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ABSTRACT

Rail freight transport represents a very impor@amd environmental friendly way of
shipping cargo. Nevertheless, several reasons iiékenode of transport not to be
efficient as it could be. The two main causes legdio this are the priority of
passenger rail transport over freight rail transpod the fact that many railroads are
close to reaching its maximum capacity limitatior@onsequently, freight rail
transport companies should try to find ways to iowerand optimize their activities
and processes.

This thesis was conducted as a case study at tiheach company Green Cargo,
which is devoted to freight transport in Scandiaavicountries. Apart from the
information provided by Green Cargo, Trafikverketsaalso interviewed to bring the
perspective of the whole rail industry.

This master thesis analyzes the improvement pdisisibiof those areas identified by
Green Cargo as the most important ones to work. Witie analyzed improvement
areas focus in optimizing both capacity and staffurrements at Green Cargo. The
Capacity utilization improvement areas comprisggeets such as the optimization of
the maximum capacity of each train and the estatlent of an even cargo flow with
little variation both during the different hours afday as well as during the days of
the week. The possibility of optimizing staff resgments is investigated by analyzing
the concepts such as “single-shunting” and “cemtxtaibn of staff”. Those two
concepts have been developed by Green Cargo.

The conclusion of this master thesis is that Gr&argo operations could be
significantly optimized if the following suggesti®rwere taken into consideration.
When possible, the analyzed company should avawihdrin those railroads mainly
occupied by passenger trains to avoid problemsetinto the higher priority of
passenger transport. Green Cargo should also isstabpriority system intended to
determine which customers are more profitable tokwaith, idea related with a
Green Cargo own concept called “anchor blocks”. dddition, the further
implementation of “single shunting” and “centraliba of staff” would significantly
benefit this company. In addition, Green Cargo #hqut efforts in solving some
important communication problems among the diffedapartments.

Keywords: Freight, cargo, rail capacity, rail trapert, single-shunting, rail staff
centralization, customer priority






Acknowledgements

This Master of Science in Engineering thesis waslooted as a case study at Green
Cargo. The thesis was carried out during the spargester of 2013 at the Logistics
and Transport department at Chalmers Universifiiezhnology.

We would like to offer our gratitude to our supsosi at Chalmers, Violeta Roso
whose support, help and encouragement has beervaieigble throughout the work.
We would also like to give gratitude to our supsovs at the Green Cargo office in
Solna, Anders Lester and Marcin Tubylewicz for thygiidance and support.

Furthermore we would like to thank Mats Tapper & Svensson at the Green
Cargo’s Gothenburg office for their assistance psupand helpfulness.

We would also like to thank everyone who has tatkere for interviews to help us
collect data during the thesis. Without all of thethis thesis would have been
impossible to conduct.

Finally, we would like to thank our families andeinds for their help and support
during these years of study.

Gothenburg, May 2013

Maria de Nuria Calvo Mateo and Sofie Hagman.






Contents

1 INTRODUCTION
1.1 Background
1.2  Purpose and problem analysis
1.3  Scope and limitations
1.4  Ouitline

2 FRAME OF REFERENCE
2.1  The development of freight transportation in Europe
2.2  The development of passenger and freight trandpmrtan Sweden
2.3  Rail freight transport VS road freight transport

2.4  Passenger rail traffic VS Freight rail traffic
2.4.1  Allocation of capacity in the rail industry
24.2 Freight and passenger allocation

2.5 Rail freight companies management

2.6  Capacity planning in freight rail transport compami
2.6.1  The three levels methodology for capacity planning
2.6.2  Theoretical VS practical capacity

2.7  Different customer requirements
2.8  Traffic variation: weekly and daily
2.9  Utilization of the available track capacity

3 METHOD

3.1 Method approach
3.1.1 Research method: case study
3.1.2  Working process

3.2 Analysis approach: qualitative method

3.3 Data collection

3.3.1 Primary data
3.3.1.1 Interviews
3.3.1.2 Observations

3.3.2  Secondary data
3.3.2.1 Literature review

4 GREEN CARGO
4.1  Green Cargo background and general aspects
4.2  Key performance indicators (KPI) and competitiveattages
4.3  Operating areas

A W DN P P

©
©  9© o

10

12
12
12

13
13
14

15

15
15
15

17

18
18
18
22
23
23

24
24
24
25



4.4  Main limitations for Green Cargo 27

44.1  Trafikverket 27
4.4.1.1 Allocation of rail timetables 27
4.4.1.2 Trafikverket categories prioritization 29
4.4.1.3 Trafikverket fees 30

4.4.2 Different European frameworks 31

4.4.3  Speed and capacity limitations 31

4.4.4  Customer contractual relations 32

445 External factors affecting Green Cargo operations 3 3

44.6  Weather conditions 33

4.4.7 Legislation regarding working hours 33

5 CAPACITY OPTIMIZATION AREAS: CURRENT SITUATION AND

ANALYSIS OF THE POSSIBLE IMPROVEMENTS 35
5.1  General capacity aspects 35
5.1.1 How capacity is planned: strategic and tacticahpiag 35
5.1.2 Operational planning: need to adapt to changingirements 37
5.1.3  Green Cargo software and information flow 37
5.1.3.1 Booking and pricing system 37
5.1.3.2 General software 38
5.1.4  Blocking policies and “anchor block” concept 39
5.2  Capacity optimization area 1: Optimization of traapacity 40
5.2.1  Weight and length limitations 41
5.2.1.1 Calculation of weight and length capacity values 42
5.2.1.2 Target levels weight and length capacity fill rate 44
5.2.2  Allocation of final and real capacity needs 44
5.2.2.1 Forecasting 45
5.2.2.2 General weekly planning and manual changes 46
5.2.2.3 Operational planning and control 47
5.2.3  Current sitation: blocking policy and new plannéakcking policies 48
5.2.3.1 Current situation: contractual relations with cuséns 48
5.2.3.2 New planned blocking policy and its limitations 48
524 Implementation and limitations of the “layer ondalyconcept 50
5.3  Capacity optimization area 2: peak reduction ofrtlghtly train traffic 52
5.3.1 Peak time distribution in cargo trains 53
5.3.1.1 Problems associated to nightly regulations legatat 54
5.3.2  Trafikverket and rail industry: main causes of niglpeak times 54
5.3.3  Anchor blocks: relation with peak time distribution 56
5.3.4  Local planning: relation with peak time distributio 57
5.35 Possible improvement: expansion of nightly pealetperiods 59
5.4  Capacity optimization area 3: Reduction of the wmeflow of cargo trains
60
5.4.1  Weekly variation of cargo transport 61

5.4.2  Advantages linked to the reduction of the numbegrafine types 62
5.4.3 New suggested blocking policy and introduction otaegorization
system 62
5.4.3.1 Economic profit 63
5.4.3.2 Customer agreements 64



5.4.3.3 Customer priority 65

6 STAFF OPTIMIZATION AREAS: CURRENT SITUATION AND ANAYSIS

OF THE POSSIBLE IMPROVEMENTS 68
6.1  General aspects regarding staff 68
6.1.1  The “Main-Site” concept 68
6.1.1.1 Types of “Main-Sites” 68
6.1.1.2 Important aspects and limitations 70
6.1.2 Green Cargo operators: shunters, drivers and shdnters 71
6.1.3  Shunters and drivers schedule planning
6.1.4 Legislation regarding working hours 72
6.1.5  Shunters and drivers training 73
6.2  Staff optimization area 1: optimization of staffsimgle shunting stations 73
6.2.1  The single shunting concept 73
6.2.2 Remote controlled locomotives: a requirement iglgrshunting 75
6.2.3  Working hours and salary 76
6.2.4 Customer service 77
6.2.4.1 Single shunting: economic advantages for Green dcCagd
customers 79
6.2.5  Contact of shunter-drivers with operational deparita 79
6.2.6  Safety aspects: single shunting and traditionahshg 80
6.3  Staff optimization area 2: Centralization of regestaff in large Main-Sites
81
6.3.1  Specific required training for each location 83
6.4  Co-operational shunting pool: a new improvemensjiolgy 83
7 OTHER IMPROVEMENT AREAS 85
7.1  Other staff improvements 85
7.1.1 Future suggestion: expansion of the current holadgndar 86
7.2  Other capacity improvements 86
7.2.1  Software 86
7.2.2 Differences between planned activities and real lif 87
7.3  Communication improvements 88
8 DISCUSSION AND CONCLUSION 90

9 REFERENCES 93






1 Introduction

This chapter starts by offering a general overviginthe rail freight transportation
industry and, later on, introduces the purpose Amitations of this master thesis. In
addition, a description of the outline of this tisas included.

1.1 Background

Freight transport represents an important sectahénglobal economy due to the
existent close links between this and the indusw@i@a. All sort of industrial
companies need to receive their required rough niaéten order to manufacture or
produce those items which later will be transportedhe final customers on the
agreed times.

Statistics regarding European freight transportnpoout that road and ralil
transportation represent respectively the first #red second more important inland
transport modes. Last decade trend indicates #nhttransport market share has
continuously decreased in contradiction to roadngpart, mode which has
experienced a high growth. This trend can be empthby the flexibility offered by
road transport mode, which allows freight shippiogny location presenting a road.
On contrary, rail transport does not offer suchreagvariety or destinations, but it is
considered to be a more sustainable transport rdodeto its lower emission rates.
(European Union, 2012)

European Union transport policies point out thednefoptimizing current transport
processes as well as turning transport into a reeséainable sector under economic,
social and environmental points of view. (Commiesid the European Communities,
2001) In order to achieve those objectives, an mapb approach would be the
revitalization and optimization of freight rail treport sector.

The main existing problems regarding rail transpodde are shared all over the
European countries, so that the following issueprasenting the most important
drawbacks in Sweden rail mode can be extrapolatéuketrest of nations.

At present, Sweden railroad capacity is considéoeok highly strained and utilized,
aspect that many times ends up in a reduced qualithe offered train transport
services. Some parts of the Swedish railroad sysseith as Malmd, Goteborg or
Stockholm, present capacity utilization rates clesel00% (Trafikverket, 2012b).
Other aspect to consider is the high volume ofa@ampanies interested in making use
of those railroads. Only during 2010 a total of 3Wedish rail road companies, both
in the passenger and freight transport sectorslieabfo the Swedish authority in
charge of allocating railroad capacity, Trafikvdrkier track capacity (Trafikverket,
2012b). All those aspects linked to the high cotigesn Swedish railroads may lead
to negative consequences such as train delaysiambssible non fulfillment of those
delivery times agreed with customers. In additi®wedish train priority rules points
out the priority of passenger transport over freiggansport, being the last group
forced to face unfavorable working conditions.

CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019 1



The most efficient solution to solve rail transpooingestion problems would lie on
the enlargement of the railroad system, especiallhose areas presenting the high
utilization rates. Nevertheless, considering thaténlargement of the railroad system
iIs a long time horizon process that must be planngd more than 10 years in
advancé’, the short time optimization of rail industry lies a better utilization of the
available track capacity (Trafikverket, 2012b). 8wedish level, both Trafikverket
and rail companies are those implied factors iru@sg the achievement of this
objective.

The future horizon for rail freight transport comps in Sweden is expected to
worsen within the next years due to the increasehef number of passenger
companies in the rail market. All those new passendransport activities will be
prioritized over freight transport, what make eveore necessary for freight transport
companies to increase and optimize their intermatgsses and exploit as much as
possible their available time slots. The optimizatiof the freight rail companies
processes will also allow to offer more efficiemdaattractive services to industrial
customer and hence, increase the possibilitieswtalizing this sector.

Considering the importance of optimizing rail figigransport activities and make it a
more competitive transport mode for industry, tthesis analyzes how efficiency
levels in freight rail transport companies can iogroved. Particularly, the thesis is
focused in analyzing how Green Cargo AB, a railghe company owned by the
Swedish government, could optimize its activitind @rocesses in an internal way.

1.2 Purpose and problem analysis

The purpose of the thesis is to evaluate poterntimaiscrease efficiency in freight rail
transport. The objective of this master thesis@yzing the feasibility and associated
improvements related those areas considered tothavaost potential to increase the
internal efficiency levels of Green Cargo, a Swidisight rail transportation firm.

The four improvement areas that will be presentad ke divided into two different
groups: the first one is related with the optimimatof Green Cargo current capacity
whereas the second one is focused in how to oithig staff volume needed by the
firm.

The first improvement area, focused @apacity optimization, analyzes three
different main problems.

» Optimization of train capacity. The company wam®btain full utilization of
the forecasted and applied capacity, while consigethe legal limitations.
This category presents how the capacity level cbeldptimized in order to
reach full capacity concerning the weight and langttrains.

* Peak reduction of the train traffic: at present treegggo trains are driven in
nightly timetables, what is associated to increasquenses if compared with
daily transport. This category analyzes the felsitof reducing the current

10 Hakan Lind, Short-time Planner, Green Cargo, Inésvy2013-02-19
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nightly peak taking into consideration the most amgnt constraints affecting
this category.

* Uneven flow of cargo trains: This category presémésproblems linked to the
current uneven distribution of daily traffic durirtbe different days of the
week, and analyzes how this problem could be retiuce

The second improvement area is focusedmimizing the staff requirements both
for drivers and shunters. In this category it ialgped how to achieve a more efficient
and centralized transport network with a reducechlmer of important stations (later
presented as main sites) and a higher number @rlonportance locations linked to
them. It is also investigated the possibility ainving completely the stationed staff
in smaller locations and the consequences of tmsept.

In addition, some other detected improvement aneagreviously detected by Green
Cargo will be presented and analyzed. Finally,szulsion presenting the feasibility
and problems linked to the suggested improvememtsedch of the improvement
areas.

1.3 Scope and limitations

This thesis is mainly focused in deeply analyzes¢homprovement categories
presented by Green Cargo as the most importantiasfmeconsider: optimization of
train capacity, peak reduction of the nightly tigfuneven flow of cargo trains and
optimization of staff volume. Other improvement agenot pointed out by Green
Cargo have been identified and are briefly preserde the end of the thesis.
Nevertheless, any deep analysis regarding themt ismicluded.

Most of the data used to perform the analysis cfvore interviews with Green Cargo
employees and Green Cargo internal documents, pdiats the possibility of those
information may be biased and contain some subigdthpressions differing from
what reality shows. One of the thesis authors madipusly worked as a Green Cargo
employee, whereas the other thesis author hadlatorewith the analyzed firm. The
combined background of the authors has made pestbassure the accuracy and
veracity of the information presented in this teesi

As Green Cargo, the freight company object of stunlginly operates in Sweden, the
geographical limitation for this thesis is reseittto the mentioned country. In
addition, instead of analyzing the improvement srparposed by Green Cargo in
specific regions, these improvement areas have lbeatyzed at a national and
aggregated level following the directions of thenpany.

Although in an initial state this thesis was expddo carry out a quantitative analysis
of the main improvement categories, due to confidéty and sensitive data aspects
and limitations, finally this analysis has beene&omder a qualitative view.

This thesis does not analyze any financial aspecis) as which of the considered
improvement categories would bring Green Cargohlighest economic savings or
would require the highest investments. Insteads ipresented a discussion of the
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feasibility of each improvement alternative as vasllthe planning horizons needed to
implement those improvements. Later on Green Cacgosidering the analysis
included in this thesis as well as its confidentdata will determine which of the
presented improvement areas is more profitablepaindty for them to implement.

The environmental aspects are only lightly congdebut no actual calculations of
environmental benefits linked to the analyzed improents are included in this
thesis.

1.4 Outline

This Master Thesis is divided in four main partanfie of reference, method, analysis
of the possible improvements and discussion.

Firstly, the frame of reference presents a desoripegarding the current situation in
the freight rail industry all over Europe and imtoces the most important problems
faced by this industry.

The method chapter focuses on explaining how data waken and analyzed as well
as describes the process followed to elaboratéagter Thesis.

The analysis block represents the most importaatiose in this thesis, and it is
divided in three groups: how to optimize capadigw to optimize staff requirements,
and other improvement areas.

* Analyses of how to optimize capacity and staff regaents study those
improvement areas identified as Green Cargo asnib& important ones to
consider. These two chapters firstly introduce ganeoncepts regarding
capacity and staff, respectively. Later on, it regented a detailed analysis
related to the improvement possibilities identifisdhose groups.

e The third group: other improvement areas, iderdifend discusses other
possible areas which could be improved by Greegdar

Finally, the discussion part analyzes all the pres results in this thesis and gives
some final conclusions.

4 CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019



2 Frame of reference

This chapter provides general information regardifigight rail industry all over
Europe, and particularly in Sweden. Some of thegmeed topics in this section refer
to the main problems faced by this transport sectmw freight rail companies
manage their activities and possible improvememiisnided to increase efficiency in
rail transportation.

2.1 The development of freight transportation in Europe

An analysis of the historical distribution of theeifjht transport industry in the last
two decades shows the three most important transpades are road, sea and rail
respectively. Figure 1 presents the overall peroroe by mode for Freight Transport
in the EU-27 countries during the period 1995-2qEuropean Union, 2011)

EU-27 Performance by Mode
for Freight Transport — 1995-2010

billion tonne-kilometres
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Figure 1: The overall performance by mode for freidgpt transport in the EU-27 countries during
the period 1995-2010 (European Union, 2012)

As it can be observed in Figure 1, from 1995 to R0Beight transport sector

experienced a continuous expansion process, meaapiyesented by the increasing
importance for road and sea modes, which have takemportant share of the new
market opportunities during that period. Within §ears 2008-2009, and due to the
economical crisis context, freight transport sudtea contraction process of 11,2% on
its overall tonne-kilometres figures. After thisripgl, it has been experienced an
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increasing trend in the freight transport areamshg signs of recovery. (European
Union, 2011)

In opposition to the average increasing tendendseight transportation sector during
the period 1995-2009, represented by a 1,6% yeadyage expansion on the tonne-
kilometers volume, rail freight sector only expeded an average 0,1% yearly
increase regarding the same aspect. (European | 204R)

Within the last years, European Union has turnesl phomotion of freight rail
transportation as one of its important prioritiegarding transport policies guidelines.
Policy documents such as the White Paper “Eurogealicy for 2010: Time to
decide”, presented in 2001; and its Mid-Term revigfeep Europe moving —
Sustainable mobility for our continent”, published2006, include the main strategic
EU plans intended to revitalize the freight railwandustry. (Commission of the
European Communities, 2001)

The three main key aspects pointed by the Euro@@anmission in order to achieve
the railway revitalization lies on “integrating Iraransport into internal markets”,
“making optimum use of infrastructures by openimgtbe market” and “building a
dedicated European rail freight network, as welpbeamoting the modernization of
rail transport services”. (Pricewaterhouse Coop208)

Nevertheless, more than ten years later after thigation of the White Paper, rail
freight situation barely stands in the same situtand those key objectives seem to
be far to achieve, although some initiatives sugltha creation of the European Rail
Traffic Management System, ERTMS. This system isoted to achieve the
interoperability in the trans-European rail netwbskestablishing common signaling
standards, and it is being developed and introducedhe different European
countries. (Abril et al, 2008)

Despite this fact, reality shows that there ardl stgnificant barriers within the
European railway system and until those ones aresaived, rail freight area could
not become competitive sector for internationahgports. Some of those main
limitations are caused by the different infrastauet regulations in the European
countries and the existence of own national fremrhpanies. In order to create an
effective European freight transport sector it vdolké necessary to solve issues such
as (Wiegmans & Doners, 2007):

- The different national braking distances.
- The incompatibility on traction forms electriftaan.

- Different national train length limitations, inypdg the need of extra shunting
operations to adequate trains to the legal req@ntsn

- Lengthy border checks, requiring in many caseshifting of drivers in each border
control.

6 CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019



2.2 The development of passengers and freight
transportation in Sweden

In the 1990s, the rail freight train traffic in S#em was quite constant and the
prospect of developing further was not looking taght. During the same time

period the truck transports where increasing camalaly as a result of the increased
maximum weight for truckloads, increased maximungth for the trucks as well as

the dropped additional taxes for driven kilomefEBinese new factors resulted in a
major cost decrease for truck shipping. (Trafikety2012b)

In 1997, The Swedish governmental department fonmnoanicational analysis did a
forecast on the passengers and freight transp@t®lapbment until 2010 as a
foundation for the future investment for society ral traffic. The increase in
passenger train transport was forecasted to inersésadily and flight and car
transports were expected to increase significanthen it came to the freight
transports the conclusion was drawn that the isere@a truck shipping would
continue to increase significantly, while the ra@ight traffic would only increase
very slightly. (Trafikverket, 2012a)

In Figure 2 it is included a comparison the deveiept of different freight transport
modes between 1997 and 2010. It is clear that tmecésted increase in truck
shipping was very inaccurate while the significauatease in rail traffic was not at all
predicted. An explanation for the outcome couldhee increase of container traffic,
the increase of diesel costs and the increase wf omerators with new freight
transport solutions. (Trafikverket, 2012b)

40%
35%
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25%
20%
15%
10%

5%

0%

“ Forecasting

“ Reality

"B -

Rail freight Sea Truck
Shipping

Figure 2: Forecast and real increase freight traft between 1997 and 2010 measured in tonne-
kilometers (Trafikverket, 2012b)
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In Figure 3 the forecast for different passengaffitr transportations between 1997
and 2010 is presented. The forecast for passergas twas set to be 26% but, in
reality, it was more than twice a high increase582. An explanation for the
outcome could be the very incorrect forecast foghtl transport, which even
decreased from 1997 to 2010 instead of a majoeas& as predicted. The prediction
of an increase in car traffic was also incorredhe Tmost major increase in the
passenger rail traffic during the period has beethe local train lines reaching the
major cities Stockholm, Géteborg and Malmo. (Tredikket, 2012a)
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Figure 3: Forecast and real increase of passengeraffic between 1997 and 2010 measured in
tonne-kilometers (Trafikverket, 2012a)

2.3 Rail freight transport VS road freight transport

A comparison between rail and road freight transpoea, considered as its main
competitor, allows point two main advantages linkied the first sector. One
advantage is related to the environmental aspesghit rail is a more sustainable and
eco-friendly way of transport if compared to rai&risport, mode which creates
important air pollution levels as well as represemrie of the main sources of carbon
dioxide emissions in the planet. The second adgentd freight rail instead of road

transport is related to its higher safeness lgwrelsenting a more reduced accidentally
rate. (Pricewaterhouse Coopers, 2008)

The environmental benefit of railroad shipping ident when looking at the
statistics over carbine dioxide pollution in Swed&he electric freight railroad train
has 0,11 grams of carbine dioxide emission pertarekkm, while in comparison a
cargo truck would emit 57 grams. This results ia fact that the rail engines can

drive 300 times as long as the trucks with the sam®unt of carbine dioxide
emission. (Green Cargo, 2012)
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With the environmental benefits of rail freightla of companies want to use this
more eco-friendly transport method instead of tsudknfortunately, the uncertainty
about the capacity on the tracks makes it notlagbte as the rail companies wishes it
to be. (Abrahamsson, 2010)

2.4 Passenger rail traffic VS Freight rail traffic

This section includes some of the possible mechanissed to allocate rail capacity
and later presents a common situation in the radustry: the prioritization of
passenger rail transport over freight rail transpor

2.4.1 Allocation of capacity in the rail industry

The allocation of the rail capacity among the trammpanies in all European
countries is done by specialized agencies depemddhné national Governments, and
three of the most important mechanisms used tardete the final allocation of the

railroad capacity are:

Administered mechanismsn this case, railroad capacity is allocated agicqy to
different train priority levels established by thational agencies in charge of doing
this task. An administered mechanism can be “Coramusains are the first to be
prioritized”. (Gibson, 2003)

Cost based mechanismshis category tries to achieve an efficient adkian of the
railway capacity, which many times results scamethe interested rail firms, by
setting different prices depending on which routd avith time traffic band certain
firm use. In addition, an extra fee is set for gsthose paths with high congestion
levels. Train firms will apply for certain rail gafter considering their needs and the
economic fees that would be faced in each situa®iibson, 2003)

Market-based mechanisms this type of allocation mechanism train compani
apply for their desired time slots to their asswdanational allocation agency. Once
all train companies have applied, the agency cleotss timetable which combines
the different firms providing the maximum profiGipson, 2003)

2.4.2 Freight and passenger allocation

In Sweden cargo traffic is dominating the railwalygompared to other European
countries where the passenger traffic really hagetl. (Vierth et al, 2012)

There are several limitations for optimizing thd feeight transports in Sweden as
well as the traffic going from Sweden to Europettvi Sweden one of the biggest
limitations causing capacity and quality problems those tracks trafficked by both
cargo and passenger trains. At these routes theso a lot of conflicts between the
cargo and the passenger train, concerning the siote given by Trafikverket, the
Swedish authority in charge of allocating rail sletithin rail companies in Sweden.
(Vierth et al, 2012)

The current path allocation between freight andsg@ager trains in some countries,
such as Sweden, shows that freight trains timetadsle mainly allocated in basis on
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the residual slots after planning passenger trdmsddition, in case of unplanned
situations involving a conflictive situation betwea passenger and freight train, the
first group is often considered as prioritized. sTlsituation may origin important
freight train delays, which significantly affectetlefficiency of this mean of transport.
(Pricewaterhouse Coopers, 2008)

Green Cargo, Swedish company devoted to freightremisportation, states that it is

not really that many customers that have a realisted for overnight transports. At

least half of all these trains should without dissattages for the customer be able to
be shipped during the day. Unfortunately the capaufithe tracks would not be able

to support this much extra day-time traffic as ldek of side tracks to let other trains

pass by makes it impossible. (Vierth et al, 2012)

Green Cargo states that punctuality to customeappsoximately around 95%. One
of the most common reasons for a freight train te UOelayed is the
crowdedness/hustle on the tracks. The freight graill have to leave room for the
passenger trains. To be able to be reliable tatisétomers and keep the high rate of
punctuality extra time has to be scheduled intotthesportation time. Going on side
tracks to let passenger trains pass is not onlingddne to the transport time but also
costing a lot in extra driver hours as well as megiengine hours. (Abrahamsson,
2010)

Green Cargo states that all the time put togethegrtheir cargo trains are waiting on
side tracks because of the prioritized passengeainstr costs them annually
approximately 150 million SEK in increased prodactcosts. (Green Cargo, 2011)

In order to revitalize the freight transport sea@ad make it more competitive against
road transport industry, aspect which represents ainthe goals of the European
Union Commission, it would be interesting to chatige current traffic management
rules (Commission of the European Communities, 2081possibility would lie on
establishing general priority levels according lie socio-economical value for each
train, considering freight and passenger transportaat the same time. Another
option suggests that trains on time, would remaitime. This means that in case of a
rail traffic situation in which a freight train éveling on time), and a passenger train
(which has suffered a delay) were expected to raegtvhere in the network, the
freight train would continue its route without gig priority to the passenger train.
(Pricewaterhouse Coopers, 2008)

2.5 Rail freight companies management

Rail operations are complexly affected by the ptalshnetwork constraints as well as
by some policies such as train locomotive schedulmpty wagons management, or
car blocking. Problems linked to the interrelatimpsamong those factors make the
freight transport industry not to be as efficieatiicould be in the theoretical way,
and may explain the continuous decreasing of ftaigimsport market share. (Abril et
al, 2008)

Efficiency in freight rail transportation is intiedy linked to how welltrain
operating andtrain scheduling policies are managed to get to a common direction.
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While operating plans are related to train routtmghe wagons blocking strategies;
train scheduling policies are linked to the tempatamension, considering the
constraints linked to the need of synchronize wuagktimetables with other rail
companies: both in freight and passenger transfiootdeau et al, 1998)

Operating policies comprise activities such as blocking, routing amakeup freight
traffic, as well as manage the empty wagons flowthe freight rail industry, the term
“block” refers to certain group of wagons travelimgthe same train and having a
common destination. Blocking policieggulate which wagons should take part in
each block as well as where those blocks shouldcrieated. Routing policies
determine the departure and final destinationshef different blocks and finally,
makeup policieestablish the potential blocks that may travedach train. (Cordeau
et al, 1998)

Scheduling policiesare in charge of managing the temporal dimensiothe rail
operations. Aspects such as rail network has tshHzeed between passenger and
cargo trains, or some rail sections only has ome &énd two travel directions, cause
the need of synchronizing the rail traffic, aspétat can be managed by using
dispatching lists. (Cordeau et al, 1998)

It is custom in the rail systems around the wodddilow a type of “go when full”
policy. Even when schedules were introduced thegeweostly used as guidelines
and trains were still sent off schedule if it wasl.fBut the very high volume of
passenger trains in the system and the aspiratidedrease the total shipping time of
freight has forced the European railroad compatuestroduce more strict schedules
for the cargo transports. The Swedish railways dieesady worked in accordance to
this for quite some time and used a similar bookiystem for the freight transports as
for the passenger ones. North America started usitgncrete scheduled booking
system as late as in the 90s, while the situatiohsia is still an overloaded system as
the freight and passenger transportation heaviljeeds the capacity, forcing the
companies into focusing more on managing the triamesoperations and less on the
actual scheduling. (Crainic, 1998)

Empty flow management is another aspect considertdn the operating policies.
Freight rail firms are both in charge of delivermgnfreight cars to customers as well
as transport the loaded wagons to the requiredndéisins. Nevertheless, those tasks
can be difficult to achieve because of severalaesssuch as wagons location in far
network stations or a temporary wagon shortage tdug high peak correspondent
demand. (Narisetty et al, 2008) The optimizatiosgiilities for the empty freight
wagons are easier to achieve as the wagons areflepitde. A customer’s loaded
wagon with a set final destination has very limitggdions to reach its destination on a
set time. When it comes to the empty wagons theadenis known at least one day
ahead in Green Cargo particular case. When compargdropean’s large market, a
smaller railway company like Green Cargo, the tpeeod for which the demand for
empty wagons are known until it has to be distedus longer than most of the actual
transportation times. In comparison with the loadejons the empty wagon flow
gives much more possibilities to implement optirtimas on the flow. (Joborn et al,
2004)
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2.6 Capacity planning in freight rail transport companies

This section presents the three main planning $ewséd by freight rail companies all
over Europe, and later explains the causes thag itiedoretical and practical capacity
limits to be different.

2.6.1 The three levels methodology for capacity planning

Rail transportation capacity management and planisrdone in base of three time
horizon levels: strategic, tactical and operatiprigdm a longer to a shorter time
perspective respectively. Th&rategic planning determines the preliminary solutions
required to cover future demands, for examplejrggthe acquisition of long-lasting
resources such as locomotives or the building of imdrastructures or stations. The
tactical planning refers to medium and short term aspects, for elantipe
determination of the required rail slots to fulfilustomer orders. Finally, the
operational planning is linked to the daily control and management eidit rail
firms activities, facing and solving last minuteoplems such as accidents in the
railroad, or customer delays. (Abril et al, 2008)

2.6.2 Theoretical VS practical capacity

When analyzing train capacity, it is necessaryistirtguish between theoretical and
practical capacity. Theoretical capacity refersttie maximum weight that certain
train is able to transport, whereas practical caypaonsiders the feasible and real
transport possibilities after including operatioraaid reliability aspects. For that
reason, practical capacity is that one used whamnphg transport activities. (Abril et
al, 2008)

Railway capacity is characterized for its dynamama it's highly influenced by how
it is used. Factors affecting theoretical capacag be categorized within three main
groups: infrastructural, operative, and trafficgraeters, presented in Figure 4.

Infrastructure parameters refer to aspects such as the existérsingle or
double tracks, fixed or moving block and signalgygtems, disposable track
structures, legal speed limits or bottleneck areas.

Operative parameters comprise planned and unplanned tréakuptions, for
instance due to maintenance activities or acciganesximum allowed trip
times or network effects associated to interfetragn lines.

Traffic parameters consider those problems linked to traik, such as
different train speeds; peak traffic intervals dopty policies, which has been
previously presented.

Nevertheless, practical capacity differs from tledical one because of the service
reliability, also known as robustness. It is neaggsto consider that the scholastic
nature associated to train operations may causapipearance of non planned failures
and other several disturbances which reduces #wdhcal capacity levels. In other
words, maximum train capacity and reliability leveépresent an important trade off
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for freight train companies, which are forced ta am optimal and economically
feasible capacity level according to the desirdidivgity level. (Abril et al, 2008)

Capacity
-~

Theoretical Capacity Teapecty
I - ey
Infrastructure || Operating Traffic 7

Parameters || Parameters | | Parameters -

Reliability

Figure 4: Factors affecting theoretical and practial capacity (Abril et al, 2008)

2.7 Different customers requirements

There are several types of traffic customer growpgh can be identified in cargo
transportation. Freight rail companies have to imrsthe fact that some customers
are working with JIT or other time critical deliyeapproaches while other customers
contemplate punctuality as a more important requerd. (Kwon et al, 1998)
Customers’ requirements need to be investigatearder to establish an acceptable
classification of customer groups. (Crainic, 1998)

Another aspect to take into consideration is tlwhes customers are willing to pay
higher expenses to get extra services. Rail fraightpanies should take advantage of
this situation as much as possible. (Kwon et #8)9

2.8 Traffic variation: weekly and daily

One of the current problems in trip planning isttlvagons are simply booked into the
earliest available train without any consideratiorthe train. When the train is full,
overbooked wagons will have to be delayed until nlegt available train, which is
typically 24 hours later.

There are two types of traffic variability; firshdre is seasonal or weekly traffic
variability and then there is daily traffic variity. Seasonal traffic variation is a
difficult aspect to modify, as it is dependent afstomer or market demands, and
causes that freight companies have to dimensian tégources needs according to
those periods which higher activity rates. The nadnantage of this type of traffic
variability is that it can usually be planned ahezgpect allowing freight firms to plan
their activities in a more efficient way. The wegeklaffic variation is a more difficult
concept to work with and control, as it varies depeg on the daily production levels
of the customers. It is not possible to deal whisse problems linked to peaks in daily
demand using predetermined blocking concepts, wthichot vary with day of week
or actual operating conditions. (Kwon et al, 1998)
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The problem with having variation and peaks dusioge specific hours as well as
days obviously limits the capacity on the whold sjistem but it also affects the
customer promises of punctuality and service todimtomers during these periods.
(Bowersox, 2000) If variation is detected, a mamagey use the system to
reschedule wagons to a later train. If this typéast minute adjustment is made after
the trip has begun, this will alter the trip plangmally developed and given to the
customer. (Kwon et al, 1998)

2.9 Utilization of the available track capacity

The Swedish National Road and Transport Reseawstitute, VTI, are currently in
cooperation with Linkdping’s University of Technglp researching the efficiency
possibilities of using longer and heavier cargongaThe study is expected to be
finished by the summer of 2013. This study poinistbat driving longer and heavier
trains makes possible a better utilization of th&aistructures and makes freight
transport to be more energy efficient. (VTI, 2011)

Being able to transport more cargo in each transpould result in lower costs. This
would also lead to fewer trains on the rails, whiebuld open up the schedules to
have a more flexible and fast railway system. Tée napacity that would be created
could be used either to take cargo traffic off thads and to the railroad or just
making the current timetables less sensitive. Makihe railway system more
efficient would make it a better competitor towathle truck transportation industry.
(Vierth, 2012)

The capacity of shipping as much cargo as possdiebe increased by using heavier
and longer trains. This aspect would also resulutiizing the capacity of the
infrastructure, as less trains are need to tranghersame amount of cargo. At the
moment Skogsindustrin, Trafikverket together witfi1\are working on a project
concerning longer and heavier trains. (Vierth @il 2)

Increasing the length of trains is often up forcdssion as one of the most important
factors when it comes to optimizing the capacitire TTrans-European Transport
Network has decided that the TEN-T standard fointtangth will be 750 meters
which makes the idea of increasing the length efdide tracks for meeting traffic a
very relevant topic. (Vierth et al, 2012) At presahe general maximum train length
in Sweden is fixed in 600 meters.
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3 METHOD

This chapter aims to present the methodology useanswer and study the main
purpose of this thesis: the evaluation of improuweimareas in freight rail
transportation. This section introduces the chossthod and analysis approaches
and later presents the used data collection methods

3.1 Method approach

Intention of this is to select the appropriate daglection, analysis and interpretation
methods which will satisfy the primary purposelwd thesis.

3.1.1 Research method: case study

The master thesis is written on request from GK@argo to investigate and evaluate
its potential improvement possibilities. Evaluatesin the purpose, requirements and
situation, a case study approach is consideredcetarbappropriate method. A case
study is defined as a description of an actualatiitm, commonly involving a
decision, a challenge, an opportunity, a probleraroissues faced by an organization
(Leenders et al, 2001).

A case study represents an appropriate researdtochdepending on the purpose and
research questions. The case study is an app@pnethod when a question stated as
a "how' or "why' is being asked about a currenb$etvents that the investigator has
little or no control over. The approach is espégiptactical to use when the wished
outcome is a collection and presentation of moraildeand soft qualitative data.
(Yin, 2003) This description reflects well the pasge of this thesis: analyze how to
improve the efficiency of Green Cargo processesaetations, and the case study
approach fits conveniently with the above-mentionatiire of this exploratory study.

Conducting a case study, considered to be the fleodble of all research designs,

takes one or more selected examples of a soci&y amid offers the strengths of the
experimental research within its natural settingakim, 2000). The advantage of
having a case investigated and studied in its ee@ironment is that it makes it

possible to obtain a well developed understandntydeep knowledge for the studied
area. Another advantage is that a case study &tu#e of several strong data
collection methods, such as interviews, observatand literature reviews. (Ejvegard,
2003) All those methods have been used in thisgheorder to gather data, and are
presented in Section 3.3.

On contrary, the main disadvantage of using a sagly as a research method is that
it is difficult to make a general conclusion basedthe result in the study as each
study is unique and difficult to relate to realifigjvegard, 2003)

3.1.2 Working process

An overview the working process followed to perforiinis Master Thesis is
summarized in Figure 5. This working process iedam a case study methodology
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work process, which states that a case study emntdifour spheres of activity (Yin,

2003). The thesis initially started with ‘Consideyithe theory’, which was an initial

step in designing a case study. This step involvéibt literature review to get a clear
picture of the theoretical proposition, which wée tfoundation for the proposed
research. General data about the developmentlahr&urope and in Sweden were
analyzed, as well as different methods devotedotomize and increase rail transport
efficiency were studied.

After the general literature review, the thesis kvopntinued to the second step,
‘Define and design’. This stage involved mappingatvbxactly was doing to be the
case and be investigated. This step also includeddéfinition of how to gain all
essential data and therefore, a data collectiotopobwas drafted to have a guideline
for how, when and where necessary data that wag doihave to be collected.

Define and
design

Conclude, modify
and develop

= Theory developmentand
make the theoredical
propostitions clear

= Conductthe case study or
case studiesand write them
up in an individual case report.

+ Here one drawswithin-case
or cross-case conclusions,
then modifiesthe the orywith

which one stated cut and

develops policyimplications.

+ Selectthe case or casesto be
studied and then design adata
collectionprotocol

Collectand
analyze

Considerthe
theory

Figure 5: The case study work process containing tmw spheres of activity (Yin, 2003)

Having drafted out a data collection protocol itswiame to ‘Collect and analyze'.

Interviews and observations were carried out aibuarlocations in Sweden to get a
deeper understanding of how the company organizatias constructed, how the
different planning levels of strategic, tacticabeoational planning worked and were
interlinked with each other, and also how the pemnsb planning and the day to day
work was performed planned and executed. The ilet@s/started essentially from

the top management and then continued by intermig\ey personnel from different

levels down to the operators. While the interviems observations were conducted,
new areas and idea of importance were discovesggbca which resulted in a new
phase of continuous literature review as well. Aes@l of the collected data was done
continuously, to determine the different ways totowe evaluating the current

problems in the purposed improvement scenarios.

Finally a ‘Conclude, modify and develop’ step presevas taken into action once all
the data collection was done and the analysis wagrogress. A discussion and
conclusion was placed for the different suggestedrovement scenarios: both the
optimization of train capacity and the staff requient optimization. In addition,

other detected improvement areas were also statediscussed.
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3.2 Analysis approach: qualitative method

Analysis presented in this master thesis has basrted out following a qualitative
method as the main questions expected to answénkee of “how Green Cargo can
optimize its resources and capacity utilizationtl @how staff requirements can be
optimized”. A quantitative research, representimg topposite approach to the
qualitative one, is intended to analyze a certawsecby using numerical and
mathematical data (such as statistics), gettingrdnased result applicable for other
similar cases. (Eliasson, 2010) This master thdemss not present a quantitative
research for several reasons: first of all, dueawfidentiality aspects numerical data
have not been accessed. In addition, most of ttee uksed to analyze Green Cargo’s
current situation is based on interviews with kepme in the company, so the result
of the interviews are data that are not possiblequantify. Secondly, although
conclusions presented later on may be generaliaedadmpanies similar to Green
Cargo, the main objective of the thesis is analyzire single case of Green Cargo.
These aspects make it very suitable to use thdtajissd method for this specific
study case.

It is important to choose a suitable analysis meéttlepending on the purpose and
research questions expected to be answered. Thal atéction of certain analysis

method exemplifies a variety of beliefs regardihg tisposition of knowledge and

the methods through which that knowledge can baiodd. Depending on if the

researcher intends to describe, explain or pretiiciugh observations, researcher
should decide which sources of knowledge repretiemde that produce the best
results for the given situatiofKlarner, 2010)

The qualitative method is based on a view and ntetiwbere the researcher in
question has to see a problem from the inside t@lje to understand the actual
situation. (Holme et al , 1997) The qualitative huoet is especially useful when the
understanding of certain context is not immediatdlyious, and this approach allows
to make it clearer and uncovered as the reseaérisrmed. The qualitative method
is also a very flexible approach, in the way thad possible to suit and adapt it to the
specific research needs and depending on how seaneh develops (Eliasson, 2010).
All these reasons make a qualitative approach tthbebest option to achieve the
purpose of this master thesis, analyze how GreegoCean optimize its efficiency
levels. While the investigation and data collectpyocess was done, new aspects not
considered before were discovered. Thanks to thetgtive approach, it was possible
to adequate the analysis presented in this thesibe new information and data
considered as relevant to include and analyze.

There are four principles to follow when a quaiitatmethod is used in a research
study. The first one is that there should be a ghY€loseness with which is being
studied. Secondly, the written report which will thee result of the study has to
describe the situation as objectively as possibhrdly, it is also important that the

report includes descriptive descriptions of possilactions and activities. To

conclude, if an object’'s own expression should ibedc an actual quote should be
used to create better understanding for the stuatiea. (Holme et al , 1997) As it will

be observed during the analysis presented lateralbrinose principles have been
followed, being included detailed and objective aliggions of those aspects

considered as relevant for the analysis.
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The qualitative study creates validity within ifsa$ the researcher is close to what is
actually being studied. At the same time, the ddpeing studied has a large influence
to affect the situation and can control its papttion. A disadvantages of the
gualitative study, is that the researcher can naiststand the objective’s motive and
situation. In addition, people can act differerdlythe presence of the researcher and
indirect effect the outcome of the study (Holmalet1997). Considering that most of
the data used to perform the analysis presenteithisnmaster thesis come from
interviews with Green Cargo employees, some of itHermation gathered may
contain certain subjective data. This fact wasaalyepresented in the limitations of
this master thesis (see Section 1.3). Neverthellessnecessary to say that it should
not be an important issue in this thesis, becawada dresented in internal Green
Cargo documents as well as external informatiomalopresent contradictions with
employees’ testimony.

3.3 Data collection

There are four major methods for collecting dataesgionnaires, observations,
interviews and literature studies (Holme et al 979 The three latter ones have been
used as methods to collect suitable data for tlaisten thesis. Questionnaires were not
used, as it is not a suitable way to collect daised on the nature and purpose of this
thesis. The three selected methods are divided pntoary and secondary data.
Primary data includes observations and interviewsreas secondary data is linked
to literature studies.

It should be noted that the case study approacptedan this study relies primarily
on the data collected through interviews with satsjerather than direct observation
of the subjects during the performance of theilydammunication tasks.

3.3.1 Primary data

Primary data are collected for the specific studesearcher is undertaking, in this
case, analyzing how Green Cargo can optimize fisiericy levels. Qualitative data

collection methods are usually divided into obstoves and interviews. When it

comes to the observations, the observer can be ondess involved in participation.

Interviews can be more or less structured dependinghow the interviewer

constructs the interview. All these aspects arsgrted in the next two sections.

3.3.1.1 Interviews

A qualitative interview represents conducting avesation between an interviewer
and interviewee with more or less prepared questasia guideline. Depending on
the purpose of the interview the outline can betructured, semi-structured or
structured. Unstructured interviews represent gubfisic conversation, and represent
a good method if the interview outline is just mréwo questions. A semi-structured
interview is more guided than the previous groug has several prepared questions.
In the same way that unstructured interviews, semsiructured ones allow the
interviewer freedom to go deeper into chosen gaestand new discussion areas that
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may appear during the conversation. On contrargiractured interview does not
present high flexibility and rarely gives the pddgly to go deeper into discussion
concerning specific questions. In this type of im@wvs a very fixed question
template is set and the interviews are quite easysdrform. Quantitative data
collection often uses structured interviews. (E@s2010)

The interview data has mainly been the foundatibthe empirical data considered
for this thesis. The choice of structure for thieimiews in this thesis has mainly been
semi-structured as this method had the best pbt#s®bito obtain deep information
and explore new areas not considered in the setofigquestions. Most of the
interviews have been conducted face-to-face, wheerest of them have been done
by videoconference, which is an advantage aseaser to get a deeper connection
and better understanding with the interviewed persoaddition, in those cases body
language can be accounted for.

The interview templates were prepared in advanag lzed different structures,
lengths and approaches depending on the persog imégmviewed. The interviewees
in this thesis are mainly employees at Green Cargbspan with their backgrounds
from top management down to operators. The refmsdhe various backgrounds and
positions of the interviewees was the need of gt wide and deep understanding
of the whole organization including both work methoas well as planning and
strategic decision-making.

Interviews should be documented in some way eblgerecording or written notes to

allow the future review of the gathered data durihg analysis process (Eliasson
2010). In this master thesis, written notes havenkbie most common approach to
document all the obtained information. In some ipaldr cases, in addition to the
written notes, interviews were also recorded fothfer and deeper analysis.

Below it is presented the list of interviewed penpheir position and how and when
those interviews were performed. After that, itimcluded a short explanation
regarding which type information was provided facle of the interviewed persons.

1. Anders Lester (Company supervisor)
Quality and Organisational Development Manager a¢&h Cargo, Solna
Interview done face to face; Met at several oaasthroughout the thesis

2. Marcin Tubylewicz (Company supervisor)
Strategic Production Development Manager at GreargG, Solna
Interview done face to face; Met at several ocemstbroughout the thesis

3. Inger Ericsson
Head of Strategic Production Development at Gréargo, Solna
Interview done face to face; Date: 2013-02-04

4. Mats Tapper
Strategic infrastructural Planner at Green Cardgaothenburg
Interviews done face to face; Date: 2013-02-06;3203-19

5. Tony Ostlund
Shunter coordinator at Savenas yard at Green Ca8wvenas
Interview done face to face; Date: 2013-02-06

CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019 19



6. Per Svensson
Group leader for shunters and drivers in Halland@een Cargo Halmstad
Interviews done face to face, E-mail; Date: 2023t@, 2013-02-21

7. Lars-Ake Ingmarsson
Driver in Halland county at Green Cargo, Halmstad
Interview done face to face; Date: 2013-02-14

8. UIf Wikstréom
Agreement Specialist at Green Cargo, Umea
Interview done face to face; Date: 2013-02-19

9. Peter Ottoson
Driver, formerly Tactical Local Driver Planner &reen Cargo, Gothenburg
Interview done face to face; Date: 2013-02-19

10 Hakan Lind
Short-time Planneat Green Cargo, Gothenburg
Interview done face to face; Date: 2013-02-19

11. Tomas Géadda
Capacity Manager at Green Carg8olna
Interview done by videoconference; Date: 2013-02-21

12. Fredrik Andersen
Organizational Specialist in Planning at Green Cayrélallsberg
Interview done face to face; Date: 2013-03-04

13. Johan Gustafsson
Analyst of Trafikverket invoices at Green Carblallsberg
Interview done face to face, Date 2013-03-04

14. Bengt Palm
Capacity Distributerat Trafikverket, Gothenburg
Interview done face-to-face; Date: 2013-03-19

The Interviews with the company supervisors Mamithylewicz and Anders Lester,
both in the Strategic Development department aei@argo, gave the authors of
this thesis a high general understanding of howctmpany works from a managerial
point of view. They also provide us deeper infolioratof the specific concepts that
were expected to be investigated in this thesis leided us to arrange interviews
with other Green Cargo departments and personrtedlfpus gather necessary data to
perform the required analysis.

Inger Ericsson, Head of Strategic Production Dgwalent, brought the authors of this
thesis an overall understanding of the strategiaqhg on all different levels but also
on the strategic decision making. She provided dathinformation about the current
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capacity situation in Green Cargo and explainedccepts such as anchor blocks and
peak times.

Several interviews and meetings with Mats Tappehno wvorks as a Strategic
infrastructural planner at Green Cargo, helped towgb essential and deeper
understanding regarding the long term planning gssdinked to Trafikverket time

plans, as well as the short time planning andr@sute changes. Mats Tapper also
provided information concerning categories plannangd prioritization of trains,

according to Trafikverkets guidelines. He also dest@ted how the software
TrainPlan and Trafikverket reservation software keol Understanding how the
applying process of track time at Trafikverket vaéso provided by him.

Tony Ostlund, shunter coordinator, provided generdrmation on the work in a
major shunting yard and also demonstrated how tisvare were used to help
control the shunting yard in G6teborg Savenas.

Per Svensson, Group leader for shunters and drateksalmstad station provided
deep information regarding driving and shuntingimiyirthe several interviews that
were performed with him. He provided essential infation about the single shunting
concept and the advantages and disadvantagestidept brought. He also informed
about how shunters and drivers planning schedukeperformed and allowed us to
visit single shunting stations (Hylte and Brannegar

Lars-Ake Ingmarsson and Peter Ottoson, driver amwindr driver respectively,

provided very useful information concerning the iaegdriving processes, the
legislation for drivers and shunters, and also aatathe process of planning and
scheduling drivers. Lars-Ake also offered importargight in the single shunting

concept and gave his perspective concerning drsteusiting as well as information
about safety and customer interaction.

An interview with UIf Wikstrom, Agreement specidliat Green Cargo, provided
useful information about personnel questions, alion of personal and important
legislations and other barriers limiting staff opization. He explained the factors
affecting the overall staff needed as well as gdeeper understanding to the main-
site concept and the idea of centralizing staff.

Understanding and information about the softwartdPand TrainPlan were provided
by Hakan Lind, short-time planner at Green Carge.rkhide us a demonstration of
how engines allocation process is done accordingdglanned trips and explained
how to manage minor and last minute changes ifidrand train requirements. The
interview gave an overall idea of some of the déf¢ software used in Green Cargo
as well as its correlation to each other.

Tomas Gadda, Capacity Planner at Green Cargo, dedvinformation of how
capacity needs are forecasted in the strategipeetise, including both the customer
needs forecasting as well as the real capacityestquto Trafikverket. He also
explained and provided information of the SAP safisv

The Organizational specialist planner, Fredrik Asden, provided information and
gave an overall understanding of the daily workfgrened in the customer service
center in Hallsberg. He also explained how the tdmm between strategic
production plan and weekly plan is done.
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Johan Gustafsson, who works as an Analysis comggriirafikverkets invoices,
explained and provided information concerning thabfems regarding Trafikverkets
invoice system and the economic savings assodiaigalving them.

A meeting with Trafikverkts employee Bengt Palm, owlworks as a Capacity
distributer, provided essential information conaegnlrafikverkets general work and
how it is interlinked with Green Cargo. He brouginderstanding to the competitive
market in rail track time and explained the prooafsdistributing the capacity of the
rails among the rail companies in Sweden.

3.3.1.2 Observations

Observations represent another important sourceriofary data for this master

thesis. During observations, the observer obseewvesnts in the environment and
takes some kind of notes. It is important to douhoentation of those observations to
allow a further and later analysis of them. Accogdio Gold’s typology, it is possible

to distinguish four different types of observerpeieding on the level of involvement:

“the complete participant”, “the participant as eb&r”, “the observer as participant”
and “the complete observer” (Gold, 1958).

In this thesis observations were done followinge“tbbserver as participant”
approach. In this case, the observer does notsepre normal part of the observed
environment and has a reduced involvement in tndied situation. This is the way in
which the observations were performed, visitingdifeerent places stated in the next
lines and having a direct overview of the way ofkwuag in each of them.

Several Green Cargo offices in Sweden were visitegeveral occasions from
January to April of 2013, specifically those lo@hte Solna, Goteborg and Hallsberg.
During those visits it was possible to get a gdnétea of how the different

departments in each site were coordinated and conmcated between them, as well
as gaining a deeper understanding of the missi@adf of those departments.

The Séavenas control tower and Savenas rail yare wisited on 8 February 2013.
This visit provided us general understanding allmw the rail yard was controlled
and how shunters work and perform their day totdaks.

On 14" February 2013 the single shunting stations plagedylte and Brannegard
were visited. This visit was very useful to geteepler understanding of the single
shunting process, especially after observing a tehyin driver performing this
process in reality. In addition, it was possibleyé&t better understanding regarding the
environment inside the locomotive, the generalifgebf working on the rail yard as
well as a single shunting concept.

During 14" February 2013, it was also possible to visit ther® Enso factory in
Hylte, station working with the single shunting pess. This visit allowed us to get an
idea of how the interaction between the customenpamies and the Green Cargo
employees who work out on the rail yard takes plateaddition, Halmstad rail yard
and the Halmstad harbor were briefly visited irs tthate.

22 CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019



3.3.2 Secondary data

In contrast to primary data, secondary data haes loellected by someone else for
some other purpose than the specific study of ester(Klarner, 2010) The data
collected is not always suitable and valid for otperposes than its original one. In
this thesis the secondary data has been gathemadaffiterature review.

3.3.2.1 Literature review

In the same way as primary data did, the secondaty obtained thanks to the
literature review has mainly provided qualitativatal As it is mentioned in Section
3.2.1, the literature review process started ininiteal stages of the working process
and was conducted continuously through all the gssc

The focus of the literature review has been ondimeent situation of freight rail
transport over Europe, the main problems facedisytype of transport, and how this
sector is being developed worldwide in order toieah higher efficiency levels.
Literature studies have also been conducted toegatBreen Cargo specific
information, such as how the internal developmewnfiustment to the market and
efficiency in this firm has progressed over time.

According to (Ejvegard, 2003), it is important tedp a critical approach to the
literature and always question the data objectivitge authors of this thesis have
taken into consideration this aspect during the levlvaorking process, assuring the
objectivity of those texts evaluated in the literatreview.

The secondary data used in this thesis includesraetypes of literatures, such as
scientific articles, documents and consultancy rspérom the European Union,

documents available on Trafikverket's webpage, anternal Green Cargo

documents. Those internal Green Cargo documents lien obtained from the ‘Our
document’ Green Cargo database, the company’s awaahreport, and extra power
point presentation material and documents wereirdddaduring the interviews with

Green Cargo employees.
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4 Green Cargo

This chapter provides general background regardimg rail freight company Green

Cargo, deeply analyzed in this master thesis. Sofe presented topics in this
section are Green Cargo Key Performance Indicatord competitive advantages, its
operating areas and its main limitations.

4.1 Green Cargo background and general aspects

Green Cargo is a government owned limited compahigtwis administrated by the
Swedish Finance Department sinceaf January in 2001. The company was created
out of the logistics division of the formal Stated&rnvagar (The Swedish State
Railways).

Green Cargo is one of the most important logista®panies in Scandinavia, focused
in supply logistic solutions that meet customeruregments. The largest customers
are those of the Swedish business world within sareach as steel, chemistry,
vehicles, workshops, woods and retail. Green C@&ga control of shipping more
than half of Sweden’s freight on rail and its netikvof partners reaches all of Europe.
(Green Cargo, 2012)

Green Cargo offers transport and logistics solstianth environmentally certified

rail and road-based freight transportation anddtiparty logistics services. Green
Cargo offers door-to-door service and can reacht chesinations in all of Europe. To
be able to offer complete logistics packages thapamy has third party logistics,
which includes storage, collecting and distributi@reen Cargo, 2012)

Green Cargo works actively and in a continuous teagnalyze which ideas could be
implemented in order to increase its efficiencyelsy One of the main ambitions of
this firm lies on being able to compete with othe¥ans of transport, such as trucking
and shipping.

4.2 Key performance indicators (KPI) and competitive
advantages

Other than the owner’s profitability goals, Greeargd’s most important targets are
aiming for safety and quality. These goals haver treots in the company motto:
“With safety and quality we will reach profitabylit These are the reason for the two
most important KPI's, which are “Traffic safety ixf, related with a low
accidentality rate; and “Punctuality to Customer”the way of fulfilling customers
promised delivery times.

Other non financial focused KPI's are “Coworkergrvironment” and “Society”.

“Coworker” is related with employees sick leaveeraBreen Cargo sick leave rate
represents a lower figure than the average offioekars sick leave rate in Sweden
despite of the high physical workload in activitisach as shunting or driving.
“Environment” is an indicator of the volume of consed diesel per 1000 net ton km.
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The last KPI is “Society”, which is a measure of tfolunteering hours the company
offers all their employees to do during their regulorking hours. Figure 6 presents
Green Cargo main KPI.

The monthly results of those five KPI's are presdndn screens across Green Cargo
offices all across Sweden to keep all workers wgmtlain the progress towards the
goals.

Key
Performance
Indicators

Figure 6: The key performance indicators for GreenCargo

Regarding Green Cargo competitive advantages, tis¢ immportant one is identified
with the high flexibility offered to customérsUnlike other competitors, Green Cargo
offers the possibility of reaching more than 30&tiens all over Sweden as well as
other European destinations in countries such asvédg Denmark, Belgium and
Germany. Green Cargo is a very customer focused fivhich prioritizes preferred
customer delivery times over its most economic tahaés to deliver.

4.3 Operating areas

Green Cargo management is comprised by two mainatipg sites: Hallsberg and

Solna. Executive and Human Resources departmemielisas Strategic planning

development division are placed in Solna, wherealisbierg can be defined as the
neuralgic Green Cargo operations center. Hallsizeig charge of establishing the
Tactical and Operational plan based in the Stratgd@anning created in Solna,
comprising activities such as network, staff andolootive planning as well as
customer service division.

Infrastructure planning as well as operational gang performed through 6 different
areas presented in Figure 7: Northern Norrland,rtSetn Norrland, Middle, East,
West and Souffi.

% Marcin Tubylewicz, Strategic Production Developmitanager, Green Cargo, Interview
12 Eredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
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Green Cargo
operational Areas

Figure 7: Map over Green Cargo’s 6 operational ares (Green Cargo presentation material)

Apart from Green Cargo management locations, tine disposes of 33 stations with
permanent operators: both drivers and shunterspwat Sweden. From these 33
places, since now called “Main-Sites”, Green Caoffers the customers more than
300 possible destinations in Sweden. The biggesh rsige, with more than 350

shunters and drivers located there, is Malmo. Tiseilution and different main sites
categories are further explained in Section 6.1.

The highest traffic volume for Green Cargo traisssituated in the surroundings of
Hallsberg, Goteborg and Malmé. Hallsberg is an irtgpd location because it is
placed at the junction of the connections of citsegh as Goteborg, Stockholm,
Malmd and the traffic northern Sweden. Goéteborghhteaffic volume can be
explained because of the city harbor as well asitle number of industry set close
to this location. Malmo, city with the biggest Gme€argo main site, represents a
really important location because it connects Swedih the rest of the European
continent.

In Malmd, Green Cargo turns over its trains in D&hé&nker Rail Scandinavia, what
in many occasions imply a switch of engine to Huit European requirements and the
adaptation to train length and weight to the egghbt limitations in the next travelled
countries.
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4.4  Main limitations for Green Cargo

Green Cargo has to face and overcome importantalilmns during its planning
processes as well as in its daily activities. Td@stion presents the most important
limitations for Green Cargo, which can be idendfieith Trafikverket, different
European frameworks, speed and capacity limitationstomer contractual relations,
external factors, weather conditions and legistategarding working hours.

4.4.1 Trafikverket

Trafikverket is a transportation administration age owned by the Swedish
government. It holds the totality of the state-odnailroads and roads all over
Sweden, being responsible for keeping them as agléstablishing the long-term
infrastructure planning for the different ways @rtsport. (Trafikverket, 2013)

4.4.1.1 Allocation of rail timetables

Regarding rail transportation, Trafikverket scheduimaintenance activities, plans
and builds new infrastructures to adapt to futapacity needs, plans rails schedules
between freight and passenger transportation comgpamd controls the daily train
traffic. (Trafikverket, 2013)

Trafikverket is in charge of allocating rail timbtas in Sweden among the different
interested companies, both for passengers anchfre@nsport, according to its own
administered mechanisms (Cordeau et al, 1998)ikKVeaket manages the planning
for the timetable schedules for approximately 28spager train companies and for
approximately 40 freight train companies, trying best to grant everybody their
wishes and demands. For the next years, it is ¢éegeamn increase in the volume of
passenger transport firms in the Swedish railf8ad.

Every year in the beginning of April, interested fams apply to Trafikverket for
those time slots they would like to own and runiniyithe next year. In addition, in
this application companies also need to specifytiaity level of the trains expected
to run in those time slots according to Trafikverkdassification categories.
(Trafikverket, 2013)

After studying the different applications submittedApril from all interested ralil
companies, in September Trafikverket publishesr tleicision regarding the rail
allocation for the upcoming year. Once this resotutis publicly presented, rail
companies have a complaining period. (Trafikverkeét,3)

Figure 8 shows an example of the documents eladabréty Trafikverket to
communicate the final train allocation for everyesiish railroad track for each hour
during the following year. The horizontal axis raakeference to the considered time
slot for certain date, in this case™Bebruary 2013 from 06:00 to 12:00; whereas the
vertical axis indicates the locations includedhe presented railroad track. Each one
of the sloped lines, both green and red, represetrtn and it is possible to expect in
which location (presented in the vertical axista# graph) this train will be in certain
moment of certain date (presented in the horizanta of the graph).

14 Bengt Palm, Capacity Distributer, Trafikverket,dntiew, Date: 2013-03-19
CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019 27



I TRAFIKVERKET Graf 641,034 LYS-MKL, SMD-UV, UV-G, OR-SAR

8 wm W W W s 08 8 W W 4 M W W W W 4 B M 6 W W 12

i = 3 e —— TR o
SKE - | 3
e N Sl Onaroy
K& | agen
. g~
o i \,,1\1 - Teum
ST
=4 | b Pachakreds
Y — e —{Hasewznsnom
| S i
" i ~ T
bl i L
& b

e B ®s,
LIy - = Uomvata G
= Qg'? /J,;‘V :eb

L

am N ot Comema
w B > \ P £y o el Fara

REE & °

*R L3

Pk 1T Furiowark IT GiseusServer Thisad 33.1.05 Sida 3av &

Figure 8: Overview of specific rail road route andever train scheduled within the route for a
specific day (Trafikverket, 2013)

Traditionally, rail passenger transport has preserat fixed yearly schedule which
does not require to be readjusted as the companigsand present a yearly travel
schedule for their passenger customers. Nevert)elegshe most recent few years
passenger rail companies have started to slighdiysa their yearly planning

considering aspects such as cancellations becaludack of travelers, broken

vehicles, or maintenance activiti&s.

On the other hand, final and real freight transpianetables may differ considerably
from the originally applied ones because of thetamsr changing needs.
Trafikverket receives approximately 100.000 yeadhanges regarding those
established timetables and schedules for the 40reaght companies operating in
Sweder’

For companies such as Green Cargo, it is verycditfto predict one year in advance
which will be its required exact time schedulesc&ese of that, it is possible for the
companies to cancel or modify a rail slot in cdage not finally needed, provided that
this information is communicated to Trafikverkefdre scheduled departure time. In
that case, companies would not have to pay forettioge slots previously booked.

Nevertheless, it is important to consider that doapany (eg. Green Cargo) applies
for a train slot which finally will not be used, tiie next year another competitor is
also interested in that rail schedule, they wiblably get that slot rather than Green
Cargo. For that reason, it is not recommended pdyapr as many slots as possible,
although later can be cancelled. Also if a companyot using the time slots as
applies Trafikverket has the right to demand thatd is a change in the upcoming

14 Bengt Palm, Capacity Distributer, Trafikverket,dntiew, Date: 2013-03-19
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weeks or the company will lose the applied timeassidNevertheless, it is necessary
for Green Cargo to consider that within a closereithorizon Trafikverket is planning
to introduce a fee linked to each booked time Slbis fee will not be refunded if
later the rail company does not make use of therved slot. This fact is further
explained in Section 5.2.4.

A clear difference can be seen between large aradleanireight companies, where
the smaller ones make a lot more changes, compaureaffic volume driven, during
a year then the larger ones like Green Cargo. iBhae of the advantages for the
small companies, being able to be more flexible ajdsting faster and better to the
market and customer demartds.

Another possibility offered by Trafikverket, allomg to increase the flexibility of rail
transport firms, is related with the possibility aplying to the disposable free time
slots within a shorter time period to be able t@mmdto new customer needs.
Normally, only minor changes takes place withirstbontext, because the best time
slots have already been previously allocated, aihdransport firms need several time
to modify their planned activities. For Green Cangarticular case, three months
would represent the minimum time period in advatcacquire new rail slots and
include them automatically in the planning procégSeeen Cargo capacity planning
process presented in detail in Section 5.1.1, wesimany different departments and
software and represents a very time requiring agtiv

4.4.1.2 Trafikverket categories prioritization

Trafikverket disposes of two independent priorigtegorizations for both passenger
and freight transportation. Both of them are bamethe society value represented by
each type of train as well as the amount of higisisee travelers.

When a freight rail company such as Green Cargbespi Trafikverket for capacity
for the upcoming year, that firm has to categotize different customers which will
fill each time slot into the branches and priogipups established by Trafikverket.
Those categories are based on the transported goadas well as customer types,
being food, mail, and transportation for comparties VVolvo on the top priority list.
Once freight companies apply for a certain categy@iy, this cannot be changed later
on. (Trafikverket, 2013) Green Cargo does not dispaf any established guideline to
decide what priority certain customer/train redihs, and this categorization is done
mainly in base of capacity planners own judgmergrspnal knowledge and
experience.

An analysis of Trafikverket final allocation de@as suggests that in those situations
in which a passenger and a freight train compaapgsy for the same rail slot, the
passenger train will be consider more priority ththe freight train whatever the
importance categories of each of them are, onlh wie exception of the dedicated
post trains. This idea can be observed in the distribution a$senger and freight
trains: whereas passenger trains are almost tatahgduled during the daily slots,
freight rail transport is mainly planned during Imignours in the remaining time slots.

4 Mats Tapper, Strategic Infrastructural Planner,e@r€argo, Interview, 2013-02-06; 2013-03-19
14 Bengt Palm, Capacity Distributer, Trafikverket,dntiew, Date: 2013-03-19
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The priority categorizing between passengers agidtt trains can result misleading
in several situations. Passenger trains often hagrepriority both during commuting
hours and during the rest of the day. Unfortunatéigfikverket priority system does
not have different time periods in its system, wteises that if a commuting train is
considered to have high priority during commutirgits, it will maintain this priority
over other trains around the clotk.

When two freight companies apply for the same tsta for the incoming year,
maybe intended to serve the same customer, Trakk&vas placed in the very
unfortunate position of deciding which firm will géhat track time. Consideration
will be put into the possible fact that one of gmmpanies has had the same track
time previously. Consideration is not taken whethercompany is planning on using
diesel engines or the more environmentally frienelgctrical engines. Even though
the electrical engines cost the rail companies mooeise and therefore is financially
beneficial for Trafikverket?

Even though it has been put an important effordéwelop and improve the train
prioritizing criteria between freight and passengransportation, the Naringslivets
Transportrad (Swedish Shippers’ Council) stateg thare are still flaws to the
system. They state that the freight transportinduevato society is very under
appreciated. The increasing number of rail commameSwedish rail industry makes
the prioritizing system to be used more frequemtlyorder to solve conflictive
situations. (Trafikverket, 2012b)

4.4.1.3 Trafikverket fees

Trafikverket fees faced by rail transport comparees related to many different
services. Trafikverket has three different pricicgtegories dependent on the
importance of the rails in which trains run: ree@llgw and green. Red and Green
categories represent respectively the most and iieg®rtant and expensive rails in
Sweden. Trafikverket rail pricing categories amgHear explained in Section 5.3.4.

Those rails connecting Malmé - Stockholm - Goteb@gresent the most expensive
ones due to high volume of traffic. In additionafikverket also charge an extra fee
when trains arriving to one of the major Swedidiesj because of the high traffic
volume and limited capacity. (Trafikverket, 2013)

When train routes are planned, it is needed toidenshose fees linked to shunting
operations. In some stations such as Goteborg'seréy Green Cargo can perform
shunting activities without paying any tax, becatiseyard is owned and controlled
by this firm. Other shunting yards such as Hallgb&ation, which is controlled by

Trafikverket, requires companies to pay a fee foerating there. This type of yards
can be used by several rail companies.

The fees for using the railroad will be increasedhe upcoming years as a decision
done by the government. For each next 5 yearsette Will almost be doubled which

will mean increased costs for the rail companidsest costs will result in higher

prices for the end customer, which can affect #m@mahd for using rail as a preferred
transport method. (Trafikverket, 2012b)

14 Bengt Palm, Capacity Distributer, Trafikverket,dntiew, Date: 2013-03-19
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4.4.2 Different European frameworks

Trafikverket is working actively in improving Swesth infrastructures to keep up with
the European standards and therefore ease th@ahteral connections for freight
and passenger traffic.

Trains and wagons from other parts of Europe agpared to operate within different
braking distance limits and different signals systén the particular Swedish case,
regulated braking distance is shorter than in oEi@opean countries, aspect which
prevents the same trains with same loads to deviast as it would be possible in
different countries. In case the Swedish Governndectded to lengthen the current
braking distances and the location of the sigrgrisiwere to be placed further apart,
the trains speed could be considerably increasatbrtunately, Trafikverket is not
currently working on this, as it would mean a létmrk to change all the signs and
systems all over the country. Something to consiamild be to do the changes just
for some routes and locations to increase the sipesapacity limited areds.

When talking about international freight transpbota, there is a list of constraints
which difficult the transport between different Bpean countries. Apart from the
braking distances, there are differences in aspath as the catenary systems, the
signaling systems or tracks width. This makes thit of engines are approved in
several different countries, which is a big andlsabwn problem and is definitely
one of the limitations to develop and optimize ititernational train traffic. (Vierth et
al, 2012) If those problems were solved, Europeeiglit transport industry could be
significantly increased, thereby favoring compargash as Green Cargo (Wiegmans
& Doners, 2007).

Currently there is a TEN-T standard set by the 3+aaropean Transport Network to
increase the length of the trains to 750 meterd, @msequently increase the train
capacity for the trains traveling within Europeidkth et al, 2012)

750 meters is a standard train measure far away freing met in Sweden as the
standard is currently 614 meters. To able to opesgih longer trains, those side rail
tracks planned to meet and pass other trains oeled increased from the current 614
meters. There is one location in Northern Swedafiitcked by Green Cargo with a

route over to Norway that does have a side trackldf meters allowing almost 100

meter longer trains then the rest of Sweden tcetran those track¥.

4.4.3 Speed and capacity limitations

The standard speed used for cargo transport in &wed 100 km/h. Trains can
theoretically reach this speed on most rails, rteegss in some areas it is necessary
to lower down the speed because of infrastructacbrs such as tilting or curving.

The sharing of same railroads between cargo trahapd passenger trains, travelling
at speeds close to 200 km/h, results very unfaleridy the first group. In those
conflicting situations in which a passenger andaega train meet in the railroad,
freight trains are bound to go on side tracks @&dHe passenger trains pass them to
keep their schedule and be able to continue tiagelh their higher speed. This
represents an important obstacle for cargo tram something that significantly

14 Bengt Palm, Capacity Distributer, Trafikverket,dntiew, Date: 2013-03-19
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delays the freight transport travel time. (Priceavabuse Coopers, 2008) Only during
2011, side track waiting time caused an increas&56f million of SEK in Green
Cargo production costs. (Green Cargo, 2011)

Green Cargo activities are also constrained byethzapacity limitations linked to

geographical conditions. The unfavorable land gaplgy northern than the Swedish
locality of Ange limits the maximum transported glei for Green Cargo trains.

Trains running northern than Ange only can transdd00 tons, whereas in those
railroads southern than this location the maximuamgit limitation is 1600 tons. The

consequences of these different weight capacitystcaints are amply analyzed in
Section 5.2.1.

4.4.4 Customer contractual relations

At present, Green Cargo disposes of a three diffecentractual relations with
customers: single wagons, fixed delivery and dedadrains, presented in the next
lines.

» Single wagonsin this case, customers apply for a determined uamnof
wagons which will be delivered to them according@reen Cargo delivery
time policy. According to this, wagons will readfetcustomers in within a 60
hours period since an order is made.

» Fixed delivery:customers and Green Cargo agree on the delivecgrtdin
number of wagons on a fixed time and on certairedaled week days. With
this time of contract, customers are required tp @hthe whole contracted
services although they are not used.

» Dedicated trainswith this contractual relation, customers workhagt whole
train and pay for it, not sharing it with any otlmmpanies. As in the fixed
delivery contract, Green Cargo and customers agmea scheduled delivery
requirements.

Customers presenting both fixed delivery and deeidrains contractual relations
with Green Cargo specifies at which time ordersukhbe delivered or picked up. In
many occasions those agreed times requires nigatlyo transportation, resulting in
higher expenses and worse economical consequeoce3réen Cargd.This idea
represents an important constraint for Green Cabging obliged to please the
requirements of this type of customers in ordeavoid a relation rescission between
both parties.

On contrary, single wagons contractual relatiomiole Green Cargo extra flexibility
to plan those transports when consider as thedpesin. Green Cargo works with a
booking policy represented as the first customdydok will be the first customer to
be delivered customer.

4 Mats Tapper, Strategic Infrastructural Planner,eBr€argo, Interview, 2013-02-06; 2013-03-19
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4.4.5 External factors affecting Green Cargo operations

Green Cargo is influenced by several external factehich may affect the overall

flow for Green Cargo freight traffic as well as nifgdhe already planned activities.

Those aspects are difficult to control and predastd consequently Green Cargo
needs to consider them when planning their futateities

One of these external factors affecting Green Caogerations is customer
unreliability, problem which can significantly affe and change the planned
transports within a very short period of time invadce. This category includes
aspects such as the possible arrival of new cusgniee unexpected contract
rescission with old customers, last minute ordencetations or very irregular
bookings.

For the even bigger picture the whole market caanghb. Situations such as
depression or flourishing economy will majorly chganthe market needs and the
whole company forecast, as well as the even flowatfic.

4.4.6 Weather conditions

Weather conditions can become an important reisgidactor in rail transportation
that needs to be taken into consideration. Somehef most affecting natural
phenomena are snow, rain and leaves fall in autaspects affecting both maximum
feasible speeds as well as maximum train loads.

Another consequence of adverse weather conditidentified with train delays or
cancellations, affecting the promised delivery snte customers and decreasing the
punctuality rates.

4.4.7 Legislation regarding working hours

Green Cargo policies regarding working hours artectééd by three different
constraints: European legislation, Swedish legmtatnd Green Cargo legislation.
The correlation between the EU, Sweden and Greegodegislations is presented in
Figure 9. As it can be observed, European regulatie@present the real constraint
both for Sweden and Green Cargo policies, beingssiple to break those rules set
at European level. On contrary, it is possibleGoeen Cargo to set any aspects out of
the Swedish law limitations if agreed with the camp Union®

8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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European Union Legislation

Swedish Legislation

Green Cargo Legislation

Figure 9: The interrelationship between the regulabns of EU, Sweden and Green Cargo

One example of this fact is related with the niglork schedule: in general, Swedish
government does not allow works performed aftep@8 nevertheless Green Cargo
management and union reached some agreementg listhise nightly activities after
23 pm. Those activities performed during the nigiperiod are rewarded with extra
economic compensations as well as better workingditions. Nightly working
policies are further explained and analyzed iniSe@.2.2.
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5 Capacity optimization areas: current situation
and analysis of the possible improvements

This Chapter analyzes the improvement possibilitégted to those capacity areas
identified by Green Cargo as the most important son@reen Cargo capacity
optimization improvements are divided into threemgaioups: “Optimization of train
capacity”; “Reduction of the uneven flow of cargaihs” and “Peak reduction of the
train traffic’. This section begins with the presation of general capacity aspects,
and later on presents a separate analysis of eddhethree mentioned categories.
These analyses are intended to identify the mablpms faced by each category and
suggest possible improvements.

5.1 General capacity aspects

Capacity planning represents a very requiring amglortant aspect for Green Cargo.
The company begins to estimate its future and razagiacity needs with a 2 years
planning horizon, which is continuously translatet® more concrete and short term
requirements until reaching the daily operationshagement. Green Cargo works
with a three step planning horizon for its actesti strategic, tactical and operational;
from a longer to a shorter horizon time respecyivéhis planning strategy is shared
all around Europe. (Cordeau et al, 1998) The manage of all these planning
activities for the different planning horizons isn& with a considerably large amount
of software, which will be briefly presented nexthis section.

In addition, prior to analyzing how capacity aspecbuld be optimized, it is
necessary to introduce two important: blocking @rthor blocks”.

5.1.1 How capacity is planned: strategic and tactical planing

The process of planning future capacity requiresi@spresents one of the core
aspects for Green Cargo. As Figure 10 presentglémning process begins with the
estimation of the future capacity requirements witb years in advance, since now
called “year (n+2)".

Future capacity requirements for year (n+2) arerdahed in cooperation between
the Market and the Production departments by commdpirhistorical data and
forecasting estimations. At present, salesmen atMarketing department yearly
estimates each own customer branches requiren@mysdr (n+2) and put them into
an approximate forecasting plan. The Market divisadso takes into consideration
aspects such as currency and prices changes arust@mer requirements.

1 Tomas Gadda, Capacity Manager, Green Cargo, letend013-02-21
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Figure 10: Overview of the strategic and tactical [anning divided into the different divisions

Taking as an input the expected capacity requirésnestimated for year (n+2), the
Strategic Production development division is inrgeaof analyzing possible solutions
to satisfy those requirements. In addition, thipatement elaborates a general
production planning for year (n+2) including rougstimations of the future trains,
locomotives or staff needs taking into considerataspects such as speed in the
different points of the network, new routes or &sfrructure problents.

Once the two years ahead strategic planning ilestad, this is translated into
shorter time specific capacity requirements regaydifive different planning
divisions: network, infrastructure, locomotivesrgmnnel and wagors.

The first division, network planning, is planned in collaboration between the
divisions of Strategic Production Development amddBction, and determines the
main “skeleton” of the required routes and railr@axhnections for year (n+2). After
that, the second division, calledfrastructure planning, is in charge of deciding
which specific railroads and timeslots would beessary for Green Cargo to own in
order to fulfill the network planning requirementxynsidering future infrastructure
modifications. This division is in charge of applgito Trafikverket for those desired
time slots for the next year before April (for exalm in April 2013 infrastructure
planning division applied to Trafikverket for itemhanded time slots and routes for
year 2014). About five months later, in Septem@@egfikverket communicates its
final decision regarding railroad allocation foretlyear (n+1). It may happen that
Green Cargo does not get the totality of its rejteeSrafikverket, so that it would be
needed to plan alternative roufes.

Once Green Cargo disposes of the information réggrds owned railroads and
timeslots, the next division callezghgine planning plans the engines allocation for
the next months which covers the capacity requirgsall over Sweden. This task
requires taking into consideration aspects suchoasll the drivers are able to drive
the whole variety or locomotives.

3 Inger Ericsson, Head of Strategic Production Dgwelent, Green Cargo, Interview, 2013-02-04
12 Fredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
4 Mats Tapper, Strategic Infrastructural Planner,eBr€argo, Interview, 2013-02-06; 2013-03-19
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After engines allocation is done, tipersonnel planning division establishes the
daily schedules for both drivers and shunters @ \ltnole country. This schedules
need to be given to the employees with one monéuimncé.

Finally, thewagons divisionis in charge of managing the empty wagons flow e w
as ensuring that wagons are placed in the propatitms in order to fulfill capacity
requirements?

As it can be observed, the capacity planning isrdicuous process, which translates
the strategic planning into shorter and more tattapacity requirements adapted to
real needs. Nevertheless, Green Cargo faces @ #&ngunt of changes in the short
term which makes necessary to change the alreaalylisbed capacity plan.

5.1.2 Operational planning: need to adapt to real and chaging
requirements

Capacity planning is not preferred to be changedertheless during 2011 it was
necessary for Green Cargo to make more than 30r@0tually unplanned changes
regarding the established plan. This situation reakgerational planning to be very
difficult, affecting the originally established Igrierm planning and complicating the
forecast process. Flexibility of being able to detiminute changes can be seen as a
way to adapt to unforeseen events, neverthelessniasite changes are not desired
from Green Cargo point of view.

5.1.3 Green Cargo software and information flow

This section presents the main booking and pripwigcies operated by Green Cargo,
and later on provides a general overview of themlermsoftware system used by this
company.

5.1.3.1 Booking and pricing system

The process of placing transport orders is donecty by the customers. The
software gives the customer the first and bestladai slot in the system with no
regard to anything else such as time, demand, Wweggh. The system is very
customer focused and always tries to give the oustothe very best transport
solution and as fast delivery time as possiblethére is any type of change, the
original delivery plan is changed and the transg®rtonsidered delayed from the
promised delivery time given to the customer. Tidifact can be misleading and high
amounts of money can be lost when a transport msidered delayed to customer
even though the delivery time still is within th@ Bours of delivery as it states in the
customer agreements.

The pricing system for the ordered transport sessis done by following an old and
not very accurate criteria, mainly considering émeount, weight and transport itself.

® per Svensson, Group leader, Green Cargo, Interd@e®3-02-14, 2013-02-21
12 Fredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
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Having a great network of many stations and a laggd of customers is very
beneficial as it results in an immense transpawak. This network intertwines with
itself so that the same transport routes can caveral of the customers, resulting in
customers coming together on the same routes gpbduhe cost of the cost of the
overall transport. However this outlook is not taketo consideration when pricing.

5.1.3.2 General software

A flow of some of the most used software’s in tliféedent planning horizons can be
seen in Figure 11. The original plan was to usetiRall as a foundation for all the
other software and it should be used by system eaghcity planners within
production. This software makes possible to buileharios and it supports integrated
production planning such as flows routes, trainac#ty and local planning but,
unfortunately, Green Cargo does not use it to Ul potential. The strategic
production development department uses last ydamnipg together with the traffic
data from MultiRail, complemented with forecasticttanges, empty wagon flow and
potential new businesses to create a suitable ptiodusolution. All of the data is
compiled to create a production plan including gtreng from trains, engines,
personnel and maintenance to shunting and soiTimg.production plan can later on
be optirr;ized before it is correlated and adaptatiédoudget together with the market
division.

System: Multirail System: Trainplan System: FLEET
Aim: Strategic Production Planning Aim: Schedules planning Aim: Plan and optimize
locomotives utilization
System: Plataportalen System: Plata
Aim: Locomotives and personnel - Aim: Locomotive and
presentation personnel management
System: BP

) ; ) ; System: OP
Aim: Drivers planning considering

OP and SOM Aim: Plan and optimization

of routes created by Fleet
system: SOM

Aim: Consideration of driver
requests

Figure 11: Overview of a few of Green Cargo’s softare in the different planning horizons

TrainPlan is software for planning and allocatioh tonetables. It is used in
collaboration with Trafikverket to perform the titable application process as well as
used continuously internally within the productiptanning. The monthly tactical
planning involves planning the actual cargo, dsvand engines. Information is
gathered from TrainPlan every month and sent tcsttisvare FLEET for the engine
planning. In FLEET the information is used to sttatally and tactically plan the

3 Inger Ericsson, Head of Strategic Production Dgwelent, Green Cargo, Interview, 2013-02-04
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engines routes. It can be used both long-term dsaweactical planning based on the
timetable. The program calculates routes with og@ton algorithms to get the most
cost efficient solution for the given ddth.

The information in FLEET is linked and transportedPLATA and OP, which are
both basically schedule planning software. PLATAmarts operational engine and
personnel planning and is the software used mdaanlyesource planning. It submits
information concerning the train plan mission, wihishortage and routes. OP is used
to plan the operator’'s schedules. It includes atimoping function and bases the
efficiently planned schedules on given data sucHegsslations, time tables and
engines routes. BP supports the creation of thévithehl schedules. It collects
information from both OP and SOM. In SOM the opemtcan put in wishes
concerning their schedules such as vacation antinie¢able'®

An additional software used in a daily basis isftiegght transport planning program
GTPL, which holds all information concerning carggains and the wagons, their
allocations, timetables and the shunting times. GA®L software is used to do the
strategic planning, which is done yearly and ineslylanning of the flows and actual
trains. Schedule and capacity for all trains fa tipcoming year is set. All timetables
are set based on the time slots given by Trafiletgtk

There are over 80 software used within the compahysed to a different degree.
Most are not interconnected with each other anat @fl manual work putting in the

necessary data from one software to another. Redeomot using all software to its

full potential and utilization are lack of resousce&omplexity, outdated and double
work.

In addition, Green Cargo is a member of X-Rail, efthis a production collaboration
program between 7 European rail companies to des@rocess of shipping cargo
within Europe. (Green Cargo, 2012)

5.1.4 Blocking policies and “anchor block” concept

The term blocking makes reference to the conceptamfiing together several wagons
which share the same destination. Once blocks srated, several blocks with
different final destinations but a certain sharedte, can be temporarily grouped
together to conform a more capacity optimized trdifter this train arrives to the
intermediate and common yard station, this proces$d be repeated, creating again
a new and more optimized trains with different Btravelling to new locations.

Another possibility is that train blocks coming rinadifferent locations but sharing a
common end destination are stored in a yard statiih a whole train can be sent to
this specific location. This method is related witle hub and spoke system concept,
which presents the idea of a yard station thatccdnd considered as a temporary
storage location (hub station) before cargo isveedid to its required destination, the
spoke station. Several blocks could be stationgdignhub location until the reception
of new blocks needed to create a determined tfRecunica & Wynter, 2005)

10 Hakan Lind, Short-time Planner, Green Cargo, Inésvy2013-02-19
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Figure 12: Hub and Spoke station concept (Racunic& Wynter, 2005)

Another important aspect that needs to be explaimédnchor block”. The “anchor
block” concept makes reference to the fact that oneeveral customers require
enough transportation volume to make a cargo peofitable to run. In those cases in
which anchor blocks companies do not require thelevbapacity train, Green Cargo
can offer its remaining capacity to some other $invithin the train route, getting the
possibility of creating a more capacity optimizeain.

Maximum train capacity

Anchor block customers Extra capacity filled by
required capacity ) lower importance customers

Figure 13: lllustration of the use of the anchor bbck concept to maximize train capacity

5.2 Capacity optimization area 1. Optimization of train
capacity

The first improvement area is related to the optation of train capacity. In order to
analyze this concept it is necessary to considezrakaspects. The maximum allowed
load per train is constrained by train length angight, both of them limited by
legislation. In addition, maximum weight is alsopdadant on geographical and
infrastructural conditions as well as engine power.

Another restriction, already presented beforeglated to the fact that Green Cargo
applies for rail capacity to Trafikverket with ogear in advance, which will result in

the forecast done a year earlier not to fit pelyeeith the final demanded capacity.

Green Cargo is interested in determining the pdigib of improving these issues

with the objective of utilizing the resources ascmas possible.

This chapter analyzes the different factors relat@ti the final used train capacity.
Aspects such as how capacity utilization is cakedahow forecasting of rail capacity
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is made or current weight limitations are preseiteldw and based on that, possible
improvement suggestions regarding these areasalgzad.

5.2.1 Weight and length limitations

Two of the main physical constraints affecting tm@aximum train capacity are
identified as weight and length limitations. Accogl to legislation, maximum
allowed train length corresponds with 600 meterenels there are two different
weight limitations are dependant for the geogragdhsituation of the railroads as it
can be observed in Figure 1% Ange represents the key point regarding this dspec
trains driver along railroads places farther nahidn this city are limited to a weight
of 1100 tons, whilst the maximum permitted weight ffailroads places further south
than Ange is 1600 tons. This fact is also conmktte Green Cargo locomotives
power specifications, which needs to reduce itsimasn transported weight as more
unfavorable geographical conditions occur.

Although Ange represents the theoretical weightitéition location for Green Cargo,

its practical weight limitation point for this comapy is placed in Borlange, city

placed more than 300 km further south than Angeprasent, all activities related to

shunting, sorting and building new trains in ortteadapt them to the different weight
limitations is done in Borlange because its raidy®s considered to be more suitable
than the Ange one to perform those activifies.

This aspect represents an important constrainbpsimizing the capacity of Green
Cargo trains. Apart from presenting the theoretieaight capacity limitations, Figure
14, shows the daily freight traffic volume in théfefent Swedish railroads during
year 2010 (Trafikverket, 2013). The higher the khi&ss of the line is, the higher
traffic volume it indicates. As it can be observéte rail route between Ange and
Borlange represents a main stretch in the conmedtietween the Northern and
Southern part of Sweden, presenting a traffic va@waith more than 40 daily freight
trains and. Considering that Green Cargo drivesceqamately 500 daily trains over
Sweden, the connection Ange-Borlédnge represent8%rover the total transport.
(Green Cargo, 2012)

! Anders Lester, Quality and Organisational Developiéanager, Green Cargo, Interview
2 Marcin Tubylewicz, Strategic Production Developmitanager, Green Cargo, Interview
8 uif Wikstrom, Agreement Specialist, Green Cargdetmiew, 2013-02-19
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Figure 14: View of the total volumes of freight trans per weekday during 2010 (Trafikverket)

A possible suggestion which would significantlyoall to optimize train capacity lies
on establishing Ange instead of Borlénge as thetisal weight limit location, hence
avoiding the current unnecessary weight limitatlmetween these two cities and

allowing to increase on 500 tons the transportehwef those trains travelling this
route.

5.2.1.1 Calculation of weight and length capacity values

At present, Green Cargo only traces and analyzpacds values regarding length
and weight limitations for long-distance traihsFigure 15 presents the average
monthly capacity for the long-distance trains tporsed in Sweden from February
2012 to January 2013, in relation to with weighd éangth train target values.

12 Eredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
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Figure 15: The average monthly capacity for the log-distance trains transported in Sweden
from February 2012 to January 2013 (Green Cargo preentation material)

Capacity values regarding train length optimizatame calculated considering the
final length of each sent train in comparison witthmaximum possible value, 600
meters. The average figure of train length capagtymization during the mentioned
period presented a value of 65,58%.

Capacity values related to train weight optimizatiare calculated establishing a
weight target of 1300 tons, which approximatelyresents the average value between
weight limitations in those rails further north afudther south than Ange, with 1100
and 1600 tons respectively. The average weightoigpaalues from February 2012
to January 2013 regarding versus the 1300 tonsttdeyel reached a value of
68,28%:”

Nevertheless, several reasons let us consider1®@® tons does not represent a
realistic overall target value in order to calcal&tain utilization of weight capacity.
This figure represents an average value of the d@llamved weight limits all over
Sweden, but the reality shows that train volumehter north than Ange is far from
representing the 50% of the overall transportedyacdigures. Because of that,
monthly weight capacity values present higher valihan those would be obtained in
case of using a most accurate target value. Itdvbalinteresting for Green Cargo to
calculate weight optimization values for each tragtording to their real weight
limitations in order to have a more precise andisgaview of their current situation.

Train capacity figures are calculated for eachntcaivering a long-distance route after
its real length and weight values are reportedhéosystem. However, although those
data are available they are not analyzed in a dadlgis. At present, operational
departments are in charge of making sure not teeexkdength and weight train
limitations before a train is allowed to leave, am@hl train capacity figures are

12 Eredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
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calculated once the train has been serBecause of this reason, and according to
Green Cargo top management, it is not necessagdlyze those daily data because
the company does not enough resources to accontpishask. In addition, daily
capacity analyses would not provide them any sicgmit advantage, because there is
no possibility for them to carry out short-term nfmétions to solve possible
undesired values.

As it has been mentioned, Green Cargo only analyaeacity train fill rates for those
considered as long distance trains. It is suggdste@reen Cargo to consider and try
to increase capacity fill rates in those trainsezog short and medium distances,
aspect that can result easier to control thanng hlistance trains.

5.2.1.2 Target levels weight and length capacity fill rate

Green Cargo goals regarding weight and length dgpaptimization presents a 75-
75% relation target for both categories, versusctireent 65-68% length-weight, seen
in Figure 15 in Section 5.2.1.1, capacity optimmatvalues obtained during the
period February 2012-January 2013. Green Cargowiarea that practical train
capacity may differ significantly from theoreticahin capacity depending on the
required degree of reliability. There is a tradehmdtween the reliability level of the
offered services and the final and practical redategpacity (Abril et al, 2008). For
this reason Green Cargo does not consider feasilattempt to reach higher capacity
values, because it might cause significant probliemthe firm.

As it has been previously presented, customersoocder certain wagons or a train
until two days prior departure time whereas overafiacity planning is prepared with
a much longer time horizon. Because of that, ifrdythe planning process this firm
would decide to work with figures of train lengthdaweight capacity optimization
closer than 100% and the final ordered volume bgtaruers was higher than
expected, Green Cargo may face important problémtbis situation, the firm would

need to outsource those non predicted extra transpeeds to certain truck
companies, what would considerably make the planpiocess more complicated
than it is already.

It is considered that those capacity optimizatiatugs seem to be achievable to reach
and reasonable according to the current Green Gagstraints. However, as it has
been previously purposed, it would be interesting the firm to calculating the
weight capacity optimization values according te thal weight limitations of each
route in order to avoid overestimations of the entwvalues.

5.2.2 Allocation of final and real capacity needs

Final train fill rate capacity values are dependamtthe whole planning process. At
present, the overall capacity needs for the neat giee planned according to historic
data as well as yearly forecasting estimations niigdde Market division. In base to

! Anders Lester, Quality and Organisational Developinidanager, Green Cargo, Interview
% Marcin Tubylewicz, Strategic Production Developmitanager, Green Cargo, Interview
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those capacity estimations and Trafikverket densiabout how to allocate capacity,
Green Cargo gets certain time slots around Septeaflibe previous planned year.
Since that moment Green Cargo begins a complexepsomtended to create train
routes, manage the empty wagons flow or allocalmgpmotive and operator
resources for the next months, which finishes selkg before certain planned week.

Before this six weeks period prior to train depegfuit is possible to adapt
automatically (not in a manual way), the plannetiviies in the software according
to changing customer requirements. Neverthelessy #fis time fence all required
adaptations and modifications in the planned a&®ineed to be done manually,
which meant more than 30000 during 2012 and inwbte full time work of several

employeeg?

The last step affecting the final train capacitjues is related to the departments in
charge of daily coordination of the real train fiafSome of the problems faced by
these “short-term” departments can be related wistomer delays when preparing
the goods to transport, changing orders or lastitaiocancellations. All this complex

process is represented in Figure 16.

Appl::jatlon Operators Shunting,
Forecasting Trafikverket a7 . Changes liliene
locomotives RPC control
I iliEL llocation tiviti
Answer allocatio ac es

Figure 16: Process over how to reach final train qaacity values

An analysis of the whole planning process let iy several ideas destined to
improve Green Cargo current situation regardindy ed¢he presented planning steps,
as well as for the general problems faced by tinepamy.

5.2.2.1 Forecasting

As it is explained in Section 5.1.1, strategic piag for two years ahead is made
considering historical data as well as yearly fasting estimations regarding market
changes. Since 2011, Green Cargo is under a comgnimprovement process
regarding forecasting of future capacity néédm that year it was adopted software

19 Hakan Lind, Short-time Planner, Green Cargo, Iniéawy2013-02-19
1 Tomas Gadda, Capacity Manager, Green Cargo, letend013-02-21
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in which Marketing department can upload theirreations for future needs as well
as checking historic demand values. Within the rutabjectives it highlights the
setting of 3 yearly forecasting processes, aspduthwwill optimize the future

capacity needs estimations and will provide thenpilag departments more time in
order to adapt and modify the existing productidanp to the real capacity
requirements.

At present, when Trafikverket allocates a time &wtthe next year to a certain rail
company, this firm has the possibility of cancelithat slot provided free of charge
before planned train departure time. This situattanses some rail firms to book
certain time slots in case they might need thenalse it does not cost anything for
them. Nevertheless, situations like this represant important problem for
Trafikverket planning process and since next 20t#¥ ttompany is going to
implement a new booking system to solve this aspedhe future, once a company
receives the allocation of certain time slot, il we necessary for them to pay a fee in
order to book it. In that way, if a rail companyelawould want to cancel certain
planned train, it would not be possible for it &t gack the paid fe¥.

As companies as Green Cargo will not anymore despbshe flexibility of free train
cancellation, it is considered that Green Cargaecurimplementation process of
quarterly forecasting processes will help the fionreduce significant amounts of
money. A more accurate estimation regarding comataye will allow Green Cargo
to only apply for those required time slots, avogllosing money related to the new
Trafikverket fee.

5.2.2.2 General weekly planning and manual changes

Green Cargo operates with a large number of softywasgrams in order to plan and
control their activities. An analysis of the currsituation indicates that this company
does not explore all the possibilities offered blyose software, and the

communication between them is not very efficiensame occasions. This aspect is
deeply analyzed in Section 7.2.1.

Those modifications on the already established fp&nning performed after 6 weeks
in advance of the expected date represent an iamgoand really time requiring
problem for Green Cargo. Every time that a planmaih needs to be changed, it is
necessary to manually find an available locomotwagons, a suitable railroad route
and as well as a required time slot to rearrangsettirains and serve the customer
within the promised delivery tim& Another possible modification lies on the
cancellation of an already planned train. In thegecwould be necessary to consider,
among other aspects, whether the engine or thspoaied wagons would be required
in the final destination for future trips or whethié would be feasible to cancel
planned drivers trips or modify shunters timetafe®nce these aspects have been
analyzed, Green Cargo takes the decision of contacrafikverket to cancel a train,
or on contrary, send the train although it onlyserés the locomotive and the driver.

As it can be observed, modifying or analyzing tlesgible cancellation of a planned
train require to consider a large list of aspedtschv managed by several Green Cargo

14 Bengt Palm, Capacity Distributer, Trafikverket,dntiew, Date: 2013-03-19
10 Hakan Lind, Short-time Planner, Green Cargo, Iniéawy2013-02-19
12 Eredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
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departments placed on different locations. In aoldjtit is necessary to add that each
of those departments work with distinct and noesicdnnected software, what makes
even more difficult the communication between theerd causes a long and requiring
process until a final decision can be reached.

Green Cargo should actively work in the possibilitiy coordinating its software

programs used by the different departments in otdefacilitate and shorten the
decision process and avoid forget considering apg& considered as influencing for
this. This suggestion would significantly improveetday-to-day management and
coordination, because only during last year 201@eGrCargo performed more than
30.000 “last-minute” changes, meaning a really mrable amount of working

hours analyzing those aspects.

5.2.2.3 Operational planning and control

Operational planning and control departments areharge of directing shunting
operations as well as determining the final wagahgcation for each train. An
analysis of the current situation of Green Cargowshthat those departments in
charge of controlling shunting activities and treoading processes do not seem to be
aware about some important company policies reggrain cancellation. In opinion
of those operational control divisions, if possjhleis better to group into a single
train those wagons travelling towards the samectioe although those groups
received the order of sending those wagons interaédifferent trains. According to
their own criteria, in this way train capacity iptimized and Green Cargo
performance is improved, but they do not considetes problems linked to a
modification in the already established train plagnin the last moments. In those
situations in which operational departments detadeancel or modify an established
train under their own criteria, Green Cargo cergit@ in Hallsberg is obliged to solve
the inconvenient associated to that situation i@ best possible way, trying to
maintain customer promised delivery tintés.

Green Cargo needs to be aware of those undesisdblations, which show an
important lack of communication between the différecompany departments.
Although there are many disposable documents iedud Green Cargo intranet
informing about the most important policies andomfation of the company, it is
clear that this communication way does not seemnbdoefficient enough. One
suggestion in order to diminish this problem woligdon establishing periodical short
courses and meetings in the different company deeats intended to inform about
the new company policies, the main problems facgdGoeen Cargo or solve
employee doubts. Nevertheless, it is importanttwser that many employees have
already worked in the company for a very long peeramd it could be difficult to
change their way of thinking.

12 Eredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
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5.2.3 Green Cargo current blocking policy and new planned
blocking policies

This section starts with a presentation of theedéht contractual relations offered by
Green Cargo to its customers at present. Thens introduced a new possible
blocking idea in which Green Cargo is currently kig. This new policy idea will
be analyzed, and several important limitationsdohko it will be presented.

5.2.3.1 Current situation: contractual relations with customers and anchor
blocks

At present, Green Cargo disposes of a three diffecentract types to offer to
customers: single wagons, fixed delivery and dedetatrains. All those were
presented in Section 4.4.4. Whereas single wagdnfiged delivery contracts give
Green Cargo the possibility of transport in the satrain cargo from different
companies, those trains categorized as dedicatiydtramsport cargo from a single
customer.

The “anchor block” concept is also considered ay weseful approach to optimize
train capacity in those cases in which a trainhared by various customers. The
remaining train capacity after considering anchtwck customer demands (See
Section 5.1.4 for a further explanation of anchiock concept) can be completed by
other customers contracting “single wagons”. Gr&amgo already works actively
with this concept and it is suggested to continue developing theaiin order to
create more capacity optimized trains, and henceease the efficiency in the
transport activities.

5.2.3.2 Presentation of the new planned blocking policy ands limitations

Green Cargo strategic management is working on aatidr modification on the
current booking system, substituting the three remtttypes for a single option in
which customers buy certain amount of capacitiis new booking system is linked
to a new wagons blocking policy which is characeedi for the cancellation of
dedicated trains. Figure 17 represents a compalstween the current Green Cargo
blocking system and the new purposed one.

The three first pictures indicate how the blockpualicy is made at present. The first
picture corresponds to a “single wagon” contractwhich wagons from different

customers are transported in the same train. Tlende train corresponds to
“dedicated trains”, in which all transported wagamseach train belong to the same
customer. The third train corresponds to an intelahdrain, transporting cargo

containers between different ways of transport.

3 Inger Ericsson, Head of Strategic Production Dgwelent, Green Cargo, Interview, 2013-02-04
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Figure 17: Comparison between the current Green Cao blocking system and the new purposed
one (Green Cargo presentation material)

The fourth picture presents the new blocking polésa, which main advantage lies
on the possibility of creating more optimized tsafinom a capacity perspective and
hence, reducing Green Cargo current expensesgvetled ton-km . In this situation,
each customer would apply for certain capacity @neen Cargo would be in charge
of combining the different customer requests cnggéi more optimized train, both for
weight and lengtfi.One possibility to achieve this would be mixinghti and heavy
cargo from different branches. The new blockinggyoivould also offer customers
the option of getting a fixed delivery time andapity over other customers by paying
an extra fee.

This new blocking policy system is only an idea &nd not introduced yet in Green
Cargo operations. The implementation of the newklmgp and blocking policies
would require the adaptation of the software systsmvell as a deep restructuration
in the current customer contractual relations. Pueyvious to modifying the current
blocking policy, it is considered that Green Cagjwuld take into account some
aspects that could make this concept not to ba@sessful and profitable as desired.

At present, some high importance customers operatith dedicated trains, such as
SSAB, are not disposed to share their trains witiero customers, although this
possibility would provide them economic advantag&hose customers prefer to pay
the whole train although they do not use it totéatlyavoid problems such as delivery
delays caused by other customers. On contrary,r atbstomers working with
dedicated trains accept sharing part of their spaia capacity with other firms to
reduce their total costs.

It seem to be very difficult to change the mindlodse customers not willing to share
their dedicated trains, making them send severgbws in different trains instead of
a whole own dedicated train. Green Cargo couldtdryonvince those customers
about the advantages of a mixed blocking systewriaff them interesting fares for
their services. Nevertheless, Green Cargo mustademthe possibility that any of its

2 Marcin Tubylewicz, Strategic Production Developmitanager, Green Cargo, Interview
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competitors offer those firms the possibility of nlkimg with own “dedicated trains”
even at cheaper prices.

Green Cargo current main competitive advantagehés dgreat variety of offered
destinations in Sweden, unlike rail freight comimes, which currently work in a
reduced number of statiohsNevertheless, if any of those competitor firmsildo

reach all the required destinations for a big camypsuch as SSAB and offering low
fares “dedicated trains”, it would be a high po#gibfor Green Cargo to lose that
customer.

If eventually that customer, i.e.: SSAB, decideddominate its contractual relation
with Green Cargo, apart from the direct loss of eyolinked to the completion of the
transport services the company would face anotikpereses. Green Cargo owns
special wagons dedicated to high importance cust@meices that cannot be used
for other purposés In case of losing the customer linked to thosgoma, Green
Cargo would have to face some storing expenseshén although they were not
used anymore, or on contrary Green Cargo couldisetle wagons to the competitor
firm which would need them.

Other disadvantages from the “mixed blocking pdlicgmpared to the current Green
Cargo blocking policy lies of the extra difficultpf determining which the
contribution of each customer to the total comppnyfit is, or the possible delays
when operating with many different customers wittie same train.

Although the idea of establishing a “mixed blockiystem” theoretically represents
an interesting option for optimizing train capaci@reen Cargo needs to consider all
the potential problems linked to this new way ahking. Especially, Green Cargo
must contemplate the possibility of losing impottamstomers which represent a high
profit source if they would not accept those newokiog and blocking policies. In
addition, the introduction of this new blocking gl would require a deep
restructuration in Green Cargo way of working whildes not seem to be feasible in
a short time period. Considering that this compadogs not have enough resources to
exploit its softwar®, the new blocking policy seems to be far too resedemanding
to be implemented. Green Cargo should preferaldydats efforts in optimizing the
utilization of its software and get as much prafit possible from them before trying
to establish the new blocking policies.

5.2.4 Future implementation and limitations of the “layer on layer”
concept

Green Cargo is working on a new concept called 8ragn Layer”, not yet in
practice, intended to increase the firm flexibilitglating demand changes and to
create more capacity optimized trains. This concepheant to be used to adapt to
customers demand changes in a well establishedcanttolled way. It is also
considered to be very useful and beneficial to adadower or higher economic
activity rates, either nationally or internatiorydll

3 Inger Ericsson, Head of Strategic Production Dgwalent, Green Cargo, Interview, 2013-02-04
4 Mats Tapper, Strategic Infrastructural Planner,eBr€argo, Interview, 2013-02-06; 2013-03-19
12 Fredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04

3 Inger Ericsson, Head of Strategic Production Dgwelent, Green Cargo, Interview, 2013-02-04
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“Layer on Layer” presents the introduction of aigidnal layer (or even more than
one), of trains on top of the original schedulenpia those situations when there is
enough volume to support a new train to travel betwtwo train building yards

without having the need to stop at the passingsjaFar example if the original train

is scheduled to departure from Station B throughist C and arrive down to Station
F, as can be seen in Figure 18, if enough bookamgsordered an additional direct
train can be added going directly from Station @dado Station F.
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Figure 18: lllustration of the layer on layer concgt

The time slots for all planned layers of trainsaéebe applied to Trafikverket during
the previous year than the expected departure Wében the departure date was
closer, Green Cargo could estimate whether thesaasigh cargo volume to transport
and maintain that secondary layer (direct train)oor contrary, it should be cancelled
to Trafikverket before its departing time. It isvalys the direct train that is being
lifted and canceled in case of a change in demasthere could be possible transport
plans to the one of several stations in-betweer &itpress train is therefore only
used when the volume of transports require it &uiedeixpress trains delivery time can
consequently not be promised to the custométsvertheless, Green Cargo need to
consider some important limitations that would #igantly reduce the potential
economic savings linked to this technique.

At present, Green Cargo and any other rail comgangweden can cancel their
assigned time slots if not required provided fréelmrge before expected departure
time. However, as it has been mentioned in previgeions, in the near future
Trafikverket is going to introduce a booking feeiethcould not be refunded in case
of not using the assigned time slot. This situatimuld significantly affect “Layer on
Layer” concept theoretical profit. Depending on hexpensive the booking fee was,
Green Cargo may not consider worthy paying for strai@ slots that might not be
used later. This fact would make really necessaryadequate the forecasting
estimations to avoid book and hence pay for a Shoethat will not finally be needed.
Green Cargo is already working on improving theséasting process, establishing

3 Inger Ericsson, Head of Strategic Production Dgwelent, Green Cargo, Interview, 2013-02-04
CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019 51



quarterly demand estimations instead of yearly ofeet which significantly would
allow to adequate the future needs estimationss #trongly suggested for Green
Cargo to continue working on this idea and optimigdorecasting estimations.

Another aspect to consider is that when certairccanpany applies for a timetable to
Trafikverket and finally decides to cancel it,stvery likely this rail company will not
receive this specific time slot in future allocatiprocesses if another firm is also
interested in {f. This is another reason for which it is really ni@ant to adequate
forecasting estimations.

Another downside of this concept is linked to Gre@argo booking policies {1
booked ' delivered). With this idea, those customers bogkimeir transport needs
firstly would be allocated in the regular first &y while last bookers would get the
shortcut second layer transport. If “layer on |dyex implemented, instead of
rewarding those customers booking their needs earex, “last minute” bookers
would receive the best routes (second layer). Negkss, it is considered that Green
Cargo should preferably award those customers hgokith more time in advance,
and hence allowing the company to plan and allocates in the most efficient way,
with the best train routes.

5.3 Capacity optimization area 2. peak reduction of the
nightly train traffic

In the rail industry all over the world, daily heuare most covered by passenger
trains whereas freight transport mainly runs durimght time. This fact creates
important economic disadvantages for Green Carguin to face higher drivers
nightly salaries or lower allowed working hours paay. Nevertheless, possible
improvements in this category are restricted by twain actors: Trafikverket and
customer demands.

At present, Green Cargo operates certain routesuse of the existence of individual
anchor block companies in specific area. This cphceeans that one or several
customers require enough transportation to makeaia profitable to run, using the

remaining train capacity to serve other firms. Begaof the changing economic
situation, it would be needed to determine if therent customers considered as
anchor companies still represent this role. If i@teen Cargo could decide to avoid
operating these routes, or make those custome tmlaeceive cargo during hour

days in order to reduce nightly peak times.

Another aspect related to peak train distributi®ithie local planning of train routes,
which allows to create different connections betweertain locations, avoiding those
congested railroads mainly used by passenger tram$ representing higher
utilization fees. This chapter analyzes all thosntioned aspects and investigate the
possibilities to decrease the nightly cargo transpeak taking into consideration the
existing and future limitations.

14 Bengt Palm, Capacity Distributer, Trafikverket,dntiew, Date: 2013-03-19
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5.3.1 Peak time distribution in cargo trains

In Sweden, following the same trend than other Ream countries cargo train
transportation mainly takes place during night Bo(Pricewaterhouse Coopers,
2008). Figure 19 presents the Green Cargo currattion regarding the number of
moving locomotives for the different hours and dajfsthe week. As it can be
observed freight cargo transport is mostly perfatndering week days, especially
from Monday to Thursday; whereas during Fridayuy and Sunday the volume
of moving locomotives is much more reduced. Thigation is caused by the intimate
relation between Green Cargo transportation sesvasel industry, which normally
operates during weekdays and reduces its actigitgl$ during the weekeht An
observation of the Figure 19 indicates that thehésy locomotive activity rates,
colored in green, happen during the time slot fi2Z2r00- 02:00 since Sunday night
until Friday morning. At present most cargo traiass during the night, which causes
that companies such as Green Cargo need to dinmeth&v capacity needs in base to
those nightly peak requirements, establishing @dleacity during the rest of the day.
During those peak service hours around 120 locamestare driven at the same time,
whereas in the intervals between 06:00 - 12:00 fikdomday to Friday, only about 70
locomotives are driven. During weekends freightgoatransportation presents its
lowest activity rates, existing a minimum numberdai/en locomotives on Saturday
from 00:00 - 10:00 am.
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Figure 19: Weekly and hourly locomotives utilizatiomn during 2013 and 2014 (expected). Peak time
periods marked in green

The highest nightly freight transport activity ratalled “peak times” from here in
advance, is caused by several aspects. Train gpgsteaffic in the whole Europe
mainly takes place during day times, displacingfraight to the night time slots not
used by passengers. In addition, customers usteglyest to have their cargo orders

! Anders Lester, Quality and Organisational Developiéanager, Green Cargo, Interview
2 Marcin Tubylewicz, Strategic Production Developmitanager, Green Cargo, Interview
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delivered in the morning, what makes Green Cargeraip during night hours to
satisfy its customer requirements.

“Peak times” represent an important problem fore@r€argo, making this firm own
a higher resources volume than required in caserobre even flow during the day,
and generating extra expenses because of theynwgbitking regulations.

5.3.1.1 Problems associated to nightly regulations legislan

Nightly “peak times” make Green Cargo to dispos@a ¢dcomotives volume enough

to satisfy those highest activity rates, but thisp amply the need of nightly drivers

working, presenting special regulations and higbeerator fares than those faced
during diurnal working hours.

As it was explained in Section 4.4.7. both Swedisd Green Cargo legislations are
regulated by European limitations, without any riolfiiment possibility to those.
On the other hand, Green Cargo policies are limhgdSwedish legislation but,
nevertheless, if agreed with the union, Green Caago establish some policies out
from Swedish legislation but respecting Europeanitétions.

Swedish legislation sets weekly working times lgditto 40 hours in which
employees cannot work over 23:00. Green Cargsp@mtation services are mainly
carried out during nightly hours, which create tieed of special nightly regulations
for this firm. Agreements between union and top aggment have established a
maximum weekly workday of 36 hours in those casksightly activities, also
rewarded when higher salaries than during diurnatsf

Green Cargo is very concerned in the reductionigliitty “peak times” because its
associated employee nightly regulations implies thim of disposing a higher
number of drivers than required in case of dailprsodue to the shorter weekly
workday limitations. In addition, nightly driverservices are also more expensive.
All these aspects would make very interesting foegd Cargo to distribute their
cargo transport services all over the day, redutiegnightly peak hours and hence
obtaining better economic conditions. Neverthel¢issre are some factors limiting
the possibilities of reducing the nightly “peak &gi such as Trafikverket limitations
or the future of the rail industry sector.

5.3.2 Trafikverket and rail industry: main causes of nightly peak
times

As it has been previously presented in Sectionl4.@reen Cargo is importantly
constrained by Trafikverket. This organization det@es the railroad allocations
between passengers and freight transport, henoéicagtly influencing the future
expansion possibilities of Green Cargo.

The current railroad situation shows an industrynoi@ated by train passenger
transport, group disposing of the daily time slatedl considered as priority over
freight trains. In those conflictive situations which both a passenger train and a
cargo train require the same railroad, the cargo twill have to stop on the rail side

8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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to give preference to the passenger train. Timestad by cargo trains in the rail side
represent an important contribution along the yBaring 2011, waiting times on the
side track involved an increase of 150 million S&EKGreen Cargo total production
Ccosts.

According to Trafikverket, this priority system ixplained because of higher

passenger trains speed, what makes more feasibbarfgo trains to give preference.

In addition, possible passenger complaints becafide train departures or arrivals

are other cause justifying this priority rufdsAt a European level, passenger trains
priority over cargo transportation is also the camnmapproach. (Pricewaterhouse
Coopers, 2008)

One of the European Union objectives lies in rdwitag the freight train transport
sector, considered more eco-friendly that truckdpemrtation, its main competitor
area. In the last years, freight train transpo#g t@antinuously lost importance while,
on the opposite way, truck sector is becoming aenpowerful area. In order to make
freight rail transportation a competitive altermativersus trucks, some important
modifications in the train industry would be requir especially those linked to
establishing a higher priority of cargo over pagserrains. Results associated to this
hypothetical situation characterized by an incrdaseight priority are presented in
the European Unions study, Preparatory study foingmact assessment for a rail
network giving priority to freight. (Pricewaterhausoopers, 2008) This purposed
priority system would significantly advance Greemr@gd, allowing reducing its
nightly peak times.

Nevertheless, the evolution of the current rais$gort sector neglects this possibility,
expecting a continuous increase in the passengesportation both at national and
European levels. According to Trafikverket, in thext years Swedish rail industry
will welcome a great number of passenger compafaespresent all passenger
transport in Sweden is controlled by a single camyp&®J}*. As it happens now,

those new companies will have priority over cargansportation, what will make

even more difficult for companies such as Greeng@do get time slots during

diurnal hours, especially in the commuting hoursofiday to Friday from 06:00 —
11:00).

Apart from these constraints for rail cargo transpoked to Trafikverket and the rail

passenger transportation, it is necessary to cengie traditional schedules in cargo
transportation. According to tradition, industry used to receiving its orders and
materials at first time in the morning and sendisgfinished products at the end of
the workday, what makes Green Cargo travel durmggrtight to satisfy customer
requirements. Nevertheless, Green Cargo believasctimpanies could change this
traditional delivery times, and adapt to a morelyd&eight services, especially if

lower fares were associated to this idea.

All the previous aspects make us think that it wloanbt be possible to face a
significant change in the current rail allocatidtowever, next sections introduce
several improvement areas which could be relatiealsily implemented and would
significantly help Green Cargo to reduce the curpaek times and optimizing its
capacity levels.

14 Bengt Palm, Capacity Distributer, Trafikverket,dntiew, Date: 2013-03-19
2 Marcin Tubylewicz, Strategic Production Developmitanager, Green Cargo, Interview
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5.3.3 Anchor blocks: relation with peak time distribution

Another cause of the current nightly peak timeselated with the “anchor block”

concept. A Green Cargo customer is considered tasban anchor block when it
requires enough transportation volume in order &iera train profitable to travel. In
some occasions, anchor block-customer demandssesyra whole train, whereas in
other situations the remaining free capacity i®m@ff to other firms operating in the
same route, creating in that way more capacitynupéd trains.

Green Cargo and its anchor block companies aredday contractual relations of the
type “fixed delivery” or “dedicated trains” (seecdien 4.4.1), in which delivery times
are scheduled according to customer requirememtmany of the situations, those
companies require Green Cargo the traditional immdlisschedule, characterized by
the reception of the finished orders at the endeofain day and their orders delivery
before the beginning of the next working day. Iderto satisfy those customer
requirements Green Cargo is forced to drive thraing during nightly hours although
this represents higher costs than diurnal worksicguthe appearance of nightly peak
times.

According to Green Cargo’s top management anchackBl time requirements are
mainly influenced by industry traditions, and soofethose companies would not
have any important inconvenient in adapting theliveéry times to more diurnal
timetable<’ This aspect would significantly help Green Cargadduce its expenses
linked to nightly services.

The changing economic situation suffered by Sweadehe last years causes Green
Cargo not to be certain if the customers formedsegorized as anchor blocks still
represent this role for the company. In those sdna in which Green Cargo is not
aware about whether a certain customer is an anglogk or not anymore, it is
necessary to analyze if that customer still creptest to Green Cargo.

Green Cargo is not interested in operating witts¢houstomers that do not represent
profit for the company, and that is why this firg1 ¢onsidering a new approach to
achieve this objective. The strategic planning depent has determined the need of
carrying out a detailed analysis intended to deiteenit those considered as anchor
block-customers still represent this role for tlieaf In addition, all the current anchor
block firms will be phoned to present them the pubty of modifying and adapting
their time requirements to more diurnal dne®nce this information has been
gathered and studied, Green Cargo will be ablestabésh a clearer image of their
current situation as well as its improvement pabsés. Thanks to this, it will be
possible to avoid operating with those firms nqiresenting profits for the company
and restructure Green Cargo routes in basis togaeanchor block-customer map as
well as the expected more diurnal transport requargs.

In order to make the idea of moving scheduled tbletls to more diurnal hours,
anchor block customers could be offered economvartdges linked to that idea, in
the same way that Green Cargo would be benefited@tliing operating after 23.00.

Those customers presenting “single wagon” contedatelations with Green Cargo,
which are allocated in many occasion in the remgirgapacity train after serving
“anchor block” customers represent another posgidor reducing the nightly peak
times. The 60 hours delivery time provide GreengQGafiexibility to plan those

2 Marcin Tubylewicz, Strategic Production Developmitanager, Green Cargo, Interview
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wagons transportation out from the peak night homhen possible. A lengthening in
the current maximum agreed delivery period for ggnwagons” would offer Green

Cargo extra flexibility to determine when thosentgde wagons” could be transported.
Often punctuality is more important than speeddastomers. This statement allow

us to think that those “single wagons” customersuldonot have any important
problem in adapting to longer delivery times alw#lyat Green Cargo informs them
and fulfills its planned arrival time. This measwveuld provide this company higher
flexibility levels to avoid the transportation ohdse wagons during peak time
timetables.

5.3.4 Local planning: relation with peak time distribution

Swedish railroads can be divided in three priciatggories: red, yellow and green,
representing respectively the most and least expenailroads. (Trafikverket, 2013)
Figure 20 presents the Swedish rail system in foncbf these three groups. Red
color is linked to the most important railroads \pding direct and fast connections
between Swedish big cities. Yellow and green categorepresent respectively
medium and lowest price railroads categories ind&ane

Passenger transportation mainly takes place ircagegorized railroads, presenting its
highest activity rates from Monday to Friday at couting hours (06:00 — 11:00).
The rest of the day passenger and cargo transparés these red railroads, always
considering priority of the first group over freigtransport. This situation creates
important loses for companies such as Green Caigich besides of having paid for
using a fast (red) railroad are forced to waithe side track in case of conflicting
situation with passenger trains. Nightly transpastarepresents for cargo transport
firms the only non problematic timetable for usiegl-categorized railroads because
of the absence of passenger trains.

Yellow and green-categorized railroads are mairdgduby freight transportation
trains. Those railroads run through less importaminicipalities than red ones,
allowing companies such as Green Cargo arrivinthése customers placed out of
high size cities. One example of this customert@e&SEnso placed in Hyltebruk, a
small town located near Halmstad. This locatior bl further analyzed in Section 6.

According to this information, it could lead to ki that the best option for Green
Cargo would lie on establishing all their train tes through yellow and green-
categorized railroads, thus benefitting from aspecich as lower railroad fares and
more independence from passenger trains, avoiddeyteack waiting times. Some
authors defends that a possibility to increasaffitetrains market share is creating
sub-networks of railroads in which freight trandgerpriority. Those “sub-networks”
would identify with yellow and green railroad graupNevertheless, there are several
practical limitations reducing the applicability planning Green Cargo activities by
mostly using yellow and green railroads, idea sinog called “local planning”.
(Racunica & Wynter, 2005)

8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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Figure 20: View of the Swedish railroad network andits track prices high, medium and basic.
Trafikverket, 2013)

In order to satisfy its customer requirements, Gr&argo offers more than 300
possible destinations since which orders can beedicor delivered. Those

destinations are operated by the 33 stations all Bweden with located shunters and
drivers, called “Main Sites” in the rest of thisopgct. All those locations present a
wide variety of sizes, making each of them onlyréachable by a specific railroad
category: red, yellow or green.

Those aspects, in addition to Green Cargo delitieng policies, which establish a
delivery time up to 60 hours since an order is matlerever the required service is
located, makes necessary for this firm to opergteising fast and red-categorized
railroads. Although freight cargo transport maitdkes place during nightly hours
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part of the Green Cargo transportation is madendutay hours, needing to share red-
categorized railroads with passenger trains, whay raccasion those problems
already presented.

Green Cargo infrastructural planners are awarehe$d problems and shows that
although there are many disadvantages when sh#mmgailroad with passenger

trains, it is still necessary for the firm to doWithout using red railroads during day
hours this company could not fulfill its time dediy policies, aspect that would cause
negative consequences in the relation with itsornsts?

Moreover, some of the main sites are placed undércategorized zones. Green
Cargo could decide to avoid travelling to thoseatamns by using an alternative route
one planned only over yellow and green railroadsd, @/oiding in that way side track
delays and high fares. Nevertheless, this ideadvgduire the daily transportation of
the employees belonging to certain main site uhtise new routes, resulting in high
expenses and a non-efficient way of working. Thastipular situation represents an
economic trade-off for Green Cargo, which is nofynablved by operating through

the red-categorized rails.

Considering the forecasting regarding rail industegtablishing an even more
important passenger transport sector than at preses highly suggested for Green
Cargo to continue developing and working on its¢aloplanning” idea. In that way it
could be possible to avoid problems linked to thghér priority of passenger
transport, and using less expensive routes; butrtumfately it would bring associated
longer delivery times. It seems clear than a fuexpansion of the “local planning”
concept should be linked to an enlargement of #levely times, which could be
more easily adapted in those contracting situatimn$single wagons”. In case of
establishing a new blocking system, as it is exygldiin Section 5.4.2, this idea could
adopted since the beginning, giving the companyenfi@xibility to plan alternative
routes avoiding as much as feasible those red-acategl railroads.

5.3.5 Possible improvement: expansion of nightly peak ti@ periods

After the previous analysis regarding the influegcfactors in the current nightly
peak time activities in Green Cargo, it can be toled that the most feasible
improvement possibility would lie on expanding therent peak time period. Figure
21 shows a graphical representation of this ideaprsent, peak time interval
corresponds from 22:00-02:00, showing a maximuraevalf 115 driven locomotives
at the same time on Monday night.

According to the presented restrictions imposegdgsenger transportation, it would
not be possible for Green Cargo to increase itainael of driven trains during

commuting hours (06:00-11:00 from Monday to Frida&} it can be observed in
Figure 21, those time slots from 15:00 to 21:00mfrblonday to Friday present an
important cargo traffic volume, although not conglde with the peak time values.
This time period before 23:00, is controlled by g@h and diurnal driver regulations
and not by the special economical nightly cond#ioAfter Green Cargo expected
interviews with its anchor block-customers (seeti8ac5.3.3), hopefully some of

4 Mats Tapper, Strategic Infrastructural Planner,eBr€argo, Interview, 2013-02-06; 2013-03-19
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those would accept a change in their delivery timeaking possible an expansion in
the current peak time period.

Dpeak time periods (around 22:00 - 02:00h) —T13 —T14 Suggested peak time expansion
140
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Figure 21: Weekly and hourly locomotives utilizatiom during 2013 and 2014 (expected).
Suggested peak time expansion marked in orange aggdeen

With a wider peak time period (colors orange + gjea which it was established an
even use of the locomotive resources it would bssibte to reduce the maximum
amount of needed locomotives at the same time. Wbisld give Green Cargo the
possibility of selling or renting those extra locotimes to other companies, or not
having to purchase more in case of an expansioitsimusiness. In addition, a
reduction of the number of locomotives driven ahtiwould bring Green Cargo an
important driver related costs saving, linked te #woiding of those unfavorable
economic conditions for the firm during nightly etables.

The expansion in the current peak time period waodiher affect the maintenance
activity services, at present performed during rmgnhours in which cargo
transportation presents its lowest activity levels.

5.4 Capacity optimization area 3: Reduction of the
uneven flow of cargo trains

Another problem faced by Green Cargo is the uneago transportation demand

during weekdays, from Monday to Friday. This siiatcreates a uneven resources
utilization, and makes Green Cargo dimension gsuece volume according to those
days with highest activity rates.

The objective of achieving a more even daily tramsflow seems to be difficult,
because this aspect is slightly linked with custodemands, and therefore difficult to
control. This section presents two ideas intendeabtain a more even flow of cargo
trains: the importance of reducing the varietyamfdmotives and the introduction of a
new customer prioritization system.
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5.4.1 Weekly variation of cargo transport

Cargo transportation is intimately related to irtda activities, which present the
highest production rates mainly during weekdays r{¥&ay to Friday). (Kwon et al,

1998) This fact is clearly represented in Figure iB2which it can be observed that
freight traffic volume is much higher from SundayRriday afternoons than during
weekend time.

In addition to the uneven cargo traffic between kdeg's and weekend days, it is also
important to consider the uneven cargo flow dusregekdays. Traditionally, Tuesday
and Thursday have represented those days with thiggight train flow®? In the last
years Green Cargo has done important efforts tanal out the uneven cargo flow
during the weekdays. One of the adopted measursestavananually allocate new
customer bookings to Monday and Friday, days ptesgnless cargo traffic.
Improvements like this have allowed Green Carg@dhieve less traffic variation
during the weekdays, as can be seen in the FigurBl@vertheless, Green Cargo still
wishes to smooth even more the uneven weekly déogo

Weekly periods with higher traffic cargo volume__
Weekly periods with lower traffic cargo volume

T13 —T14
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Figure 22: Average utilization of locomotives durig week days in 2013 and 2014 (expected)

Apart from trying to establish contracts with newstomers mainly during those days
with less traffic volume, Green Cargo should analiggz current customer needs and
demands. It is very likely that certain old custosnaccept some modifications on
their agreed delivery days, providing Green Catge possibility of establishing a

more even weekly cargo flow.

Some of the benefits linked to the reduction in wWeekly traffic variation are the
establishment of better planning processes, theea@ment of increased punctually
precision and the resources optimization. An evaffi¢ volume would allow to
dimension both engines and personnel requiremecty@ng to the highest activity
rates, which are supposed to be quite similar duhe different weekdays.

12 Eredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
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5.4.2 Advantages linked to the reduction of the number ofengine
types

Green Cargo has a total of 18 types of enginesy The be categorized as diesel
engines and electrical ones. The diesel enginesnare used in shunting, because
electricity is not always available in the totalibf shunting yards. The newer
electrical engines are used for longer distanceswisweden. (Green Cargo, 2012) If
looking more closely on the different engines thare other differences between the
types as well, making the variation and final numifedistinct engines even highér
Different training is needed for many of the engine

Only a driver or shunter with training and knowledgf a specific type of engine is
able to use it, making matching engine with a $l&tadriver an important part of
planning the schedules. This irregularity makesidiky to keep a even flow on the
traffic as there always has to a specific engirté wpecifically trained personal at the
correct location to provide the transport service.

If a reduction in different types of locomotives wid be achieved, there would be
fewer problems in locomotives and drivers allocagovocess. In addition, equipment
and education for drivers as well as shunters cbelthajorly standardized, providing
more flexibility to adapt employees to the differ&tomotive resources.

Despite of the possible advantages linked to thadsirdization of the locomotives
park, unfortunately Green Cargo is working in tlhenplete opposite direction as new
and different types of locomotives are bought, eéasing this problem even more.

5.4.3 New suggested blocking policy and introduction of a
categorization system

The current Green Cargo booking system standsthieafirst customer in booking
some services will get the first available slotisTpolicy only is applied with those
customers having contractual relations of the tygiegle wagons” (See Section
4.4.4), because the other customers, includedergtbups “fixed delivery times” or
“dedicated trains”, dispose of established anddfidelivery times.

The policy first booked first served can be consddo be as one of the causes of the
uneven transportation flow during the weekdays.sThooking system does not
consider any priority category, resulting in negatconsequences for Green Cargo.
For example, in certain occasions, some ordercomsidered to be really profitable
from the economic point of view are accepted wheher orders considered to be
much more worthy to work with cannot be acceptedabse they have been order
later. Green Cargo should take notice to the diffeiseveral types of customers to
take notice to, as they are fairly easy to sepaaatk investigate if they should be
prioritized.

If Green Cargo adopted a new priority categorizagstem, at the same time it also
would be possible to introduce some modificatioalsited to the current customer
booking system. Those changes in the booking systene expected to stimulate

12 Eredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
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customers to book their orders with more time ivaadte and plan their wagon
requirements in a more accurate way. In order toeae this objective, customers
could be benefited with certain advantages andodigs if they could schedule their
needs further in advance than other companiesistomers made their orders with a
longer period in advance, this fact would providee& Cargo more flexibility to
allocate orders to the different scheduled trai@ansequently, a more even
transportation flow during the weekdays could keEatzd.

According to our new purposed priority system fore@& Cargo, the customer
prioritization process should take into consideratiseveral aspects, which are
presented in Figure 23.

Green Cargo priority system should be determineckdigblishing suitable balance
among the economic profit linked to each specifideo, the actual agreement
between each customer and Green Cargo, and thenwarstpriority level. It is
important to remark that this idea could be adoptethe current booking system
when working with “single wagons” customers, as Iwad in the expected and
purposed future blocking system presented in Seétid.3.

Economic profit

Customer priority

= Green Cargo's own priority
= Priority categories of
Trafikverket

Customer Agreement

Figure 23: Demonstration of factors that should béaken into consideration in the customer
prioritization process

5.4.3.1 Economic profit

At present, the economic profit associated to oexeder does not represent a main
guideline or criteria to decide which transport®wdd be prioritized. It would be
definitely suggested to determine the actual piofked to each customer transport
activities. In this way, it would be possible toighg those profits against each other
and determine which customer would be more prdstaio prioritize from an
economic point of view.

Currently Green Cargo does not dispose of any soffvor system able to do these
complex calculations, but it is strongly suggestedrioritize the introduction of a

pricing system. An advance pricing system wouldoh@reen Cargo to analyze the
profits associated to each of the services providedustomers and would provide
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accurate data in which base decisions. Thanksetanflormation provided from this
system, Green Cargo would be able to avoid thosgitees not considered to be
profitable for the firm, hence increasing the compprofit.

It is important to point out that, at present, Gré&&argo is so customer satisfaction
oriented that until certain deal is not signed wilte customer, it is not possible to
confirm whether that agreement will be profitable ot for the company. Green
Cargo should solve this problem and make sure draimg only with those
customers providing any type of economic advantage.

5.4.3.2 Customer agreements

The general customer agreement policy states tlesn3Cargo has 60 hours period to
deliver a booked order to its required customertniNdly, those 60 hours are not
completely required and deliveries are done wayadhef the deadline, aspect
considered as positive both from a customer satisfa point of view and market
competitive point of view.

A great possibility for optimizing train capacitgstablishing less expensive routes
and creating a more even transport flow lies onintakhe most of the 60 hours
delivery time period. The transportation of thosm+priority cargo could be spread
on time to even out the weekly traffic volume, pd®d that 60 delivery hours are
respected. The full exploitation of the maximumivksly period would also allow the
further implementation of the local planning coric€pection 5.3.4). Cargo could be
transported on of yellow and green categorizeds ragdharacterized by lower
utilization fees than red rails. Nevertheless, ¢haheaper rails provide slower
connections between important locations in Sweden.

Unfortunately, the 60 hours stated in the custoagreement policy has become a
vague indication for customers, as they often adersihat orders can be ordered with
only one day in advance. As a result, customersuesatisfied with Green Cargo

when delivery times are close to 60 hours, evenghdhis delivery time respects the
general customer agreement policy.

Green Cargo would definitely investigate why andvhthe customer agreement
policy has become so vague to the customers. Ossilp@ reason is that new
customers have misunderstood the agreement sigithdGreen Cargo. Another
possible cause could be associated to the existefceertain old customers
accustomed to the faster delivery system perforine@reen Cargo some years in
advance.

The first possible cause of misunderstandings cdiddeasy to prevent if new

customers received more clear and specific infdonategarding the signed contract.
This information should clearly state that thosstemers have agreed a maximum
delivery period of 60 hours. Misunderstandings éidkto previous delivery policies

could be avoided if Green Cargo held formal mestitagexplain those old customers
the differences between the previous and the cudalivery policies.

In the new purposed priority system, if certaintooger wanted to assure a shorter
delivery time than the 60 hours stated in the gdrnarstomer agreement policy, that
customer would have to pay an extra fee for thositianal services.
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5.4.3.3 Customer priority

Green Cargo needs to establish a customer catagionzhierarchy as well as
determine clear guidelines intended to decide wiuaktomers it would be more
profitable to work with. It is suggested that tleistegorization system includes the
same categories as Trafikverket priority systemsd@ee Section 4.4.1.2). In that
way, it would be easier for Green Cargo infrastitetplanners to determine the right
priority level of each customer when applying fione slots to Trafikverket.

The suggested customer priority system should @ssider customer loyalty levels.
Customers can be categorized in two main categoraggular and non-regular.
Regular or loyal customers present very constadtragular bookings, whereas non-
regular customers order wagons in an irregularepatt Approximately, regular
customers order the same amount of wagons followisghooth pattern, aspect that
helps Green Cargo to plan its activities with mdi@e in advance, allowing
establishing a more even traffic flow.

At present, in a situation in which a regular anaba-regular customer are interested
in transporting wagons in the same train, the fitsgstomer in order will be the first
customer to be served. As it can be observed, thealaGreen Cargo policy®1
booked, i' served does not take into consideration the custdayalty levels. It is
suggested for Green Cargo to modify this aspectraward those regular customers
over non-regular ones. According to the new suggeptioritization system, Green
Cargo should modify this aspect and reward thogelae customers over non-regular
ones.

Next lines present an example regarding how thiey & booked ' served works at
present. Later on some possible improvements cklédethis example will be
presented. Figure 24 shows a scenario in whiclg@aeCustomer A, which normally
orders 4 wagons every day; competes out for spacertain train with a non-regular
Customer B, which books a larger quantity of wagimi®wing an irregular pattern.
In the situation presented in Figure 24, the n@uda customer is the first in booking
its required services for Tuesday, whereas thel loystomer books its needs in the
second place. If maximum train capacity was limited5 wagons, the loyal customer
would not be able to fit its required wagons irtatttrain.

This situation may happen when the loyal custonmdy bas planned internally its
wagons requirements but has not actually made dlo&ibhg with Green Cargo. The
loyal customer may consider that, as its ordelsvioh periodic order pattern, there is
no possibility of other companies can make usésaéxpected ordering slots.

As a result of the Customer B non forecasted bapkustomer A’s slow booking,
and the booking system rule of first booker gettihg first available transport,
Customer A would not be able to transport its 4 evegon Tuesday. Those four
wagons belonging to customer A would have to beyas until the next available
transport time. Figure 25 shows the situation incWwhhe four wagons expected to be
transported on Tuesday are finally transported @uiésday.
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forced to be delayed from Tuesday to Wednesday; Cimsmner B again marked with green stating
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According to the new purposed priority system, @r€argo should prioritize regular
customers with regular orders patterns over noolaegnes. Loyal customers allow
Green Cargo to plan its activities with more tinre advance, stimulating the
possibility of establishing a more even trafficdlduring the weekdays.

Green Cargo should establish some beneficial gslitd stimulate customers to
become part of the regular group and book theiersravith more time in advance. A
possible way to increase the number of regularooasts would lie on offering more
economic fares when booking with longer advanceodeand following regular

patterns. If those ideas were applied and followivith the previous example, if
Customer A faced more economic fees when bookimgegular needs with more
time in advance, this customer will probably janpossibility.

If the suggested priority policy was introduced tion-regular customer could not fit
its 16 required wagons on the train travelling amedday, because the 4 wagons
required by the loyal customer would have alreaglgrballocated in the train. In that
case, Customer B wagon needs would be spread dlitfenent days. Probably, this
situation would make Customer B study its posdibgi of becoming a loyal
customer.
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6 Staff optimization areas: current situation and
analysis of the possible improvements

This Chapter aims to provide information on howadjatimize Green Cargo staff
requirements, aspect identified as one of the nmogortant ones to analyze by this
company. First of all, this section presents soemegal aspects related to staff. Later
on, two possible improvement concepts relatedisoditegory will be presented and
analyzed. These two improvement concepts are: fpétion of staff in single
shunting stations” and “Optimization of reserve f§téor larger Main-Sites”. In
addition, this section presents a new concept oednto help to optimize staff
requirements: “The co-operational shunting pool”.

6.1 General aspects regarding staff

This section presents several aspects relatedafb reécessary to understand the
analysis regarding how to optimize staff requiretaen Green Cargo. These general
aspects are the “Main-Site” concept and its linotad, the different types of operators

6.1.1 The “Main-Site” concept

A Main-Site is a station from which it is possilitereach the near locations and get
back to the main site within the working hours.pisent, Green Cargo has a total of
33 operated Main-Sites all over Sweden, all widtished staff. Nevertheless, during
the last 25 years Green Cargo has worked in thectiedh of the number of main
sites, having reached the 70 main site statiotiseiiate 80%.

Green Cargo legislation, agreed with the compangryrpoints out that drivers are
allowed to drive a maximum of 5 hours without adiieaspect which represents the
real limitation on how large area around a Maire$itat can be accessed.

6.1.1.1 Types of “Main-Sites”

According to Green Cargo, main sites can be caizgprin four different groups:
Traffic, Capillary, Sorting and Stopgap locations.

8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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Figure 26: lllustration of Sweden and the current Main-Site locations

Traffic location - red: This category represents those stations from whbango
traffic is gathered and trains are created. Trdffcation main sites can be located in
those industrial areas in which many companiesptaeed, or next to a harbor in
which many import/export activities are performdd.will be necessary to have
personnel stationed in this type of stations iaragtterm time perspective.

Capillary location - . This category includes stations from which cargidfit

is started and developed, in the same way asddaftation main sites do. The main
difference is that this type of main sites presanésrong customer dependency. Those
stations must be aware of its dependency of theocwss they serve, and act
proactive before the customer does. Those locapoesent minor traffic volume.

Sorting location - blue: Main-Sites in this category represent little or edraffic of
their own. Nevertheless, they are located in gjratgeographic positions and they
make possible to sort wagons on them. Those sgateguire personnel stationed on
them in a long-term perspective. Ange represemfsaal example of sorting location,
as the limitation for cargo weight is 1100 tons\abthis point and 1600 tons below.

Stopgap location —green: Stations under this category present little orentmaffic
volume, but their geographical locations make trsentable to represent a place to
switch drivers. This type of locations is requirasl long as Green Cargo legislation
regarding maximum driving periods, agreed withabmpany union, is not modified.
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6.1.1.2 Important aspects and limitations

Section 6: optimization of Green Cargo staff reguoients, analyzes how to optimize
Green Cargo staff requirements by determining tlostnaccurate distributions for
both employees and main sites all over Sweden.

Green Cargo makes use of different information ideo to determine the most
feasible main sites to be optimized. This informitincludes aspects such as:

e« The number of needed employees for each main sdetlee real number of
employees on each of them.

» Green customers locations.
» Green Cargo agreed services with each customer.

Another important aspect to consider is the diffiereypes of main site stations.
Traffic and Sorting location stations are not pblesto be cancelled in the short term
as they represent an important role in maintairamg efficient rail network. On
contrary, Capillary and Stopgap location statioms ribt represent any long term
critical purpose and could be cancelled.

When analyzing the possible improvements linketh&staff optimization category,
it is necessary to consider several aspects. The gual of this category lies on
optimizing staff requirements by establishing astdized main site stations as
possible. If the geographical distribution of thaimsites and their linked stations
was omitted, the most feasible and desirable maithoas to be cancelled would be
those with a lower number of employees.

Nevertheless, it is important to remember is thatreal goal of this category is not
having as few Main-Sites as possible, the main Gealon creating an efficient and
flexible rail network. This goal can be achievedlifferent ways. In some situations,
the most profitable option lies on centralizing thkk operators from small main sites
in a nearby larger Main Site. Therefore, those maln sites could be cancelled. On
contrary, in other situations, Green Cargo is h&geffrom having spread staff in
small main sites. The cancellation of those smadinvBites would diminish Green
Cargo operational working area in and could impky loss of some customers placed
in that area.

The current need for Main-Site locations can quicilange as the capillary location
sites, which are linked to specific customers, lparestablished or cancelled in a short
time period according to customer demands and reeints. Green Cargo should be
flexible enough to adapt to those changes in atshoe period. If a new customer
required the establishment of a new main site woas$acted, Green Cargo should be
able to start up this site in a short time perilmdthis way, it would be avoid that
customer decided to work with a competitor firm.

Decisions regarding where to place Green Cargo @mapk as well as analysis of the
current Main-Sites distribution can be done in k®ng simulation software. This
software creates an optimized solution for the Msaite network according to Green
Cargo and customer requirements. Green Cargo dispo$ this software, but
unfortunately, it is not used very often becauss utery time consuming. One of the
causes of the scarce utilization of this softwaréhe lack of Green Cargo resources
(see more in Section 7.2.1). It is definitely sestgd for Green Cargo to use this
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optimization software more often, especially coesitly the importance of creating a
flexible Main-Site network adapted to customer dedsa In that way, it would be

possible to determine the most profitable main ssitistribution and operators
allocation for Green Cargo.

6.1.2 Green Cargo operators: shunters, drivers and shuntedrivers

It is expected that within the next five years,usmd 100 of Green Cargo’s operational
staff employees will retire yeaflyGreen Cargo operational staff is typically didde

into shunters and drivers, but there is also althategory which represents those
drivers that are able to do shunting. Below, sleaglanations of the three different
groups of operators are presented:

- Shunters this group is mainly in charge of connecting alisconnecting

wagons according to the order lists created byRR&€ department. Those
order lists are based on the customer bookingsstexgd by Hallsberg
Customer Service office. The totality of shunteeigors is trained to perform
radio control shunting.

- Drivers: this group is in charge of driving locomotives hwigmpty and/or
loaded wagons following the routes given by Haligb€elhis group is not
trained to perform shunting operations, and acogrdo the Green Cargo
headquarters, it does not represent any problemuseccurrently the number
of driver-shunters is enough to cover the compamgguirements. On
contrary, under one of the shunters-drivers plagpperson’s view, it would be
necessary for all the drivers, especially the neespto be able to do shunting
processes.

- Drivers-shunters: this is the key group when dealing with the cqutoef
single shunting at main stations. It is common swhe of the current Green
Cargo drivers used to work as shunters before #ldegnced and participated
in an internal education program to become driv€msequently, this group
of drivers is also able to perform shunting operadi It is necessary to
consider that this group of operators cannot woitk & very extended list of
areas, t()aecause it would be impossible for theraamlthe particularities of all
of them:

When it comes to the drivers that have advanceah fiarmally being shunters, it's

obviously very beneficial for the company to hakem doing shunting in their old

areas because of their previous area knowledgeingléhe newly graduated drivers
back in their old areas with the same tasks isatvehys very welcomed by the driver.
The main reasons for shunters to make the decisi@avance to a driver is that he
wants new challenges, new work tasks as well dsehigalary.

8 uif Wikstrom, Agreement Specialist, Green Cargdetmiew, 2013-02-19

2 Marcin Tubylewicz, Strategic Production Developmitanager, Green Cargo, Interview
® per Svensson, Group leader, Green Cargo, InterZ@$3-02-14, 2013-02-21

" Lars-Ake Ingmarsson, Driver, Green Cargo, Intervi2g@13-02-14
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6.1.3 Shunters and drivers schedule planning

Shunters need local knowledge on each the yardwhich they operate. This
knowledge includes aspects such as special trafomdealing with specific types of
dangerous goods and knowledge on the local traxcksell as on the different types of
locomotives used in certain site. Operators aréepably allocated to their known
areas, especially in single shunting operationsavoid the continuous training of
shunters and drivers regarding special needs eiffeworking areas. Another
constraint to take into consideration is that dédfé locomotives types require
different education, so it is necessary to alloeaeh train to the right operator.

Green Cargo drivers’ and shunters’ schedules are dio Hallsberg by a planner
person who matches a suitable driver with both italsle engine as well as shift,
making sure the driver has the local area knowlatgessar§.Once the working
shift outlines for the different stations are ceehtthey are sent to the local stations
for minor modifications, which are performed by thecal drivers and shunters
leaders. Those minor changes are necessary betaugknning person in Hallsberg
has no local knowledge of the specific areas aedsgiecific needs for the shifts.
Concerning tasks involving the yard for shuntersl ahmivers, the union will be
involved in the planning of the shifts.

Modifications in drivers’ shifts schedules haveb® done at least with six weeks in
advance, whereas the modification of shunters stbedquires a longer period. This
aspect makes the drivers shifts much more flexabie therefore, makes it preferable
to have drivers doing the assigned shunting workherstationed yard as it would be
possible to match the customer demands quickeneifetis a need to change the
schedulé.

6.1.4 Legislation regarding working hours

When determining the shifting allocation of drivexsd shunters, it is necessary to
consider other legal aspects affecting this aspwt. European Unions legislations
have to be followed while the regulations by thee8ish legislation can be bent
slightly with an agreement of Green Cargo’s Uni&ed Section 4.4.7). Because of
that, Green Cargo’s working hour legislation is motphase with the Swedish
regulations but it is still within the limits of ¢hEuropean Union’s legislation.

The Swedish legislation states that in case ofih@ytvork, the maximum standard
time per week is 40 hours, whereas if the work alace at nighttime, maximum
standard time per week is reduced to 36 hoursddiitian, 45 weekly working hours

are accepted for certain week, provided that tHeviing week the operator does not
work more than 15 houfs.

Green Cargo also has their own regulations reggrtia maximum drivers working
shifts: a maximum of 10 hours per day, plus a 1rHwmeak in within this interval
which has a maximum of 5 hours. In case of a lorspét was required, first of all
this aspect should be dealt with the union. Driewuld receive an extra salary in

® per Svensson, Group leader, Green Cargo, Interd@t3-02-14, 2013-02-21
o Driver, formerly Tactical Local Driver Planner at&gn Cargo, Interview, 2013-02-19
8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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compensation for the extra working tifhén addition, an operator cannot work for
more than 10 hours within a 14 hours petiod

6.1.5 Shunters and drivers training

Some sites transporting dangerous cargo preseataesafety legislations and rules
that have to be followed. Shunting operators wagkim those sites need an extra
special training regarding the dangerous cargo Wikye allowed to shunt and work
with. In addition, those operators need to gaingbeeral knowledge of the site in
which they perform their activities. These aspectke longer the education process
for those operators working in sites in which dangs cargo is transporté&d.

Green Cargo has subcontracting shunting at sonsions in Sweden. When this
occurs, Green Cargo only makes sure that the stiacting companies have the
suitable education and does not personally trathsliow them how the work is done
in a specific area. Under these circumstances agtscare more common than within
the own Green Cargo organization.

6.2 Staff optimization area 1: optimization of staff in
single shunting stations

This improvement area achieves to increase GreegoGdficiency by optimizing the
number of needed operators to carry out the shyitincesses. Several factors are
taken into consideration to properly analyze thiaasion such as customer service,
safety, salary and moral.

6.2.1 The single shunting concept

The “Single shunting” concept is very linked witietalready presented idea of main
sites. The concept of optimization staff requiretadsy using single shunting implies
to remove the stationed shunters from the neadtjostand make a certain driver to
drive from the Main site to each nearby locatiod do the shunting by himself.

Single shunting concept was firstly introduced we8len in the late 80s. Later,
concept later expanded to the rest of the Europeantries. During its initial period
in Sweden, employees showed a strong oppositiothisoconcept because of the
associated job losses as well as the reductionivierd’ job category. Drivers did not
want to perform shunting operations. Green Cargallff came to an agreement with
the Union despite of its initial discontentment abthe loss of shunting jobs as well
as the loss of prestige for the drivers. One ofntlaégn advantages agreed in relation to
single shunting was those drivers performing somensng operations would not

® per Svensson, Group leader, Green Cargo, InterZ@$3-02-14, 2013-02-21
8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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have to drive so many hours and would not be away home as many nights as a
normal driver®

The greatest restriction for the single shuntingoept is the regulation regarding the
hours a driver is allowed to drive, aspect whicallyelimits the maximum distance
away from a Main-Site to which it is possible torfpem single shunting. This
technique can only be used if the nearby stationsad present too complex shunting
needs and if those stations are on a reasonaliencks from the main site. This
distance must allow the driver to have time to @fom the main station to the single
shunting station, shunt and drive back within tlegking day hours.

The single shunting technique is possible to appihhose Main-Sites connected with
small traffic stations. In that case, instead dtisg a shunter operator in the low
volume traffic station for the whole day, the trainver would be in charge of doing
the whole shunting process on his own with the dwdlp of a locomotive equipped
with remote control system. This concept has alrdlagen implemented to some
extent, and one of the future plans for Green Cargold be to continue expanding
this technique where possible.
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Figure 27: Single shunting presented by one large 8n-Site Station A and two small stations
Station B and B with no stationed staff

Figure 27, presents an example of the single shgitéichnique. Station A is main site
station with stationed workers, whereas StatiomB &tation C represent two small
size locations without any stationed employees.h@nger-driver belonging to the

main site (Station A) drives to Station B, statianwhich he does the assigned and
necessary shunting activities before driving toti@taC. This shunter-driver also

performs on his own the required shunting actisitie Station C before coming back
to Station A with the planned cargo from the neastations. In this case, if single

shunting was not performed, two employees woulddggiired in Stations B and C.

The introduction of the single shunting concepthis example would give Green

Cargo the possibility of avoid the work of the emyes in Stations B and C, both
locations presenting low activity rates. In thisywstaff requirements are optimized.

8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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In order to analyze how the single shunting is ngadaat present, Hyltebruk site was
visited on February 14th 2013. In this locationg ®#ingle shunting technique was
successfully implemented in January 2013 but presho Hyltebruk had its own
stationed employees. At present, former Hyltebrukpleyees are allocated in
Halmstad and travel to their previous associate s means of the single shunting
concept when it is required.

After studying the current drivers schedules, twairmdriver working-turns were
identified.

» The first working turn is related to the night timverk. In this case, the driver
is mainly in charge of driving the train betweenesal destinations, although
he/she can also perform some shunting activities.

* The second working turn, taking place during dawrepmay include driver
both driving and shunting alone in small statiogsiagle shunting) or driving
and shunting with the help of other shunter opesato

When planning single shunting schedules, it wowddrteresting to consider drivers
and shunters preferences. As shunting processresg@ially high physical demands,
and according to shunter group testimony, the Isedition lies on setting the
shunting activities in the beginning of the workydéllowed by the driving periods.

6.2.2 Remote controlled locomotives: a requirement in sigle
shunting

The single shunting concept is closely linked vatbomotives equipped with remote
control system. At present 222 out of Green Cargdd@8 engines are equipped with
the remote controlled equipment. Green Cargo fupla® is to equip most of the
engines with this technology to increase both #fety, flexibility and the efficiency.
(Akerstréms, 2013)

Single shunting activities require a radio con&dllengine, whereas traditional
shunting technique only requires the work of asiéao shunters, which can contact
each other via with radio contact. When traditiosllinting is performed, shunters
have to work very closely together and they havegh dependency on each other.
While one shunter drives the engine from inside émgine, the other shunter
performs the physical job linked to the shuntinggasss and acts “as the eyes” of the
shunter stuck in the engine room, giving him intdaras on how locomotive should
be moved. On contrary, in the actual remote contreéd in single shunting
operations, locomotive is driven from outside tingiee room by using a transmitter
positioned on the operator's abdomen. Locomotiv@rod is executed by a joystick,
as it can be seen in Figure 28.

® per Svensson, Group leader, Green Cargo, Interd@t3-02-14, 2013-02-21
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Figure 28: A shunter using a control transmitter toremotely control an engine. (Akerstréms,
2013)

As the shunting represent a very time consumingitgtthe introduction of the
remote controlled locomotives has considerablydased the effectiveness of the
shunting process. This increased efficiency repitsse good way for Green Cargo to
keep up with the competitors and be able to oftenetitive services on the Swedish
and continental European markets. (Akerstroms, 013

Green Cargo is really concerned about ensuringstinaiting personnel have the right
knowledge regarding radio control. Depending onfteguency with which personnel
perform shunting operations, it would be enoughtt@m to take some control tests,
or retaking the whole radio control educatfon.

Personnel will keep their radio control qualificats if they do more than 6 shunting
operations requiring this specific technique ina#f  year period. In that case, these
operators would only take some control tests ewery years. On contrary, if the
condition of 6 passes per half a year is not felfi] operators should retake all the
education. Although this is not a normal situatidnhas appeared the situation in
which an injured operator has had to retake theredntrol education after a long
recovery period.

6.2.3 Working hours and salary

At present, Green Cargo limitations regarding shiéngth are affected by those
agreements between management and the company anmran be summarized in
these three aspects:

- Maximum working shift length is 10 hours per dplys 1 hour break within this
interval.

- Maximum working period before a break is 5 hours.
- In a 14 hours interval, maximum working time GsHours.

! Anders Lester, Quality and Organisational Developinidanager, Green Cargo, Interview
o Driver, formerly Tactical Local Driver Planner at&gn Cargo, Interview, 2013-02-19
® per Svensson, Group leader, Green Cargo, InterZe®sd-02-14, 2013-02-21

76 CHALMERS, Technology Management and EconomMaster’'s Thesis E2013:019



As it has been mentioned before, main sites andlesishunting concepts are
intimately related to those time limitations. Acdmg to this, a single shunting station
cannot be located more than 5 hours distance ftemssociated Main-Site minus the
actual shunting time, fact that causes a significamstraint when talking about the
single shunting concept. If Green Cargo managenaadt union reached a new
agreement allowing lengthening the current 5 hdumnst of straight driving, the
feasible covered area around the Main Sites coslipanded. Consequently, it
would be possible to reduce the number of MainsSite well as increase the volume
of single shunting stations, optimizing in that wageen Cargo staff requirements.

The possibility of educating the totality of Gre€argo shunters to become drivers,
being able to perform single shunting operationsildancrease the flexibility of this
company. Nevertheless, this option is not econdigit@asible for Green Cargo, both
for the associated costs linked to the trainingcatlan and for the different salaries
categories of drivers and shunters. Green Carglal cunt afford only having shunter-
drivers in all the shunting yards: shunters aredadebecause their salaries are 25%
lower than the drivers’ ones.

Driver salaries are only dependent on during wheatop of the day activities are
carried out, and it is not considered the fact bether the driver performs shunting
operations or not. In that case, nightly salaries @nsiderably higher than daily
salaries because of the inconvenient working hoaltepugh the required physical
effort is higher in case of performing both shugtand driving operations during
working hours>

6.2.4 Customer service

The traditional idea of having shunters permanemilpcated on certain station
presents some benefits: shunters have a very elbtalowledge of the area in which
they operate and they a close relationship withctitomers connected to the site. In
those situations, customers have close relatioashifh shunters because the same
operators always perform the shunting activitiggsBituation is definitely beneficial
for those customers with high service demands,rimsthe existence of shunting
operators available to service them when required.

If instead of having permanent allocated operatorsertain small location, shunting

activities are performed following the single shaogttechnique, it is not possible to

have so close relation between Green Cargo opseratad customers. Nevertheless,
and besides this fact, in those small stationsete@sy low activity rates it is preferred

to introduce the single shunting concept insteadiarking with permanent shunters

placed in those locations. The implementation ef $mgle shunting idea on those
stations allows Green Cargo to optimize its stafas.

In the past, all sites in Halland disposed of anaarent shunter, but at present, the
smaller stations have become single shunting smtidOne example of this
modification is the Hylte site, serving Stora Efiso.

® per Svensson, Group leader, Green Cargo, Inter@$3-02-14, 2013-02-21
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Figure 29 shows the overview of Stora Enso’s factdyltebruk in Hylte. The

railroad located on the upper side of the factaryhe photo runs all the way up to the
plant. Rail tracks go all the way into the Stores&s building to ease the loading
process of the paper rules into the freight wagons.
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Figure 29: An airplane shot of the Stora Enso facty Hyltebruk in Hylte. (Stora Enso, 2013)

In some occasions, customers operating in singlatsly stations which previously
disposed of permanent placed shunters still haaléyreigh demands on Green Cargo
services. In this case, customers expect shuntezrdrto be a type of customer
coordinators, as the ones placed in Hallsberg.dbusts consider that those shunter-
drivers are part of the information flow of Greemar@o but, nevertheless, those
shunter-drivers have no information regarding thetiactual relations between Green
Cargo and a customer in question. This fact maleeyg difficult for the drivers to
determine what the reasonable demands from theroestare’,

Because of this fact, although theoretically shudtevers would only be in charge of
doing the single shunting operations, sometimey #re forced to answer to some
customer questions and requests. This situati@specially stressful for the driver,
because apart from answering to customer callsedras to drive the engine,
perform the shunting operations as well as keegplelne contact with the RPC
division?

It would be suggested to make very clear guidelioeshe customers and drivers
regarding which services have agreed with Greergd&ain addition, customers

should receive a list those suitable contact petsonontact in case their wishes
changed. This fact would help to solve the preskpteblems: on one hand, drivers
could focus on performing the shunting activitiesd avould be aware of which

services are included in the agreement with eadtomer. On the other hand,
customers would be able to contact directly witeuéable Green Cargo employee
who solve its doubts in a fast and efficient way.

® per Svensson, Group leader, Green Cargo, InterZe®sd-02-14, 2013-02-21
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6.2.4.1 Single shunting: economic advantages for Green Caogand customers

The introduction of the single shunting concept rghgossible facilitates the creation
of a system in which customers pay for the servibey actual use. This idea is
considered to be beneficial both for the company fan the customers. At present,
some companies might actually pay for full shuntsgsvice although they do not
really require this service. In this situation, f# time shunting service is unwanted
and a represents a waste of money both for custoamer Green Cargo, which has to
pay the shunter salary. The possible introductiothe single shunting in this station
would benefit both customers and Green Cargo.

The opposite situation is represented by a custmperating in a small station and
requiring permanent shunters on site. In this whig, firm would have high flexibility

to perform shunting operations and the possibditydirect contact and help. In this
case, this single customer could purchase GreegoGhe work of a full time shunter.

6.2.5 Contact of shunter-drivers with operational departments

After the implementation of the single shuntinghteique in stations like Hylte, the
documentation of the tracks of the station has hheégaébe done manually, instead of
in a digital way as it used to be done in the paélkis change was produced because
shunter-drivers do not want to spend time goingklaad forth several times to the
on-site facility holding the computer and fax maehneeded to keep in contact with
RPC. At present, when single shunting techniquesésl, once the shunting operations
are finished operator reports at once to RPC viapuder or fax all those activities
performed in the yard. This report includes aspsaish as tracks updating or the
allocation of the wagorts.

There is a project and plan to implement tablethard computers as a direct link
between the shunting-driver as the RPC divisidhis project would represent a very
useful and helpful approach which would ease siganitly the communication
between both groups.

If this project was implemented, the manual taskkesping the tracks updated as
well as the reception of information from RPC coblel done without forcing the
shunter-driver to visit the onsite facility. Thdela would allow the shunter-driver to
save that time required to update data to RPC fhmon-site facility, would decrease
misunderstandings and would increase the safesinigle shunting processes. The
use of the tablet would reduce the number of phmaiks received by the shunter-
drivers while performing shunting activities, allog those operators to focus on
their tasks. It is highly suggested for Green Camonplement this idea as soon as
possible, not only for single shunting processes,atso for the normal shunting and
driving processes. Usual drivers and shunters wbelgfit from the same advantages
presented in this paragraph.

® per Svensson, Group leader, Green Cargo, InterZ@$3-02-14, 2013-02-21
! Anders Lester, Quality and Organisational Developimdanager, Green Cargo, Interview
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6.2.6 Safety aspects: single shunting and traditional smiing

Safety is very important for the workers to be abl@erform a productive job. Only
when the operator feels safe in his work enviroriniencan invest his full potential
capacity to perform the best at his work task.

Apart from the possibilities of optimize staff reguments, extra safety is another
important advantage linked to the single shuntiogcept. When traditional shunting
processes are performed, misunderstandings bettheeshunters, drivers and the
tower on the yard are not uncommon. (Akerstrom4320

In traditional shunting technique, several shuntensnected to each other via radio
control work together. The shunter placed outdideldcomotive indicates the shunter
in charge of driving the locomotive, how the locdme should be moved to perform
the shunting operations properly. This situatioquiees a very high trust level
between both shunters, as they have to put thess lin each others hands when
shunting wagons. When talking about single shuntihg situation does no longer
appear as the shunter-driver does not have toorelyther personsWhen the single
shunting technique is performed, the operator @mist knows his position as well as
the location of the engine he is controlling. Beglge to determine your own position
is always more reliable than having someone ondioraeing the eyes of the
operation, as it happens in the traditional shgntwoperations. Any possible
misunderstandings related to radio contact betweaditional shunters are also
eliminated if an only person does the whole shgntiroces$.Even though the single
shunting technique requires the shunter-driver tokwalone, this type of operators
feels they work in a very safe environment. In savavays, they fell safer when
performing single shunting activities instead afditional shuntind.

When dealing with shunter-drivers performing singjhinting activities on their own,
according to Green Cargo safety regulations, topgeators must have a safety phone
with them in all the moments. If this phone is mettically held, an alarm would be
activated and a direct connection to SOS alarnstebéished. This implies that if the
driver falls over and the phone is kept in a hartab position, the emergency alarm
would be activated. In addition, the phone has @®&8rol, aspect that would help
locate a driver if necessatyUnfortunately, the safety phones do not work as
accurately as desired when the driver is locatsdiénsolid factory facilities, usual
situation when a shunter-driver collects wagonsnfra customef.In addition, the
safety phones sometimes give off false alarms. &lsagety phones are also used by
traditional shunters and drivers, and the geneslifg among all those groups is that
they6feel much safer carrying this device telephasith them at every time in the
yard.

Another safety precaution adopted by Green Cargenvaealing with single shunting
is the fact planners try to schedule some extra tiomperform the shunting. In this
way, the shunter-driver performing shunting operati alone would avoid to feel
stressed.

It is suggested for Green Cargo to look into the fhat the safety phones do not work
in all locations and try to solve this problem. Bvenothing can be done to improve
this situation, it would be helpful to map out thowcations suffering from this

" Lars-Ake Ingmarsson, Driver, Green Cargo, Intervi2@13-02-14
® per Svensson, Group leader, Green Cargo, Interd@t3-02-14, 2013-02-21

80 CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019



problem and make everyone involved on them awatbeofadio silence. This fact is
especially important for those people in workingsame location or the emergency
contact group which would be involved in case okacident or emergency.

As it has been presented, the single shunting @driseconsidered to increase the
safety levels in shunting operations, especialtkdd to the use of the locomotive
remote control system. Because of that, it is defynrecommended to implement the
single shunting activities from a safety point diiyw The only down side related to
the single shunting concept the high amount of tangriver doing single shunting
spends alone. In the long run, not to have muchamuoontact can result in a lonely
feeling for operators performing single shunting@ions, and it is possible that the
enjoyment of their works is affected. Regular drsvalso share this problem, as they
too spend a high amount of time driving the traionf one location to the other
without any company.

It is considered as an advantage the possibilityface-to-face contact with the
customer on site, in order to increase the humamact during the shunter-driver
work shift. In addition, shunter-drivers performisiggle shunting activities are likely
to have contact with other employees when visitirgmain-site locations.

Nevertheless, it is considered that safety asyeet inore important problem when
dealing with traditional shunting operations, peried by several workers working
together. Green Cargo should further investigatsahaspects linked to the fact of
placing operators safety into other operators hamds it currently happens in

traditional shunting operations. This situationuiegs high trust levels among the
coworkers. The fact that shunters might not feehglete safe should be investigated
to the fullest, and Green Cargo should put effant€reating both team and trust
building among coworkers and consequently assutle higher safety, productivity

and work satisfaction. (Gayk, 2012)

In addition, it would be really recommended for &reCargo to implement the use of
remote controlled locomotives when performing thiadial shunting operations. In

this way, problems linked to the lack of trust amamunters would be avoided, and
shunting processes could be performed in a safgr @@nsidering that the totality of

shunters has knowledge regarding the use of recautiolled locomotives and many
of the engines are equipped with this option, shiggestion would not be difficult to

implement.

6.3 Staff optimization area 2: Centralization of resene
staff in large Main-Sites

Each of the 33 Green Cargo Main-Sites all over ®nduas, at least, one stationed
worker. Nevertheless, most Main-Site locations havkigher volume of stationed
workers on them. The shunters and drivers leaderaoh main site is the one who
decides how many stationed shunters are neededeftain location to function
smoothly. Each main site counts on with certairemes operators available to work
when a regular operator is absent from his job. &ofithe causes of these absences
are sickness, training courses or personal isduesidea of having standby reserve
workers allows Green Cargo to guarantee both higllity services to the customers
as well as provide high safety for their employdesertain employee is absent from
its regular job, another reserve operator will ¢cahés vacancy.
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The idea of reserve staff centralization can bdiegpn those main stations linked to

a higher importance Main-Site. At present, all matations dispose of a certain

number of employees plus a number of reserve stautteover possible absences. In
many cases, reserve operators activity is not nilymequired, aspect that causes an
important resources waste. Green Cargo has tohpsg reserve employees although
they finally do not perform any activity.

The proposed improvement lies on placing and ckrdsa all reserve operators
belonging to those smaller main sites in the clokeger main site. When a reserve
operator was needed in any of the smaller mairs,sites person could move to the
required station within a workday. This reserverghu operator could travel where
required by car or any other means of transpod,@me back to his correspondent
main site by the end of the day. The main advantsgeciated to centralization of
reserve operators in a large site lies on a redluadif the total volume of reserve
shunters.

A small site proportionally implies much higher tothan those with a higher number
of employees. For example, if one employee geis #l 5 people station, it implies a
20% reduction in the operator volume; whereas seaa a bigger station, with 100
employees, the absence of one employee only ergail% reduction in operator
volume. The implementation of the centralizationreferve staff where feasible
would allow Green Cargo to reduce these probléms.

Figure 30 and Figure 31 present an example of #mdralization of reserve staff
employees in certain large main site. Figure 3@shimur main site stations: three of
them dispose of the regular work of 6 shunters)(egdtl 3 reserve shunters (blue),
whereas the biggest main site disposes of 14 reghiaters plus 5 reserve shunters.

Instead of having reserve workers distributed amalhdgour main sites, all reserve
shunters could be centralized in a collective pioothe largest Main-Site. When
required, those reserve shunters would move frarcitlective pool to the required
main station. In this example, the smaller maie kitations are placed respecting the
Green Cargo Union agreement, which states thaetbiosll stations must be possible
to reach at maximum in a 5-hour driving distancEhe centralization concept has
already been introduced at some locations, butrG@zego would like to analyze the
future possible expansion of this concept.
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Figure 30: Distribution of shunters and reserve wokers before centralization

8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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As it is showed in Figure 30, those 4 main stati@psesent a total volume 14 reserve
standby workers. If all reserve shunters were placehe biggest main site location,
it would be possible to decrease the total numbiereserve shunters from 14 to
maybe just 8, as seen in Figure 31. Consideringrvesshunters activities are not
normally required, the reduction of 6 reserve sbaimtafter implementing the
centralization idea would not imply any major negatconsequence for Green Cargo
and would allow to establish a more efficient latyou
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Figure 31: Distribution of shunters and reserve wokers after centralization

6.3.1 Specific required training for each location

The idea of centralizing staff would only requirenge extra education for those
shunters placed in a collective reserve shunting. @hunters should be trained to
perform shunting activities in those stations dejgerm to the centralized site.

Normally, it only takes a few shifts to gain theokviedge regarding new locations
areas because basic shunting activities are thes sammost locations. The

centralization concept would not be suggested iosehstations dealing with

dangerous cargo, because it would require thatralbloyees working as reserve
shunters acquired really specific safety educatfidns idea is not considered to be
neither efficient nor profitable for Green Carg@&chuse company should pay the
specific training courses.

6.4 Co-operational shunting pool: a new improvement
possibility

In some situations, Green Cargo is forced to keepespermanent employees in small

stations presenting low activity rates. This siatis caused because the distance
between the closer main site and that small stagitmo high to be covered in a single

day, aspect that inhibits the possible implemeoradif the single shunting concept.

Unfortunately, if this scenario emerges Green Casdorced to place workers in the
remote locations even though maybe just 1-2 hotirwask are daily required. A

possible solution to this situation would be theation of a co-operational shunting
pool together with other rail companies sufferifig tsame problem. In this way,

CHALMERS, Technology Management and Econombaster’'s Thesis E2013:019 83



freight companies would share the services of thabperational shunting pool and
sharing the total expenses linked to its activitAsother possibility for Green Cargo
would lay on the creation of its own pool of shustelrhis pool would be used by
Green Cargo when needed and rent to other companiggng in that location when

its services are not required.

The use of a co-operational shunting pool could enpkofitable to maintain the
service to those customers placed small locationmssible to reach by using the
single shunting concept. If total costs linked &zjing a permanent shunting pool in
the mentioned type of locations were shared amdifigreht companies, companies
such as Green Cargo would reduce its total castedi to operate in those small and
unconnected locations.

The co-operational idea among freight companiesbeaalso applied when dealing
with medium size and remote stations. In those scasavhich it is not possible to

implement the idea of reserve workers centraliratiecause of the high distance
between two stations (See Section 6.3), the follgwdea could be implemented. It

could be created a co-operational shunting poadl @sereserve shunters for several
freight companies at the same time.
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7 Other improvement areas

This Chapter provides information of suggested ompments areas that are not
stated in the purpose. The analysis carried ouGneen Cargo in order to analyze
those previously presented improvement categorgdsted to capacity and staff
optimization has created opportunities to deternfun¢gher improvement. These new
improvement areas have been grouped into threegosdts: staff, capacity and

communication.

7.1  Other staff improvements

Green Cargo is very interested in optimizing iffsvolume requirements dealing
with ideas such as centralizing drivers and shenterexpanding the single shunting
concept, that is to say, driver is also in charfpeyforming shunting operations in
small stations. All those concepts have been pusiygresented in Section 6.

Nevertheless, Green Cargo should also considepaissibilities of increasing the
efficiency of its own employees way of working. &tdcted and common problem
that has been pointed out is the lack of controhefulfilment of the working-hours,
especially the shunting operators. In some occasionce shunting operators have
performed all the shunting activities required tbem according to those specific
train daily needs, they decided to finish their king day before the end of their
working shift. Then, those trains previously pregaaby the shunting operators will be
driven until their required destinations.

The lack of control in the fulfillment of the worlg hours implies several problems
for Green Cargo. The first and most evident ong tie the fact that the firm pays
those operators for working hours that have notnbdene, with its economic
associated losses. Another consequence linkedstsitbation is the fact that if prior
train departure, there is any change in the remqérgs of the train (by means of
adding or taking out some wagons) and shuntingatpes have already abandon their
work positions, it would be impossible to adaptt tinain to those new needs. Finally,
if those operators were required in case of emergand they would not be fulfilling
their work position, situation could lead to reatiggative consequences.

It is important to point that this problem is natlp a common feature regarding
shunting operators. It is known that other offie¥gmnnel do not fulfill completely
their working hours in some situations. In ordeinprove this problem, it would be
suggested that Green Cargo implemented a systewhich operators and office
workers should log in and log out when, respecyivéhey begin and end their
working hours. In that way, it will be possibledssure the fulfillment of the working
periods.
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7.1.1 Future suggestion: expansion of the current holidagalendar

Green Cargo’s current staff volume is approximaiélyo over what is really required
only because of the need of fitting staff summeiday period&. This fact suggests
that an expansion of the current holiday period lddne a great theoretical possibility
for optimizing Green Cargo staff needs.

At present, all employees enjoy 4 vacation week&den June, July and August. The
required staff needed during those months makessacgto over dimension the real
yearly operators requirements. The company hasvan siaff of approximately of
10%, which is translated into about 150 employdesaddition of this over staff
volume, Green Cargo also needs to perform some swunoontracts to retired
employees to mitigate the lack of shunters andedsiduring this period.

A possible suggestion to improve this situation lddie on the idea of expanding the
holiday period, for example from 15 May to 15 Sember. An extension of the
summer vacation period would make possible to redine current overstaffed
number of operators. Nevertheless, it is beliebad Green Cargo Union would most
likely not agree to this arrangement on the bdss it would be too early and too late
to have summer vacation in May and September. afgament will be especially
powerful for those employees placed in the Northeants of Sweden suffering a
colder climate, for which a holiday during May ce@ember would not be associated
with better weather conditions.

Despite this, it is believed that this idea could implemented in some measure if
Green Cargo management agreed with its Union som@ &f benefit for those
operators taking holidays in those extended holm&yod.

7.2 Other capacity improvements

After analyzing how Green Cargo plans and managesapacity needs as well as its
activities, it has been possible to identify sel/prablems which should be seriously
considered and tried to be solved. In that way, gamy resources and capacity
utilization could be optimized.

One of the detected problems is linked to the laaydutilization level of Green
Cargo locomotives. The average daily utilizatiandiof each engine, also including
the standby time required during the shunting psses, is close to 5 hotfrdt is
consider that this utilization time could be in@ed, avoiding in that way the need of
purchasing more locomotives. Previous to achieig ihwould be necessary to solve
problems which are presented in the next lines.

7.2.1 Software

As it has been presented in Section 5.1.3.2., G@zsego disposes of a great number
of software, more than 80, to plan and controadsvities. At present, many of those

8 uif Wikstrom, Agreement Specialist, Green Cargdetmiew, 2013-02-19
® per Svensson, Group leader, Green Cargo, Interd@t3-02-14, 2013-02-21
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software are not used according to all their offgpetentialities besides Green Cargo
iIs aware about the company would be benefitedkihtamore advantage of them.

Software cannot be used more than currently beaafube lack of personal resources
and time*? Two clear examples of this problem are softwarétiRail and FLEET.

Multirail is a very powerful and expensive softwaequired by Green Cargo some
years in advance. Although it was expected to becanaery helpful program, it has
not helped this company as much as expected beoapsegram is not used as much
as it could be. FLEET, which main function is plamghand allocating Green Cargo
wagons, currently is almost no used because thtsva® does only dispose of a
small proportion of the company wagons in its dasah

In addition, another important problem for Greenrddalies on the lack of
communication between the different software, whakes necessary a lot of manual
work to transfer information from one to anothelarfPers recognize they spend a
significant part of their time in manual softwareange¥*2 For example when a
train that are already introduced in Platd needsetoancelled, its necessary to cancel
it manually both in Trafikverket's website and itafd, because connections are not
automati¢”. Green Cargo should put more effort in automating improving the
information flow among its software, as well asingyto make more use of the
possibilities they offer.

7.2.2 Differences between planned activities and real &f

The locomotive planning is made by using softwarehsas Plato or TrainPlan, in
which it is possible to determine in a theoretiwaly where each locomotive is placed
in every moment. Unfortunately, theoretical estiorad of the position of a certain
engine does not always correspond with the reality.

Locomotives are not equipped with GPS control systeand many times especially
when adverse climate conditions, it is not possibleletermine their position. This
fact may cause really important problems. For exami an engine expected to
arrive to certain station to fulfill the next reqedl deliveries does not appear and it is
not possible to find, Green Cargo would suffer gela its deliveries as well as will
need to find the position of that locomotive in artfier way. Even in normal climate
situations, Green Cargo workers have to do a maraarol of which locomotives
are placed in each station at every time, whatigsphn important amount of time,
and could be done automatically if a GPS systemimntasduced in each locomotive
and linked to a central systém

Apart from sharing the previous problems with locdive position identification,
wagon allocation presents even more disadvantagksd! to the fact that, unlike
locomotives, not all wagons are included in GreangG database. RPC department,
in charge of allocating wagons to each train, plaem theoretically according to

12 Eredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04

10 Hakan Lind, Short-time Planner, Green Cargo, Inésvy2013-02-19
12 Fredrik Andersen, Organizational Specialist in Rlag, Green Cargo, Interview, 2013-03-04
® per Svensson, Group leader, Green Cargo, Interd@t3-02-14, 2013-02-21
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those wagons that should be in each location @inetime. Nevertheless, in many
occasions when performing shunting operationsstiéeen the situation in which the
expected wagons are not in the yard. It is strongépmmended for Green Cargo to
update its data base with all its wagons as weihteducing in each station certain
system capable to detect the arrival and depadfueach wagon, and hence know its
location in every moment.

7.3 Communication improvements

In addition to the lack of communication betweefiwgare, aspect which significantly
reduces the efficiency in Green Cargo planning dady activities, other areas
presenting of the company also present this problem

Communication among different departments, esdgaiath the most short term and

operational planning areas, does not seem to bg fueent. This aspect causes
undesirable misunderstandings, such as that retategtimization of train capacity

criteria. Strategic and Tactical departments dispafsseveral software to determine
the most feasible and profitable train allocatioruifill customer requirements.

Later on, those train allocation decisions are seftie operational departments, such
as RPC, in charge of controlling the shunting psses and train arrivals and
departures. Nevertheless, in some occasions, fraal allocations are modified
because of unforeseen changes and possibly eveelaaons of trains. Operators
often consider it that train traffic is optimizelwagons can be sent to the same
destination with a single train instead of sevdralns with lower capacity rates.
Nevertheless, they are not conscious of the impongaoblems linked to the last
minute modification of the planned routes. If pladnroutes are not followed,
planning employees are forced to adapt other traintes as best as possible to solve
the unexpected change.

Although Green Cargo employees dispose of a rdalbad document database
containing important information about the compaayg, the previous paragraph
indicates, this does not seem to be an efficiemroanication way with employees.
In order to solve those misunderstandings and haxoa the redoing of planning
tasks, it is suggested that Green Cargo gives gmedin different areas some
periodic lessons, for example once a year, to mftirem about the main policies of
the company and the new future plans.

Another aspect that Green Cargo should take inbsideration is the general lack of
knowledge within the different departments (exceptthe most strategic areas),
regarding how the company is structured and whspaesibilities are includes in
what department. Many employees do not have ang @eout how company
manages and plans its activities, and do not knoy iaformation out from their

department. These aspects cause a slow informdliiom among the different

departments, because in case of a problem, wodensot know which person or
department that should be contacted. In many cmeasend customers directly ask
his operators or him about some aspects linkedctralitions of the contractual
relation between Green Cargo and those firms. Niesiess, they have no
information regarding what Green Cargo previousijyead with those customers,
what can delay the answer to customers.
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One more aspect to mention is that only a smajpgmoon of Green Cargo employees
working in administration have observed a shunpngcess or visited a yard. This
fact makes employees not to have a realistic ideahich are the usual problems
faced by shunters and drivers. In addition, thet faay lead to establish activities or
future plans not feasible under the operationahfpof view. For this reasons, it is
suggested that all Green Cargo employees visthynoacasion some of those stations
with which they work, to gain a clearer view of tteality. This suggestion would not
cost important economic costs for the company andonsidered to become very

useful for employees.
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8 Discussion and conclusion

The analysis presented in the previous sectiomtsisid in determine how to better
the two improvement areas pointed out by Green €asgthe most important ones:
capacity and staff; have allowed us to identifyesall proposals and ideas which
would significantly improve Green Cargo activiteasd processes.

While analyzing those chapters related to capaptymization: optimization of train
capacity, reduction of the uneven flow of cargangaand peak reduction of the train
traffic, it has been noticed the high close linkstween these three categories. In
many occasions, it resulted very difficult to arzaythose chapters in an independent
way because many aspects were common in all tmagg One of Green Cargo
expectations of this thesis was the election of im@provement category considered
as the most profitable and better to implement. edixeless, the high relation
between capacity optimization areas make us comgldi#hat Green Cargo should
better focus on the further implementation of cgisesuch as “local planning” or
“anchor blocks”, instead of on focusing of imprayia specific capacity area.

Green Cargo is aware of its improvement needs, vamdks actively in plan and

develop new concepts which helps them to optintzriocesses and activities. It is
considered that some of those purposed concept$, as “local planning” and

“anchor blocks” would be really useful to improvee@n Cargo current way of

working. Because of the increase of passenger tampanies in Swedish rail

industry in the next years (Trafikverket), freigtatil companies will have to give

priority to those new firms and even will be forcedlose some rail time slots that
will be awarded to passenger companies. In addifimght companies are highly
dependent of its customer needs and expected detivees, aspect that significantly
constraints Green Cargo possibilities. All thatswees really necessary for Green
Cargo to optimize the utilization of its availabtesources and determine new
possibilities for improving its way of working.

One of our suggestions for Green Cargo lies of gowyin “Local planning”. This
concept, presented in Section 5.3.4, would alloee@rCargo to increase as much as
possible its train routes in those yellow and grestiegorized railroads. In that way, it
would be possible to avoid and create alternatvges to those red railroads mainly
used by passenger trains during day hour. Thiswardd allow reducing those Green
Cargo expenses associated to high Trafikverket lfeked to the utilization of red
railroads.

Another aspect considered very important for Gr@go to work with is the
establishment of customer priority levels, ideasprged in Section 5.4.3. At present,
Green Cargo does not have an efficient customesstgrsystem, what causes that in
some occasions some deliveries that would be maféigble to transport cannot be
shipped because other orders, providing less phefst already been taken. Green
Cargo should look more into its profitability, asdoose those customers providing
higher revenues but at the same time, rewardintpoes loyalty. “Anchor block”
concept is also linked to this idea. As Green Cagjats, some of their considered as
anchor block companies may not represent anymaserdke for the company. It is
necessary Green Cargo carries out its idea of rdeterg which its real “anchor
block” customers are, being able to determine whoththose customers are not
profitable to work with.
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The “layer on layer” concept, developed to optimi@een Cargo resources
utilization by adapting its planned routes to therging market requirements is
considered to be a very useful approach under ardheal point of view.
Nevertheless, it is consider that its practical lengentation involves several
important constraints. On one hand, Green Cargd teeeonsider those fees that will
be introduced by Trafikverket for booking certaml time slot. It implies that those
“layers” which Green Cargo decides to cancel fot being required will imply
certain expenses for the firm. Depending on thewarnof finance those fees involve,
Green Cargo should consider whether “layer on laigkya still results profitable for
the firm. On the other hand, if Green Cargo cano®sy of its booked railroad slots,
Trafikverket may decide to adjudge those railroadet slots to Green Cargo
competitors in the future. All those reasons leadairecommend Green Cargo the
need of improve its forecasting estimations, aspewathich this company is currently
working actively, instead of introducing the “layam layer” concept.

These are the improvement areas considered asfeamible to work with regarding
capacity optimization target. On contrary, accaogdio our criteria the introduction of
a new blocking policy should not be a priority fGreen Cargo. This idea would
imply a deep restructuration of Green Cargo waysarking and would require high
efforts to implement it. Green Cargo should takeo irtonsideration its own
limitations: for example, at present the compangsdoot have enough resources for
fully exploit some of its software programs, suchMultiRail, and communication
problems are also very important.

In addition, the possible introduction of this nblecking policy is considered to be
risky because some of those “dedicated train” ¢nsets may not accept the
possibility of not disposing of their own trainshdse companies could decide to
rescind their contract with Green Cargo and worthwther Green Cargo competitor
firms offering those conditions they desire. Itsisongly recommended that Green
Cargo first focuses on solving all those extra f@ols presented in Section 7, such as
lack of communication among departments and lowlaggtion and lack of
communication among their software. Solving thos#lems would not require high
investment levels and would significantly improvenpany efficiency. Only when
those problems have been solved, Green Cargo sheally consider whether to
implement or not the new proposed booking policy.

Apart from the capacity optimization improvemenéas discussed in the previous
lines, Green Cargo also could increase its effoyelevels by optimizing its staff
requirements. One of the improvement options raggrsitaff, “single shunting”, has
already been successfully implemented in sevemtiosts in Sweden. The main
potential improvement associated to this ideadmesurning small Main-Site stations
with few employees and low activity rates into senghunting stations dependant on a
close Main-Site station. In that case, all shunéerd drivers belonging to the former
Main-Site yard would be allocated in its new asatmd Main-Site. It is highly
recommended that Green Cargo tries to expand thglésshunting” concept in as
many locations as possible in order to optimizesttdf needs. Unfortunately, there
might not be much more feasible locations in whiblese possibilities can be
implemented.

One possible obstacle to the implementation of‘siggle shunting” concept lies on
the opposition of some groups of shunters and driv@ome operators began their
careers in Green Cargo working as shunters and datelecide advance to become
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drivers. Some of the operators belonging to th@migrdo not agree with the idea of
continue doing shunting operations again after iigapdone the education to become
drivers. In addition, “single shunting” activitiesprmally performed during the day;

are less rewarded than the nightly driver salaries.

Green Cargo should work on modifying the opinionhaf workers regarding what are
the duties and tasks of a driver. This suggestsosomething the company should
work with more closely. It is necessary to consitihet this process could require a
long period to be accomplished. It is also impdrtarinform the drivers regarding the
expected work task development, such as the inttauof the “single shunting” in
some stations, and the reason why Green Cargodtased to do those changes.

The “single shunting” technique, intimately linked locomotives equipped with
remote control system, allows establishing moreetgaShunting processes. It is
strongly suggested that Green Cargo also introdtloedemote control system in its
traditional shunting processes. In that way, it ldobe possible to avoid those
situations in which shunters safety depends onrahenters decisions (see section
6.2.6.) Although this suggestion is not strictiykked with the optimization of the staff
requirements, a safer environment would reduce r€srgo accidentality rate and
would create better working conditions for shunters

The “staff centralization” idea and the co-openaéilbshunting pool suggestion would
also allow Green Cargo to optimize its staff regoients. These ideas would allow
Green Cargo to make the most of its employees wgrkhours, and hence
establishing more efficient working processes.sltstrongly suggested for Green
Cargo to implement those aspects whenever it isidered as possible. Once
implemented, those aspects would be expected taderdGreen Cargo short-term
profit.

In the upcoming five years approximately 100 ogegawill be retired every yerit

is highly suggested for Green Cargo to focus omoping its staff requirements by
implementing the “single shunting” or “staff optimaition” where possible during the
next five years. In that way, the achieved staffuction after the implementation of
the mentioned improvements would not imply any fagod could be explained with
those employees expected to retire.

All those ideas represent the main conclusions idda after analyzing those
improvement areas suggested by Green Cargo. Adirnmdtion presented in this
report should be considered as an analysis andsdi®n of the main potentials and
limitations linked to each of the purposed improeem areas. Green Cargo,
considering this information as well as its confitia@l data should make its own
assessment regarding which areas are considetkd hest ones to focus on.

8 uif Wikstrom, Agreement Specialist, Green Cargaoeiniew, 2013-02-19
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