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Abstract

Planning the on-site transportation of Tata Steel [Jmuiden is a complex process. Currently the plans
are made by the on-site logistics planners, based on the on-site logistic constraints rather than on
KPIs. Current research has been narrowly focused on either analysis of system parameters or gen-
erally on key performance indicators and this thesis aims to bridge that gap by taking both system
analysis and KPI development into account in developing a working planning tool that can assist
planners in a real-life situation. The goal of this thesis is to gain insights in the on-site transporta-
tion planning of large manufacturing plants and their performance measurement. These insights
are used to determine to what extent improvements can be made in the on-site transportation plans
by adding data-driven decision support. This research is focused on the question: How can the on-
site transportation planning at a large manufacturing plant be improved, by 1.) adding company
KPIs and 2.) data-driven decision support based on the parameters of the locality and its con-
straints? Through the application of the DMADE framework, this research question is answered.
System Analysis tools are used to define the on-site logistics system and its transportation planning.
The SCOR performance measurement framework is used to determine the KPIs of the on-site trans-
portation plans. The performance indicators are on-time delivery, costs of planned actions, work-
load and robustness. These are modeled operationally as locomotive usage, workforce usage and
wagon usage. The developed planning model, classified as a Resource Constrained Multi-Project
Scheduling Problem, is formulated as a Mixed-Integer Linear Program. This planning model opti-
mizes the on-site transportation plans for the KPIs and proves the correctness of the KPIs and the
potential higher performance of on-site transportation plans if constructed by the planning model.
The optimal plans lead to more effective and efficient logistics operations. Planning moves from
being time and people intensive towards fast, consistent, less resource intensive and quantitative
KPI-based.
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Introduction

The topic of this thesis is the on-site transportation planning of large manufacturing plants. Large
manufacturing plants, such as the steel manufacturing facilities of Tata Steel IJmuiden, have inter-
nal departments responsible for transporting large volumes of goods around the facility. The scale
of these facilities and the accompanying amount of to-be transported volumes result in complex
logistic processes and efficient and effective planning of these transports has a big impact on the
surrounding processes. On-site transportation planning is a part of industrial logistics, defined as:
"all activities which allow the physical inflow and outflow of goods and associated services which link
the firm to the external world before and after production takes place" (Barros, 1997).

To assess on-site transportation planning and logistics processes, a use case has been found in the
steel manufacturing facilities of Tata Steel IJmuiden. Located in Velsen, the Netherlands, Tata Steel
IJmuiden is one of the largest steel production facilities in Europe. Its 9000 employees produce
yearly more than 7 million tonnes of steel. The [Jmuiden plant is known for its production of high-
quality steel and fabricating this at one location: the 750 hectares size facility with its own (sea)port
and rail yard (Tata Steel, 2020). The facilities in Jmuiden consist of many factories and warehouses
spread over these 750 hectares. Transportation between these locations across the site is done using
an industrial railway network of nearly 100 kilometers of rail tracks, locomotives and wagons (Pro
Rail, 2013).

The industrial railway system is used for transport of inbound raw materials, outbound (semi-) fin-
ished products to customers by train or ship and on-site repositioning of the steel. Transports range
from finished coils being transported from the warehouses or production facilities directly to the
seaport or rail yard, but also include re-allocating the products around the plant area. The trans-
ports are planned by the On-Site Logistics (OSL) department, based on the arrival and departure
plans of the outbound vessels and trains. While making the planning, the OSL planners need to
take into account various parameters such as wagon types, driving times, loading capacity, load-
ing speeds and locomotive availability. Planning the transports results in the on-site transportation
plan. There being many constraints, parameters and variables to consider whilst making the plan-
ning make this a complex process. The planning is made using a software package named Planwise,
which assists the planners in their tasks by providing them with e.g. information on the duration of
specific tasks or transports. Planwise is developed by ORTEC, one of the world’s leading supplier of
mathematical optimization software and advanced analytics (ORTEC, 2020).
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Currently planning of the on-site transportation is done based on the departure planning of out-
bound trains and vessel arrivals and departures in the seaport. The planning is fixed for the next 4
to 8 hours and is defined 24 hours in advance. During the day the "regisseurs” (dispatchers) adjust
the planning to respond to the many possible disturbances, such as the malfunctioning of equip-
ment, weather or faulty loading of a train resulting in delays.

1.1. Problem statement and knowledge gap

Based on the literature study of chapter 2, there is high potential in the application of decision sup-
port in planning on real-life use cases. Combining both human and automated planning creates an
integrated planning approach that finds system optimal solutions and allows human planners to
make more funded decisions, as described in e.g. Li and Tian, 2015. Including proper performance
measurement by using a suitable performance measurement system is expected to result in im-
provements and is highlighted as relevant for further research. Current research has been narrowly
focused on either analysis of system parameters or generally on key performance indicators (KPIs)
and lacks the combination of both in light of real-world problems. This thesis aims to bridge that
gap by taking both system analysis and KPI development into account to develop a working plan-
ning tool that can assist planners in a real-life situation. The development of this decision support
system and application of a performance measurement system to a real world case with multiple
objectives on multiple planning levels, in the on-site logistics sub-field, is a contribution to the cur-
rent body of knowledge.

Tata Steel Jmuiden management, planners, ORTEC consultants and previous studies expect that
there are gains to be made in the performance of the on-site transportation planning of Tata Steel I]-
muiden, through the application of data-driven decision support for the planners. However, before
such support can be applied, there are currently too many unknown constraints and requirements
and the on-site transportation planning is not yet fully quantifiable. It is unclear what a better or
worse plan is, as profitability is not the main driver. Furthermore it is not known to what extent
automation of such a planning process can improve the performance of the on-site transportation
plans. By assessing and using the Tata Steel IJmuiden on-site transportation planning as use case
in this research, key insights are gained in on-site logistics and transportation planning in real-life.
This includes the important considerations made at these facilities and the core characteristics of
on-site logistics. Furthermore this provides a realistic use case to evaluate the found potential from
literature.

1.2. Research goal

This research has a focus on performance measurement of on-site logistics. Emphasis is on express-
ing and determining the quality of on-site transportation plans. The evaluation of on-site trans-
portation plans is done through a developed planning model which will allow planning to be done
using quantitative prescriptive analysis with data-driven decision making.

The goal of this thesis is to gain insights in the on-site transportation planning of large manufac-
turing plants and their performance measurement. These insights are used to determine to what
extent improvements can be made in the on-site transportation planning by adding data-driven
decision support.
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Enhancements in the planning process by the added decision support will provide opportunities
for evaluation of specified alternatives, i.e. what-if scenarios and system configurations and policies
can be assessed based on the performance metrics. In the end this will lead to optimal plans and
more effective and efficient logistics operations.

1.3. Research questions

Based on the earlier presented research goal and steps towards achieving this goal, the following
main-research question has been drafted:

How can the on-site transportation planning at a large manufacturing plant be improved, by 1.)
adding company KPIs and 2.) data-driven decision support based on the parameters of the locality
and its constraints?

To answer the main research question, the following sub-research questions have been drafted:

1. What are the characteristics of on-site logistics and industrial railway systems?
2. How are on-site transportation plans created at large manufacturing plants?

w

What data is required for the application of data-driven decision support to on-site trans-
portation planning?

How can the performance of on-site transportation plans be assessed?

How can on-site transportation planning be modeled?

What is a suitable solution method for on-site transportation models?

N oo ook

To what extent can increased decision support improve on-site transportation planning?

1.4. Scope

The scope of this thesis is limited to the on-site logistics sub-field and in particular on-site trans-
portation planning of large manufacturing plants. Large manufacturing sites have costly resources
and resource types and high operational cost levels. Furthermore in on-site logistics decision sup-
port is often based on historical procedures and not yet data-driven.

The use case scope is limited to the warehouse plan of the On-Site Logistics department of Tata Steel
IJmuiden, responsible for logistics and transport operations of the distribution side of the Jmuiden
site. This entails the transportation of inbound raw materials by train and outbound (semi-)finished
products, i.e. steel coils, by truck, ship, train, and internal repositioning of steel coils by train. The
warehouse plan and on-site logistics system of Tata Steel [Jmuiden are discussed in-depth in chapter
4.

1.5. Structure

This thesis report is structured as follows. Firstly in chapter 2 the current body of knowledge on
(on-site) transportation planning and logistics, performance measurement, planning and decision
support and other relevant studies are examined. Based on this knowledge the methodology and
approach for this study are discussed in chapter 3. Thereafter in chapter 4 the on-site transportation
planning, process and industrial railway system in place at Tata Steel IJmuiden are analyzed.

The quantitative and qualitative performance indicators are determined and the on-site transporta-
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tion planning process is made quantifiable in chapter 5. These performance indicators are evalu-
ated by modeling the on-site transportation planning, generating optimal plans, comparing these
to historical plans and assessing their differences. The model component of an optimization De-
cision Support System for use in on-site transportation planning is developed in chapter 6. Using
the planning model results, the plans based on the performance indicators are analyzed and the
performance is evaluated in chapter 7. Finally in chapter 8 the conclusions, discussion and recom-
mendations are presented.



Literature Study

In this chapter the background on on-site logistics, planning and Decision Support Systems, perfor-
mance measurement and relevant studies for this research are presented. This is done to provide
the foundations from literature and to map the current literature gap. Furthermore the literature
serves the purpose to find the research leads and methods to be used in this research. This chapter
ultimately answers the first research question of this thesis:

SQ 1: What are the characteristics of on-site logistics and industrial railway systems?

Answering the above presented research question is done by covering the following literature topics:

2.1 On-site logistics at large manufacturing sites
2.2 Planning and Decision Support Systems

2.3 Performance measurement in logistics

2.4 Relevant studies

In section 2.5 the answer to this chapter’s research question is given and the found literature gap is
discussed.

2.1. On-Site Logistics at large manufacturing sites

The logistics field has three functional distinctions of logistics systems based on the flow of goods
phase of the system: procurement logistics, production logistics and distribution logistics (Gleissner
& Femerling, 2013d). Procurement logistics is the transport and supply of input for the corporate
process, such as raw materials. Production logistics is concerned with planning and controlling of
internal material flow, storage and transport and connects procurement logistics with distribution
logistics. Distribution logistics is the coordination and interaction of transport and storage pro-
cesses in the phase where goods are send to their customer. The tasks of distribution logistics are
split into three:

1. Order processing
* Order conveying



Chapter 2. Literature Study

* Order processing
2. Storage
e Transshipment
¢ Storage
* Retrieval
* Picking
* Packing
* Stock control
3. Transport
* Transshipment
* Disposition for transport
* Loading
¢ Transport
* Delivery

In distribution logistics service levels are defined to assess business performance. Service levels con-
sist of delivery time (time between order placement and receiving of goods by the customer), deliv-
ery quantity (customer requirement fulfillment based on order characteristics and composition),
delivery flexibility (the adaptability of order delivery to customer requirements) and readiness to
deliver (probability of the total order processing time being within a given time span) (Gleissner &
Femerling, 2013d).

Large manufacturing sites are described in literature as an example of complex freight nodes (Schéne-
mann, 2016). The infrastructure at these nodes can be categorized as site infrastructure. Included in
site infrastructure are the traffic facilities and transshipment and storage facilities (i.e. suprastruc-
ture). Examples of site infrastructure are train stations, inland ports and railports. Site infrastructure
makes use of the transport infrastructure to connect factories and customers via widely branched
(railway) networks. The rail yard, or industrial railway system, connects the national railway sys-
tem and e.g. production facilities, which operate according to different timetables and schedules
(Gleissner & Femerling, 2013a). In general these networks consists of links and nodes, where the
links are the rail track and the nodes are yards, terminals, etc. Various network arrangements are
possible, such as hub-and-spoke networks, point-to-point networks or combinations of both, illus-
trated in figure 2.1. Hubs in the hub-and-spoke network are used to consolidate transport flows and
bundle loads. Making use of such hubs limits the amount of lesser-efficient direct links (Schéne-
mann, 2016).

In distribution logistics, the logistics network usage is structured into three categories, where for
the latter two the addition of one or multiple transshipments adds a level of complexity (Daganzo,
2005):

1. One-to-one distribution
2. Onme-to-many distribution
3. Many-to-many distribution

Many-to-many configurations are often found in airlines, postal carriers and railroads. Large man-
ufacturing plants can also be many-to-many configurations, where multiple warehouses are con-
nected to multiple destinations, on- and off-site. In many-to-many configurations transshipment
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Figure 2.1: A: Point-to-point network, B: two-staged hub-and-spoke network, C: three-staged hub-and-spoke transport
network, from (Schénemann, 2016)

take place if this results in performance improvements.

In types of goods transported, the distinction is made between single and multi-commodity prob-
lems. Single commodity goods are those where a destination has a demand regardless of point
of origin, e.g. water supply. In case of multi-commodity goods, destinations that have a demand
related to a certain origin cannot be substituted by items from another origin. Terminals in one-to-
many and many-to-many systems may also play the role of consolidation points, where smaller
loads are combined into large loads. Such terminals are referred to as Consolidation Terminals
(CT). Another type of terminal identified is the Break-Bulk Terminal (BBT), these are transship-
ment points where loads are ‘broken’ and subsequently reconstituted. Both CTs and BBTs intend
to optimize the cost efficiency of the many-to-many network, combining loads and reducing travel
distance for local carriers (Daganzo, 2005). Consolidation terminals and Break-bulk terminals in a
many-to-many system are illustrated in figure 2.2.

Rail freight transportation distinguishes two loading types: wagon-load traffic and block train traffic
(Gleissner & Femerling, 2013e) (Schénemann, 2016). In wagon load traffic the entire transport is
carried out by rail but with several concentrated shipments, from multiple origins, which are later
on combined into one train. Here marshaling yards are used to combine the wagons of several
customers (or destinations). Block train services are complete trains without intermediate handling
between origin and destinations. Block trains are sometimes deployed as shuttle services linking
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Figure 2.2: Consolidation and Break-bulk terminals in a many-to-many system (Daganzo, 2005)

various sites as point-to-point connections. Block train services have low transit times and limited
(complex) shunting and sorting operations.

An example of many-to-many distribution is Inter Terminal Transport (ITT) as described by Duinkerken
etal. (2006). ITT tasks are similar to that of on-site transportation at large manufacturing sites with
multiple on-site locations: (1) Collect goods at the origin at the right time, (2) deliver the goods
to the destination at the right time and (3) bridge mismatches by being a buffer on wheels or by
using transport-stacks. The emphasis in ITT is on the punctuality of collection and delivery, this
must neither be early nor late. Punctuality focuses on transit and handling at origin and destina-
tion. There are latest arrival times defined and if the transport is completed later this is classified as
‘non-performance’. Non-performance is also the case where the subsequent mode of transport of
the container has a delayed departure due to lateness of the ITT delivery. Other performance indi-
cators include vehicle occupation rates, vehicle capacity percentage loaded, equipment utilization,
number of empty trips and amount of vehicles waiting for loading and unloading.

In ITT there are two distinct goods flow types: push and pull. Push flow is when an origin terminal
initiates transport to a destination terminal, and vice-versa is the case for pull flow (Duinkerken
et al., 2006). The push and pull principles are used to describe logistic management strategies for
presenting goods to market and for characterization of the logistics system. The ITT notion of push
and pull is extended by Gleissner and Femerling (2013c): applying the push principle means the
initiation in a logistic chain is by the manufacturer, i.e. this is seen as the start of the chain. Opposite
to the push principle, the pull principle is the initiation of the logistic chain by customer order or
demand.

In logistics of complex freight hubs warehouses play a key role as storage location or terminals.
Storage is inevitable in a supply chain such as the steel industry as demand for products and the
production process are hard to predict. Inventories are used to reduce overall logistic costs and
increase customer service as the ability to supply the desired goods is enhanced. Warehousing con-
sists of three basic functions: (1) movement (material handling), (2) storage (inventory handling)
and (3) information transfer. The movement, or material handling, function includes four main
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activities: receiving and put away, order filling/picking, cross-docking and shipping. The storage
function is categorized according to storage time. On the one hand there is inventory that is tempo-
rary in storage and on the other hand there is semi-permanent or long-term storage. In general the
amount of temporary storage is determined based on the variability of both lead time and demand
for specific goods. Finally the information transfer function in warehousing considers the informa-
tion exchange on inventory levels, storage location of products and in- and outbound flow of goods.
Furthermore information exchange is needed on non-inventory related elements such as workforce
availability (Farahani et al., 2011).

On-site transportation systems are described by Le-Anh (2005) as vehicle-based internal transport
(VBIT) systems. VBIT systems operate on a closed network in for instance warehouses or airport
baggage handling environments. Vehicle scheduling problems in VBIT systems often have the goal
to move loads as quickly as possible from pick-up locations to drop-off locations. In doing so the
shortest path needs to be determined, but in for instance warehouses there might be congestion re-
sulting in vehicles needed to take other routes. Two forms of vehicle dispatching are noted: central-
ized and decentralized. In decentralized dispatching, vehicles are independent agents who operate
themselves. Centralized dispatching requires a system controller that operates all vehicles at the
same time. Furthermore distinction is made in terms of vehicle guidance; either vehicles are guided
(automatically or person-guided) or they are not. Figure 2.3 gives an overview of the full guide-
path classification as discussed in Le-Anh (2005). Three categories to characterize VBIT systems are
defined: flow topology, number of parallel lanes and flow direction. Flow topology concerns the
network complexity, with conventional meaning a network consisting of paths, crosses, junctions
and shortcuts and a tandem network being multiple loops together.

Flow topology Number of parallel lanes Flow direction
Conventional Single lane Umdirectional flow
Single-loop Multiple lanes Bidirectional flow
Tandem

Figure 2.3: Guide-path classification, adapted from Le-Anh (2005)

2.2, Planning and Decision Support Systems

This section firstly covers more general literature on planning, followed by literature specifically on
decision support systems in light of planning.

2.2.1. Planning

Planning supports decision making “by identifying alternatives of future activities and selecting some
good ones or even the best one” (Fleischmann et al., 2008). Questions ranging from “Which job has
to be scheduled next on a respective machine?” to deciding where to open a facility are part of plan-
ning. In planning and logistics three decision making levels are defined: strategic, tactical and op-
erational (Crainic & Laporte, 1997) (Gleissner & Femerling, 2013b) (Fleischmann et al., 2008). Plan-
ning on the strategic level considers long-term decisions such as facility layout planning. Tactical
planning focuses on efficient allocation of resources in order to improve system performance, data
is in aggregated form and at freight terminals the cranes, machinery and staff are scheduled on this
level. On the operational level, planning is real-time decision making by local operators, such as
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dispatchers. The operational decisions include load order of trains, shunting and redistribution of
empty wagons (Crainic & Laporte, 1997).

Caris et al. (2008) identifies four types of decision-makers in freight transportation planning: dryage
operators, terminal operators, network operators and intermodal operators. The dryage operators
are responsible for planning and scheduling the vehicles between terminals, shippers and receivers.
Terminal operators organize the transshipment between two modes of transport at a terminal. Net-
work operators organize the rail and barge transports and make the infrastructure plan, whereas
intermodal operators are seen as the users of the infrastructure and make the routing of shipments
through the network.

Fleischmann et al. (2008) present two ‘plan-control-intervention’ structures: rolling horizon and
event-driven planning. In a rolling-horizon structure, the planning horizon is split into periods and
a frozen period (the first period) is determined. This frozen period is applied in practice and as
the next period starts the plans for the subsequent periods in the planning horizon, which is now
extended with one period, are updated based on the first period and forecasts. Rolling horizon
planning is commonly used to handle the uncertainty of operational planning. A more efficient
structure is event-driven planning. Here plans are updated following a significant event and not
based on predefined intervals. To apply event-driven planning, all relevant data needs to be updated
constantly to be able to update the plans at any given time.

In tactical planning the distinction between long-distance goods transportation and short-distance
multiple pick-up and delivery transportation is made (Crainic & Laporte, 1997). The output of tac-
tical planning is the transportation plan. This is used for determining the daily operations of the
system at hand and contains the rules and policies of the operational level. The overall goal is to
perform the transportation service as listed in the transportation plan and doing this rational and
efficiently. Crainic and Laporte (1997) list the following key considerations when assessing short
distance planning on the tactical level:

* Delivery characteristics: direct, indirect or both?

* Origin characteristics: distribution from a single or multiple depots?

* Vehicle characteristics: fleet size is a fixed amount or is it a decision variable, homogeneous
or heterogeneous fleet composition, vehicle capacities, speed and operating costs.

* Driver characteristics: driver working conditions, pay structure, workday length, overtime
conditions and workload permissions.

* Demand characteristics: is demand known in advance or dynamic over time?

* Customer or destination characteristics: How often or when must each customer be visited
and must customers be visited within specific time windows?

2.2.2. Decision Support Systems

Decision Support Systems (DSS) are defined as "computer technology solutions that can be used to
support complex decision making and problem solving" (Shim et al., 2002). DSS are divided into
three components: (1) the data component for gathering and storing the data required in the DSS;
(2) the model component for analytically solving the decision problem; and (3) the user-interaction
component through which the user interacts with the DSS (Yazdani et al., 2017). Furthermore there
are six categories of DSS: file drawer systems, data analysis systems, accounting and financial sys-
tems, representational systems, optimization systems, and suggestion systems (Mar-Ortiz et al.,
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2018).

Mar-Ortiz et al. (2018) list key steps that are important to run through before development of the
DSS to determine key design elements of the DSS:

1. Problem and decision making scope identification
2. Determining the expectations of the decision-makers or end users. Possible uses are:
¢ Monitoring
¢ Diagnostic
* Descriptive analysis
* Prescriptive analysis
* Predictive analysis
3. Requirement analysis of the DSS users and developers, based on the type of to-be-made DSS

Higher levels of integration between various levels of planning is expected to improve planning per-
formance. Decision Support Systems are a way for planners to achieve higher levels of integration
in planning. DSS are intended to alleviate planners from standard tasks and optimize for specific
performance indicators, in order to let the planners have more time for the cognitive tasks requir-
ing flexibility, communication and intuition. Planners will have less basic tasks, such as updating
inventory levels or requesting updates from locations around the site and have more time for data
interpretation and making improvements to the plan. Combining human and automated planning
leverages the computational strength of computers and experience and judgment of human plan-
ners (McKay & Wiers, 2003).

Fully automated planning uses algorithms to generate optimal solutions. Oftentimes in these al-
gorithms all the variables and constraints are assumed to be known a priori. However in real life
and dynamic situations, these might change and could invalidate the solution on a daily or even
hourly basis. These limitations of automated optimal solutions are solved by using human planners
in conjunction with automation. Especially if the human operators are allowed to conduct sensi-
tivity analysis on the parameters of the automated planner, system performance improvement is
expected (Cummings & Bruni, 2010). It is however important to note that the trust of operators in
the decision support tool is a key influencing factor in system performance. If trust in the automated
planning system is low the human operator will be biased towards the resulting plans (Cummings &
Bruni, 2010). Therefore decision support systems should be designed as such that they do not purely
intend to reduce planner workload but rather allow for sensitivity analysis and collaborative plan-
ning. Too much automation has negative effects ultimately on performance if human planners are
still required to interact with the planning system. DSS can also be used for 'what-if’-scenario gen-
eration and preparation of multiple planning variants. Such plans may for example have differing
planning horizons or personnel allocation. These allow the planners to check several plans, select
or combine plans and achieve optimal performance and act accordingly (McKay & Wiers, 2003).
Research is to be done into examining what a proper design is of a collaborative resource allocation
decision support tool, combining human and automated planning, handling competing objective
functions of multiple stakeholders and one that achieves good results (Cummings & Bruni, 2010).
Integration of DSS in different planning levels (strategic, tactical, operational) and applicability of
research to real life cases lacks. Furthermore evaluation systems should be considered and DSS for
planning with multiple-objective functions are to be researched, as most research is limited to one
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or two objectives, according to Ardjmand et al. (2016).

2.3. Performance measurement in logistics

This section firstly covers more performance measurement definitions. This is followed by the dif-
ficulties experienced in performance measurement as described in literature. Furthermore best
practices for formulating performance metrics are discussed and lastly methods for finding the per-
formance indicators of a system are covered.

2.3.1. Definitions
Performance measurement, measures and measurement systems are defined:

* Performance measurement can be defined as the process of quantifying the efficiency and
effectiveness of action and evaluation of performance relative to a defined goal (Neely et al.,
1995) (Rose, 1995), or as "the assessment of efficiency and effectiveness of accomplishing a given
task", with the subsequent evaluation on how well a goal is met (Mentzer & Konrad, 1991).

* Performance measure can be defined as a metric used to quantify the efficiency and/or effec-
tiveness of an action and determine subsequent action (Neely et al., 1995) (Rose, 1995).

* A performance measurement system can be defined as the set of metrics used to quantify
both the efficiency and effectiveness of actions (Neely et al., 1995).

The notions of efficiency and effectiveness are the economic measure of a firm’s resource utilization
given a level of customer satisfaction and to the extent to which customer requirements are met,
respectively (Neely et al., 1995). Mentzer and Konrad (1991) define effectiveness as the extent to
which goals are achieved and efficiency as how well resources are used for achieving the goals. It
is stated that effectiveness can be measured as the ratio between realized output and the nominal
level of output, whereas efficiency is the ratio between realized input and nominal input. As the
performance is defined by both how the realized output achieves the desired goals and how much
input was used for the respective output, performance measurement requires an assessment of the
complete process.

Three main functions for performance indicators are listed by Surie and Wagner (2008): informing,
steering and controlling. It is important to make sure the indicators of use are correctly interpreted
and that the variations the indicators observe have a causal link to the element of the operations
that is measured. Furthermore it is noted that the strategic goals and indicators have to be aligned
to prevent conflicting goals. This is closely related to using cross-functional and process-oriented
measures, which will ensure the pursuing of shared goals.

Besides the considerations in supply chain performance measurement and indicator assessment,
Surie and Wagner (2008) list four KPI-categories and examples that are often applicable:

1. Delivery Performance, e.g. service levels, on-time delivery, forecast accuracy and order lead-
time.

2. Supply Chain Responsiveness, e.g. flexibility measures and planning cycle time.

3. Assets and Inventories, e.g. asset turns, inventory turns and inventory age.

4. Costs, e.g. value-added drivers.
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2.3.2. Difficulties

Mentzer and Konrad (1991) discuss the difficulties in performance metric establishment. One is the
incompleteness (or ‘underdetermination’) in measuring the full aspects of the inputs and outputs.
Measurements often are only taking into account a part of the full process. Furthermore compa-
rability is an issue, as it may happen that metrics are not fully comparable to each other. Errors in
performance measurement might form a problem due to faulty data collection and/or faulty identi-
fication of the contribution of certain steps. Besides this, after having established the performance
indicators, the adjustment of (human) behavior based on the indicator values might occur. This
behavioral change may not necessarily be beneficial. Finally one should be careful when assess-
ing the performance metrics to industry standards or other external benchmarks as the realized
performance must be compared to the prior set desired level that is in line with the company or
department’s goals.

Anumber of common mistakes trying to measure non-financial performance are discussed by Ittner
and Larcker (2003):

1. Notlinking metrics to strategy: Oftentimes companies measure too much because there lacks
a link to the strategy and goals and therefore they do not know what to measure exactly. Con-
sistent with what Mentzer and Konrad (1991) discuss, it is therefore key in performance mea-
surement to firstly define the overall goal of which the performance will be measured.

2. Not validating the links: What will happen with non-financial performance metrics is that
the link to the resulting financial performance lacks. The proof of the usefulness of the non-
financial performance metrics in achieving better financial results needs to be given and it
needs to be determined that the defined metrics are the right metrics.

3. Not setting the right targets: When measuring performance companies fail to set (the right)
targets for when achievement of a certain goal on a metric will pay off in the overall perfor-
mance.

4. Measuring incorrectly: It is important to, before applying the performance metrics, assure
the validity and reliability of the metrics. Here validity means that a metric properly captures
what it is intended for, and reliability means that the measurements properly map the per-
formance and do not introduce other ‘errors’. Additionally it is important to think about how
the metrics are computed. It will occur that different business units of the same company
will be measuring the same performance indicator at the same time, but in a different way or
on a different level. This is non-beneficial for the overall performance as these ways may be
contradictory or capture un-relatable performance.

5. Akyuzand Erkan (2010) add the mistakes of having too many metrics at the same time, making
it difficult to identify the most critical ones.

2.3.3. What makes a good performance metric
Apart from the difficulties of performance metric definition and formulation, Rose (1995) and Akyuz
and Erkan (2010) provide the following on what makes a good performance metric:

* Performance metrics need to be customer-centered with a focus on what provides value for
the customer.

* Performance metrics need to measure performance over time, showing trends.

* Performance metrics need to provide the information directly on the level at which they apply,
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not requiring further processing.

* Performance metrics need to be linked to the organization’s "mission, strategies and actions"
and to strategic, tactical and operational levels of decision making and control.

* Performance metrics should be developed collaboratively with stakeholders, helping in their
acceptance.

* Performance metrics need to allow for setting targets, aggregation and disaggregation.

* Overlaps between performance metrics needs to be avoided.

* Performance metrics need allow prioritization/weighting.

* Performance metrics need be simple and easy to use, preferably in the form of ratios rather
than absolute numbers.

* Performance metrics need be specific and non-financial, rather than aggregate and financial,
to be more actionable.

* Performance metrics need be determined through discussion with all the parties involved and
serve the needs of people from all levels (not only upper management).

* Performance metrics need have a proactive approach, enabling fast feedback and continuous
improvement.

Akyuz and Erkan (2010) list ‘total quality’, ‘business process’, ‘fit’ and ‘excellence’ as key notions in
future performance measurement and ‘supply chain business excellence’ is said to "deserve further
attention in any future research".

2.3.4. Methods for finding performance indicators
The following steps have been identified as most important for finding KPIs and developing a Per-
formance Measurement System (PMS) (Mentzer & Konrad, 1991) (Rose, 1995) (Reddy et al., 2019):

Identify the company supply chain strategy and objectives
Establish the problem, goal and the context of what is to be evaluated
Identify the attributes (inputs, outputs) of what is to be evaluated

Ll

Identify the right performance measures and PMS based on the supply chain strategy and
objectives

o

Prioritize the selected measures with the supply chain strategy in mind

6. Quantify the measures and provide proper (mathematical) formulation

7. Inter-relate the key performance measures with the supply chain strategy subsequent to dis-
cussions with the stakeholders

8. Analyze the measures based on the step above and make sure the measures to be used are
satisfactory in this sense

9. Develop a suitable supply chain wide PMS and explain to the other members in the supply

chain to evaluate the PMS

Over the years, many performance measurement systems have been developed, Estampe et al.
(2013) present a framework for analyzing the various supply chain PMS in terms of applicability
for the analysts’ system. The framework differentiates 16 performance measurement models using
the following characteristics to specify each model: "(1) the model’s origin, (2) the type of analy-
sis involved, (3) implementation conditions and constraints, (4) the degree of conceptualization,
(5) the quantitative or qualitative indicators being used." The framework uses the following eight
parameters for filtering of the PMS:
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Decision level (strategic, tactical or operational)
Type of flows (physical, informational or financial)
Level of supply chain maturity

Type of bench-marking (internal or external)
Contextualization (type of company/industry)
Quality factors

Human capital

Sustainability

® NSO WD

The most used performance measurement systems based on empirical data, by interviewing man-
agers from various companies and industries, are the BSC (also in modified versions), process-based
measurement and SCOR model (Piotrowicz & Cuthbertson, 2015). Akyuz and Erkan (2010) and Surie
and Wagner (2008) advocate the use of the SCOR model for supply chain analysis due to its suitabil-
ity in terms of various levels of consideration in light of performance measurement.

2.4. Relevant studies
This section is summarized in literature table 2.1 at the end of the section.

Railyards of complex freight hubs are oftentimes, due to complexity, slow and inefficient. This influ-
ences the performance of the complete hub (Schonemann, 2016). The low performance of the rail-
element of complex freight hubs is in part due to sub-optimal scheduling. Based on observations
and interviews with experts, Schénemann (2016) concludes there is poor coordination in tactical in-
frastructure utilization planning and the process coordination quality depends on individual actors’
optimization strategies. This is due to a lack of coordination among actors of the freight handling
process, resulting in actors mainly planning and optimizing their part. Secondly, there is poor coor-
dination between the logistic and railway-specific processes, resulting in local optimization rather
than global optimization. And thirdly, there is too little consideration for the medium-term capacity
planning, with trains being scheduled in real-time rather than some time beforehand. This results
in more idle time and less productivity. It is expected that the use of a "superior coordinator", or
making use of a collaborative yard planning approach, has high-efficiency improvement potential
in short-term planning and dispatching in rail freight hubs. This superior coordinator could be
a freight hub manager, aiming for optimization of the complete planning process (Schonemann,
2016).

Clausen and Rotmann (2014) seek to find the relevant performance indicators of industrial railway
systems of complex freight hubs. This is done using the theory of measuring performance in terms
of efficiency (‘doing the things right’) and effectiveness (‘to do the right things’) from Neely et al.
(1995), where the effectiveness of IRS is interpreted as "quality of scheduling". Regarding effective-
ness the authors do not go more in-depth, but they do specify the performance in terms of efficiency.
Figure 2.4 shows the performance categories and goals as determined by Clausen and Rotmann
(2014). The performance is split into three categories: quality, time and productivity, adapted from
Weber (1995). Where using the term productivity as a category is better for IRS as these systems do
not control the volume as this is determined by customer demand (Clausen & Rotmann, 2014).

As Clausen and Rotmann (2014) mainly focus on the efficiency side of the performance and not on
the effectiveness and the planning side of IRS, Clausen and Rotmann (2014) lack to link the effi-

15



Chapter 2. Literature Study

Performance

Efficiency Effectiveness
Logistics performance Logistics costs
r \ A 4
High deflivery service [ » Low process costs "to do the right things*
(scheduling quality)
Short cycle time » Low rolling stock costs
| High productivity Low infrastructural costs
= /N 4

Figure 2.4: Performance categories and goals of IRS (Clausen & Rotmann, 2014)

ciency and relating logistics performance to the level of effectiveness. However, both efficiency and
effectiveness should be pursued simultaneously for reinforcement (Fugate et al., 2010).

The MSc thesis from Van der Linden (2018) studying the industrial railway system (IRS) of Tata Steel
IJmuiden notes that in the IRS the planning of the transports and the railway operations are sepa-
rated. Planning results in orders in form of transport tasks, which in turn are performed by the rail-
way operation department. Van der Linden (2018) recommends further investigation of the plan-
ning process as there is performance to be gained here. Currently detailed knowledge of the plan-
ning processes and accompanying performance is lacking. Information flows need to be mapped
and performance parameter assessment of the planning needs to be made. It is suggested as a first
step to mapping the planning process to track the original planning and its performance.

Crainic and Roy (1988) study the tactical planning process as an optimization problem which is
modeled and solved using mathematical modeling and programming. Their study is proof of the
ability to solve such planning problems using mathematical programming and optimization. The
various possible applications of the developed tactical planning show the potential improvements
compared to strictly manual planning, as planners are assisted by the program by e.g. presenting
several possible plans. Diaz-Madrofiero et al. (2015) state there needs to be more focus on applying
these models of tactical transportation planning to real use cases.

Li and Tian (2015) study finished product logistics in the iron and steel industry. There is much
research done into logistics optimization, but little into finished product logistics optimization. In
the iron and steel industry, the various types of finished products are stored separately in differ-
ent warehouses on-site. These products need to be transported, in case of the study of Li and Tian
(2015), to the dockyard using vehicles only capable of loading a fixed number of products leading
to single stop trips (visiting only one warehouse at a time) for the vehicles. Based on ship arrival
at the dockyard schedulers determine which coils from which warehouse needs to be transported.
Furthermore the schedulers need to consider inventory levels in the warehouses, preventing reach-
ing capacity, called consolidation planning. Following the determination of the consolidation plan
the schedulers formulate the transportation plan, which allocates vehicles to warehouses and pre-
scribes loading sequences at the warehouses. Within the process as described by Li and Tian (2015)
two main objectives are determined: maximizing ship loadage and maximizing logistics efficiency.
In practice however these objectives contradict oftentimes. The manual method of sequencing the
formulation of first the consolidation and then the transportation plan does not guarantee opti-
mality and is expected to be inefficient. To address this, Li and Tian (2015) study the potential of
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integrated optimization of these planning decisions by formulating a mixed-integer programming
model and solving this using a two-layer multi-objective variable neighborhood search (TLMOVNS)
algorithm. What lacks with their study is the human planner aspect and consideration of Decision
Support in the planning. Furthermore no details are given into the KPI determining nor are the
determined KPIs evaluated for appropriateness.

It is furthermore noted in Caris et al. (2008) that real-world planning and operational management
are heavily influenced by uncertainty in processes and operations. There is a reported limited num-
ber of scientific publications on intermodal planning problems on operational decision level and a
need for more integration of planning problems on multiple decision levels. Later Caris et al. (2013)
published a research agenda on decision support in intermodal transport. Here the trends in deci-
sion support systems are discussed. It is noted that there is a lack of understanding of all the actors
involved in the various levels of the DSS, which leads to sub-optimal usage and solutions. Further-
more the objectives of the various actors should be integrated better. The decision support system
in planning is also discussed in Beyer et al. (2016). In their article the potential of such planning
support systems is emphasized as the planning of intra-logistics has increased in complexity over
the years. Planning decision support systems aid the planner in reacting to changing conditions and
uncertainty in a flexible manner and reduce the duration of making the planning, whilst increasing
the systematization of the intra-logistics planning.

Bouchard et al. (2017) study the combination of strategic and tactical level planning decision mak-
ing in the forestry industry. The decision problem is dissected into a two-stage formulation and
solved by two solvers in an integrated iterative manner. Profit gains are made by applying inte-
grated planning. Planning performance of the integrated plans is higher than the non-integrated
plans.

Mostafa and Eltawil (2016) review literature on the integration of production planning, inventory
management, distribution planning and routing scheduling, or the PIDRP problems, resulting in
vertically integrated supply chains. It was concluded that there is an increased interest in literature
in recent years into such integrated problems. However these are mostly constrained to less com-
plex situations, considering e.g. only a single plant or homogeneous fleets. Furthermore there is a
gap between research and industry due to the limited use real-life studies.

McKay and Wiers (2003) study the ‘integrated planner’-approach used in focused factories. The inte-
grated planners perform planning, scheduling and dispatching, resulting in decisions with all rele-
vant levels in mind. Such plans and decisions reduce the amount of finger-pointing and increase the
speed and accuracy of plans. Hierarchical and integral planning are two of the three characteristics
of Advanced Planning Systems (APS), with the third being ‘true optimization’ (Fleischmann et al.,
2008). True optimization is achieved by correctly finding and defining the alternatives, objectives
and constraints of the planning problems and using either exact or heuristic optimizing planning
methods. Advanced Planning Systems visualize the information, lower overall planning time and
apply optimization methods. This computerization and possible automation of the planning leads
to fear of substitution for human planners, however the APS modeling will be a simplification of
the real-world systems. Therefore the experience, knowledge and skill set of human planners will
still be required and APS will remain decision support systems for human planners. In the case of
event-driven APS, human planners will define when an event is a trigger to re-plan.
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Shipment Consolidation and Dispatching problems are discussed by Ghiani et al. (2004). In the
Shipment Consolidation and Dispatching problem, the shipper "has to choose the best way for
timely delivery of orders to customers during a time horizon divided by T" (Farahani et al., 2011).
Shippers are to find the optimal mode of transportation (in the case of Tata Steel [Jmuiden: which
wagons) for each shipment and the best way to consolidate shipments and the start time of dis-
patching the shipments. This problem is a minimization model of the objective function being the
total cost of delivery. Oftentimes the objective is to achieve a pre-defined service level whilst oper-
ating at minimal total cost. Ghiani et al. (2004) give three reasons for the application of quantitative
analysis to planning systems:

1. If a logistics system already exists, one may wish to compare the current system design (or
operating policy) to an industry standard.

2. The wish to evaluate specified alternatives (what if ...) to the existing system.

3. The wish to generate a configuration or a policy that is optimal or at least good for a given
performance measure.

Finally Ghiani et al. (2004) advocate the use of benchmarking for comparison of performance to the
best-practice current standard, i.e. use of internal benchmarking. For this performance evaluation
the SCOR (Supply chain operations reference) model is advised for both its high and low-level KPIs.
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Table 2.1: Relevant literature overview, number of checkmarks per source indicate the focus areas of this thesis in terms
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Chapter 2. Literature Study

2.5. Conclusions

This chapter firstly discussed relevant background literature on on-site logistics, planning and deci-
sion support, performance measurement and finally relevant studies. Apart from providing relevant
background and mapping the knowledge gap in on-site logistics and transportation planning, one
of the intentions of this chapter is to answer the first research question:

SQ 1: What are the characteristics of on-site logistics and industrial railway systems?

Based on paragraph 2.1 the following is given as the answer to the first research question: Depend-
ing on the focus of the on-site logistics system, its functional operations can either be categorized as
procurement logistics, production logistics or distribution logistics, with agreed service levels with
customers. For its operations on-site logistics makes use of site infrastructure consisting of traf-
fic facilities, transshipment and storage facilities. Site infrastructure can be structured in various
network arrangements and distribution structures, such as hub-and-spoke networks and many-to-
many distribution. Furthermore the characteristics of on-site logistics depend on the type of goods
that are transported, the type of terminals in the network and the way the network is used. This
study in particular addresses rail-based on-site transportation. In rail-based on-site transportation
loads can be transported in either wagon-load or block train configurations, having implications
on yard types required for shunting and load consolidation. Key tasks of on-site transportation
systems are collection and delivery of goods and being a buffer for the previous and subsequent
systems. The flow in an on-site logistics system is either push or pull, depending on the surround-
ing systems. These surrounding systems also influence the storage functions found in the system
and finally guide-path classification is presented, analyzing the IRS network structure.

Important is to note that much literature can be found on distribution planning, production plan-
ning, warehouse design and planning in general. However, when considering the on-site logistics of
large manufacturing sites or on-site logistics of (large) complex freight hubs, there are many similar-
ities to be drawn but also key differences. Some of these differences include the importance of one
major stakeholder having ownership of the full site and part of the supply chain. Service level agree-
ments are made within the same company between departments, and costs and competition are
very different from ‘regular’ supply chains. For instance a conventional external customer-supplier
relation lacks in the use case of the warehouse plan of Tata Steel [Jmuiden. In chapter 4 the use case
of Tata Steel IJmuiden is characterized based on this literature study.

There is a high potential, based on literature, in the application of decision support in planning on
real-life use cases. Combining both human and automated planning benefits and creating an inte-
grated planning approach that finds system optimal solutions and allows human planners to make
better and more funded decisions. Highlighted for further research, and expected to result in per-
formance improvements, is the inclusion of proper performance measurement by using a suitable
performance measurement system. Development of a decision support system and application of
a performance measurement system to a real-world case with multiple objectives on multiple plan-
ning levels, in the on-site logistics sub-field, will be a contribution to the current body of knowledge.
Literature highlights these research opportunities but does not yet fully fills the gap.
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Methodology

To answer the research questions and achieve the goal of gaining insights into the on-site trans-
portation planning of large manufacturing plants and their performance measurement, a method-
ology has been drafted. This methodology is discussed in this chapter. The main goal of this chapter
is to present and discuss the steps, tools and methods used in this research to answer the main re-
search question:

How can the on-site transportation planning at a large manufacturing plant be improved, by 1.)
adding company KPIs and 2.) data-driven decision support based on the parameters of the locality
and its constraints?

The methodology used for this research consists of a combination of process analysis methods and
tools from the System Analysis field and the DMADE design framework. Furthermore a combina-
tion of quantitative and qualitative analysis is used. This combination of fields and analyses is used
due to the characteristics of the system and problem. The tools from the System Analysis field, as
described in Veeke et al. (2008) and Duinkerken and Schulte (2019), are useful for defining the cur-
rent (planning) process at Tata Steel [Jmuiden. The DMADE framework is an adaptation of the better
known DMAIC lean six sigma method for finding improvements in processes. The letters of DMADE
stand for: Define, Measure, Analyze, Design and Evaluate (Vleugel, 2019). DMADE represents the
five key steps from first assessing the processes to designing the right solutions and evaluating these
with the original situation.

The methodology follows the steps towards proper performance measurement system formulation
in terms of the right KPIs for on-site transportation planning. Thereafter the development of a math-
ematical model that is capable of generating on-site transportation plans is done. The results of this
model, i.e. the generated plans, are compared to historic plans to evaluate the KPIs and determine
the potential performance improvement resulting from data-driven decision making in planning.

3.1. Used framework

Each element of the DMADE framework has corresponding sub-research questions and tools, mod-
els and steps in the methodology. In this section these are listed based on the categorization of the
DMADE framework. In figure 3.1 the methodology is graphically represented, here each step of the
DMADE framework is linked to the corresponding sub-research questions and chapters.
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Chapter 3. Methodology

Literature Study
1. What are the characteristics of on-site logistics and industrial railway systems?
On-site logistics
Planning and decision support
Performance measurement
Relevant studies

oo
System Description

2. How are on-site transportation plans created at large manufacturing plants?
3. What data is required for application of data-driven decision support to on-site transportation planning?
« System analysis: Actors, Black Box, IDEFO
« Description of the current planning tool
« Objective and requirement formulation
« Literature-based comparison
« Current performance measurement

Performance Measurement and KPIs
4. How can the performance of on-site transportation plans be assessed?
« Performance measurement system determination
« Application of the performance measurement system
« KPI determination & specification

Development of the Planning Model

5. How can on-site transportation planning be modeled?

6. What is a suitable solution method for on-site transportation models?
« Literature background on scheduling problems

« Modeling of the planning process

« Verification of model

Results and Evaluation

7. To what extent can increased decision support improve on-site transportation planning?
« Validation of model
« Evaluation of the planning model results
« Evaluation of planning performance improvement
« Evaluation of the planning model

Figure 3.1: Graphical representation of the methodology, linking the DMADE steps to the sub-research questions, chap-
ters and intermediate steps.

D: Define - Define the problem, background and foundation

In this first step of the DMADE framework, the background and foundation in terms of literature is
made. Literature study is done into the field of on-site logistics and industrial railway systems, deci-
sion support in planning, performance measurement and relevant studies. This is done to provide
the foundations from literature and map the current literature gap. Furthermore methodological
leads and best practices are found. This part of the methodology is covered in chapter 2, which
answers the first sub-research question:

1. What are the characteristics of on-site logistics and industrial railway systems?

M & A: Measure and Analyze - Map and analyze the system

The measure and analyze steps are often intertwined in the DMADE framework. In this combined
step the Tata Steel Jmuiden use case is analyzed. This is done using System Analysis tools such as
the black-box model and IDEF0 (IDEF-Zero) diagramto formulate a comprehensive system descrip-
tion and analysis. Interviews are done to map the process and determine the objectives and require-
ments of the on-site transportation plans. Furthermore documentation from Tata Steel IJmuiden is
used as a source of information on the processes and objectives, requirements and performance
indicators.

The M & A step is split into two chapters; chapter 4 and chapter 5. Chapter 4 is the system descrip-
tion of Tata Steel IJmuiden, intended to answer the second and third research questions:
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Chapter 3. Methodology

2. How are on-site transportation plans created at large manufacturing plants?
3. What data is required for the application of data-driven decision support to on-site transportation
planning?

The following tools and models are applied in this step of the methodology:

. Actor analysis & Black box model of the planning process

. Description of the current planning tool

. IDEFO diagram of planning process Tata Steel IJmuiden

. Goal and requirement formulation of the on-site logistics process and warehouse plan
. Literature comparison of Tata Steel [Jmuiden

S Ok W N -

. Current performance measurement of the warehouse plan

Actor analysis and the black box model are used in the system description chapter to describe the
actors in the process and to illustrate the planning process at the use case in terms of input, output,
parameters, constraints, requirements, disturbances and Key Performance Indicators. Furthermore
the current planning tool is described to give more insight into the current practices. An IDEF0
diagram is made of the process from plant activities to on-site logistics to on-site planning to the
warehouse plan. Using IDEFO the data flows and functional flows become clear.

The following requirement techniques are used in this research to determine all three requirement
types: interviewing, brainstorming and systems archaeology. These are chosen for their suitability,
current research possibilities and the expected results of their combination. More details on this are
discussed in appendix B.

Based on the literature study of the Define step, chapter 2, functional attributes of the Tata Steel
IJmuiden use case are discussed. This links the use case system description to the supply chain and
logistics typology found from literature. Finally the current way of measuring the performance of
the on-site logistics and warehouse plan at Tata Steel Ilmuiden is discussed.

In the second part of the M & A step, chapter 5, a suitable performance measurement system for the
on-site transportation planning is determined. This is done using the literature study of chapter 2,
which found a framework for PMS determination. The following steps are done in this part of the
Measure & Analyze step:

1. Determining the suitable performance measurement system

2. Application of the performance measurement system, resulting in fundamental KPIs
3. Determination of the use case specific KPIs

4. Specification of the use case specific KPIs

This answers the fourth research question:
4. How can the performance of on-site transportation plans be assessed?

D: Design - Develop the solution

In the Design phase a suitable planning strategy and solution algorithm for the on-site transporta-
tion planning is determined. This is firstly done through a literature study on scheduling problems.
A mathematical model of the optimization problem is made and discussed in chapter 6, includ-
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ing decision variables, objective function (goal), constraints, parameters (inputs) of the warehouse
planning process. This model is solved and verified. The fifth and sixth research questions are an-
swered in this step of the methodology:

5. How can on-site transportation planning be modeled?
6. What is a suitable solution method for on-site transportation models?

The following steps are taken during this part of the methodology:

Model conceptualization

Literature background: scheduling problem classification

Mathematical formulation of the planning model

Solving the model, discussing modeling simplifications, assumptions and parameters

O W =

Verification of the planning model

E: Evaluate - How does the solution perform
Finally in the evaluation step the performance of the developed planning strategy is assessed. This
aims to answer the final sub-research question:

7. To what extent can increased decision support improve on-site transportation planning?
The following steps are taken during this part of the methodology:

* Validation of generated plans

* Comparing original plans to new plans based on determined PMS and KPIs
* Experimentation with the planning model

 Evaluation of the planning performance improvement

* Evaluation of the planning model

3.2. Available information & data acquisition

To apply the suitable performance measurement system and planning model, data needs to be
available. This data is obtained from the Planwise logs and supporting systems Tata Steel uses.
Required data includes past transports, port-planning and the rail-plan (which train leaves from
where). Other data such as the speed of the trains and amount of wagons are known. Transit times
are extracted from Planwise and personnel availability is known.

All required information is obtained from Tata Steel and ORTEC. There is a lot of knowledge within
ORTEC on the Tata Steel processes and in the fields of optimization, programming, Operations Re-
search and performance measurement. Furthermore Tata Steel has agreed to full co-operation and
provides two unofficial supervisors, one of whom with direct access to the relevant data at Tata Steel
IJmuiden and another senior on-site transportation planner, both considered experts on the on-site
transportation plans and logistics. If the required data lacked or was not available, assumptions and
experience-based data have been used to fill the gaps.
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System Description

This chapter discusses the system description of the use case that is applied in this research: the on-
site transportation planning process of Tata Steel IJmuiden. The system description is, as described
in chapter 3 a large part of the Measure and Analysis phase of the methodology. The goal of this
chapter is to describe the use case and the planning process this research considers and to answer
the following two research questions:

SQ 2: How are on-site transportation plans created at large manufacturing plants?

SQ 3: What datais required for the application of data driven decision support to on-site transporta-
tion planning?

Answering the above presented research questions is done by covering the following points:

4.1 General description

4.2 Actor analysis

4.3 Black box model

4.4 Current planning tool: Planwise

4.5 Current planning process - structure

4.6 Current planning process - timing

4.7 Objective and requirement formulation

4.8 Characterization of the use case based on literature
4.9 Current performance measurement

Finally in section 4.10 this chapter is concluded and the answers to the research questions of this
chapter are discussed.

4.1. General description

The process of making the on-site transportation plans that govern the logistics operations at the
Tata Steel [Jmuiden facilities is elaborate and complex. Tata Steel Jmuiden is one of the largest steel
production facilities in Europe and over 100 kilometers of rails connect the various locations around
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the site. The steel products Tata Steel makes are transported between facilities such as the hot rolling
mill and the packaging facilities, but also from storage locations to the export locations such as the
transit hall and all-weather terminal for loading onto ships. Figure 4.1 shows the 750 hectares Tata
Steel Jmuiden facilities. This thesis only considers transport movements and planning on the cen-
tral network, i.e. to the right of the red line. Here mainly (semi-)finished products are transported
between warehouses and production facilities and to and from the port and rail yard.

Dolomite and Steel
Grade Bunkers

SIFA-Tracks

/

Figure 4.1: Map of the Tata Steel IJmuiden facilities, the red line is the non-physical separation of the west and central
networks. On the west network (left) mainly raw materials and liquid steel are transported, on the central network (right)
the various (semi-finished) steel products are transported. Source: Van der Linden (2018).

4.2, Actor analysis

Within the organization of Tata Steel IJmuiden, the OSL department of Tata Steel [Jmuiden is re-
sponsible for the logistics processes between the facilities. The logistic processes range from the
import of raw materials to crane movements in warehouses. The OSL department has several sub-
departments with their separate responsibilities: Stevedoring & Warehousing (S&W), OSP and Rail.
In figure 4.2 a chart is presented which illustrates the three sub-departments of the overarching OSL
department. Furthermore the three major categorizations (Outbound, Inbound and Repositioning)
of transports as operated by the OSL department are shown, along with the different modalities that
are used in these transports. The warehouse plan, being the focus of this research, is governed by
the warehouse planners and the dispatchers of the On-Site Planning (OSP) department.

4.2.1. OSP department

The OSP department has the role of planning the transports from warehouses towards the outbound
terminals: inland and seaport, railyard and road transport. Besides this the OSP department sched-
ules inbound transport and internal repositioning of goods between warehouses via rail. The OSP
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Chapter 4. System Description

department consists of planners and dispatchers.

Planners

The planners (port, rail and warehouse) each have their own focus areas. Port planners plan the port
operations, for instance assigning vessels to quays, and rail planners are responsible for incoming
lime trains and outbound rail transport. The warehouse planner is responsible for all operational
tasks concerning the warehouses at the [Jmuiden site. They determine which load is transported
using which wagon-subtype and at what time and govern the storage filling levels of the warehouses.

Dispatchers

Where port, rail and warehouse planners make the plan for the coming day(s), dispatchers govern
the plan in real-time. The dispatchers adjust the warehouse plan if, for instance, disturbances cause
disruptions in the operations. They supervise the plan and during weekends take over the planning
task of the planners. Dispatchers are the only ones allowed to adjust the plan during the next 4
hours.

4.2.2. Stevedoring & Warehousing department

The Stevedoring & Warehousing department is responsible for operations at the warehouses and
the port. This includes cargo loading and unloading on and off wagons in the warehouses and at
the port. This means the crane operations, their drivers and the loading crews at the warehouses
and port are under their control. For the OSP department this means that a large part of the plan-
ning being done heavily impacts the operations under the wings of S&W, e.g. in terms of workload.
However in turn the OSP plans are very dependent on the operations of S&W.

4.2.3. Rail department

The tasks planned by OSP are performed by the rail department. Therefore the rail department
makes sure empty wagons arrive at warehouses for loading and the unloaded wagons leave the
quay. Furthermore the rail department governs the assignment of locomotives, train drivers, train
& wagon movements and routing over the rail network. Besides making sure the planned activities
take place, the rail department also has the responsibility to govern the safe execution of the plan,
plan and conduct maintenance on the rail network and the rail network itself has an important
buffer role for the production and storage system of Tata Steel [Jmuiden. This buffer is used to
ensure production can continue as storage nears its limits. By moving some steel from stores to
wagons and placing these on designated yards the buffering functionality is performed.

4.2.4. Information flow

Transport starts with a request from customers, which is translated by On-Site Logistics into tasks
that overall form the full transport of products from production to the customer. Customers require
a specified delivery moment, resulting in a departure time for either outbound vessel, train or truck.
Departing vessels want to minimize their time in port and strive for on-time departure. Export trains
depart on their scheduled departure time no matter what, due to the congested hinterland rail net-
work and fixed timetabling, so there are no delays possible here. Whereas vessels and trains require
more significant planning, loading of trucks is planned in between other warehouse crane tasks.
Via the Sales Department and Outbound department (OTB), transport tasks arrive at the OSL de-
partment. OTB determines which products need to be transported from which warehouse to which
vessel and at what priority. Transports have a rough plan at this stage, consisting of the steel coil
type, amount and total volume and the transports are designated to a route, carrier and modality
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(‘handling unit’). This vessel is planned by the port planner, causing transport tasks (X amount of
coils from warehouse Y to quay Z) for the warehouse planner to plan, in turn resulting in a demand
for specific wagons and a locomotive to move the wagons to-be-planned by the rail planner.

Besides customers, another large transport task supplier is the internal repositioning of goods be-
tween site locations (warehouses, production facilities). Repositioning occurs for two reasons, to
manage storage capacity in warehouses or storage areas to keep production going and reposition-
ing is requested for conditioning reasons as some products may not be held for too long in uncon-
ditioned warehouses or locations, due to corrosion risk. Internal repositioning tasks are requested
by site locations to the OSP department.

On-Site Logistics

Outbound transport [--------------------------- (OSL) Fr-ssss==---=------------------ |nbound transport
| i
Stevedoring & On-Site Planning . '
Warehousing (S&W) (OSP) Rail department ;
—|  Warehouses u Planners L Rail yard
-1 Site locations
Crane drivers | Port ‘ Transport Coordinatol L
Loading teams | Rail ‘ Train drivers Repositioning
™ pon | Rail |

Crane drivers Dispatchers

(Semi-)finished goods

Loading teams

Figure 4.2: Organogram of the on-site transportation process of Tata Steel IJmuiden, focus in this research is on the blue-
marked department and actors, especially the darker blue warehouse plan.

Port planning splits the loading of deep sea vessels into grouped clusters of steel coils. This is done to
deal with the extensive loading time of deep sea vessels due to the large volume of steel transported
per vessel. These clusters are governed in the cluster plan, derived from the stowage plan, which the
warehouse plan needs to consider in the case of deep sea vessels.

Finally planners and dispatchers plan P-klussen. These are tasks which did not transfer properly
from other systems, such as inbound steel trains, inbound and outbound vessels and internal repo-
sitioning tasks. These appear separately in the planning system Planwise and need to be manually
planned.

4.3. Black box model

In this section, a black box model representation of the planning process is presented. The black
box under consideration here results in the warehouse plan as output. The purpose of the black box
model is to give a high-level process analysis, showing the inputs, influencing factors and output of
the planning process in place at Tata Steel [Jmuiden. Later in section 4.5 the black box in this model
is specified in more detail using an IDEF0 diagram. In the black box model elements are grouped
as input, these elements are considered to be variable in the process, e.g. the amount of outbound
transport demand changes over time, whereas the requirements for the process are predetermined
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and fixed over time.

In the black box model of figure 4.3 the elements are color grouped. In orange, three of the inputs
are grouped as these are the inputs that represent the actual to-be-planned movements. Outbound
transport for instance is in form of loads that need to be fulfilled for a vessel. Here the transports
from storage(s) to the port need to be planned. In gray the parameters of the planning process
are represented. These include travel time between locations or (un)loading speeds of cranes. The
constraints and requirements in green limit the process. In constraints the available resources such
as cranes, tracks but also the maximum amount of workload is included. In yellow the disturbances
that may hinder the process are represented, e.g. the weather, as some cargo may not be transferred
during rain. Finally in purple the KPIs determine the performance of the warehouse plan resulting
from the planning process.

The distinction between constraints and requirements is purposefully made in this analysis. In sec-
tion 4.7 the requirements are specified and in chapter 5 the KPIs are discussed.

Input Requirements Disturbances

Outbound transport | 4

Import raw materials

Black box
v v Output

Repositioning goods

On-site transportation

planning

Process parameters

Process constraints

KPls

Resource constraints

Figure 4.3: Black box representation of the on-site transportation planning of Tata Steel [Jmuiden, resulting in the ware-
house plan

Each of the elements of the black box model is discussed below.

4.3.1. Input
Outbound transport

* Sea
— Deep sea, including stowage plan consideration
— Short sea

e Inland

e Rail
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¢ Road

In the case of deep sea transport, Tata Steel IJmuiden uses a derivative of the stowage plan, the
cluster plan. This is the stowage plan broken down into transportable batch sizes and needs to be
considered in the warehouse plan.

Import raw materials
e Rail: Lime trains

The only type of import considered in the warehouse plan and OSL department is inbound lime
trains. Other imported goods are out of the scope of the OSL department.

Repositioning goods
* Rail: Semi-finished and finished products

Repositioning of goods is only done using the rail network and only the semi-finished and finished
product repositioning is within the scope of the warehouse plan. This repositioning is done to bal-
ance storage capacity over the facilities, making sure production can keep on going and to store the
products in their required conditioning environment.

Process parameters

* Time based: Loading and unloading, travel time between site locations, shunting time.
* Prioritization of tasks
* Locations:

Seaport (2 quays)

Inland port (1 quay)

Rail yard

Warehouses types (3):
o Quay warehouse
o Production warehouse
o Storage location (not all storage is covered)
Warehouse clusters (9):
¢ HAV
/D1 WAW
CPR
Cluster Zuid
TSP
Cluster Midden
Cluster Noord
AOV
RVE

LR I R R R R VR o

The process parameters can be categorized into 3 categories: Time based parameters, prioritiza-
tion and the various locations. The locations consist of the various outbound and on-site terminals
linked to each modality. Road transport is done directly at warehouses. Quay warehouses are used
in the port for short term storage, production warehouses are in the process of producing goods and
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also only facilitate short term storage. Storage locations are broader than only warehouses, there are
for instance outdoor shunting areas where loaded wagons are positioned as a storage facility.

Warehouse clusters:

The Tata Steel [Jmuiden site is divided into clusters. These clusters are geographically grouped and
the workforce used to load and unload wagons at warehouses is also grouped in these clusters. Per
cluster the workforce is used for all of the warehouses or site-locations such as open-air track-based
storage in that cluster.

Process constraints

The process constraints are categorized into eight main categories. Safety constraints are for exam-
ple limitations to the number of locomotives or trains that are allowed in one of the warehouse clus-
ters. This is to limit the chance of collisions on track. The resource availability constraints contain
for instance the limited number of cranes at a quay or in a warehouse or a warehouse being closed.
The resource capacity constraints limit for instance the number of wagons that can be stationed
at a quay or warehouse due to the track length. Operating speeds are considered as both parame-
ters and constraints, as their value has a hard constraint due to for instance a crane not being able
mechanically to operate faster. Furthermore, warehouses also plan their operations, constraining
the warehouse plan and steel production limitations might constrain the planned operations of the
warehouse plan.

e Safety constraints
* Resource availability:

Warehouse availability
- Crane availability
Workforce availability
Wagon availability

Locomotive availability
* Resource capacity:

Operating capacity (weight limitations) cranes

Warehouse (storage) capacity

Wagon loading capacity (+ multiple ways of loading a wagon and wagon combinations)
Quay track capacity

Rail yard capacity

— Warehouse track capacity

Locomotive tractive force

* Operating speed cranes and workforce
* Co-planning of warehouses, i.e. warehouses, organizing their operations, influence the ware-
house plan
e Steel Production
* Rail network constraints
* Resource constraints:
— Warehouse product type constraints
— Wagon product type constraints
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Resource constraints

Finally resource constraints, as part of the overall constraints, provide more detail into the charac-
teristics of the handled products and wagons. The various product and wagon types handled in the
on-site transportation plan of Tata Steel Ilmuiden are categorized as follows:

Product types:

* Steel:

— Coils

— Slabs (Plakken)

— Packages

— Tinplate sheet (Blik)
e Bulk: different lime types

Product considerations:

 Orientation (vertical or horizontal)
* Conditioning (transportation and storage)

Broadly speaking products can be split into steel and bulk product types, with four main steel prod-
uct types. These steel product types can be orientated vertically or horizontally, which needs to
be considered in the loading of wagons. Furthermore some steel products are restricted by differ-
ent conditioning requirements. Conditioning is both in transportation and storage of importance;
some products are allowed to become wet and stored outside, others are not allowed to become wet
and need to be kept in specific conditions and other products fit somewhere in between.

Wagon types:

* Internal wagons: (not braked)
— Covered - separate
— Covered - set
- Unconvered - separate
— Uncovered - set
» External wagons (braked and covered)

The loading capacities of wagons vary over the various wagon types, both dependent on the wagon
configuration and the product orientation. But wagons are also categorized by internal and external
usage, external wagons have braking systems and are always covered whereas wagons for internal
usage don’t have brakes and may or may not be covered. Internal wagons also come in sets or indi-
vidually.

4.3.2. Requirements
The requirements of the on-site transportation planning are discussed in section 4.7.

4.3.3. Disturbances
e Weather
* Loading faults
¢ Unloading faults
¢ Planned disturbances:
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— Track maintenance
— Locomotive refueling (1 hour)
— Crane maintenance

Ship delayed

* Ship rejected for loading

* Damaged goods

e Equipment malfunction

* Waiting for cargo

* No workforce present or available
* Production disturbances

Disturbances hinder the on-site logistics and warehouse plan after the plan has been made. This
ranges from changing weather conditions to ships being rejected for loading while a loaded train is
at the quay with the cargo for the vessel and the quay is therefore occupied. It may also happen that
goods are damaged during handling or before handling. Apart from disturbances that occur more
frequently and have a manageable impact on operations, there can also be disturbances such as ac-
cidents. However, accidents cannot be taken into account in the planning process itself beforehand
as these are rare and highly variable in terms of their impact on operations.

4.3.4. KPIs
The KPIs of the on-site transportation planning are discussed in section 5.4.

4.3.5. Output

The main output (under consideration) is the warehouse plan. Each workday the warehouse plan is
made, defining the operations from at least 14:00h on the day of release till 22:00h the next day. The
warehouse plan consists of the following five main elements:

Warehouse plan:

* Cranes and workforce operations at terminals (warehouses, port)
e Wagon sub-type allocation

* Transport task schedule (start time, end time)

* Prioritization of tasks

* Wagon loading configuration

The warehouse plan continuously prescribes the loading and unloading operations of wagons at
the warehouses, fulfilling the transport requests as requested by OTB. Furthermore the warehouse
plan ensures the manufacturing process can continue by freeing up storage at production facilities.
The warehouse plan governs crane and workforce operations and includes wagon allocation to the
transportation tasks. The loading configuration of these wagons is also part of the warehouse plan.

4.4. Current planning tool: Planwise

Planwise is a real-time, multi-user system, used to support the decision-making in the planning
of tasks within a company. Planwise makes use of order lines, where multiple tasks can be desig-
nated to resources. There are several ways to display the input and planning in Planwise: data lists,
planning boards, graphical views and reports.

33



Chapter 4. System Description

Planwise has been deployed by ORTEC to support Tata Steel IJmuiden in planning, monitoring and
administration of the on-site transport of steel and bulk goods on the IJmuiden facilities (ORTEC,
n.d.-b). The role of Planwise is primarily to support the On-site planning department’s planners
with making the stowage plans (order clustering of loads for proper loading into vessels for cus-
tomers), port plans, warehouse plans and wagon- and locomotive plans. Furthermore it plays a
supporting role in the overall rail plan, lime plan (importing raw materials) and maintenance plan-
ning of the industrial railway system (Tata Steel, n.d.-b). Planwise is split into the warehouse-port
process (Hal-haven process) and the wagon-loco process. The first is used for planning the loading
and unloading of cargo at quays, cranes and warehouses, and the second is used to plan the rail
operations.

Within the warehouse plan there are three designations for task status: not-started, started and
completed. The status can be modified manually or via the progress interface of TRIP or via Collo
declaration later on.

Each cargo has a cargo key (lading sleutel), consisting of:

e Transport number

* Import/Export designation

* Destination, tacking number, destination port
* Material type

¢ Shipment number, LI number

* Warehouse or warehouse group designation

* IVV wagon number

A screen capture of the Planwise system is shown in figure 4.4. In Planwise there are several plan
boards, with horizontally the time axis and vertically the various resources (cranes, warehouses,
quays). The planning can be made by dragging & dropping tasks into a plan board or by manu-
ally making a task. Here several filters are available to have Planwise show only specific tasks or
resources. The color scheme in Planwise assists the planners with what tasks are e.g. conflicting
with constraints, are yet to be planned or are in the past. SAP and IVV (other software systems) push
transport tasks to Planwise, these tasks show in orange (not yet planned) in the lower section of the
hal-haven planbord (figure 4.4).

The double vertical white lines in Planwise show the planners what is in the bounds of the coming
four hours. In general tasks are fixed within this time envelope and based hereon operations run.

The transport tasks in Planwise are categorized as: sea transports or shipments (verschepingen), rail
transports (railtransporten) and repositioning transports (omrijzendingen). Furthermore the trans-
ports are split into their various sub-tasks: warehouse tasks, crane tasks, quay tasks, etc. Each task
in Planwise has a pick-up time window, delivery time window and cargo characteristics (number
of wagons, number of coils and weight of the coils), illustrated in equation (4.1), adapted from Van
der Linden (2018).

Apart from the hal-haven planbord, Planwise also has the Wagon Loco planbord and a visual track
manager board for planning the rail operations.
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On-site origin, e.g. warehouse, [y,1, fo2]
On-site destination, e.g. quay, [tg,1,%4,2]
Transport task ={ Cargo data, [# Wagons, # Coils, Weight] (4.1)
Timing data, [Start time, loading duration,
unloading duration, due date]
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Figure 4.4: Screen capture of the Hal-haven planbord in Planwise (ORTEC, n.d.-c)

4.5. Current planning process - structure

The process leading up to the warehouse plan has three levels. These are illustrated in figure 4.5.
Firstly the Supply Chain Planning department (SCP) determines the sales plan for the coming months.
Based upon the sales plan, the Outbound department (OTB) drafts the transport plan for the next
weeks and months, which is in turn translated by the On-Site Logistics department and its planners
to the port plan, rail plan and warehouse plan.
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Figure 4.5: Current practice in the various levels of the planning process, SCP: Supply chain planning, OTB: Outbound
department, OSL: On-Site Logistics department, adapted from Tata Steel (n.d.-b)

4.5.1. IDEFO diagrams

The IDEFO representation of the on-site logistics and warehouse planning process starts at the plant
activities of Tata Steel [Jmuiden, shown in figure 4.6. This is taken as the highest level of the process.
Input of the plant activities are the customer orders and raw materials, output is a loaded vessel,
train or truck. The plant activities sub-process of consideration for this study are the production
process, outbound logistics process and on-site logistics process. The orders and raw materials
are transformed by production into products following the production planning from outbound
logistics. This production plan is based on the sales plan. Outbound logistics also defines the out-
bound transportation means or the customer provides this to Outbound logistics. Together with
the production data, the outbound transportation means is the input for the on-site logistics pro-
cess. Should a train, truck or ship be rejected during the on-site logistics process, this is fed back to
Outbound logistics.

Within the on-site logistics process, the production data and defined outbound transportation means
are sent to the OSP department, Rail department and S&W department, as shown in figure 4.7. The
on-site planning process outputs the plan for the on-site transport to the Rail department and S&W
department. The on-site planning process receives updates on the loading processes from the Rail
department and S&W department. Output from the Rail department and S&W department is either
aloaded train, loaded vessel or a rejected train or rejected vessel.

The on-site planning process is split into port planning, rail planning, warehouse planning & dis-
patching, as shown in figure 4.8. The port planners and rail planners transform the transport means
and production data as defined by the OTB department into the port plan and rail plan. These out-
bound & inbound transport tasks, together with production data are the input of the warehouse
plan. Production data in this regard includes storage filling rates of warehouses and internal repo-
sitioning tasks. The stowage and cluster plans from S&W need to be considered by the warehouse
plan and the port, rail and warehouse plans are updated based on progress updates at the outbound
terminals or in case of disturbances.

Warehouse planners follow the daily schedule presented in table C.1 of appendix C (Tata Steel, n.d.-
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a). From the daily schedule it becomes clear the warehouse planner work for a large part consists
of coordination meetings with other planners and processing of information. Much of this infor-
mation, such as the storage filling rates need to be requested or adjusted manually. Furthermore
nuances in the plan, such as task prioritization are discussed between actors and added as a note to
the tasks. Currently (real-time) the following information is not readily available, possibly incorrect
or not entered consistently, (Tata Steel, n.d.-b):

* Storage filling rates

* Loading, unloading and transit progress
* Locomotive tracking

* Wagon tracking

Orders Loaded outbound
I transport means
Plant activities —>
EE—— 0
Raw T T T = -e o ___
matetias ' T T TS e = —e e
Production plan .
Orders ¢ Rejected
transport
- . <| Outbound Logistics
Production > (OTB)
—_— 1
Raw
materials Transport
means
Production . o
data On-Site Logistics
> (OsL) Loaded
transport
Node: A0 Title: Plant activities Number: 1

Figure 4.6: Plant activities - IDEF0 diagram, based on Schoenmaker (2016)
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Figure 4.7: On-Site Logistics activities - IDEF0 diagram
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Figure 4.8: On-Site Planning activities - IDEF0 diagram

4.6. Current planning process - timing

The shortest horizon plan is the wagon and loco plan, as these are drafted based upon the ware-
house plan. There are three shifts per day: morning (6:00h - 14:00h), afternoon (14:00h - 22:00h)
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and night (22:00h - 6:00h). Warehouse operations for the next 24 to 48 hours are executed based
on the warehouse plan. Weekends are planned 72 hours ahead. The warehouse planner distributes
the warehouse plan every day at 14:45h, after the OSL afternoon meeting. As the warehouse plan is
operational, it is fixed, apart from exceptions, for the next 4 hours.

In the current planning process planners assume fixed transit times between site-locations, i.e.
these times are in the planning phase not dependent on locomotive velocity or exact distance be-
tween site-locations. For the transit between warehouses 1 hour duration is assumed and for transit
from a warehouse to one of the quays the transit time is set to 2 hours.

4.7. Objective and requirement formulation

As discussed in chapter 2, a key step into determining the relevant KPIs is by firstly identifying the
goal or objective of a system. This is also an important step in the analysis of a system and the re-
quirements of a system are defined after this step. In this section, firstly the objectives of the On-Site
Logistics department and the warehouse plan are presented. This is followed by the requirements
formulation of the warehouse plan in its current practice.

4.7.1. Objective formulation
The following objective has been formulated for the On-Site Logistics (OSL) department (L.A. van
Vledder & J.J. Nieuwenhuis, personal communication, 2020):

Facilitating safe, on-schedule and as good as possible' the outbound transports®, the resources
required for transports and production in warehouses by being logistics® and transport service
provider for the [Jmuiden site.

And the following objective has been formulated for the warehouse plan (L.A. van Vledder & J.J.
Nieuwenhuis, personal communication, 2020):

Planning steel transports from warehouses to the rail yard, ports and internally between ware-
houses, within existing constraints, in such a way that yields the highest performance in terms
of KPIs.

4.7.2. Requirements of the warehouse plan

The requirements have been determined based on systems archaeology and several meetings with
both Laura van Vledder and John Nieuwenhuis and Tata Steel experts. A final brainstorm session
on 05/06/2020 was done, in accordance with the method for requirement definition as described
briefly in chapter 3 and more extensively in appendix B, to complete the requirements list (L.A.
van Vledder & J.J. Nieuwenhuis, personal communication, 2020). The requirements are split into
functional and non-functional requirements. Functional requirements prescribe things a system
has to do and non-functional requirements prescribe what qualities a system must have.

Functional requirements:

1. The plan must adhere to all safety regulations.

IExpressed in terms of KPIs
2There are also other transports such as bulk and inbound steel transport that need to be facilitated
3Including e.g. loading and unloading operations at warehouses or quays
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2. The plan must comply with the predefined constraints, as categorized in section 4.3.

3. The plan must specify which resources are assigned to each task, e.g. what wagon sub-type or
which crane.

4. The plan must present every stakeholder with an overview of what is transported from origin
to destination.

Non-functional requirements:

The plan must be in form of an activity schedule, i.e. assigning tasks to resources over time.
The plan must include the possibility of prioritization* of tasks.

The plan must be adaptable for future changes to the system, providing long-term flexibility.
The plan must facilitate both rolling horizon and event-based planning.

O W =

The plan must be created based on a time frame with a 24 to 48 hours horizon, or 72 hours in
case of weekends.

4.8. Characterization of use case based on literature

This section characterizes the use case Tata Steel IJmuiden based on the found distinctions within
(on-site) logistics and industrial railway systems from literature. Firstly the on-site logistics and the
industrial railway system are discussed in terms of logistic elements, followed by the characteriza-
tion of the warehouse plan from a planning perspective.

4.8.1. On-site logistics and industrial railway system

Tata Steel Jmuiden being an Integrated Steel Plant can be categorized as a large manufacturing site.
An extensive railway network is used for the transportation of the goods on-site. This thesis focuses
on the distribution logistics element of that railway network. Specifically, the storage and trans-
port tasks of distribution logistics are under consideration. Order processing, as part of distribution
logistics is done by the outbound department of Tata Steel Jmuiden.

The on-site transportation system uses a semi-closed rail network and is therefore classified as
guided. The network is semi-closed as it is connected to the national railway infrastructure and
not only Tata Steel owned wagons are used on the network. Furthermore a portion of the outbound
transportation is done by trucks using the on-site road network, which too is connected to the na-
tional infrastructure. Vehicles are dispatched centrally but operated decentralized by drivers on the
vehicles (person-guided). The widely branched rail network is mostly single-laned, except for some
yard and shunting areas, tracks are used bidirectionally. Therefore network sections can only be
operated by one train at a time, constraining operations.

The rail network is a combination of point-to-point and hub-and-spoke network configuration with
many-to-many distribution. There are many origin terminals and outbound terminals and some
intermediate terminals with consolidation and break-bulk terminal roles, such as the transit hall
where sea-going cargo is collected and consolidated. Multiple outbound terminals are identified in
form of the rail yard, inland port and seaport.

The cargo is transported in both wagon-load and block train loads and consists of single-commodity
goods. Production at Tata Steel Jmuiden is based on a yearly plan drafted by the Sales department,

4At the moment this is not yet visible in the current planning visualization but communicated directly between actors
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subject to changes over the course of the year. Based hereupon production on a monthly and weekly
basis is determined. The production process is operating continuously, creating steel slabs. These
steel slabs are the main inventory for the made-to-order steel coils. The production and delivery
time of an order of steel coils is typically 12 weeks. Therefore, products, i.e. steel coils, are unique
and non-substitutable and these unique coils need to be collected from specific warehouses, i.e.
origins. Mainly storage space for steel slabs is used as inventory for steel coil demand and steel
coil inventory is subject to variability in the demand and even may be filled due to lack of orders
but ongoing production. Thus inventory is in principle on a short-term basis but may in fact be
long-term.

As discussed in section 2.2, Crainic and Laporte (1997) discuss characteristics of short distance plan-
ning. Based on that, Tata Steel IJmuiden’s warehouse plan and on-site transportation system are
characterized as follows:

* Delivery characteristics:
Both indirect and direct deliveries are made to outbound terminals.
* Origin characteristics:
Multiple depots are considered as origins.
* Vehicle characteristics:
There is a fixed amount fleet size, with heterogeneous wagons having variable capacities.
Transit times between locations are considered as fixed, thus vehicle speed is not a variable.
 Driver characteristics are out of the scope of the warehouse plan.
* Demand characteristics:
In determining the warehouse plan, demand is known in advance.
* Customer or destination characteristics:
Customers or in the case of the warehouse plan, outbound terminals, must be visited within
specific time windows with the designated cargo.

As discussed in section 2.1 service levels are agreed with customers as a means of performance as-
sessment. In on-site logistics and the Tata Steel IJmuiden case service levels capture only a high
level of the performance of the system. As the on-site logistics process and planning only covers
a portion of the entire supply chain from manufacturing to the customer and the system bound-
aries of the on-site logistics lie mostly within the control of Tata Steel IJmuiden, other performance
measures need to be defined. This is discussed further in chapter 5.

4.8.2. Warehouse plan

The warehouse plan as is the case at Tata Steel IJmuiden is both on the tactical and operational
level of planning decision making. Much of the warehouse plan consists of resource allocation and
the optimal use of planned staff and machinery. Besides this the warehouse plan is operated af-
ter drafting real-time and is adjusted in real-time, therefore the warehouse plan also contains the
operational decision level.

The warehouse planners are responsible for planning and scheduling on-site vehicle operations
between terminals and receivers and govern warehouse operations. Therefore they can be classi-
fied as dryage operators and in part terminal operators in terms of freight transportation planning
decision-makers.
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Warehouse planners draft the warehouse plan one to two days ahead in a rolling horizon planning
structure, with time segments the size of days. Dispatchers operate and modify the warehouse plan
event-driven, with for instance disturbances causing re-planning.

The on-site logistics plans of Tata Steel IJmuiden can be categorized as a form of distribution plan-
ning where storage planning, resource (wagons, loading teams, etc.) allocation & scheduling and
wagon loading problems are included too. The aim is to fulfill the transport tasks. The type of deci-
sion support this research studies is an optimization system, as part of the model component of a
DSS. This has the intention of providing decision support for human planners, through analytically
solving (a part) of the decision problem.

4.9. Current performance measurement

Currently it is not possible to coherently and clearly express the performance of the on-site trans-
portation planning and in particular the warehouse plan at Tata Steel IJmuiden. The On-Site Lo-
gistics department operates in a service role, facilitating the transport and delivery of products to
customers. Making sure the requested transports are done and done safely is the main objective of
the OSL department. The OSL department uses Delivery on-time in full (DOTIF) as the core perfor-
mance indicator. DOTIF is a high level, Tata Steel Jmuiden wide, parameter focusing on on-time
delivery of products at the customer. The on-site operations at the [Jmuiden facilities play a key role
in the on-time delivery, but DOTIF has a wider scope than merely the on-site environment, as be-
yond the influence of Tata Steel products may still arrive delayed. Furthermore Tata Steel IJmuiden
operates based on a target throughput or volume in tonnes sold, and thus delivered, steel products.
This target is yearly and translated to throughput targets on a monthly and weekly basis for the OSL
department. Therefore the current key performance indicator of OSL is the achievement of the tar-
geted throughput. Other KPIs of use within the OSL department are derived based on this main
objective and play a role in averting the risk of not achieving this objective.

As of yet, there is not a structure in place indicating and providing insight into the performance of
the warehouse plan itself and for instance statistics on delayed vessel departures are unknown (L.A.
van Vledder & ].J. Nieuwenhuis, personal communication, 2020). Current performance measure-
ment does not fully describe the efficiency and effectiveness of key elements in the on-site trans-
portation operations and warehouse plans, such as equipment usage and delayed operations.

4.10. Conclusions

This chapter describes the on-site transportation planning and warehouse plan of the Tata Steel
IJmuiden use case. This is done by using various models, diagrams and characterization based on
literature. Furthermore the objective & requirements of both the on-site logistics and warehouse
plan are presented and the current planning tool is discussed. Finally the current performance
measurement is covered.

The goal of this chapter is to describe the use case and the warehouse planning process and to
answer the following research question:

SQ 2: How are on-site transportation plans created?

The creation and execution of on-site transportation plans are subject to the inflow characteristics
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and the outflow characteristics. On-site transportation plans need to facilitate the required trans-
portation service as such that the promised sales plan to the customers is successful. Apart from
providing logistics service to the sales and outbound department, on-site logistics also needs to co-
ordinate plans with various departments, manage goods storage and repositioning of goods on the
site. The plans need to take many constraints (e.g. vehicle capacities and limited availability of vehi-
cles and on-site infrastructure limitations) and operational parameters (e.g. operating speeds) into
account. Furthermore there are many disturbances that can hinder the plan execution. Plans need
to be made in such a manner that they are flexible and can handle disturbances without requiring
too many resource commitment.

Furthermore this chapter answers the third research question:

SQ 3: What data is required for the application of data-driven decision support to on-site transporta-
tion planning?

The data required for making on-site transportation plans and adding data-driven decision making
to planners is firstly the data currently used to make the plans and secondly the relevant informa-
tion on which decisions are possible and better or worse. For the Tata Steel IJmuiden warehouse
plan this first set of data consists of the transport tasks provided by the Outbound transport de-
partment, port plans, rail plans and internal repositioning transport requests, plus the data on the
planning constraints such as wagon availability, locomotive availability and workforce availability.
The second part of the data which provides the decision support to the planners consists of scores
expressing the plans in terms of performance. This performance score is a combination of various
Key Performance Indicators which capture the considerations of the plan.

The goal of the warehouse plan and on-site logistics is to make sure delivery of goods is on-time.
To do so, some key constraints warehouse planners have to consider are the limited number of lo-
comotives, wagons, cranes and workforce available to be used. Outbound trains will leave at their
scheduled departure, so being late is not an option. Outbound vessels that are delayed due to non-
successful on-site logistics operations are very expensive and therefore not acceptable. Part of the
role of on-site logistics is enabling production to continue, this means efforts need to be made to
facilitate storage at the production l