distance
13. Fuel consumption (FC) [Vkm] | 0,338 0,304 0,372
FC = FCempty + (FCfull - FCempty) * FR
FCempty = 0,236
FCfull = 0,354
14. Variation in FC [%0] -10% 10%
15. Emission factor CO [ka/l fuel] 2,642 2,628 2,655
16. Fuel volumetric heating value MJ]l fuel] | 35,8
17. CQemissions (week 1-26 2007) ] [kc303235 265806 352318
CG, [kg] = v-km * FC * Emission factor
18. Energy consumption (EC) — Fossil [MJ] | 4108933 358362@659296

EC [MJ] = v-km * FC * volumetric heating value

There are other uncertainties, related to the ggsans, which are not accounted for in the table.

As discussed before the factor kg Ziter of fuel

depends on the carbon content offtled and

to what extent the unburned hydrocarbons are taktn consideration. If HC and CO are
excluded, the carbon dioxide emissions will deaeaish about one percent.

The factor kg C@liter of fuel also depends on to what extent ifecycle of the fuel or process
is included. If only the life-cycle of the fuel winube included the emissions would be around
five percent higher (Backstrém 2007). If the whtifecycle of the entire transport is included
(both capital goods and the fuel) the total emissiwill be, on average, about 27 percent higher,

based on Frischknecht (2007).
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4.4.2 Analysis of method choices

Not only the variation of input data in terms o&lficonsumption, distance etc. influences the
results. In this section, the assumptions behired rttodel used will be discussed. To make it
easier to follow, the same structure as previouslgd, i.e. the GHG Protocol procedure will be
applied.

4.4.2.1 Step 1; Identification of sources — changirboundaries

In the DTS case the external goods were includeddchance the approach to include all transports
SLS purchases was used. In this section a chantie dfoundaries will be made in order to see
how the inclusion or exclusion of external goodd wifect the incentives for energy reducing
activities from transports within the SKF group.d&g, it can be argued that the external
customers generally do not imply more transportsesthe external goods only fill up the already
existing dedicated trucks, and hence only imprdkeoverall fill rate (Karlsson 2007). However,
with a strategy to increase the number of extecnatomers, it might be difficult to continue to
increase the fill rate and presumably more trartspwred to be used.

Three different scenarios will be discussed. In“tase year” it is assumed that ten percent of the
goods in weight are external, which is the situatioday (Ohlsson 2007). The short sea
transports are not considered and neither is thefié's impact on fuel consumption, i.e. the fuel
consumption is constant.

Scenario 1- increased transport work, constant fill ratdse Total amount of vehicles in the DTS
increase by ten percent on each relation from tsdeste. The entire increase is made by
introducing more external customers. The fill raes kept constant.

Scenario 2- increased fill rates: The amount of externaldpmcreases in a way so that the fill
rates increase from today’s rate to 85 percentagh eelation. The relations that today have more
than 85 percent fill rate were kept constant. Thmlper of trucks was also kept constant. This
illustrates a situation where the external custenage actively chosen to suit the already existing
DTS structure. The DTS network will hence be mdfigient.

Scenario 3- decreased fill rates: The amount of externablgdncreases in a way so that that the

fill rates decrease since the number of transpasis to be increased. This illustrates a situation
where the external customers are not chosen straliggand hence the DTS system will be less

efficient than before.

In the first scenario, illustrated in figure 4.1fie total amount of transport work has increased. |
only SKF goods are included in the accounting,dkiea transport work will not show and the

emissions are thus the same for both years. Ifeadte€ustomers are included in the accounting,
the emissions will increase.
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Table 4.11: Scenario 1 where the transport workegternal customers has increased.

The second scenario, figure 4.12, represents atisituwhere SLS has improved the fill rates by
increasing the amount of external goods on theemouthere the fill rate earlier was low. The
emissions will not change if both external andrimé goods are included. However, if only SKF
is to be considered in the calculation, theredtear decline in C@emissions. In this case, it will
provide a good incentive to increase fill ratesmdy include SKF goods.

Scenardo 2

Boame yeartoml vemrZ Toml Bone vear THR vear I THEF

Figure 4.12: Scenario 2 - increased fill rates.

In the first two scenarios it can be of high impoxte to also look at other factors beside the total
amount of C@ emissions. To use the performance indicator cardtioride per tonne or per
tonne-km could be used as a complement. If oneesigh include both internal and external
customers in the calculations for scenario two,G/tonne-km will be 44.2 grams for the base
year and 43.8 for year 2. This can be used to $fmwthe efficiency of the system has improved
even though the amount of carbon dioxide is theesasmprevious year.

In the third scenario, figure 4.13, an increaseexternal customers leads to more transported
goods, an increased number of trailers and a IdMeate. This will result in higher emissions
both with and without the inclusion of external iwmmers. However, the increase in £Of@ll not

be as apparent if only SKF goods are accountedEwreluding external customers will thus
“hide” the real inefficiency of the system.
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Table 4.13: Scenario 3 — decreased fill rates.
4.4.2.2 Step 2: Calculation approach

In the DTS base scenario (section 4.3), the cdiomlanethod for FTL was vehicle-km and for
LTL tonne-km. This method can be made simpler bpgisonne-km as a basis for calculations
for the entire DTS network. A standard value of @.@nne-km could be used, e.g. the
recommendation 50 g per tonne-km for a tractor wéi-trailet’ (Baumann & Tillman 2004).

If this method is used the total G@missions for the DTS network will be 5476 tonnekich is

13 percent higher than the more detailed calculatio

To use the simplified tonne-km based approach matl only make the calculations simpler but
also more consistent. The information about thecdéeld transports within the DTS network is
detailed, but this is only one part of the SLS $ymort network. The rest of the network consists of
LTL vehicles and transports carried out by othedewmthan road. For e.g. sea transports, it is
very difficult to estimate emissions and normalbfalilt values such as g/tonne-km needs to be
used since there is no other method which is eaagé for large transport systems. To use tonne-
km based calculations for all transports could mileeoverall calculation method more straight
forward.

According to figure 3.8, the value for grams petne-km can easily be adjusted to the specific
case. An option could therefore be to use speeédlaes for the dedicated networks and general
numbers, such as the one used above, for the rdicatied transports and other modes than road.

However, an important aspect of the tonne-km basécllation is that the efforts of increasing
fill rates of the trailers will not be noticed ditey. If the transport work increases, the £O
emissions will increase proportionally as well evethe fill rates have increased. To only use
tonne-km as a measure is not giving the full pietand indicators such as g/tonne goods or
g/tonne-km will also be useless. Therefore, if empany wants “credit” for improved fill rates,
the default value of g/tonne-km has to be adjustethe new fill rate for the change to break
through. Since fill rates is an important measurentrease efficiency of the transport system
both from a financial and an environmental perdpecit could be recommended.

2 The value 50 grams excludes the LCI emissionslwaie approximately 4.5 percent in the NTM
estimates (Backstrom, 2007).
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If many different transport modes are included le toverall calculations, the indicator g
COy/tonne-km can be used to reflect changes of mod#snwthe transport system. A change
from a more energy intensive mode, e.g. road, lass intense, e.g. rail, will then be seen since
the overall g/tonne-km will be lowered. Howevemitally, such an indicator will be completely
useless if only road transports are included, sinegll be exactly the same as the input default
value.

4.4.2.3 Step 3: Data collection method

In section 3.3.3.2 three different ways of collegtinput data was discussed. Two of them will be
analyzed here; company data as used in the DTS dzzsw@rio and raw data from transport
suppliers. The calculation method is the same abdrDTS base scenario but instead of using
NTM and TRMS data for fuel consumption and distamaer data from the forwarders was used.

In a questionnaire the forwarders were asked taifypehe fuel consumption and the driving
distances (Appendix 2 and 3) for the transportsiezdrout for SLS. The questionnaire was
answered by twelve out of 22 forwarders. Howevblg LTL flows were difficult to draw
conclusions from since the replies in many casésdt cover the questions asked, and therefore
only the FTL flows are included in this analysigv8n out of twelve FTL forwarders answered
the questionnaire. When using the forwarders’ ratadthe total emissions for the relations
connected to the forwarders answering the questiomnvas reduced by nine percent compared
to the DTS base scenario.

The distances varied a great deal between SKF'ssapgliers’ information. In one case the
difference was almost 20 percent, which was dukddact that the distance differs depending on
which time it leaves the pick-up location. From Riburg, 3-5 trucks leave each day for
Tongeren. Some of them pass via a hub in Denmarichameans that these trucks need to take
the ferry from Gothenburg to Fredrikshamn and dallethe way through Denmark. The other
trucks can go either via the bridge between SweasehDenmark or via ferry from Helsingborg.
These variations will of course affect the distanioet on the distance list for DTS only one
distance is stated. The results can be seen irefigyi4.

The fuel consumption that the forwarders stated geaerally lower than the one estimated from

the NTM calculations. The difference was in somgesamore than ten percent. One reason for
this could be that the forwarders base the fueseoption on an average transport, which might
have a lower average fill rate than the DTS systathhence consumes less fuel.
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Figure 4.14: Variations in C@emissions and fuel consumption depending on safrdata. The
results only include the relations which are opethby the seven FTL forwarders who answered
the questionnaire.

4.4.3 Uncertainty of SKF and supplier data

It is difficult to make any conclusion about whatlog not the first calculation based on TRMS
and NTM data is less accurate than the second latitiu based on suppliers’ data. One can
expect data from the suppliers to be closer tdrilith, but as experienced in this case study there
are a number of parameters which makes it diffifmitthe suppliers to state the real emissions
from their transport fleet;

e Lack of information; The forwarders do not have fihhéormation asked for. Often
forwarders use sub-contractors to perform the &¢taasport. These contractors can be
very small firms without the possibility or incevei to measure their fuel consumption.
Since the choice of sub-contractor can vary, therao consistency and hence it is
difficult to build up a structure for environmentammunication.

e Concealing of information; Information about e.gllifg rates can be used by
competitors or customers to learn about the suppliinancial status and strategic
decisions. Therefore this type of information cam difficult to receive from the
suppliers. In fact, only one of the respondentsvansd the question about fill rates. This
could of course also be due to lack of informatibnf in general fill rates are an
important factor for the transporters since it deiaes the level of competitiveness. The
suspicion is therefore that they are rather weliranof their fill rates but do not want to
make them public.

* Lack of knowledge; For many suppliers the informatrequested in this study is new
and there is not enough knowledge or routine witthie company to provide the
information.

An interesting point to make from the questionnagehe large variation in the number of
transported tonnes and number of vehicles betweéddS and supplier data. This information
was not directly asked for in the questionnaire,veas included in the replies from some of the
suppliers. In some cases the difference was mane 80 percent. This might be important to
consider if SLS chooses to base the future calonksbn supplier data. A couple of the suppliers
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also provided calculated G®missions for the SKF goods. Since the input trarisgtivity data
was different from the ones used in this study,Gkefigures were not comparative.

The transport data from SKF could be collectedna tvays — through the “trip specification list”
from TRMS or by using “the Cube”. TRMS is the trpogt data system and the Cube is an
internal tool for statistics within SLS. The Cubensists of modified TRMS data. The basic
problem was that TRMS was not built for the purpos@roviding raw data for environmental
calculations. Manual handling of the data needebletanade, e.g. removing the trucks that are
only in the system to make the financial informataorrect. Hence the Cube data was thought to
be more accurate for the purpose of this studyedinis data has already been modified by people
within the company.

However, problems were encountered while usingCihiee data. The data for the weeks covered
in this study was updated retrospectively durirgttme of data collecting. The data found at the
start of the process was therefore not the sanretag end. This made things more complicated
and doubts were raised of the reliability of theb€wlata. It was apparent that the Cube data was
much too high. One example to illustrate the pnobls the relation Gothenburg — Tongeren
(GOTG). According to information from both SLS atiie forwarder, there are 3-6 trailers
leaving each week day from Gothenburg to Belgiumweler, according to the Cube the number
of trailers between week 1 and 26 were 1035, whiminesponds to 8 trailers each day. It was
assumed that the strange values were the resstinoé sort of administrative problem.

Instead of using Cube data, the trip specificalistrwas manually handled by the authors of this
report. The outcome was more in line with forwalslelata and also much in accordance with
other information received at SKF. In the exampl®T& above, the manually handled file
showed 517 trucks, which are approximately 4 each @his number seemed to be more true to
reality.

The advantages and disadvantages with each of ¢fleods of data collection are discussed in
table 4.2. These are issues that were raised bgutihers during the data collection process for
this study.

Table 4.2: Comparison between data collection apphes.

Data collection Forwarder data SKF data

- The forwarder is generally more | - Complete control of both collectio
Advantages aware of the situation specific and processing of data.

conditions. - Validation possible.

- Easy for SKF once all transporters. Could be time saving.

can provide and process data in a
standardized way.

h

- Difficult to make all forwarders | - Lack of insight in the actual
Disadvantages report in the same way. transport chain.

- Difficult to verify data. - Systems not adjusted for providin

- Lack of information/knowledge/ | transport data for environmental

ambition which results in less calculations.

accurate results.

J
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When discussing the process of data collectiors ialso important to include the issue of
responsibility for the resulting information. Sinttee information about transport emissions will
be spread in a number of ways, e.g. through thei@nsustainability report, SKF should be
interested in only publishing information they assume responsibility for in case the data is in
some way questioned by an external actor. The rdate collection and calculations that are
done within the company, the more responsibilityFS&sumes in terms of providing correct
information. If the calculations are placed on theppliers, SKF loses control over the
information but might not have to defend the détie data is questioned. SKF can simply say
that it is the forwarders' responsibility to proi8KF with reliable information.

So, should companies like SKF bother trying to finbrmation from the transport companies?
Well, it might not be necessary since the defaalu@s seem to work rather well compared to
“situation specific information”. From the experg@nfrom the questionnaire in this study, the
contacts with the suppliers are rather time consgmiihe question is if it is worth the extra time
spent to get a result which is close to the genemldulations which can be done without the
transporter information. The more efficient chaicehis case is for sure to use the company data
only.

However, starting up a dialogue with the transgagpliers can be beneficial from other aspects.
If the transport suppliers are more pushed to #tatie environmental performance they might see
the possibility to use environmental performanceaaompetitive advantage and this will urge

them to improve in the environmental field. Whem ttelation has been established and the
suppliers are able to report according to SKF tetdards, the supplier dialogue might not be as
time consuming and might also provide more reliata.

Environmental communication with the transport digosp can also be used in the tendering
process. There are examples of companies thatthenkuppliers not only based on economic
preferences but also on how well they perform i émvironmental area. One tool that can be
used in this process is QIlll, which helps transpgmuyers to assess transport suppliers’ work
within environmental, safety and quality issues|(Q@007). The transport contract can then
receive the QIll quality certificate if it correspds to the demands.

It is still difficult to purchase a more expensivansport just because of environmental reasons,
but slowly this might be changing. One example é&rd Pak who is willing, on a trial basis, to
increase the transport costs by two percent. Thissgspace to choose more environmentally
friendly transport alternatives (Rosén 2007).
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5 Case studies — Improving a logistics system
5.1 Case GOTG - intermodal transport

The transports from Gothenburg to Tongeren (GOT@)irgteresting from different aspects. The
relation has the highest total gnpact due to the large volumes of goods. A changthe
transport mode could therefore have a relativelydampact on the total emissions from the DTS
network.

Another interesting aspect is the high fill ratestbis relation. Fill rates are often close to 100
percent, which makes GOTG the relation with thedstwemissions in terms of grams £aer
tonne-km. It is therefore reasonable to questioatilrther emissions improvements that can be
made. There are two options; either the mode abpartation is changed or the transport work is
reduced. The former is studied here, while theefalt studied in the UK case with different
circumstances (see chapter 5.2).

In this case study three alternative transporta®@re compared with a reference scenario that
describes the current set up. The aim is to redieeroad share of the total transport chain
without completely disregarding the current tramsgead-time of 28 hours. The transported
cargo corresponds to a semi-trailer (25 tonnes tguhcity) with a fill rate of 99 percent. The
underlying data is provided by various sourtes.

The following transport chains are studied:

Ferry/road: GO hub — Gothenburg port: Tractor sewahi-trailer
Gothenburg port — Kiel: Ferry
Kiel — Tongeren: Tractor and semi-trailer
Estimated total transport lead-time: 24 hours

RoRo/road: GO hub — Gothenburg port: Tractor amadi-$eailer
Gothenburg port — Gent (Belgium): RoRo vessel (seailier only)
Gent — Tongeren: Tractor and semi-trailer
Estimated total transport lead-time: 34 hours

Rail/road: GO hub — Malmé Kombi terminal: Tractodasemi-trailer
Malmd Kombi terminal — Duisburg (Germany): Elecalicail (semi-trailer only)
Duisburg - Tongeren: Tractor and semi-trailer
Estimated total transport lead-time: 30 hours

13 Distances are collected from: ViaMichelin and WdRdrt Distances. The rail service is offered by the
logistic company Kombiverkehr. Rail calculationse alone with the online tool EcoTransIT. Data
concerning the RoRo vessel was provided by DFD$rEo The ferry is assumed to be Stena Germanica
and the necessary technical data is provided byaStme.
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Ref.. GO hub — Rédby (Denmark): Tractor and sewildr (Oresund Bridge)
Ro6dby — Puttgarden (Germany): Ferry
Puttgarten — Tongeren: Tractor and semi-trailer

The result of the calculation is presented in fighrl. The rail/road combination proved to have
the lowest C@impact, while the RoRo/road and the ferry/road @mparable to the reference
scenario.
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Figure 5.1: TheCO, impact from each alternative transport chain.

It is important to point out that that differenamisport chains cover different distances. Thidis o
course due to physical constrains in terms of @iftecture. The actual total performance,
measured in g C{per tonne-km, of each transport chain and its idd& modes are presented

in table 5.1. The rail mode is calculated by using EcoTransIT emission load calculator, in
which the emissions are based on national elegtqicbduction data. For more details about the
assumptions behind the calculations, see secti.4.

Table 5.1: Performance in g GPer tonne-km for each transport chain and mode.

Transport | Performance [g C&per tonne-km]

chain Road Rail RoRoO Ferry | Total
Ferry/road| 37 45 41
RoRo/road 37 43 42
Rail/road | 37 19,5 25
Ref. 37 45 38
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It can thus be concluded that short sea transpmrtateither with RoRo or ferry (which are in
this case assumed to have the same fuel consurptiom showing high emission levels,
compared to a tractor and semi-trailer with filteralose to 100 percent. Rail as an individual
transport mode is the best option and in the coalir alternative it improves the overall
performance down to 25 g G@er tonne-km.

5.2 Case UK — decreasing transport work

Today the goods produced in the UK is transporiadhe LSC in Gothenburg. One part of the
goods is transported from Gothenburg directly tmdstic hubs and the other part is transported
from Gothenburg to EDC for warehousing and thengparted from EDC to domestic hubs. The
alternative route is to transport all goods from Udikectly to EDC where a part of the goods is
kept for storage while the rest is directly distitdd from Tongeren to domestic hubs. This case
thus presents a situation where the transport wgorkduced. The routes are described in figure
5.2.

— " LSCGO

——> Today EDC TG '
- Alternative

Figure 5.2: The current route compared to the aitgive route.

In the present situation it is assumed that alldgoare transported from Immingham to
Gothenburg with a RoRo vessel. The {#nissions from the ship are assumed to be 43 grams
per tonne-km, as calculated earlier. The onwartfildigion is done by a tractor and trailer with
the capacity of 25 tonnes and an average fill c&té0 percent. 70 percent is chosen since it is
close to the average fill rate for the DTS syst&he average fuel consumption is assumed to be
0.32 liters per km, which is the NTM estimated aangtion when the fill rate is 70 percent. In
the alternative route the same assumptions abeutdher transport is assumed.

For the alternative route the short ferry passage the English Channel is neglected. Hence, the
entire route from UK to Belgium is calculated agaad transport. The transports from the
domestic hubs to the customers are not considbtedre the same in both cases.

The total emissions of Gor the UK distribution will decrease with 49 pentefrom 336 tonnes
to 172 tonnes, by changing to the alternative rolitelay most of the goods transported via
Gothenburg have to pass through either Tongerechweinfurt, Germany, for consolidation
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before the last transports to domestic hubs areerr@dly about eleven percent of the total goods,
in weight, are not transported via Belgium or Gempnal' he alternative route directly from UK to
Tongeren hence cuts off many unnecessary trandpetidseeen Gothenburg and the continent.

The variables in this case study are mainly therapsions about fuel consumption and fill rate
for the transport modes. If the fill rate for thead transport is decreased to 60 percent, the fuel
consumption would assumingly be 0.307 liter peorkiéter. This would give 364 tonnes with
today'’s situation and 193 tonnes if the alternatipdon is chosen, i.e. a 47 percent decrease. If
the fill rate is increased to 80 percent, the ftmisumption would be 0.330 liter per kilometer.
This would give 317 tonnes of G@ith today’s situation and 158 tonnes if the altgive option

is chosen, i.e. a 50 percent decrease.

The emissions from the sea transport can vary antially, depending on the assumptions made
on the vessel, allocation etc. To compare the fagdtculated in this study with another factor,
the factor for inland transport in the GHG Protfocalculation tool for mobile combustion will
be used, 0,035 kg/tonne-km. With the lower valuediiference will be 46 percent between the
two cases. The sensitivity analysis can be seéigure 5.3.

Sensitivity analysis
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Figure 5.3: Sensitivity analysis comparing differéh rates
and emission factors for sea transports.
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6 Discussion

Logistics

The transport sector is dominated by discussionsitalow costs and short lead times to which
environmental issues are not always compatible. éSeifforts, like improving fill rates, are
beneficial both from a financial and an environnaéterspective. However, other attempts to
reduce environmental impact, e.g. changing frond nmarail, will often increase both time and
cost. As McKinnon (1994) states; “(both corporasi@nd academic research have) ...established
a very solid paradigm of how logistics should benaged to maximize economic returns. The
introduction of a new set of environmental objeesithreatens to disturb this paradigm”.

Several years have passed since McKinnon statsd therds, but the conflict between financial
and environmental savings is still a pressing is3ings are starting to happen; there are e.g.
forwarders who offer a more environmentally frigntthnsport solution for a slightly higher cost,
but it is still difficult for companies to allow fancreased transport costs.

The DTS strategy is in line with the principles BT and lean production that the industries
adopted from the eighties and onward. The prinsipdgnphasize the demand for precise
transports, delivering at “the right time”, as ttegrier is an integral part of the production line
(Fricker & Whitford 2004). In practice this hasuéed in a demand for fast and flexible transport
modes. This corresponds to the cornerstones dit&that implies a system completely relying
on road transport which is the only mean of transphich is both cost-efficient and fast enough.
SKF has locked themselves into a system with dirnwétables and short lead times. This makes
SKF’s possibility to change modes difficult, if nimhpossible. Any changes which will imply
longer lead time or decreased frequency would wotlse service to the customers.

There are no easy solutions to these questiossaithatter of making tradeoffs. The problems
need to be discussed in collaboration with custsnaerd suppliers. One possible measure in
order to increase the utilization of resource®istange the customers’ demand so that the need
for transport services is steadier. This can beanmde.g. price differentiation (Lumsden 1995).
Price differentiation does exist within SLS alreatyere are four different types of orders with
different priority codes for delivery. The lowerettpriority the lower the warehousing cost.
However, there can be reasons to further diffeadmtine prices so that customers are forced to
make a more active decision.

Other possible discussions can be made in the afeservice level and planning. It is common
that customers’ pay for a service level they doreqtiire, but they get used to it once the service
exists (Blinge 2007). Better planning could be hdlpoth in order to avoid express deliveries
and to increase the overall fill rates of the enliigistics system.
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Reporting

SKF’s reasons to account for carbon dioxide emissican be tracked to a number of areas;
image, ethics, customer demands etc. The repdditigis going to be used for both internal and
external use. As for now, the reporting is compyet®luntary, and therefore the methodology is
not a crucial issue as long as it is consistent.

However, the tables might be turned and in theréuthe reporting of transport emissions can
have other applications than pure stakeholder imfion. If regulations on transport emissions
are introduced, companies who are well preparechimig better off since a structure for
monitoring and a plan for improvement already eXistsuch a situation it might be rational to
not overestimate the company impact until morectsgguidelines exist on which emissions to
include.

Also other scenarios can make it important to miikeaccounting of emissions better defined.
Beyond zero is a concept used by SKF in which trergy reductions customers make by using
SKF's improved technique should cover the SKF eimigs Choices of company boundary and
limitations will be important in order to achievgetgoal of zero emissions, if the concept should
be used practically. It is also interesting to dg&st if the concept per se is motivated. Is it
reasonable for SKF to take credit for savings atdhstomers’ facilities? It might be difficult to
set boundaries on which emission reductions thatlghbe allocated to SKF.

Another aspect, for which methodology is importaist,if SKF take on responsibility for
compensating for emissions by investing in emisgiermits or other carbon offsets. Every tonne
of CO, emission that SKF accounts for will then be related cost.

Environmental Management

SLS today lacks a general overview of the enviram@leimpact caused by the company’s
activities. This is essential for further work wiiththis area. A striking example of this is the
comparison between emissions from DTS and the glibdreight program done in this study.
DTS is of course important for SLS, but maybe tlaeng for energy reducing activities should not
only concentrate on increasing fill rates on trailbut also try to decrease the number of air
freight shipments.

The discussion about the difficulties to includevieonmental management systems in strategic
work can be directly applied to SLS. Hopefully thecounting of transport emissions will be
handled in a more structured and dedicated way whenSustainability Manager position is
appointed.

To include environmental aspects in the purchasfrigansports could be an interesting approach
for future work. By starting up a dialogue with tlransporters, more demands can be set and
hence the environmental impact can be reduced long-term perspective. It could also be
interesting to rank different transporters depegdin their environmental performance and to let
this be an aspect to consider in the purchasingidec
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Data

The data collection was one of the major challerigethe accounting process in this study. The
scientific methods and default values have builpioblems per se, e.g. the categorization of
trucks, inclusion or exclusion of lifecycle datadatme generalizations of fuel consumption. For
these variations a clear boundary can be setthiee.company simply chooses a method or
approach and then works according to it. It is ingr@t that decision makers are aware of the
underlying premises of the calculations so thasultw optimization is done.

However, a larger problem than setting boundaiesctentific methods was to collect data on
transport activity. Since the data has not beem dse environmental calculations before, the
systems are not adapted for it. There seems to laekaof reliable information about the real
amount of transported goods or vehicles used, shedrip specification list also has to include
corrections connected to economic aspects.

This situation is not unique to SKF. According tal$3on (2006), environmental information is
generally not central business information withirgamizations. “The relationship between
business development and environmental informaisomenerally not well understood and
established. This often hampers availability anzkasibility of the information that is needed”.

A recommendation to SLS would be, as a first stepook over the transport activity data to see
if it can be made more reliable and consistent. Thee proved to be a very efficient way of
collecting data, but unfortunately it was not pbksito use it due to the apparent reliability
problems as discussed in section 4.4.3. Howeveimaroved and extended database would be
very helpful for future transport calculations. §ather all transport activity data in one place
assures that everyone in the company uses the datmeand that changes in the data can be
tracked over time. Preferably the existing SKF base, SKF Compass, could be extended to also
include freight transports.

A second recommendation is to start a more actiebange of environmental information with
the forwarders. It would be helpful with a standzed format for which environmental
performance should be presented by the supplieseg&a from the questionnaires, it might take a
while before all transporters can provide reliaidansport information, but a standardized format
is a first step.

Coordination of activities

The SKF Group Sustainability is a good initiativelaseems to have made a large contribution to
the SKF Group’s performance within the area of ansability. However, for accounting of
transport emissions, there seems to be a lackartlswtion both at top management and at SLS.
There is a great interest in the issue, from maffgrdnt directions, and the impression is that
many local initiatives have already been taken. @, there is no general method or manual to
use.

A recommendation is therefore to construct a gnige manual on how to perform calculations
and how to handle e.g. system boundaries. Thisdvmgult in a more consistent accounting.
Hopefully the sustainability manager at SLS coutthtdbute to this. However, also in the
sustainability group there should probably be samewvith “transport knowledge” since
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transports are carried out throughout the whole SB#up, and not only under SLS’
responsibility.

Weaknesses in methodology

A general problem for the calculations in this stugl that there is no exact guideline to follow.
As Backstrom (2007) states; “there is no generansific method that always can be used”.
Since it is not possible to measure the exact éomissfor each transport, with the current
situation, all results will be based on a numbeasfumptions. What is right or wrong is difficult
to judge. In some cases, e.g. allocation, seveethods can be chosen even though some
methods are more acknowledged than other. Thetsemd therefore always, to a certain extent,
subjective and influenced by the individual's agmio to the problem.

NTM has been used to a great extent during theseooi this study, and it might be a limitation

to the study. However, an extensive discussion tatheuuncertainty of the input data has been
carried out, and other studies have been look#du@tgh the course of the study. The uncertainty
of the emission calculation result for DTS wasniinated by the sensitivity analysis in chapter
4.4.1. Uncertainties cannot be completely avoidétdaith a sophisticated method for estimating
possible variations the resulting deviations wal more reliable. For the parameters which are
clearly related with uncertainties a random sebectof trips can be examined and precisely
measured. Although the NTM default value for fushsumption does account for some situation
specific variations, this is the parameter assuinelde associated with most uncertainty. This
should be considered when performing a sensitigitalysis, which is always recommended
(NTM 2007).

The questionnaire to forwarding companies was tamgt to gather data to get a better, more
situation specific, calculation. However, the rasgEs were in many cases not informative and
overall only half of the forwarders replied. A pteim could be that the participants answering the
guestionnaire might have misinterpreted the questmr simply did not answer due to lack of

time or knowledge. However, the authors tried tespnt the questions in a straight forward way
and gave the companies possibilities to ask questibue to a somewhat changed direction of
this study, some of the questions in the questioanaere not directly relevant for the results in

this study. However, these answers could still gleva general picture of the situation for the

suppliers today.

The discussions in this study have been limitechitvon dioxide emissions since this is the main
focus for SKF today. Other transport emissionsadse important to consider.
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7 Final conclusions

Corporate environmental management accounting tenoftonnected to monitoring and
improving core business areas of the company, lysuatcording to an environmental
management standard. The driving forces for SKFcamnected to stakeholder pressure and
business opportunities, which is in line with resbale.g. Kolk 2000). The growing interest for
transport emissions at SKF is partly due to a gdniaterest in mapping the company related
emissions with the belief; “what you can measum gan manage” (Jenkinson 2007). It is
thought to help SKF prioritize and focus the energglucing efforts. To stay competitive is
another driving force.

The environmental impact from freight transportsildobe handled within the frame of the
Environmental Management System (EMS) on site Jeifet.g. the Logistics Service Center
(LSC) in Gothenburg starts to work actively on tEIS goal to include transport emissions.
However, it is important that also the strategipatéments play a larger role in the environmental
management work since this is where the underlyremises of the transport system can be
changed. Another recommendation is to use enviratahelaims already in the tender process
and at all times have an ongoing debate with tme&alers concerning alternative routes and
transport modes that might lead to decreased emmeatal impact. At SKF Logistics Services
(SLS) there is currently a position being createdrder to enhance sustainability management.
This gives an opportunity to create a common waykirethod within the company and support
the sites, e.g. the LSC in Gothenburg, to fulfikit EMS commitment to transport emissions.

Carbon dioxide emissions from transports can beutated in a number of different ways, and
which way is appropriate depends on the resourediated to the issue within the company. A
final conclusion from this study is that there isigh space for companies to set their own
boundaries and make assumptions convenient focdhgpany. However, with an intensified
debate on global warming the rules might change andore concrete standard on how to
account for emissions might be established. It duérefore be recommended for companies to
closely follow the ongoing discussion in this field

As a first step, it could be beneficial for SKFdontinue the mapping of their entire transport
system in order to find the weak spots. Importarmemember is that the Daily Transport System
(DTS) is a small part of the total transport systamd also a relatively efficient system. Changing
parts of one system without having the knowledgethef total system, might lead to sub-
optimization. However, when the transport systetmeiser mapped, changes in the system should
be considered and implemented. The cases in thity how that improvements can be done
both by changing transport modes and by optimitimeglogistics system by decreasing transport
work. The barriers to this development originaterfrthe logistics system’s characteristics. Issues
like lead-time, warehousing capacity and costsimterconnected and thus introducing changes
will affect the entire system. Other barriers toampe can be political decisions within the
company or the lack of knowledge, time and avaddtdnsport alternatives.
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Appendix 1
Definitions:

Environmental Management Accounting: The procesdayitifying, measuring, accumulating,
analyzing, preparing, interpreting, and communigagnvironmental information. (Svending
2003)

Forwarding agent: a supplier providing entire ltigissolutions, often in cooperation with sub-
contractors.

Hauler: a sub-contracted supplier of transportisesv

Traffic work: vehicles multiplied with distance ¢evehicle-km)

Transport work: transported weight multiplied witistance (e.g. tonne-km)

Inbound transports: Transportation of goods frontemial suppliers to production sites

Outbound transports: Transportation of finisheddpiats to final customers

Abbreviations:

DTS: Daily Transport System

EDC: European Distribution Center
FTL: Full Truck Load

GHG: Greenhouse gases

LSC: Logistics Service Center

LTL: Less than Truck Load

OEM: Original Equipment Manufacturer

SLS: SKF Logistics Services



Appendix 2
Comment: SKF Logistics Services is here abbrevigted LS.
Questionnaire FTL

The questions concern the specific transports désticto SKF Logistics Services (SKF LS), thus
the Full Truck Load transport service that your pamy provide for SKF LS.

Please answer as detailed as possible. If you yfeason lack such specific data, we are also
interested in more general figures. If your comphag more than one transport route dedicated
to SKF LS, please list the routes separately irr ymswers.

1. Do you know the exact fuel consumption (I/kn) thee transport dedicated to SKF LS?

If yes, what is the fuel consumption and how is timber derived?
If no, do you have an average number for fuel comion? How is it derived?

2. Do you know the exact consumption (liters oflfper vehicle) for the transport routes
dedicated to SKF LS? If yes, how large is the comstion per trip?

3. What exact distance does the transport deditat8&F LS cover?

4. Which types of vehicles (maximum weight) aredufm the transport route dedicated to SKF
LS?

5. Which type of fuel is used for the transportteodedicated to SKF LS (degree of sulphur
content)?

6. Which EURO class do the vehicles used for thesport dedicated to SKF LS have?

7. What is the estimated fill rate for the retuoads (if the return loads are not SKF dedicated
goods)?

8. Have your company carried out any measuresdedse your environmental impact?

Please, send your answers by e-mail to: christemsist@skf.com

For doubts or any kind of questions you are mos$tevee to contact us:
Christian Stenqvist and Helen Lindblom, Masterssi©i&tudents, SKF LS
Tel: +46 (0)31 33 71 021

E-mail: Christian.stenqvist@skf.com

The questionnaire has been approved and supported b

Jurgen Topfer, Global Product Manager Road FrelgKE LS



Appendix 3
Comment: SKF Logistics Services is here abbrevigted LS.

Questionnaire LTL

The questions concern the Less than Truck Loadpatations that your company carry out for
SKF Logistics Services (SKF LS).

Please answer as detailed as possible. If you freeson lack such specific data, we are also
interested in more general figures. If your comphag more than one transport route with SKF
LS goods, please list the routes separately in goawers.

1. Do you know the exact fuel consumption (I/kmi) tlee transport route that you carry out with
SKF LS goods?

If yes, what is the fuel consumption and how is figure derived?
If no, do you have an average number for fuel conion? How is it derived?

2. Do you know the exact consumption (liters ofl fper vehicle) for the transport routes carrying
SKF LS goods? If yes, how large is the consumptientrip?

3. What exact distance does the transport routgingrSKF LS goods cover?
If the route includes one or several ferry trantpstate the following:
i) Port of departure and port of destination.

ii) The name of the shipping company carrying yatgo carrier.

4. Which types of vehicles (maximum weight) aredu® the specific transport route with SKF
LS goods?

5. Which type of fuel is used for the transportteo{degree of sulphur content)?

6. Which vehicle EURO-class is used on the speuniiite?

7. What is your estimated fill rate?

8. Have your company carried out any measuresdedse your environmental impact?
Please, send your answers by e-mail to: christemysist@skf.com

For doubts or any kind of questions you are mos$tevee to contact us:

Christian Stengvist and Helen Lindblom, Masterssisi&tudents, SKF LS

Tel: +46 (0)31 33 71 021

E-mail: Christian.stenqvist@skf.com

The questionnaire has been approved and supported b
Jurgen Topfer, Global Product Manager Road FrelgKE LS



Appendix 4

SKF Group organization (Source: SKF intranet 2007)

CEO
Tom Johnstone

Assistant Christina Werner

Finance Tore Bertilsson Business Development Tommy G Klein

HR & Sustainability Eva Hansdotter Demand Chain & IT Bo-Inge Stensson

Technology Development
& Quality Alan Beqg

Communication Lars G Malmer

Legal Carina Bergfelt

Senior Vice President Giuseppe Donato

Industrial Service Automotive Germany

Henrik Lange Phil Knights Tryggve Sthen Manfred Neubert




Appendix 5

SKF Logistics Services organization (Source: SKFaimet 2007)

President
A, Forsherg
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C. Morstrém Controller Quality
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Appendix 6

Explanation of the DTS relations — Full Truck Lo&dL:

Departure Arrival

Relation Location Country Location Country
AISW Airasca Italy Schweinfurt Germany
AITG Airasca Italy Tongeren Belgium
AITO Airasca Italy Tours France
GOAI Gothenburg Sweden Airasca Italy
GOMA | Gothenburg Sweden Madrid Spain
GOPA Gothenburg Sweden Paris France
GOSW | Gothenburg Sweden Schweinfurt Germany
GOTG Gothenburg Sweden Tongeren Belgium
LCSW Luechow Germany Schweinfurt Germany
LCTG Luechow Germany Tongeren Belgium
MATO Madrid Spain Tours France
STSW Steyr Austria Schweinfurt Germany
SWAI Schweinfurt Germany Airasca Italy
SWGO | Schweinfurt Germany Gothenburg Sweden
SWST Schweinfurt Germany Steyr Austria
SWTG Schweinfurt Germany Tongeren Belgium
SWTO Schweinfurt Germany Tours France
TGAI Tongeren Belgium Airasca Italy
TGED Tongeren Belgium Ede The Netherlands
TGFW Tongeren Belgium Friedewald Germany
TGGO Tongeren Belgium Gothenburg Sweden
TGMU Tongeren Belgium Muelheim Germany
TGNH Tongeren Belgium Northampton UK
TGPA Tongeren Belgium Paris France
TGPX Tongeren Belgium Paris Express France
TGSW Tongeren Belgium Schweinfurt Germany
TGTO Tongeren Belgium Tours France
TOAI Tours France Airasca Italy
TOMA Tours France Madrid Spain
TOSW Tours France Schweinfurt Germany
TOTG Tours France Tongeren Germany
VELC Veenendal | The Netherlands Luechow Germany
VESW Veenendal | The Netherlands Schweinfurt Germany
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Appendix 7

Explanation of the DTS relations — Less than Truold, LTL:

Departure Arrival
Relation Location Country Location Country
AIAT Airasca Italy Athens Greece
AVTO Avallon France Tours France
GOGO | Gothenburg Sweden Gothenburg Sweden
GOHE | Gothenburg Sweden Helsinki Finland
GOOS | Gothenburg Sweden Oslo Norway
HERI Helsinki Finland Riga Latvia
HETA Helsinki Finland Tallinn Estonia
HEVL Helsinki Finland Vilnius Lithuania
NITG Nieuwegein | The Netherlands Tongeren Germany
SWBB Schweinfurt Germany Belgrade Serbia
SWEFI Schweinfurt Germany Foscani Romania
SWIS Schweinfurt Germany Istanbul Turkey
SWPZ Schweinfurt Germany Poznan Poland
SWSK | Schweinfurt Germany Stip Macedonia
SWSY Schweinfurt Germany Sofia Bulgaria
SWTZ Schweinfurt Germany Tuzla Bosnia
SWwi Schweinfurt Germany Vienna Bulgaria
SWVZ Schweinfurt Germany Varazdin Croatia
TGBA Tongeren Belgium Basel Switzerland
TOTU Tours France Tudela Spain
WIBP Vienna Austria Budapest Hungary
WIBV Vienna Austria Bratislava Slovakia
WILB Vienna Austria Ljubljana Slovenia
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Connected to the last years’ focus on climate claiige interest for corporate accounting of
greenhouse gas emissions has increased. The neais fior manufacturing companies has been
to monitor and reduce the facility related emissioHowever, the interest for process related
emissions, e.g. from transports, is growing. SKBrie among many companies trying to achieve
a greater knowledge in this field. Since the isstiFansport emission accounting is rather new,
the existing guidelines and methods are not giviif support to companies. This study is
contributing with a more hands on guide to emissiocounting and the problems associated with
it. The areas of transport data handling, emissiaiculation methodology and emission
accounting principles as well as strategic disassiabout environmental management are
presented. The target groups for this study areljn&KF employees, but the information could
be valuable also for other companies and indivlwadrking with environmental management.



