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Abstract
For companies that operate at the scale of Shell, it can be extremely
complicated to monitor all supply chain activities. During this master’s thesis
project, we investigated how data can be supportive when decisions are made
during supply chain activities, and which KPI’s give an indication whether
these decisions are made correctly or not. We learned that the supply chain
decision-hierarchy can be divided into ten main decisions. We investigated
for each decision which performance measures can add value when the best
option is chosen. All used metrics are merged into a dashboard where the
supply chain

performance is visualised. The user can monitor five

performance

attributes:

Reliability,

Responsiveness,

Agility,

Asset

management Efficiency and Cost. When underperformance is detected in on
or more of KPI’s, the user is able to drill-down into the dashboard for more
specific information. The functionality of the dashboard can be extended in
the future with more predictive analytics for further improvement.

Management summary
This report describes the results obtained by a master’s thesis project of the
program Operations Management and logistics for the research group
Operations,

Planning

&

Control

located

at

Eindhoven

University

of

Technology. The project served a company case that was carried out for the
Chemicals industry of Royal Dutch Shell in Rotterdam. The petrochemical
industry processes petroleum products to a wide range of chemicals used to
produce a range of synthetic products we all use daily.
Shell is not a monopolist in the petrochemical industry and should therefore
continuously search for improvement in order to stay competitive. The supply
chain operations of the Chemicals industry reach all over the globe. Many
transport modes, a large scale, and potentially dangerous products create a
complicated environment to monitor all these operations. Furthermore, many
operational activities are outsourced which makes it challenging to collect
data. This causes a lack of overview of how well Shell is performing in supply
chain activities and where the company’s improvement opportunities can be
found. Therefore, Shell is willing to improve supply chain operations in the
Chemicals industry by implementation of data collection, analysis and
visualisation.
To investigate how the Chemicals supply chain is controlled we describe the
decision-making hierarchy that indicates which decisions are made, who is
responsible and when they are made. First, we divide all decisions into
categories, that indicate if the decision is made high in the organization over
a long period or low in the organization and short term. The strategic
decisions are part of the highest level of decision making and are usually fixed
for several years. The first decision is the definition of customer service, which
indicates how the supply chain should perform. Next, Shell decides which
supply chain activities will be outsourced and which not. The second level of
decision-making concerns three decisions: The physical facility network
design, the communication and information network design, and the
inventory strategy. These form the tactical level of decision-making where

the supply chain network is shaped. Finally, the operational level owns five
decisions that form the base for contracts with logistic service providers that
are responsible for shipping Shell’s products between manufacturing
locations, storage facilities and finally to customers. The product route, the
optimal batch size, safety measures and transport mode are determined to
come to a service contract with the best logistics service provider that is most
suitable for a particular supply lane.
To find out if Shell is doing well in terms of decision-making, it must measure
performance in all relevant areas. Other reasons to implement performance
measurements are communication of the company’s vision and goals, find
out what the effect is of improvement actions, and confront external partners
when their performance is not as desired. We measure performance by
implementing “the critical few” performance framework in combination with
the concept of a performance dashboard. The critical few is selecting the most
important performance indicators, without distracting the user with irrelevant
information. The dashboard principle allows the user to drill down in the
information to find root causes of complications.
We choose to implement the SCOR reference model as guideline for our
dashboard. The 5 performance attributes: Reliability, Responsiveness, Agility,
Asset Management Efficiency and Costs will function as the KPI’s for the main
screen of the dashboard. From there, users can select one of the 5 attributes
to navigate to a separate dashboard. Each of the attributes owns a screen
where more specific performance information is visualized. When one of the
main KPI’s is indicating underperformance, the user can drill down to the
dedicated dashboard to identify the root causes of the problem. In figure 1,
the result of the first screen from the dashboard we implemented can be
observed. On this screen, the users can spot the overall health of the supply
chain. When the user needs more detailed information about a performance
attribute, he or she can click on one of KPI’s to drill down into the dashboard.
When the dashboard is implemented it can serve the company on different
fronts. Shell can use the company to communicate their targets to employees
and external stakeholders. The company goals can be linked to specific

performance measures and the management can set targets over the long
term that serve the company’s vison and strategy. Secondly, employees can
use the dashboard to support in the decision-making process. All the
previously formulated decisions have performance measures that can help to
choose the best options for decisions. Next, when the company is
implementing improvements in the supply chain it wants to know how
effective these actions where. The dashboard provides a clear overview of the
as-is situation and the situation after implementation. Finally, the dashboard
can be used to monitor performance of external logistic service providers.
When performance is not as agreed on Shell can confront the external party.
When Shell wants do achieve the full functionality of the dashboard it must
improve the current data collection process. Shell must start to document
date and time of shipments that depart from and arrive at customers, to
measure the performance attributes reliability, responsiveness and agility.
Furthermore, the payload of all transport modes except pipelines must be
documented to measure utilization of supply chain assets. The dashboard can
develop over time to a virtual control tower, where Shell has full control over
the supply chain. Furthermore, algorithms can use the collected data to find
the most optimal options for the formulated supply chain decisions. The
supply chain performance dashboard is the first step towards the future.

Figure 1: The main screen of the dashboard that displays the 5 KPI's

Acknowledgements
It still feels like I have just arrived in Rotterdam. The past 9 months went so
unbelievably so fast, it seems like it was only yesterday I had a Skype
meeting with Ton de Kok from my apartment in Brisbane. For Ton the day
just had started and for me the day was almost over. Ton asked me if I was
interested in writing my thesis for Shell and I told him of course, that I would
love to take that opportunity. My flatmates from Sweden and Germany where
surprised that is was that easy to arrange an internship at one of the biggest
companies in the world. With many wonderful memories from Australia I
started a new challenge which was in a completely different environment than
the automotive industry where I normally would have felt much more
comfortable. But I knew from the start that I would develop myself a lot more
when I was doing something completely different than the things I did before.
I would like to thank Ton for the great support during the past nine months.
The many years of experience Ton build up in corporate life during his career
helped me a lot to find my path in the organization of Shell. It doesn’t matter
how long you plan your meetings with Ton, he will always have something to
talk about. Thanks a lot Ton for all the time you reserved for me during the
whole project. Furthermore, I would like to thank Virginie as well for her
competent feedback during the project. From the side of Shell, I also received
full support during the whole project. I had all the freedom in the world to do
whatever I wanted to come up with a good result in the end. My supervisor
Robert Beusmans was always close to answer all my questions and helped
me to find my way in the organization. Thank you, Robert, for the great help
in the past nine months.
It is hard to believe the time of studying is over now, but it really is. I am
proud of all the ding I learned during my bachelor and during my studies in
Eindhoven, Sweden, and Australia. But probably even more of how I applied
these things in real life. For now, the next challenge is coming, and I can’t
wait to start my new job that is again in a completely new environment.

Jasper van der Steen, Rotterdam 2019

Table of Contents
1.

2.

Formulating the Problem ........................................................... 1
1.1

Problem Statement................................................................. 1

1.2

Purpose of the study ............................................................... 2

1.3

Research questions for analysis ................................................ 3

1.4

Methodology .......................................................................... 4

Company Background ................................................................ 7
2.1

2.1.1

Upstream ........................................................................ 8

2.1.2

Midstream ....................................................................... 8

2.1.3

Downstream .................................................................... 9

2.2

Product portfolio .................................................................. 11

2.2.1

Lower olefins (Base Chemical) ......................................... 12

2.2.2

Aromatics...................................................................... 13

2.2.3

Solvents ....................................................................... 14

2.2.4

Higher Olefins and Derivatives (HODer)............................. 14

2.2.5

Propylene Oxide & Derivatives (PODer) ............................. 14

2.2.6

Styrene......................................................................... 15

2.2.7

EOG ............................................................................. 15

2.3

3.

Production process Shell ......................................................... 7

Supply chain structure .......................................................... 15

2.3.1

Transport network .......................................................... 17

2.3.2

Europe (EU) Supply Chain Structure ................................. 18

2.3.3

Supply Chain Costs......................................................... 23

Supply chain decisions ............................................................ 27
3.1

Strategic level ..................................................................... 28

4.

3.2

Tactical level ....................................................................... 30

3.3

Operational level .................................................................. 33

Diagnoses ............................................................................... 39
4.1 The cause and effect diagram .................................................... 39
4.2 Design Research Questions ....................................................... 42

5.

Measuring performance ........................................................... 44
5.1

Purpose of measurement ....................................................... 44

5.2

Choosing a measurement framework ...................................... 46

5.2.1

The Balanced Scorecard .................................................. 46

5.2.2

Mark Graham Brown’s Balanced Scorecard Approach........... 48

5.2.3

The “Critical Few” Performance Measures .......................... 49

5.2.4

Performance Dashboard .................................................. 49

5.3

5.3.1

Supply Chain Reliability (RL):........................................... 52

5.3.2

Supply Chain Responsiveness (RS) ................................... 55

5.3.3

Supply Chain Agility (AG) ................................................ 57

5.3.4

Supply Chain Asset Management Efficiency (AM) ................ 58

5.3.5

Supply Chain Costs (CO) ................................................. 62

5.4

6.

Dashboard Performance Metrics ............................................. 50

Risk of implementation of a performance measurement system .. 64

Performance Visualisation ....................................................... 67
6.1

Defining Dashboards ............................................................. 67

6.1.1

Requirements ................................................................ 68

6.1.2

Design parameters ......................................................... 69

6.2

Dashboard Visualisation ........................................................ 70

6.2.1

Design .......................................................................... 70

6.2.2

Layout .......................................................................... 71

6.2.3

7.

Navigation ..................................................................... 72

6.3

The Shell chemicals supply chain performance dashboard .......... 73

6.4

Dashboard Implementation ................................................... 75

6.4.1

Communicate the company strategy: ................................ 76

6.4.2

Support the decision-making process ................................ 78

6.4.3

Measure the benefits resulted from improvement actions ..... 82

6.4.4

Confront external partners with underperformance ............. 82

Discussion ............................................................................... 84
7.1

Conclusion .......................................................................... 84

7.2 Future improvements ............................................................... 85
7.1.1

Missing data .................................................................. 85

7.1.2

Technological innovations ................................................ 86

References .................................................................................... 88
Appendix ....................................................................................... 92
A.

Fishbone diagram .................................................................... 93

B.

The Supply Chain decisions table ............................................... 95

C.

Decision-hierarchy................................................................... 98

D.

IDEF strategic and tactical level ............................................. 99

E.

IDEF operational level ............................................................. 100

List of abbreviations
AM

America

APJ

Advanced Planning Journey

AP

Asia-Pacific

C2

Ethylene

C3

Propylene

C4

CrudeC4

C5

CrudeC5

C6

Benzene

C7

Toluene

C8

Xylene

EB

Ethylbenzene

EO

Ethylene Oxide

EOG

Ethylene Oxide & Glycols

EU

Europe

HOA

Heavy Olefins & Aromatics

HODer

Higher Olefins & Derivatives

LAWS

Low Aromatic White Spirit

LSP

Logistic Service Provider

MPG

Monopropylene glycol

PO

Propylene Oxide

PODer

Propylene Oxide & Derivatives

SBR

styrene butadiene rubber

SEA

South-East Asia

SHF

Shell Hydroformylation

SHOP

Shell Higher Olefins Processing

SM

Styrene Monomer

SME

Subject Matter Experts

STASCo

Shell International Trading and Shipping Company Limited

List of Figures
Figure 1: The cause and effect diagram ............................................... 40
Figure 2: The regulative cycles for business problem solving projects ........ 5
Figure 3: Overview of the activities implemented by Shell ...................... 10
Figure 4: Shell's downstream manufacturing hierarchy .......................... 12
Figure 5: Production flow Shell from oil production to customer .............. 16
Figure 6: Global location of Shell's production and storage facilities ......... 17
Figure 7: Shell's production locations in the UK, NL and Germany ........... 18
Figure 8: The IDEF method show how a certain output is developed ........ 28
Figure 9: Strategic level decisions ..................................................... 28
Figure 10: The first decision specifies the performance objectives ........... 29
Figure 11: The second decision specifies which activities are outsourced .. 30
Figure 12: The tactical level or network decisions ................................ 31
Figure 13: The third decision ............................................................. 32
Figure 14: the fourth decision ........................................................... 32
Figure 15: The inventory management strategy .................................. 33
Figure 16: The operational decisions .................................................. 34
Figure 17: In the sixth decision ......................................................... 35
Figure 18: The seventh decision ......................................................... 35
Figure 19: The eight decision ............................................................ 36
Figure 20: The ninth decision chooses a transport mode ........................ 37
Figure 21: The final decision .............................................................. 37
Figure 22: Structure of navigating and drilling down ............................ 52
Figure 23: a selection of the options of layouts with 6 windows or less .... 72
Figure 24: Screenshot of the main screen of the dashboard ................... 73
Figure 25: The 'Cost to Serve' dashboard ............................................ 74
Figure 26: The third tier of the Cost to Serve dashboard ........................ 75

List of Tables
Table 1: Shell in numbers and statistics ................................................ 7
Table 2: Lighter alkanes ...................................................................... 9
Table 3: Flow of material at Shell Pernis .............................................. 19
Table 4: Flow of material at Shell Moerdijk ......................................... 20
Table 5: Flow of material at Shell Mossmarran ..................................... 21
Table 6: Flow of material at Shell Stanlow ........................................... 21
Table 7: Flow of material at Shell Wesseling ........................................ 22
Table 8: Flow of material at Shell Godolf Cologne ................................. 23
Table 9: Reliability performance ........................................................ 54
Table 10: Responsiveness performance .............................................. 56
Table 11: Agility performance ........................................................... 58
Table 12: Asset management performance ......................................... 61
Table 13: Costs performance ............................................................ 63
Table 14: The Relationship matrix ..................................................... 76
Table 23: The most important decisions and relation ............................ 95

0

CHAPTER 1: FORMULATING THE PROBLEM

1.

I

Formulating the Problem

n the introduction of this master thesis project we state which challenges
Shell experiences in their supply chain processes. First, we formulate a clear
description of the problems that occur during Shell’s supply chain activities.

Next, we declare why we think this study should be carried out to benefit the
company. Finally, we describe which research methodology is used throughout
this project.

1.1 Problem Statement
Shell is not a monopolist in the petrochemical industry and therefore it relies on
continuous improvement to stay competitive. To do this Shell is aiming to create
a more efficient and effective supply chain and therefore wants to carry out actions
of improvement. However, identifying the right improvement actions is complex.
The supply chain operations are connecting customers and production facilities all
over the globe, which makes it difficult to monitor all operations. In addition, goods
are shipped by many different transport modes, which all have different
advantages and disadvantages. Some products are excluded from certain
transport modes due to safety restrictions, and some locations are not reachable
by certain transport modes.
Within this complex environment, Shell experiences difficulties to monitor
performance. Shell is obviously tracking the supply chain costs, but it lacks to
measure performance in other areas, such as the reliability of timely delivering
goods to its customers or the speed it can complete orders. Many supply chain
operations are outsourced, which makes it problematic to collect data.
Furthermore, it is difficult to check data integrity because Shell is depended on
third parties for data collection in a significant part of the supply chain. However,
even if operations are fully carried out by Shell, the company experiences a lack
of data tracking of basic metrics, such as service levels, forecast accuracy, and
carrier reliability. Due to weak data integration and accessibility Shell is not able
to support business decisions sufficiently. This lack of performance overview
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results in avoidable costs and makes it complicated to estimated where
performance gaps are occurring the most.
Before a more detailed diagnosis can be formulated, we must carry out an
extensive company analysis. We investigated the properties of the production
structure, the supply chain structure and the overall organizational structure of
Shell Chemicals. We do this with the help of textual documentation delivered by
Shell, analysis data from the ERP-system and we interview supply chain and
logistics managers to obtain more insight in the organization.

1.2 Purpose of the study
During this study, we investigate the benefit of performance measurement on the
decision-making process in the supply chain, which is used by Shell Chemicals to
ship products all over the globe between customers, terminals and manufacturing
plants. The study investigates how Shell is controlling its supply chain and which
decisions are taken to finally ship goods to the customers. Every decision has
multiple options and when Shell wants to learn what the consequences are of
choosing an option it must measure performance. This means we must investigate
in which areas it is useful to measure performance and how this performance
should be visualized. We consult literature throughout the project to investigate
the options that could benefit the organisation. This study investigates how
performance is measured the most effective and efficient and how these
measurements can be supportive in the decision-making process of the Chemicals
supply chain. Furthermore, the study shows how performance measurement can
be implemented in the organization to serve in various manners. Finally, we want
to know which actions Shell can take in the future to continuously improve their
supply chain activities.
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1.3 Research questions for analysis
The goal of this research project is to improve the decision-making process in the
supply chain network from Shell Chemicals. To accomplish this, several research
questions will be investigated during the analysis.
1. How is the current supply chain network constructed?
This research question can be divided into multiple sub-questions. To find relevant
performance measures we are willing to know how Shell’s supply chain is working.
1a. How is the structure of the production of base chemicals and intermediates
formed?
Shell distinguishes multiple product lines which are all responsible for the
manufacturing of different product groups. To create a wide overview of the
company’s activities it is necessary to map all production and storage facilities and
documents the performed activities from every production location.
1b. Which logistic activities are carried out by shell to transport products?
Shell has a global production network and products need to be transported in a
cost-efficient and safe manner. All possible transport options, their limitations,
and preferences must be documented.
1c. Which costs are made by transporting products?
To create a more cost-efficient production process it is important to know which
costs are made in supply chain operations and logistics. This helps to identify
which parts of the supply chain costs have the potential to drop.

2. What are the limitations of the current data collection process?
The data collection process will be investigated on reliability and completeness.
2a. How reliable is the current data collection process?
Before any conclusion regarding supply chain performance is drawn based on the
data it is important to investigate how reliable this data is. The manner of data
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collection and the percentage of faults must be investigated from current data
used for decision-making.
2b. Which data is missing in the decision-making process?
To improve the decision-making process all decisions made to support the supply
chain process must be documented. These decisions must be analysed individually
to determine which additional data could support the choices.
2c. How can we use the current and missing data to support the decision-making
process?
Further investigation is required to determine if the decision-making process can
become more convenient and intelligent by the implementation of data analysis
and algorithms.

1.4 Methodology
The methodology used during this project is based on the regulative cycle
designed by van Strien. The regulative cycle can be used as a basic setup for
students during a business problem-solving project in organizations. The project
started with the identification and definition of the problem. The next step is
analysing this problem to formulate a diagnosis. The next thing that must happen
is the construction of a design that can solve the problem. Then during
implementation, the plan is carried out and finally, the project must be evaluated
to conclude if the problem is solved or not. When the outcome of the project is
not as desired the cycle starts over again (Strien, 1997).
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Problem
definition

Evaluation

Analysis and
Diagnosis

Implementation

Design
Figure 2: The regulative cycle for business problem-solving projects

A business problem-solving project is driven by the problem definition step. During
this step, we must find out which activities are not carried out as Shell desires.
The problem definition is a product derived from the problem mess. The
complications Shell experiences are depicted in rough schemes with arrows that
indicate causes. The cause and effect diagram and fishbone diagram can be found
in appendix A and B. We try to find out things as: Where is performance lacking
in the supply chain, can we identify performance gaps, are we able to have a clear
overview of the supply chain and are we making our decisions optimal currently.
During the Analysis and diagnosis step, we conduct an analysis to validate the
business problem and find possible root causes of the problems we discovered
during the problem definition step. We develop specific knowledge on the context
and the nature of the problem. We must find out which measures Shell can take
to move their organization forward. How are we managing our data, why are we
missing data, how should this data be implemented, where is the missing link
between decision-making and data analysis?
The next project face covers the design face where we design the solution that
must solve or improve the organizational problem and the compliant plan of
change. Literature can support to determine a range of solutions, from where the
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optimal one for the Shell Chemicals company case can be chosen. We must
connect the problem diagnosis to the most appropriate solution supported by the
literature. How can we create a clear overview, how can we measure performance,
are algorithms beneficial, what is the most suitable framework?
Next, when the best solution is chosen, we are able to change the organization
during the implementation face. The solution is implemented and employees can
use the design now during decision-making. After a test period, we must evaluate
if the solution brought the desired benefits, we thought it would deliver. When this
is not the case the cycle starts over again and we improve the design until it is
able to obtain the desired results (Aken, Berends, & Bij, 2007).

Table 1: The structure of this document linked to the regulative cycle

Problem definition

Chapter 1: Formulating the Problem
Chapter 2: Company Background

Analysis and Diagnosis

Chapter 3: Supply Chain Decisions
Chapter 4: Diagnosis

Design

Chapter 4: Performance Measurement

Implementation

Chapter 5: Performance Visualisation

Evaluation

Chapter 6: Discussion
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2.

Company Background

T

he Royal Dutch Shell plc. is a British-Dutch group of energy and
petrochemical companies based all over the globe. Shell is the fifth-largest
company in the world based on revenue (2018) and is active in the full

range of the oil and gas industry. The activities from Shell include finding new
fields, which are possibly located kilometres beneath the surface of the ocean or
trapped in rock formations. Other examples, such as sales at the gas stations and
production of chemicals include the diverse productivity from the energy mayor
as well. The crude oil and gas are after several production steps sold in many
forms such as gasoline, diesel oil, and base chemicals. Shell Chemicals is the
petrochemical division from Shell. This division processes refinery products such
as naphtha or gas oil to the “chemical building blocks” which are used in a wide
range of synthetic products.
Table 2: Shell in numbers and statistics

Royal Dutch Shell plc.
Founded

1907

Employees

84,000

Revenue 2018

321.8 B

Profit

15.2 B

Headquarters

The Hague

Operates in countries

70+

2.1 Production process Shell
The products sold by Shell are manufactured by activities in three different
segments named: upstream, midstream, and downstream. We can roughly define
upstream activities as the production of crude oil, midstream as the transportation
and storage of crudes and downstream as processing crudes to useful products
we all use on an everyday basis.
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2.1.1

Upstream

Upstream activities cover exploration, drilling, and
production of crude oil and natural gas. During
exploration experts analyse target locations to choose
the most optimal drilling spots. When these locations
are determined, the company can start drilling to bring
up crude oil and natural gas to the surface. Substances
found at the wells are normally a mixture of oil, gas,
and water. When the well stream is brought to the
surface these components are separated as soon as
possible.

After

separation,

the

substances

are

dehydrated and purified from undesired elements
(Guo, 2017).

2.1.2
The

Midstream

connection

downstream

between

facilities

is

upstream
realised

by

and
the

midstream segment of the production chain. This
segment aims to transport and store crude oil
and natural gas to ensure downstream facilities
can run continuously. Assets used by Shell to
deliver raw materials are pipelines, tankers,
barges, tank trucks, railcar tanks, and others.
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2.1.3

Downstream

During downstream activities, crude oil and natural
gas are processed to products that can be sold to
consumers or companies that carry out more
operations to add value. All materials obtained at the
wells are transported to one of Shell’s refineries,
where

consumer

products

can

be

created.

Furthermore, some of the refinery end products such
as naphtha, and gasoil are further processed in a
petrochemical plant to create the ‘chemical building
blocks’ that are widely implemented in almost all
consumer products.

2.1.3.1

Refinery

In a refinery, crude oil is separated into fractions by a process we call distillation.
The different products that result from the distillation process vaporize at different
temperatures when crude oil is heated (James, 2006). Gasoline and diesel
vaporize at relatively low temperatures, whereas naphtha and kerosene need
higher temperatures to vaporize. Refinery products are also known as alkanes in
the chemical industry. When an alkane contains more carbons, this results in a
higher boiling point due to stronger bindings. During fractional distillation, the
alkanes with more carbon bindings will vaporize the latest and are described as
heavier alkanes (Kister, 1992).

Mayor uses of alkenes:
C1 – C2

Natural gases

C2 – C3

Liquefied petroleum (LPG)

C4 – C8

Gasoline

C9 – C16

Diesel, Kerosene, Jet-fuel

C17 – C30 Lubrication oils, heating oils
C > 35

Asphalt

Table 3: Lighter alkanes (C1-C3) will vaporize the first during distillation followed by heavier
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2.1.3.2

Cracker

Some of these refinery products are used as raw material for petrochemical
crackers located at one of the chemical plants owned by Shell. During the cracking
process hydrocarbon molecules are broken down into cracker products such as
ethene, propene, and butadiene (Matar, 2001). Shell produces chemicals by two
different cracking processes: steam cracking and catalytic cracking.

Steam cracking
During the steam cracking process, gaseous or liquid substances such as naphtha,
LPG, and ethane are mixed with steam and slowly heated in the cracking furnace.
Reactions typically take place at high temperatures around 850 degrees Celsius.
Lighter hydrocarbons such as ethene, LPG and light naphtha’s result in end
products such as ethylene, propylene, and butadiene. Heavier hydrocarbons heavy
naphtha’s and other refinery products result in similar products and additionally
products rich in aromatic hydrocarbons (Gary, 1984).

Catalytic cracking
When the catalytic cracking process is used, a catalyst is implemented to reduce
the reaction temperature. Many modern refineries have access to a catalytic
cracker to foresee in the high demand in gasoline (SadeghBeigi, 2000).

Figure 3: Overview of the production processes implemented by Shell to serve customers
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2.2 Product portfolio
Shell Chemicals divides its products into product lines, which all contain a group
of similar products. In figure 4, the structure of the Shell Chemicals production
process illustrated in a schedule. Refinery products are used to produce base
chemicals such as lower olefins (C2 and C3) or aromatics. These base chemicals
can be sold to customers or processed again to more valuable products that are
sold under the name intermediates.

Base chemicals:
-

Lower Olefins

-

Aromatics

Intermediates:
-

Ethylene Oxide and Glycols (EOG)

-

Ethylbenzene / Styrene (EB/SM)

-

Solvents

-

Higher Olefins and Derivatives (HODer)

-

Propylene Oxide and Derivatives (PODer)
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Figure 4: Shell's downstream manufacturing hierarchy from raw material to end products

2.2.1

Lower olefins (Base Chemical)

The lower olefins are one of the two Base Chemicals that form the foundation of
the petrochemical production processes, that take place at production facilities in
North America, Europa and Asia. The production of lower olefins can be realised
directly by cracking naphtha or gas oil at high temperatures. Additionally,
production is possible by extraction from cracker or refinery co-products.

2.2.1.1

Ethylene (C2)

The main product obtained by steam cracking is the colourless flammable gas
ethylene (also called ethene). The applications are wide, an implemented all
around the globe. Half of the applications can be traced back to the polyethylene
segment. Polyethylene is used mainly for film applications such as packaging,
carrier bags and trash liners, but can also serve as material during injection
moulding, pipe extrusion or extrusion coating.

2.2.1.2

Propylene (C3)

Propylene is a co-product of steam cracking and furthermore, a co-product of
refinery catalyst cracking. Shell’s propylene is used for 60 percent to produce
polypropylene, which is one of the most commonly used products in the industry.
Some examples of end products that contain propylene are: Automotive
components, clear film food wraps, flexible foams, buckets, food containers, and
synthetic fibres.

2.2.1.3

Butadiene

In the production process of butadiene crude C4 functions as raw material.
Butadiene is used in to produce styrene butadiene rubber (or SBR) and can be
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found in end products such as tyres, sealants, coatings, and shoe soles. Another
material butadiene is used for is acrylonitrile-butadiene-styrene (or ABS). By the
production of other intermediates end products such as nylon, neoprene,
footwear, gloves, and toys can be manufactured.

2.2.2

Aromatics

Aromatics are base chemicals that are recognizable by a characteristic smell.
These colourless liquids are important building blocks in the petrochemical
industry, and are used for many consumer products such as clothing, packaging,
paints, snowboards, and tennis racquets.

2.2.2.1

Benzene

Benzene gas can be produced by extraction from pyrolysis gasoline, which is a coproduct of ethylene production. Benzene gas can also be extracted from a
reforming process which takes place during gasoline production. Benzene can be
combined with other chemicals such as ethylene and propylene, to produce
consumer goods in the pharmaceutical industry, adhesives, paints, clothing,
computer casings and many more. Furthermore, benzene is used widely to
produce intermediate chemicals cumene and ethylbenzene.

2.2.2.2

Toluene

Base chemical toluene can be extracted during the gasoline manufacturing process
in 3 different purities (TDI, nitration, and commercial). TDI toluene is mixed with
polyols to create polyurethanes. Nitration and commercial toluene are used to
create benzene and xylene by implementing the hydrodealkylation process and
the hydrodealkylation process.

2.2.2.3

Xylene

By extraction or distillation from gasoline refining, three types of Xylenes (paraxylene, ortho-xylene, and meta-xylene) can be manufactured.

Para-xylene is

used to manufacture one of the key components of polyethylene terephthalate
(PET) resins. Ortho-xylene has applications in the production process of
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plasticizers, the medical industry and dyes. A mixed stream of xylene can be used
as solvent in a variety of industries.

2.2.3

Solvents

The solvent industry has a complicated supply chain and is relatively labour
intense. Therefore, the solvent industry is not considered as the most profitable.
Most demand can be traced in the US and half of this volume is supplied to two
customers. Inventory is stored in relatively small tanks, and tracking is conducted
mostly manual. The supply chain network is more complex than most products
and finished goods are shipped by railcar or tank truck. Solvents are intermediate
chemicals that can be divided into two separated groups. Chemical solvents and
hydrocarbon solvents.

2.2.3.1

Chemical solvents

The chemical solvents can be divided into three separate groups, which are
Alcohols, Glycols, and Ketones. Each of these groups is suitable for certain
applications in a specific area.

2.2.3.2

Hydrocarbon solvents

The hydrocarbon solvents industry can be divided into many groups and is directly
integrated into the refinery. Applications for hydrocarbon solvents can be traced
back in fuels, paint thinners, floor polish and the rubber industry.

2.2.4

Higher Olefins and Derivatives (HODer)

The products produced by intermediate chemical product line HODer or higher
olefins and derivatives are mainly used as raw materials for cleaning products,
detergents, drilling fluids, and lubricants. Shell produces linear alpha and internal
olefins chemicals by the Shell Higher Olefins Process (SHOP). In addition, Shell
produces alcohols by implementing the Shell hydroformylation process (SHF).

2.2.5

Propylene Oxide & Derivatives (PODer)

In the PODer product line, intermediate chemical propylene oxide and its
derivatives polyether polyols and propylene glycols are manufactured. The
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products can be used for a large number of applications. Propylene oxide is
produced by the implementation of the Shell proprietary SMPO process.

2.2.5.1

Polyether polyols

The propylene oxide derivatives polyether polyols are produced in two production
steps. First, a reaction between propylene oxide and water takes place to create
mono propylene glycol (MPG) and di propylene glycol (DPG). After this process, a
purification and distillation steps take place to separate the intermediate chemicals
into two components. Most of the volume is transformed into mono propylene
glycol, which is used in the production of polyester resins for end products such
as bathtubs, recreation boats, chemical tanks, and plastic pipes.

2.2.6

Styrene

The clear colourless liquid styrene is produced from raw materials such as
petroleum or natural gas. Styrene products are widely used daily by almost
everyone, for example in food and drink containers or packaging. Styrene is also
used in other materials such as home isolation, helmets and synthetic rubber.
Shell produces styrene monomers by alkylation of benzene or alternatively by
oxidation of propylene.

2.2.7

EOG

The Ethylene Oxide and Glycols production line houses Ethylene oxide products
used in polyester fibres, plastic bottles, soap, antifreeze and cosmetics. Ethylene
Glycols are made from EO using a glycols unit. Important intermediate chemicals
produced in the EO line are monoethylene (MEG), triethylene glycol (TEG) and
diethylene glycol (DEG). Most volumes are sold as monoethylene.

2.3 Supply chain structure
Most Shell products start their lifecycle as crude oil or natural gas. These raw
materials are shipped to the refinery generally by pipeline or tanker. Refinery
products can be transported to customers by all different kinds of transport
modes. Kerosene is for example transported through the central European pipeline
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system that connects Moerdijk with Schiphol and other high-volume demanding
customers. Many gas stations are supplied with diesel, LPG, and gasoline by tank
trucks. Chemical plants are supplied with raw materials to feed crackers by barge,
tanker, railcar or pipeline dependent on the plant location and production
processes.
Products from Shell Chemicals are produced at one of the chemical manufacturing
plants the company owns or at a competitor’s plant where Shell owns a share of
the production rights. The chemical plants produce base chemicals from natural
gas and crude oil. Intermediate chemicals, which require another production step
are produced at the chemical plants itself, or optionally at a value-added plant
when the required facilities are not available. Finished goods are transported to
the customers by a wide variety of transport modes. In some cases, products need
to be stored in a terminal before the customer receives it.
The production from Shell is accomplished in a wide variety of production facilities
that are divided by function. Production of base chemicals always starts at a
manufacturing plant (MFG). Some products require more production steps, which
can be carried out at a value-added plant (VAP) or an exchange plant (EXC). When
products need to be stored before they meet their end destination they will be
moved to a terminal plant (TER). Some products are purchased and sold without
any value-added steps. This is done by one of Shell’s purchase for resale plants
(PFR). When products are sold to customers that have access to the pipeline
network, they receive their goods through a pipeline plant (PLP).

Crude Oil
Production

Refinery

Chemical
Manufacturing
Plant

Value added
plant

Terminal

Customer

Figure 5: Production flow Shell from crude oil production to customer

The production facilities used by Shell Chemicals are globally divided in 3 regions:
Americas, Asia & Middle East, and Europe. North and South America are supplied
by the region Americas (AM) that has production facilities in the United States and
Canada. Customers in Europe and Africa are supplied by the region Europe (EU).
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Finally, Customers in Asia, Australia, and the middle east are supplied by the
region Asia-Pacific (AP).

Figure 6: Global location of Shell's production and storage facilities

2.3.1

Transport network

The supply chain network used by Shell to transport its product through owns the
following transport modes and infrastructure:
-

Pipeline: This is the most cost-efficient, fast and safe mode of transport.
However, this transport mode requires large investment before transport can
start. One of the reasons for this large investment is that every product needs
its own pipeline. Shell transports 34% of its goods through pipelines for around
20$ per metric ton.

-

Parcel Tanker: Large quantities of raw material or end products can be
shipped over large distances, which results in low shipping costs per metric
ton. However, Shell must consider that only destinations reachable through a
large harbour can be reached by tanker. Shipping goods by parcel tanker costs
around 50$ per metric ton and is used for 18% of total transport.

-

Barge: Marine transport inland to reach destinations inland next to canals or
rivers, where large tankers cannot reach or for smaller shipments. This
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transport mode is generally considered safe and cost-efficient. Furthermore,
are the fixed costs of tanker transport significantly higher than transport by
barge which makes this transport mode attractive for short distances and
smaller quantities.
-

Railcar: Generally, more expensive than previously discussed transport
modes, but involves a lower safety risk than road transport. The transport costs
for railcar logistics are around 65$ on average, which applies for 10% of the
transport of Shell Chemicals.

-

Tank truck: In many cases the most expensive and un-save option. This
means it is only attractive for small quantities to use tank trucks, while in these
cases it still is the most cost-efficient. Furthermore, some destinations are
unreachable for other transport modes or the customer has no unloading
facilities for other transport modes. Tank trucks are used for 9% of the total
transport of Chemicals and costs around 90$ per metric ton.

2.3.2

Europe (EU) Supply Chain Structure

Shell’s production facilities within Europe are located in the United Kingdom, The
Netherlands, and Germany. Furthermore, Shell can store products in terminals
located in Spain, Turkey, Scotland, England, Belgium and the Netherlands.
“Purchase for Resale” activities take place in England, France, Germany, Belgium
and Turkey.

Figure 7: Shell's production locations in the UK, NL and Germany, together with TER and PFR plants
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2.3.2.1

The Netherlands

Near the spacious harbour of Rotterdam Shell owns two large production facilities
that are interconnected through pipelines. Europe’s largest (and one of the world’s
most productive) refinery is located in Pernis and nearby in Moerdijk a major
chemical plant is located that processes refinery products from Pernis and returns
chemicals for production processes carried out in Pernis.

Shell Pernis:
Shell Pernis is a group of approximately 60 different factories that produce oil
products and base chemicals. Furthermore, terminal Europoort is part of the
refinery where crude oil and naphtha is stored. On 550 hectares of Pernis the
following production units are located:
-

PP Splitter

-

Polyols batch units

-

POGE batch unit

-

IPA

-

MEK

Table 4: Flow of material at Shell Pernis

Input

Output

From Moerdijk: PO, EO and SM

Propylene

through pipeline and Railcar + 10

POGE (PODer)

other raw materials from 3th

Solvents

parties

Shell Moerdijk:
The Chemical plant Shell Moerdijk produces base chemicals from feedstock
transported by pipeline from Pernis. The most important manufacturing units at
Moerdijk are:
-

Cracker

-

MSPO-1 (100% Shell)
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-

MSPO-2 (Ellba 50/50 JV with BASF)

-

EOG (MEOD)

-

EB (MSPO-U2000)

Table 5: Flow of material at Shell Moerdijk

Input
From Pernis
- Naphtha (60-70%)
-

Hydrowax by ship (10-20%)

-

Butane by pipeline (10-20%)

-

Ethylbenzene from 3rd parties
for Shell

-

Ethylbenzene from BASF for
BASF share in Ellba

-

Benzene can be imported from
Rheinland.

-

Styrene is traded via STASCO

Output
Ethylene
Can be converted into EO
o Which can be converted
into MEG/DEG/TEG
o Transported via a pipeline
to Pernis for polyols
production
o Used together with
alcohols from the UK to
produce ethoxylates
o Sold via ship or pipeline to
mostly contracted
business, the rest is sold
via the spot market
- Produce EB for the Styrene chain
Propylene Sell directly to 3rd parties
- Supplied to BASF for their part of
the Ellba PO production
o BASF PO is mainly moved
off site by vessel
Styrene
Crude C4
Pygas

2.3.2.2

The United Kingdom

Shell owns 50% of the capacity rights of ethylene plant Mossmarran in Scotland.
The remaining rights and ownership are owned by ExxonMobil Chemicals. Products
are sold within the UK and shipped for other processes to Moerdijk.
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Shell FEB Mossmarran:
The ExxonMobil owed site in Scotland has the following Shell facility:
-

Ethylene cracker

Table 6: Flow of material at Shell Mossmarran

Input

Output

Feedstock from Shell and 3th party Ethylene
suppliers

-

To

Stanlow

via

pipeline

(not

anymore)
-

To Moerdijk via Ship

Shell Chemicals Stanlow (Soon to be Closed)
Most chemicals produced at Stanlow are intermediates from Ethylene produced at
Mossmarran. The Stanlow site has a refinery that used to be owned by Shell, but
which is sold to Essar Oil. The main products produced at this site are higher
olefins and plasticizer and detergent alcohols. The site exists out of the following
units:

-

Refinery

-

SHOP

-

Alcohol

Table 7: Flow of material at Shell Stanlow

Input

Output

Mainly Ethylene feed from

-

HODer

Mossmarran cracker

-

Plasticizer and detergent alcohols
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2.3.2.3

Germany

Shell produces petrochemicals at 2 locations in Germany that are interconnected
by a pipeline network. Rhineland refineries Wesseling and Godolf are located 6km
apart and are 100% owned by Shell Deutschland Oil GmBH. Finished goods are
mainly transported through the Rijn on barge, but additionally as well by railcar
and pipeline.

CSE Wesseling:
Rhineland Wesseling owns the following production units:
-

Refinery

-

Cracker

-

Aromatics

Table 8: Flow of material at Shell Wesseling

Input
Input

for

cracker

Output
comes

refinery on site

from Ethylene
- Sold directly to customers
- Can supply MEOD
Propylene
- Sold directly to customers
Crude C4
- Used to produce Raffinate-2
o Sold to customers
Germany

in

Aromatics (C6, C7, C8)
- Sold to external customers
- Exceptionally transported to other
sites of Shell

Shell Godolf Cologne:
On this site 2 crackers are present that supply pygas for an aromatic’s extraction
unit. Logistic operations can be difficult in the harbor on the Rhine, where
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shipments must be loaded and unloaded. Godolf has the following petrochemical
production units
-

Crackers

-

Aromatics

Table 9: Flow of material at Shell Godolf Cologne

Input
-

Output

Pygas from the cracker Aromatics
-

Can be exceptionally transported
to other sites of Shell

-

2.3.3

Sold to external customers

Supply Chain Costs

The total supply chain costs are all the costs Shell experiences to ship products
between production locations, storage facilities and customers. Inventory holding
costs are included in this category as well. The total cost of running the outbound
supply chain is named the “Cost to Serve”. We are calculating the Cost to serve
by taking the sum of the following components:

𝑪𝒐𝒔𝒕 𝒕𝒐 𝑺𝒆𝒓𝒗𝒆 = ∑ 𝑭𝒓𝒆𝒊𝒈𝒉𝒕 𝑪𝒐𝒔𝒕𝒔
+ ∑ 𝑻𝒆𝒓𝒎𝒊𝒏𝒂𝒍 𝑪𝒐𝒔𝒕𝒔
+ ∑ 𝑶𝒕𝒉𝒆𝒓 𝒇𝒊𝒙𝒆𝒅 𝑨𝒔𝒔𝒆𝒕𝒔 𝒄𝒐𝒔𝒕𝒔 + ∑ 𝑳𝒐𝒔𝒔 𝒂𝒏𝒅 𝑮𝒂𝒊𝒏𝒔

The largest component out of the “Cost to Serve” is the Freight costs, which
represents the costs Shell pays to its logistic service providers. The Loss/Gains
component represents the difference in volume between production plants and
customers. There is a small difference that can be caused for various reasons. This
difference is less than 1% but is still documented because this difference is directly
subtracted from the net profit. The other fixed assets costs are the cost for supply
chain assets that are not included in the Terminal Costs. These are mainly the
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costs made by maintaining pipelines and trains. Finally, the terminal costs are
representing costs Shell makes by storing their products at storage locations we
name terminals.

TRANSPORT COSTS

Other fixed assets
costs
10%
Loss/Gains ( $ )
0%
Terminal Costs ( $ )
14%

Freight ( $ )
76%

The Base freight costs are based on the costs made to subcontract shipments on
the road, rail and marine. Shell is not carrying out any transport activities, which
means the actual shipping of products is done by Logistic Service Providers (LSP)
that load products at manufacturing locations or storage facilities and ship it to
customers or another Shell facility. Contractors charge an extra fuel surcharge
when prices for fuel rise beyond certain levels. Demurrage costs are charged when
tankers need more time for loading or unloading activities than planned. These
delays can be coursed by Shell or by the receiving customer. In the last case, it is
Shell’s responsibility to recover the costs. In 2017 Shell Chemicals spent over 4
million dollars on demurrage costs. Dead fright costs are coursed by tank trucks,
trains or vessels that return from without load after serving a customer.

∑ 𝑭𝒓𝒆𝒊𝒈𝒉𝒕 𝑪𝒐𝒔𝒕
= ∑ 𝑩𝒂𝒔𝒆 𝑭𝒓𝒆𝒊𝒈𝒉𝒕
+ ∑ 𝑭𝒖𝒆𝒍 𝑺𝒖𝒓𝒄𝒉𝒂𝒓𝒈𝒆
+ ∑ 𝑨𝒔𝒔𝒆𝒔𝒐𝒓𝒊𝒂𝒍 𝑪𝒉𝒂𝒓𝒈𝒆𝒔 + ∑ 𝑫𝒆𝒎𝒖𝒓𝒓𝒂𝒈𝒆 + ∑ 𝑫𝒆𝒂𝒅 𝑭𝒓𝒆𝒊𝒈𝒉𝒕 𝑪𝒉𝒂𝒓𝒈𝒆𝒔
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Demurrage ( $ )
1%
Fuel Related ( $ )
2%

TOTAL FREIGHT COSTS
FI Payments ( $ )
5%

Additional Freight ( $ )
2%
Freight Associated ( $ )
3%

Base Freight ( $ )
87%

The terminal costs are necessary when products are stored for a certain time
frame before it is shipped to the customer. For some products, it is necessary to
keep inventory to reduce lead times and increase delivery reliability. On some
occasions, it is also profitable to wait to sell certain products because of low market
prices at the spot market. Terminals are generally leased for a timeframe between
a couple of months and a couple of years. The loading and unloading process of
the terminals has its own costs as well.

∑ 𝑻𝒆𝒓𝒎𝒊𝒏𝒂𝒍 𝑪𝒐𝒔𝒕𝒔
= ∑ 𝑻𝒆𝒓𝒎𝒊𝒏𝒂𝒍 𝑳𝒆𝒂𝒔𝒆
+ ∑ 𝑶𝒕𝒉𝒆𝒓 𝑭𝒊𝒙𝒆𝒅 𝑪𝒐𝒔𝒕𝒔
+ ∑ 𝑻𝒉𝒓𝒐𝒖𝒈𝒉𝒑𝒖𝒕 𝒉𝒂𝒏𝒅𝒍𝒊𝒏𝒈 𝒄𝒐𝒔𝒕𝒔 + ∑ 𝑬𝒙𝒄𝒆𝒔𝒔 𝒕𝒉𝒓𝒐𝒖𝒈𝒉𝒑𝒖𝒕 𝒄𝒐𝒔𝒕𝒔
+ ∑ 𝑼𝒕𝒊𝒍𝒊𝒕𝒊𝒆𝒔 + ∑ 𝑶𝒕𝒉𝒆𝒓𝒔
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Other fixed assets costs are in general costs connected to railcar transport and
product flows through pipeline. Transport by train is not subcontracted per
shipment such as marine and road transport. Shell is leasing complete trains for
a certain period, which means it is important every train is used as efficiently as
possible. To use railcar transport, costs are made to maintain the trains and pay
for the lease contacts. Pipelines have fixed costs as well to stay in use.

∑ 𝑶𝒕𝒉𝒆𝒓 𝒇𝒊𝒙𝒆𝒅 𝒂𝒔𝒔𝒆𝒕𝒔 𝒄𝒐𝒔𝒕𝒔
= ∑ 𝑴𝒂𝒊𝒏𝒕𝒆𝒏𝒂𝒏𝒄𝒆 𝒄𝒐𝒔𝒕𝒔 + ∑ 𝑹𝒂𝒊𝒍𝒄𝒂𝒓 𝒍𝒆𝒂𝒔𝒆 𝑪𝒐𝒔𝒕𝒔 + ∑ 𝑷𝒊𝒑𝒆𝒍𝒊𝒏𝒆 𝒄𝒐𝒔𝒕𝒔

OTHER FIXED ASSETS COSTS
Pipeline cost ( $ )
26%

Rail Tank Car (RTC)
Costs ( $ )
74%
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3.

Supply chain decisions

T

his chapter describes which decisions are taken in the Chemicals supply
chain. When Shell aims to improve performance, it needs to investigate
which options exist to change the supply chain. This chapter identifies all

main decisions that are taken in the supply chain and reviews which options the
decision-takers have. The decisions in the supply chain are required as well to
formulate appropriate KPI’s. When a KPI is not controllable by one of the decisions
in the supply chain it is not useful to measure it.
To enhance supply chain performance, it important to investigate how the
decision-making process can become more intelligent. It is important to know
which decisions are made by the organisation, how these decisions can be
classified and how these decisions can be linked with each other (Langevin, 2005).
In this section is identified how supply chain decisions are influenced by each other
and by other factors. This information is required to investigate how the best
outcome can be obtained for each decision. To do this we create a decision
hierarchy of three tiers, i.e. the strategic level, the tactical level, and the
operational level (Ballou, 2004). To analyse and describe the decision-making
process we depict every decision according to the IDEF0 formation modelling
method. IDEF0 identifies which information and data is managed by Shell or which
information should be managed by Shell (Mayer, 1992).
The formulated decision processes will be visualised as IDEF0 function models,
that depict process inputs (I), controls (C), mechanisms (M), and outputs (M),
together described as ICOM’s (Eshlaghy, 2009). Every function box should contain
at least one control arrow on the top side of the box and one output arrow on the
right side of the box. Furthermore, one or more input arrows may be attached on
the left side and one or more mechanism arrows may be attached on the bottom
side. The input arrows indicate factors that are consumed or transformed into the
function’s outputs. In our case, this will be mainly data and information that is
transformed into decision results. The control arrows represent factors that guide
or regulate the process. The mechanism arrows are representing people,
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equipment, and systems used to carry out the process. Finally, the output arrows
represent the result of performing the activity (IEEE, 1998).

Figure 8: The IDEF method shows how a certain output is developed by inputs, controls and
mechanisms

3.1 Strategic level
The strategy level considers long-term decision-making that forms the foundation
of the entire supply chain process. These decisions are generally made high in the
organisation and set goals of how the supply chain should perform. Strategic
decisions must result in general performance goals, which the supply chain must
achieve to obtain customer satisfaction and stay competitive.

Figure 9: Strategic level decisions formulate how the supply chain should perform and which
activities Shell will carry out
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1. Definition of customer service
In the definition of customer service, the regional management states which
standards the supply chain should meet to satisfy the customer’s needs. These
service levels can be in the area of reliability, safety standards, responsiveness
etc. For example, the management specifies how reliable the supply chain must
be in order to be competitive. It is virtually impossible to construct a 100% reliable
supply chain and even if the company manages to reach this number the costs
will be unacceptable. Regarding safety levels the same conclusion can be drawn,
while it is not reasonable to assume no accidents can occur in the supply chain.
However, Shell can aim to reduce risk to an acceptable level. When the delivery
speed or responsiveness is chosen, Shell must make a trade-off between supply
chain costs and delivery time. The opinion of the customers and competitor
performance is important for the outcome of this decision.

Figure 10: The first decision specifies the performance objectives of the supply chain

2. Degree of vertical integration and outsourcing
Shell must determine for every activity between exploration of crudes and
delivering finished goods to the customers if this is a suitable job for Shell or if
outsourcing is more beneficial. When we consider the outbound supply chain,
logistic service providers have a great advantage of Shell regarding the
transportation of goods. Because third party logistic service providers have a
global or regional network of customers, they can ship Shell’s products to
customers and return with goods from other customers. Shell only ships goods
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from production locations and terminals to customers which would mean that
trucks, trains or ships would return empty to production locations. For other supply
chain activities, such as train scheduling, product storage etc. Shell must decide
whether it is more benefit able to outsource or not.

Figure 11: The second decision specifies which activities will be outsourced

3.2 Tactical level
The logistic decisions made on tactical level or network level are mainly long-term
structural directions that require a significant investment. Decisions on this level
are divided into three groups, which are the physical network and the information
network and inventory strategy. The tactical level decision outcomes result in a
network design that makes it possible to deliver goods to customers according to
the performance targets that are defined in the first decision.
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Figure 12: The tactical level or network decisions specify the network of facilities and data
infrastructure

3. Physical facility network design
In the first two decisions Shell determined to which level of service standards it is
willing to serve its customers and which of the activities it wants to carry out by
itself and which activities are sourced out. The next step is designing a network of
physical facilities that makes it possible to supply customers to the standards
formulated at the first decision. Shell must choose capacities and locations for
manufacturing plants, value-added plants and terminals in such a manner that the
formulated performance standards are met. Shell must determine: which strategy
is the most optimal, which degree of centralization is the best, what is the optimal
number of echelons and what is the optimal linkage between facilities. These
decisions are taken based on the forecasted demand, the availability of facilities
and infrastructure and the network of existing customers.
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Figure 13: The third decision specifies where Shell places production location

4. Communication and information network design
Based on the physical facility network design and the organizational structure Shell
must design a communication and information network. This design specifies how
the company stores data, analysis data and communicates the outcome of data
analysis among employees and to external stakeholders. Shell must determine
the most optimal solutions to collect data and transform this data into suitable
information for decision-making, performance measurement and other goals.

Figure 14: the fourth decision specifies the design of the communication and information network
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5. Inventory management strategy
The inventory strategy is an important decision in supply chain performance
management. Inventory can be necessary to reach performance targets in terms
of speed and reliability. Inventory can be stored close to a group of customers to
reduce delivery times and to exclude risks that lead to delays. Holding inventory
can reduce transport costs when goods are transported in large amounts to a
terminal from where it’s distributed to the customers in small amounts. This is an
attractive solution when more customers with limited storage capacity are located
within a small distance. However, holding inventory leads to extra costs as well,
which means that it is often more economical to transport goods straight from the
production facility to the customer. Shell must make a trade off if it is necessary
to hold inventory for its products. When Shell decides to hold inventory, it must
determine the most optimal strategy in terms of safety stock, safety heel,
replenishment size and replenishment time.

Figure 15: The inventory management strategy explains how inventory replenishments are carried
out

3.3 Operational level
Finally, we distinguish decisions on operational level, which is short term and
narrow scoped decision-making and planning that keep the supply chain running.
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On a strategic level the supply chain targets are determined and on a tactical level
the network is designed to meet these targets. On operational level supply chain
managers and logistics managers utilize the designed network to ship goods
between production, storage and customers.

Figure 16: The operational decisions specify how goods are shipped, from where to where and by
who

6. Product routing
The products from Shell all follow a different route from production facilities to the
customer. The shortest route is from the manufacturing location straight to the
customer, which is used when Shell decides it is unnecessary to hold inventory.
When Shell decides it is necessary to hold inventory a terminal plant must be
crossed as well. Furthermore, it can be possible to process a product at a
manufacturing plant first and carry out another production step at a value-added
plant before the product is shipped to a terminal plant or a customer.
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Figure 17: In the sixth decision is specified which facilities a product crosses till it reaches the
customer

7. Lot sizes + Delivery frequency.
In collaboration with the customer Shell must determine the most optimal batch
size and delivery frequency. Customers prefer to be supplied as consistently as
possible in most situations. However, some customers have season bounded
demand, and unexpected fluctuations in demand can occur as well. Furthermore,
the maximum delivery size is limited to the storage facility of the customer. This
means that customers with a small tank can only receive small amounts. This also
influences the decision for transport mode.

Figure 18: The seventh decision specifies the delivery quantity per time window

35

CHAPTER 3: SUPPLY CHAIN DECISIONS

8. Safety measures
Incidents during transport that involve chemicals of Shell can damage the name
of the company significantly. An extreme example is the oil spill of BP in the Gulf
of Mexico in 2010, which led to over 40 billion dollars of clean up and recovery
costs and a market value decrease of 25 percent for the company (Pallardy, 2010).
Smaller incidents that involve ships, trains, trucks can course large environmental
issues as well. Furthermore, people could be insured or suffer from health issues
because of incidents with chemicals. Shell does not want to be associated with
these events, so for every product, the company designs a safety sheet with risks
analysis. Furthermore, the company must decide which risks relate to certain
routes and certain transport modes. When risk levels are too high the company
can decide to exclude transport modes from a certain route or avoid certain routes
completely.

Figure 19: The eight decision formulates safety measures for a certain route

9. Transport modes
The first thing that Shell must consider when it chooses the most optimal transport
mode are the unloading facilities at the customer. Some customers only have
facilities to unload one type of transport mode, which makes the decision very
simple. For customers with more possibilities Shell must not only choose the most
economical for the chosen batch size, it must also consider the safety measures,
lead times and reliability as well.
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Figure 20: The ninth decision chooses a transport mode

10. Logistic service providers
When all delivery parameters are chosen the last decision that Shell must take is
the Logistic Service Provider that ships the goods to the chosen destination. In the
previous four operational decisions Shell has specified the quantities that must be
shipped from A to B by a certain transport mode in a certain time window. Shell
often chooses the best LSP by a tender where LSP’s are compared on performance
aspect as reliability, responsiveness, safety records and price.

Figure 21: The final decision provides the most optimal logistics service provide
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Conclusion:
At this point we have identified which decisions are used to control the supply
chain and wherein the organisation the decisions are taken. We have documented
which inputs controls and mechanisms can serve during the decision-making
process and we know how decisions influence other decisions lower in the
organization. The supply chain decision analysis completes the overall company
analysis, we have conducted to obtain more knowledge over the problem
description. Next, we must complete the diagnoses to search for the directions of
the solution.
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4.

Diagnoses

In this chapter, we discuss the results from the analysis we have conducted. We
validate the problem and indicate the underlying root causes. We depict all these
problems in the “Cause and Effect” diagram and explain where problems origin
from. Finally, we conclude what problems the project is trying to solve.

4.1 The cause and effect diagram
After consulting data from the ERP system, analysing internal reports and
interviewing employees we can conclude that the organisation is experiencing a
lack of transparency and overview of the overall supply chain. The data that is
available for employees is mainly covering supply chain costs from the past but
nothing more. The organisation has no platform where information is gathered
about other aspects of the supply chain that employees can use to improve
decision-making. The organization would benefit when more information was
provided to identify performance gaps and detect problems that could damage the
business. From the analysis conducted at Shell we can conclude as well that it is
difficult to sharply monitor all transportation activities. The complicated network
contains many transport modes that are used to ship a wide product portfolio to
customers that can be located all over the world. Furthermore, volatile market
prices require a very dynamic organisation that must determine where and when
it must sell its products to receive the most value for it. Another supply chain
problem that always returns is volatility in demand that creates a challenge to
utilize all supply chain assets optimally.
To structure the problem, we use a tool called “The cause and effect diagram” to
finalize the diagnosis. The “cause and effect diagram” depicts how the
complications we have discovered during the analysis influence each other. The
“cause and effect diagram” not only depicts the end problems that could damage
Shell, but also which root causes are contributing to these problems. The “cause
and effect diagram” is formulated in the problem definition face and in the
diagnosis face, we try to validate these problems and find underlying causes.
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Figure 22: The cause and effect diagram formulated for the problem statement

Not all the problems that are depicted in the cause and effect diagram can be
solved by this master thesis project. When the student leaves the company Shell
still must ship products over the existing complex supply chain network, because
factors as global operations, safety restrictions, necessary transport modes
etcetera still exist in the future as well. This thesis cannot change volatility in
demand caused by seasonality or the bullwhip effect, which means they will not
be included in the master thesis project. However, a large share of the cause and
effect diagram can be influenced by the project activities.
Shell is willing to deal with both end problems, excess costs, and missing
improvement opportunities. Therefore, it must deal with the system complexity
and a lack of overview of the situation. We investigated how the lack of overview
is caused and we found out that besides the complexity of the system, Shell is
missing data and information that should create this overview. To find solutions
for one of the end problems, missing of improvement opportunities, we must
create an overview of the overall health of the supply chain. This can be
problematic because supply chain data is not accessible sufficiently enough at this.
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Shell is not measuring utilization of supply chain assets as trains, trucks, and
ships. There is no tracking of lead times or delivery reliability for trains, barges
and parcel tankers. The lack of measuring Supply Chain performance means that
Shell is not aware of how reliably they serve their customers or if outsourced
activities are carried out as agreed on. Unknown performance and a lack of
overview can be decreased by the visualizing the right information to supply chain
decision-makers. From the cause and effect diagram we can conclude that one of
the key factors of causing the depicted complications is the lack of information
and weak data implementation and integration. To solve these problems this
project must find a solution to provide the organisation from the required
information in an efficient manner. When implemented correctly, the project can
also be a remedy to the problem of not optimally using supply chain assets.
Shell must find a solution to provide suitable information to the decision-makers
that control the supply chain. When we have a closer look at the starting blocks
of the “cause and effect diagram” we can spot that a large part of the missing
information is, in fact, a form of performance measurement. Problems such as
railcar detention, payload utilization, reliability, Lead times, dead freight and
untracked costs are all metrics of performance that are unknown to the company
at this point in time. This performance data is not integrated, integer or accessible
at the moment, which means that decision-makers have a lack of overview.
The conclusion of the cause and effect diagram is that Shell lacks to measure
performance sufficiently at this point in time. Furthermore, this performance data
is not accessible by employees that are controlling the chemicals supply chain.
When Shell is willing to spot improvement opportunities and reduce excess costs
in the future it must find a way to collect suitable performance data and deliver
this data in an appropriate way to the people that are responsible for the chemicals
supply chain activities.
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4.2 Design Research Questions
To find a suitable solution for the diagnosis formulated in the last section we
formulate several design research questions. These research questions will
contribute to the design of the problem solution that we are implementing in the
Chemicals supply chain.
1. How should performance be visualised?
To check if the previously described supply chain decisions are made correctly or
not, it is necessary to formulate KPI’s that visualise performance on topic of the
individual decisions.
1a.

Which KPI’s indicate if the best options are chosen in the formulated

decisions?
For every decision formulated in the decision hierarchy the KPI’s should indicate,
whether the decisions are made correctly or that the performance is not as
desired. In the case of underperformance, the company must consider other
options.
1b. How can current data and missing data be used to obtain practical
visualisation?
To obtain effective decision-making it necessary to transform data into a clear KPI
dashboard. We must investigate which data is already used and which data is
currently missing.
2. How to deal with underperformance?
The company must know when certain actions are required to enhance supply
chain performance.
2a. At which point action is required as underperformance is detected?
How can KPI’s indicate when managers need to intervene in the supply chain as
performance is at an unacceptable level.
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2b. Which actions are required when underperformance is detected?
The

responsible

person

should

take

certain

actions

to

evaluate

why

underperformance is experienced and which steps should be taken to deal with
the issues.
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5. Measuring performance

I

n this chapter we determine the most appropriate performance metrics that
can serve as an input and feedback for the decisions we have formulated in
the last chapter. Furthermore, this chapter describes why an organization as

Shell should measure its performance in supply chain activities. We consult
literature for a brief description of performance measurement, followed by the
different framework options to develop a performance measurement system.
Furthermore, the use of performance indicators in an organisation is discussed
and a description of the performance measures implemented in the performance
measurement system for the Shell Chemicals supply chain is provided. Finally, the
most common risks of implementing a performance measurement system in
organizations are described. For all these topics we use existing literature to
investigate which options we have to eventually design the optimal solution. This
contributes to the selection of the best performance indicators for the Chemicals
supply chain.

5.1 Purpose of measurement
The concept of performance management is described by Franceschini as
continuously monitoring and reporting of organizational accomplishments. These
accomplishments can be related to a wide variety of performance attributes in
organizational activities, such as output, effectiveness, efficiency, costs etc.
(Franceschini, Galetto, & Maisano, 2007). Organizations can use performance
measurement systems to improve all sorts of operations carried out by the firm
internally or externally. In order to increase sales, Shell wants to achieve customer
satisfaction and in order to increase profit Shell desires an effective and efficient
supply chain. When a company wants to manage supply chain performance, it
must measure its supply chain performance as well (Tonchia & quagini, 2010).

“if you can’t measure it, you can’t manage it”
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Customer satisfaction is achieved by serving the customer as they desire in terms
of speed, punctuality and completeness of an order. This means that if a company
desires customer satisfaction it needs to measure these aspects to know where it
was, where it is now and where it wants to be in the future. This not only applies
to the interests of the customer, but it also applies to internal focussed
performance aspects related to costs and efficiency for example. Measurements
of performance must be implemented by organizations to explore improvement
opportunities

by

the

identification

of

performance

gaps.

Furthermore,

measurements are used to specify how effective the implemented improvement
measures have been.
Performance measurement is an essential factor in performance management and
can be seen as the comparison of performance levels to pre-established targets.
Performance measurement is the most effective when it is linked to the company’s
strategy and plans for the future. Information gathered by performance
measurement confirms if company goals are met and is essential to manage and
improve performance (Artley, Ellison, & Kennedy, 2001 ). To reflect if performance
measurements are effective the U.S. Department of Energy (DOE) reviews
whether the following information is provided (Artley & Stroh, 2001).
-

How well we are doing

-

If we are meeting our goals

-

If our customers are satisfied

-

If our processes are in statistical control

-

If and where improvements are necessary

When this information is provided, the business is able to make more intelligent
decisions about how to run the company.
In short, we can briefly summarize several reasons why organizations are
benefiting

by

the

introduction

of

a

performance

measurement

system

as

to

the

feedback

on

(Franceschini, Galetto, & Maisano, 2007):
-

A

performance

measurement

system

serves

guidance

organizations strategic plan, goals and performance in general.
-

Performance

measurement

provides

organizational

accomplished progress on their road to pre-set targets.
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-

Performance measurement results can be used internally to communicate
among the company’s workforce and additionally externally towards
customers, suppliers and other stakeholders.

-

Performance measurement can confirm the added value of certain
programs, actions or decisions. It can also indicate when programs are not
providing the desired progress in comparison to the costs and efforts that
are made.

5.2 Choosing a measurement framework
The performance measurement system must be constructed by implementing a
framework to organize thoughts and ensure relevant coverage. A company can
measure performance in various manners by exploiting various frameworks. One
of the first frameworks was developed by Robert Kaplan and David Norton in 1992
when they developed the concept of balancing performance measures. Since then
many variations of the concept were created in order to fit the many variations of
industries and company structures. Four different frameworks are described in
literature from Artley and as well by Franceschini:
1. The Balanced Scorecard
2. The “Critical Few” Set of Measures
3. Performance Dashboards
4. Malcolm Baldrige National Quality Award Criteria

5.2.1

The Balanced Scorecard

As mentioned before, the Balanced Scorecard was introduced by Robert Kaplan
and David Norton in 1992 to review performance in an organisation. The method
is generally intended to supply top of an organisation from fast and comprehensive
information in a single report and can be used as well in other tiers of the firm.
The Kaplan/Norton framework evaluates four interconnected business perspective
(Anand & Grover, 2015):
1. Financial
2. Customer
3. Innovation & Learning
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4. Internal processes
The Balanced Scorecard supports the management to review the general health
of an organisation. By using the balanced scorecard managers can estimate how
measures that are meant to improve the business in one of the perspectives,
decrease performance in other perspectives. The concept of balancing aims to
place the right priority to all dimensions of an organization (Franceschini, Galetto,
& Maisano, 2007).

Financial:
How do we look at our
stakeholders?

Customer:

Internal business process:

How well do we satisfy our

How well do we perform in

customers needs?

key internal business
processes?

Learning and Growing:
Are we able to sustain innovation,
change and continuous improvement?

Secondary Influence on Performance

Primary Driver of Performance

Figure 21: The Balance Scorecard and the four perspectives (Kaplan and Norton 1992).

The balanced scorecard aims to create an information system for employees at all
levels of the organisation where financial and non-financial measures are
displayed. Employees in operational areas must be aware of the financial
consequences of their actions and the company’s management should understand
the drivers of financial health over a longer timeframe. The goal of the balanced
scorecard is to translate the businesses mission and strategy into clear,
transparent, measurable objectives. As stated by Robert Kaplan and David Norton
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companies can use the balanced scorecard for the following objectives (Kaplan &
Norton, 1996):
1. Clarify and translate vision and strategy
2. Communicate and link strategic objectives and measures
3. Plan, set targets, and align strategic initiatives
4. Enhance strategic feedback and learning

5.2.2

Mark Graham Brown’s Balanced Scorecard Approach

While Kaplan and Norton’s Balanced Scorecard considers four categories, the Mark
Graham Brown’s approach utilizes five categories instead of four. For all these
categories

the

company

must

define

standards,

set

targets,

measure

performance, create feedback and take actions (Brown, 1996).
1. Financial performance:
Setting performance standards on costs in different segments of an
organisation helps to structure financial measures and set targets for the
future. An organisation must calculate the cost of providing services or
goods and determine which costs are the most optimal for the organisation.
2. Process/operational performance:
Measures in this category are connected to work-related activities.
Organizations measure output related metrics, but also metrics related to
process efficiency such as production rates, tact times, and error
percentages.
3. Customer satisfaction:
Measuring customer satisfaction is done by increasingly more companies
presently. Measurements can be done using interviews, focus groups or
surveys and statistical tools can be used for analysing the results. The
relationship between customer satisfaction and strategical goals is an
important outcome of this analysis.
4. Employee satisfaction:
In contradiction to only measuring an employee’s output companies can
also choose to measure employee satisfaction. Leading companies, such as
AT&T and Federal express determined that a link exists between company
performance and employee satisfaction and health (Brown, 1996).
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5. Community/stakeholder satisfaction:
For large companies it is important to maintain a good relationship with the
community and its stakeholders. Large organisations need the community
and stakeholders to stay healthy.

5.2.3

The “Critical Few” Performance Measures

To maintain a clear overview of a company’s performance it is important to keep
the number of performance measures low. A large number of measures (and the
data to generate the measures) possibly distract managers from focussing on the
most important performance indicators. By selecting a limited number of
indicators, it is more convenient to spot if the company’s strategic plans are
carried out correctly. The chosen indicators must cover both internal and external
performance requirements. Furthermore, financial and non-financial goals must
be reviewed in the performance measures. For most organisations, the optimal
number of indicators will be between 3 and 15 depending on how complex the
company structure is (Artley, Ellison, & Kennedy, 2001 ).

5.2.4

Performance Dashboard

A Performance Dashboard is an information system that demonstrates the status
of the company’s health. The performance dashboard (or ‘Tableau de Bord’) can
be seen as a collection of indicators that monitor the result of improvement
measures and visualize if organizational goals are achieved. The dashboard
captures both financial and non-financial indicators to visualize if the employee’s
decision-making complies with the company strategy. Performance dashboards
can be used to drill down in the data to find out more regarding root causes of
organizational problems and performance gaps. A more detailed description of the
performance dashboard is provided in the next chapter (Artley, Ellison, & Kennedy,
2001 ).

Conclusion:
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All four performance measurement frameworks provide a simple overview that
quickly indicates the general health of the supply chain in an organisation.
However, the performance dashboard can adopt the other frameworks and extend
functionality when the user is able to zoom in to the most important performance
metrics and identify root causes of underperformance. By implementing the
“critical few’’ philosophy into the dashboard visualization the company can choose
the best performance measures and efficiently present them. Users can drill down
further when underperformance in one of the critical performance measures is
detected to identify the root causes of complications.

5.3 Dashboard Performance Metrics
The performance measurement system we are designing for the Shell Chemicals
supply chain will contain five performance attributes, that all represent a group of
metrics. Each performance attributed is represented by one KPI that indicates the
current supply chain performance in one of the 5 areas. These five performance
attributes are defined by the Supply Chain Council (2012) in the Supply Chain
Operations Reference model (SCOR). The Supply Chain Council provided a generic
reference model that aims to evaluate all supply chain activities and is not
subjected to a single industry. The framework is creating a structure to support
communication, improve effectiveness and link business processes, metrics and
best practices. The framework is already implemented and verified at many large
multinationals in a wide verity of industries worldwide.
The SCOR-model aims to review supply chain operations and activities by a set of
standard metrics that could apply for many industries. These metrics are divided
into five performance attributes. The reference model distinguishes three
customer-focused performance attributes, which are Agility, Responsiveness, and
Reliability. Furthermore, the model contains two internally focused performance
attributed (Asset management Efficiency and Cost management). The values of
the metrics that are part of the customer-focused attributes (Reliability,
Responsiveness and Agility) must meet a certain level that is determined by the
company in cooperation with the customers. These boundaries are influenced by
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customer requirements, competitor performance and financial impact. Metrics in
the Asset Management Efficiency must meet certain values as well or in some
cases, such as capacity utilization it must meet a certain range to ensure other
performance attributes are met as well. Finally, the metrics in the cost attribute
are minimalized to the lowest achievable level subjected to the performance
constraints of the other four performance attributes.

SCOR Performance attributes:
-

Reliability: Are supply chain operations carried out as they were intended
to and how predictable is the current supply chain.

-

Responsiveness: How fast is the supply chain able to deliver goods to the
customer, and are tasks carried out.

-

Agility: Metrics in this attribute describe the ability to change and adapt
the supply chain to external influences, such as changes in demand,
suppliers, labour, or natural disaster.

-

Assets Management Efficiency: How efficient is the supply chain utilizing
its assets, such as inventory or capacity.

-

Costs: The amount of financial recourses used to operate the supply chain
and deliver goods to the customer.
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Performance
Dashboard

Reliability

Responsiveness

Level 1 - RL.1

Level 1 - RS.1

Level 2 - RL.1.1

Level 2 - RS.1.1

Level 3 RL.1.1.1

Agility

Level 1 - AG.1

Assets

Costs

Level 1 - AM.1

level 1 - CO.1

Level 2 - AM.1.1

level 2 - CO.1.1

Level 3 RS.1.1.1

Level 3 AM.1.1.1

level 3 CO.1.1.1

Figure 23: Structure of navigating and drilling down through the performance metrics

SCOR Metrics:
The supply chain performance is measured by standards which are called metrics.
The SCOR metrics are diagnostic metrics that are comparable with metrics used
in a medical environment. These metrics can be used to review progress made by
actions of improvement or indicate the overall health of the supply chain. SCOR
metrics are divided into three levels. The highest metrics (level 1) are indicating
the overall health of the supply chain and are called the Key Performance
Indicators. The first step in supply chain performance measurement is
decomposing performance by level 1 metrics. The level 2 metrics serve as
diagnostics and are used to provide more information on the performance gaps
indicated by level 1 metrics. Finally, the level 3 metrics are used for identifying
root causes of underperformance in the supply chain.

5.3.1

Supply Chain Reliability (RL):

A reliable outbound supply chain is highly desired by customers that are
dependent on Shell’s products to keep their production processes running. When
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customers are not supplied before the commitment date, they can decide to switch
from supplier. On the highest-level reliability is measured by Perfect Order
Fulfilment, which stands for the percentage of orders that are delivered before the
commitment date, in the correct quantity in the correct condition.
Level 1 Metric:
-

RL.1 - Perfect Order Fulfilment:
[Total Perfect Orders] / [Total Number of Orders] x 100%

The Perfect Order Fulfilment is the Total Perfect orders divided by the total number
of orders. This KPI indicates the percentage of orders that meet all requirements
formulated by Shell. An order is described as perfect when the agreed quantity is
delivered before the commitment data, without any quality issues. This metric is
chosen because it provides an excellent indication of how reliable Shell’s supply
chain activities are from the perspective of the customer. When Shell is not
measuring the Perfect Order Fulfilment it would not be aware if cost reductions
have negative consequences for customers. Customers will leave the company
when reliability is lacking compared to competitors. Furthermore, when Shell aims
to improve customer satisfaction it can measure the results from improvement
actions.
Level 2 Metrics:
-

RL.1.1 - Orders delivered before commit date [%]

-

RL.1.2 - Correct quantity delivered [%]

-

RL.1.3 - Perfect condition [%]

To consider an order shipment as perfectly delivered three criteria that must be
met. The order must arrive at the customer before the date and time where both
parties agreed on. When a logistic service provider arrives at the customer the
arrival time must be documented and compared with the deadline. When the
arrival was not in time there must be a reason documented as well to make sure
the organisation can take actions when mistakes occur often. The second criteria
where orders are judged on is quantity or volume of the delivery. Customers are
willing to receive the quantity they order to ensure their production processes do
not have to be interrupted. Measuring delivery quantities also ensures that the full
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shipment that left the production facility actually reaches the customer. Finally,
an order must meet the customers quality criteria. When customers are not
satisfied with the conditions of the product, they must communicate this so this
can be documented.
Level 3 Metrics:
-

RL.1.1.1 – Performance level 2 metrics per Transport mode
o

RL.1.1.1.1a – Performance level 2 metrics per LSP

-

RL.1.1.2 – Performance level 2 metrics per product line

-

RL.1.1.3 – Performance level 2 metrics per plant

When underperformance is detected Shell must know in which part of the supply
chain problematic situations occur. The supply chain reliability of all transport
modes is measured separately to see if there is a specific problem that occurs at
one or more transport modes. When this is the case Shell can choose to take
actions or to choose for another transport mode. It is even possible to drill down
one step further and compare the reliability of LSP’s when Shell must choose
between two or more firms when a supply lane is opened. Shell must also measure
reliability per product line to compare performance of the different groups of
products. Finally, it is important to measure the differences per plant to identify
where underperformance is located and where improvement is desired.

Table 10: Reliability performance can be influenced by changing the outcome of the following
decisions

Decision

Metric

10. Choose logistic service

RL.1.1.1.1a – Performance per LSP

provider
9. Choose transport mode

RL.1.1.1 – Performance level 2 metrics per
Transport mode

5. Determine inventory
strategy
3. Design physical facility
network

RL.1.1.2 – Performance level 2 metrics per
Product line
RL.1.1.3 – Performance level 2 metrics per
Plant
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1. Define customer service

RL.1 - Perfect Order Fulfillment:

When underperformance is detected for one of the performance metrics of level 2
for a particular logistics service provider but not for others, Shell can decide to
move that transport lane to another logistics service provider. This only applies
when Shell believes the particular logistics service provider can be blamed for the
underperformance. When switching of LSP is not solving the problem Shell can
evaluate if holding more inventory can solve the problem or perhaps another
transport mode. When the problems are structural and related to the facility
network design, moving production capacity, plants or storage locations can be
optional. Finally, when the targets are not realistic or too expensive to reach the
last option is to redefine the customer service levels.

5.3.2

Supply Chain Responsiveness (RS)

Customers are not always willing to wait months or weeks when an order is placed
for a certain product, therefore Shell must determine the maximum time window
in which an order must be delivered. This will be measured by the order fulfilment
cycle time (in days). The dashboard will focus on transport time and order
processing time, but production time will be excluded.
Level 1 Metric:
-

RS.1 – Order fulfilment cycle time:

The timeframe between ordering and delivery is measured to set a boundary to
the total delivery time. To obtain data for this metric the time and data of three
events must be documented. The moment of time a customer places an order
must be documented to determine the total order fulfilment cycle time.
Furthermore, the moment of time the goods are loaded must be documented to
determine the transport cycle time. Finally, the moment of time the goods are
unloaded at the customer is necessary to determine the time windows.
Level 2 Metrics:
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-

RS.1.1 – Order processing cycle time

-

RS.1.2 – Transport cycle time

The total order cycle time is divided into 2 parts to provide a more precise view of
where delays take place when orders are not delivered on time. When the order
processing time is too long this can be coursed by system errors or personal
mistakes. When the transport cycle time is overdue this can have many causes,
such as delays during loading or unloading, infrastructure failure, natural problem
or strikes.
Level 3 Metrics:
-

RS.1.1.1 – Performance level 2 metrics per Transport mode

-

RS.1.1.2 – Performance level 2 metrics per Plant

-

RS.1.1.3 – Performance level 2 metrics per Product line

Similar to the reliability metrics the supply chain data will be divided again to
compare performance differences among the different transport modes, the
different product lines, and the different plants. When underperformance is
detected the company can drill down into the data to find out which part of the
supply chain experiences problems.
Table 11: Responsiveness performance can be influenced by changing the outcome of the following
decisions

Decision

Metric

10. Choose logistic service

RS.1.1.1.1a – Performance per LSP

provider
9. Choose transport mode

RS.1.1.1 – Performance level 2 metrics per
Transport mode

5. Determine inventory
strategy
3. Design physical facility
network
1. Define customer service

RS.1.1.2 – Performance level 2 metrics per
Product line
RS.1.1.3 – Performance level 2 metrics per
Plant
RS.1 - Perfect Order Fulfilment:

56

CHAPTER 5: MEASURING PERFROMANCE

Actions of response against underperformance to reliability are similar to the
previously described actions for the reliability performance attribute. First, the LSP
must be checked on mistakes when this is not the case shell must choose for a
faster transport mode or hold more inventory near the customer. Storing
inventory closer to customer is an effective measure to reduce transport times.
Finally, as described before when goals are not realistic the definition of customer
service must be adapted.

5.3.3

Supply Chain Agility (AG)

Shell desires a supply chain that performs well under expected and unexpected
conditions. When uncontrollable events occur, such as strikes, natural disaster,
unexpected change in demand etcetera the supply chain still must perform well.
For this reason, agility is measured in the performance measurement system.
Customers directly benefit from performance on Reliability and Responsiveness
and performance on Agility ensures that these attributes stay as desired when
unexpected demand fluctuations occur.
Level 1 Metric:
-

AG.1 – Upside flexibility:

Shell must measure time needed to achieve unexpected increase of 20% of
delivered goods in days to obtain an image how effective the supply chain is able
to adapt. Every time this increase occurs Shell must document the supply chain
performance in terms of delivery time.
Level 2 Metrics:
-

AG.1.1 – Performance level 2 metrics per Transport mode
o

AG.1.1.1 – Performance level 2 metrics per LSP

-

AG.1.2 – Performance level 2 metrics per Plant

-

AG.1.3 – Performance level 2 metrics per Product line
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Table 12: Agility performance can be influenced by changing the outcome of the following decisions

Decision

Metric

10. Choose logistic service

AG.1.1.1 – Performance level 2 metrics per

provider
9. Choose transport mode

LSP
AG.1.1 – Performance level 2 metrics per
Transport mode

5. Determine inventory

AG.1.3 – Performance level 2 metrics per

strategy
3. Design physical facility

Product line
AG.1.2 – Performance level 2 metrics per

network
1. Define customer service

Plant
AG.1 – Upside flexibility

Again, it can be beneficial to check the LSP before investigating other actions
because chancing the LSP is most often the most economical option. Depending
on the product, customer location and other variables, Shell can change the
transport mode or hold more inventory. In most cases it is hard to change the
transport mode, which makes holding more inventory more logical. Change in the
facility network is a more rigorous decision but it can be necessary to open storage
locations closer to a group of customers to increase agility.

5.3.4

Supply Chain Asset Management Efficiency (AM)

To identify improvement opportunities, it is useful for shell to indicate at which
points the supply chain can be managed more efficiently.
Level 1 Metric:
-

AM.1 – Financial indicator
[Cash-to-Cash cycle time] + [Return on Supply Chain fixed assets] +
[Return on Working Capital]

-

AM.2 – Utilization indicator
[Railcar Utilization] + [Terminal Tank Turn efficiency] + [Truck Payload
Utilization] + [Marine Utilization] / 4
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The performance attribute Asset Management Efficiency owns two KPI’s, one
Financial indicator and one Utilization indicator. The Financial indicator is a
combination of three economic metrics and provides insight in efficiency of Shell’s
financial assets. The Utilization indicator provides more insight on how efficient
Shell it is utilizing its supply chain network.
Level 2 Metric:
-

AM.1.1 – Cash-to-Cash cycle time
[Inventory Days of Supply] + [Days Sales Outstanding] - [Days Payable
Outstanding]

-

AM.1.2 Return on Supply Chain fixed assets
([Supply Chain Revenue] – [Total Cost to Serve]) / [Supply Chain Fixed
Assets]

-

AM.1.3 Return on Working Capital
[Supply Chain Revenue – Total Cost to Serve] / [Inventory + Accounts
Receivable – Accounts Payable]

-

AM.1.4 Railcar Utilization
Total capacity Railcar / Used Capacity

-

AM.1.5 Terminal Tank Turn efficiency
[optimal tank turns] / [actual tank turns]

-

Truck payload utilization
[Total truck Capacity] / [used truck capacity]

-

Marine utilization
[Total truck Capacity] / [used truck capacity]

The Cash-to-Cash cycle time can be described as the time it takes for an
investment to flow back into the organisation after costs have been made for
production. This metric provides more insight on how efficient Shell is able to
manage its working capital assets. We calculate the Cash-to-Cash cycle time by
adding up the number of days the supply is in stock to the number of days
outstanding for accounts receivable minus the days of outstanding accounts
payable. When Shell experience a long Cash-to-Cash cycle time it must have more
net working capital since inventory takes longer to be converted into cash. Shell
measures the return it receives as a company, to the investments in supply chain
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fixed assets by the metric supply chain fixed assets. We calculate the Return on
Supply Chain Fixed Assets by dividing the difference between the Supply Chain
Revenue and Cost to Serve by the Supply Chain fixed assets. The Return on
Working Capital divides the difference between the Supply Chain Revenue and
Cost to Serve by the value of the Inventory plus the difference in receivables and
payables from accounts.
Level 3 Metrics:
-

AM.1.1 – Days of outstanding sales
[5-point annual average of grass accounts receivable / (total gross annual
sales / 365)]

-

AM.1.2 – Inventory days of supply
[5-point rolling average of gross value of inventory at standard cost] /
[Annuals Costs of Goods Sold] / 365 in days

-

AM.1.3 – Days payable outstanding
[5-point rolling average of gross accounts payable] / [total gross annual
material purchases / 365]

-

AM.2.1 – Supply Chain Revenue

-

AM.2.2 – Supply Chain Fixed Assets

-

AM.3.1 – Accounts Payable
[5-point rolling average of gross accounts payable]

-

AM.3.2 – Accounts Receivable
[5-point rolling average of gross accounts receivable]

We determine the days of outstanding sales by taking the difference of time in
days between the moment a sale is made until the cash from the customer is
received. Furthermore, the inventory days of supply is the amount of inventory
expressed in days of sales. The days Payable Outstanding is determined by the
length of time from purchasing materials, labour and other resources until the
cash payment is made (expressed in days). For all three described metrics we use
the five-point rolling average, which is the mean value of the four previous
quarters and the projection for the current or next quarter. The Supply Chain
Revenue excludes revenues from outside the supply chain, such as investments,
real estate etc. Examples from fixed assets used by Shell are terminals,
manufacturing plants etc. For Accounts Payable and Receivable, we use again the
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five-point rolling average to include the current or next period as well in the
measurements.
We measure utilization from the resources in our supply chain network because
too much unused resources are avoidable costs. On the other hand, when
utilizations are too high other performance attributes as responsiveness, reliability
and agility will experience high levels of risk. Therefore, Shell must find the optimal
balance between the customer-focused performance attributes and supply chain
costs.

Table 13: Asset management performance can be influenced by changing the outcome of the
following decisions

Decision
9. Choose transport mode
7. Calculate optimal lot

Metric
AM.2 – Utilization indicator
AM.2 – Utilization indicator

size
5. Determine inventory

AM.2 – Utilization indicator

strategy
3. Design physical facility
network design

AM.1.2 – Inventory days of supply
AM.1.5 Terminal Tank Turn efficiency

To obtain an indication which transport mode is the most efficient we consult the
utilization indicators for all transport modes. This provides insight if we can use
the trucks, trains, barges more efficient considering the cost but also reliability
and responsiveness. We can draw the same conclusion for terminals considering
the inventory holding costs and performance. When the physical facility network
is designed, we must consider the Inventory Days of Supply and Terminal Tank
Turn to determine the ideal number of storage locations.
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5.3.5

Supply Chain Costs (CO)

One of the main goals for Shell as an organization is to generate profit, and in
order to maximize profit, an organization should minimize its cost. Every dollar
Shell saves in the supply chain is a dollar extra profit. The outbound supply chain
costs are measured at the highest level in costs to serve, these are all costs made
in order to transport products. We have described the Chemicals supply chain cost
already in chapter two and we re-use the total cost calculation Shell already
measures for the performance measurement system.
Level 1 metric:
-

CO.1 – Cost 2 Serve

The Cost to Serve are the total cost Shell makes to deliver goods to the customer.
The costs are further broken down in Freight costs, Terminal costs, Railcar costs,
Cost of capital Accounts Receivable and Inventory and Loss/gain.
Level 2 metrics:
-

CO.1.1 – Total freight costs

-

CO.1.2 – Terminal costs

-

CO.1.3 – Railcar costs

-

CO.1.4 – Cost of Capital: Accounts Receivable

-

CO.1.5 – Cost of Capital: Inventory

-

CO.1.6 – Loss/Gain

As described in chapter 2: The freight costs are mainly based on the costs made
to subcontract shipments on road and marine. Freight costs are increasing by
factors as fuel surcharge and demurrage. Contractors charge an extra fuel
surcharge when prices for fuel rise beyond certain levels. Demurrage costs are
charged when tankers need more time for loading or unloading activities than
planned. These delays can be coursed by Shell or by the receiving customer, in
the last case it is Shell’s responsibility to recover the costs. In 2017 Shell
Chemicals spent over 4 million dollars on demurrage costs. Dead fright costs are
coursed by tank trucks that return from without load after serving a customer.
The terminal costs are necessary when products are stored for a certain time
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frame before it is shipped to the customer. Terminals are generally leased for a
period of time between a couple of months and a couple of years. The loading and
unloading process of the terminals has its own costs as well. Other fixed assets
costs are in general costs connected to railcar transport and product flows through
pipeline. Transport by train is not subcontracted like marine and road transport.
Therefore, costs are made to maintain the owned trains, and pay the lease
contacts. Furthermore, pipelines have fixed costs as well to stay in use.
Level 3 metrics:
-

CO.1.1.1 – Performance level 2 metrics per Transport Mode

-

CO.1.1.2 – Performance level 2 metrics per LSP

-

CO.1.1.3 – Performance level 2 metrics per Plant

-

CO.1.1.4 – Performance level 2 metrics per Product Line

Table 14: Costs performance can be influenced by changing the outcome of the following decisions

Decision

Metric

10. Choose logistic service

CO.1.1.2 – Performance level 2 metrics per

provider
9. Choose transport mode

LSP
CO.1.1.1 – Performance level 2 metrics per
Transport Mode

8. Define safety measures

CO.1 – Cost 2 Serve

7. Calculate optimal lot

CO.1.1 – Total freight costs

size
6. Choose product route

CO.1.2 – Terminal costs

5. Determine inventory

CO.1.2 – Terminal costs

strategy
4. Design communication

CO.1.5 – Cost of Capital Inventory
CO.1 – Cost 2 Serve

and information network
3. Design physical facility

CO.1 – Cost 2 Serve

network design
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2. Determine degree op

CO.1 – Cost 2 Serve

integration and
outsourcing
1. Define customer service

CO.1 – Cost 2 Serve

When Shell is managing its supply chain it must consider Costs to Serve during all
decisions it takes. Choosing for a certain option will lead to certain amount of cost
to run the supply chain. Shell aims to minimize the costs when it is able to meet
the performance standards. Besides the total Cost to Serve Shell can utilize during
all its decisions, the Cost 2 Serve Performance per LSP is specifically used when
Shell chooses a Logistic Service Provider for a particular supply lane. Furthermore,
naturally the Cost per Transport Mode are used when the most suitable transport
mode is chosen. When the most optimal batch size is chosen the Total Freight
Costs are useful. When the best product route is determined, Shell can use the
Terminal costs to evaluate if products must cross a terminal plant or not. Finally,
when choosing an intelligent inventory strategy Shell reviews the Cost of Capital
Inventory and Terminal costs to minimize inventory holding costs.

5.4 Risk of implementation of a performance
measurement system
When an organization is willing to introduce a performance measurement system
there are common mistakes that should be considered. The most common mistake
according to Brown is that a company has implemented too many variables. The
second most common mistake is that companies consider too few variables
(Brown, 1996). Furthermore, organisations are tending to make to following
mistakes

when

a

performance

measurement

system

is

implemented

(Franceschini, Galetto, & Maisano, 2007):
-

By implementing too much data, the user is distracted from the most
relevant problems or performance gaps.
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-

When the system is focussed strongly on short term measures, long term
strategy may not be carried out as planned.

-

Indicators are not providing information regarding the company’s strategy
and future plans or goals.

-

The measurement is focussing mainly on one part of organisational
performance, which leads to ignorance of other parts.

-

The measurement is not carried out in a suitable time interval. Measuring
to often can be unnecessarily costly but when organizations measure not
often enough it cannot react proactively when actions are required.

-

Implementation of the system is not supported sufficiently by the users.
When users are not convinced by the added value of the tool, they will not
utilize it.
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6.

I

Performance Visualisation

n previous chapters we describe how the Chemicals supply chain is
constructed and how the organization makes decisions to control that supply
chain. In the last chapter is described how Shell can measure performance

and which metrics it can use to review performance. The next logical step in the
design process is to implement the chosen performance metrics from chapter five
into the most suitable performance framework. In this chapter, we define what a
dashboard is, and which function it can have in an organization. Next, we describe
how the performance dashboard for the chemicals supply chain is designed and
how it should be implemented in the organization. We consulted literature to
investigate how the dashboard can visualize information as efficient as possible.

6.1 Defining Dashboards
The most common examples of dashboards can be found in cars and aircrafts
where the person in control of the vehicle or aircraft can monitor parameters that
are essential for a successful trip. For example, an automobile driver can adjust
speed and RPM to optimize travel time and fuel consumption. The driver is also
warned when action is needed in order to prevent incidents, such as running out
of fuel or overheating the engine. The car is measuring variables that are
compared with the acceptable targets. When measurement results are out of
target the driver is warmed to take actions. This principle can be implemented as
well to optimize performance in supply chain and prevent incidents that could
damage the business. However, for many organisations it is challenging to
visualize the most relevant information for supply chain decisions in a simplified
manner (Ganapati, 2011). Choosing the best KPI’s is dependent on the
organizational structure, which means that every organization should analyse
which requirements the dashboard must meet (Malik, 2005). A performance
dashboard is a common manner to visualize data that is delivered for the most
relevant Key Performance Indicators. Managers are able to take fundamental
decisions faster and better by consulting the most relevant data in a single screen
(Bose, 2006).
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The information that is communicated through the performance dashboard
generally is collected, summarized and presented by various systems, such as the
ERP-system, BI software, or legacy (Yigitbasioglu & Velcu, 2012). The visualisation
of the dashboard should be dynamic and updated automatically to provide the
user with real-time information. The information should be intuitive and rapidly
interpretable by using indicators, such as gauges and traffic lights. Furthermore,
KPI’s should be used interactively for example by drilling down measurement
results (Chiang, 2011).

6.1.1

Requirements

To guarantee a successful implementation of the performance dashboard it is
necessary to define which requirements the system must meet before the design
is completed. During the requirements analysis is clarified and defined which
functional and user requirements users desire from the system. Furthermore, a
set of design parameters is formulated (Army, 2001).
Functional requirements:
The functional requirements specify the performance demands of the object that
is to be designed. If the object does not meet these requirements it is not able to
function (Aken, Berends, & Bij, 2007).
-

The dashboard must be compatible with windows software, because Shell
is a Microsoft company.

-

The dashboard must be active without having software extra installed on
the users’ computer system.

User requirements:
The system to be designed should serve the user. Therefore, it is important to
evaluate which requirements are desired by the user to ensure the tool will be
adopted. The requirements are obtained by interviewing the supply chain
managers of all product lines and the logistic managers for land transport and
marine transport.
-

The dashboard should fit on a single screen or page, so the user can spot
in a matter of seconds if actions are required.
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-

The dashboard should be intuitive and easy to use without extensive
training for the users.

-

The dashboard should have the possibilities to drill down in the data to find
precisely where underperformance can be found the organisation

-

The dashboard should be the best manner of sharing information, which
means it is unnecessary to create documents such as PowerPoint or
spreadsheets repeatedly.

-

Only controllable KPI’s and measures that are relevant for decision-making
should be displayed on the dashboard.

-

Information on the dashboard must be understandable for all dashboard
users (regional management, supply chain managers and team members,
logistic managers and team members).

6.1.2

Design parameters

To obtain the most optimal result it is important to orientate which options are
available for different parts of the system. Pros and cons of every option must be
evaluated to obtain the best decision (Aken, Berends, & Bij, 2007).
-

Programming language:
The software for the dashboard could be written in one of the many
available languages such as, JavaScript, C++, R or Python. In the past
years many packages and libraries have been developed regarding to data
science in Python that simplify many standard functions. Furthermore,
Python has a faster development time because more functionality can be
realised using less code compared to the other alternatives. Languages as
JavaScript and C++ are unnecessarily complicated which would be negative
for the development time (McKinney, 2012).

-

Python Library for data visualization:
In Python many standard libraries are developed to simplify the
visualization of data. In general, the possibilities of all libraries are
comparable. However, the road to the obtained results is slightly different.
The code for the dashboard is developed in Anaconda where the user can
choose to write code in a notebook (Jupyter) or a general editor to run
scripts (Spyder). Many programmers use Anaconda which has a standard
library for data visualization named Bokeh. The tool is widely used by data
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scientist which influences the availability of information extensively. For this
reason, the visualization is done by the Bokeh library in Python.
-

Figures for performance visualization:
The dashboard visualizes many metrics that all have different properties.
In the next paragraph is explained why the chosen figure is the most
suitable for that particular function.

6.2 Dashboard Visualisation
The design of the dashboard must be as intuitive as possible, so employees do not
need to be trained extensively to be able to understand it. Website developers for
internet travel sites, online brokers and search engines created interfaces we
learned to use on our own. The performance dashboard must be equally intuitive
as these examples. To achieve this, we use Malik’s framework of presenting
information efficiently on limited space. The presentation of data is broken down
into three components, which are: design of aesthetic appeal, layout of figures,
and navigation through different screens (Malik, 2005).

6.2.1

Design

We aim to give the dashboard an attractive and professional appearance to
increase the adoption rate among employees. During the design face of the
dashboard we must choose for several key elements that must result in an
excellent information transmission to the user. These are the screen graphics and
colours, the selection of appropriate chart types, and finally relevant animation
and optimal content placement. First, the screen graphics and colours should not
be distractive from the information presented in the dashboard. To create an
attractive visual appeal, we can use the company colours for several accents in
the layout and graphs. Furthermore, we choose to use light and neutral colours
for backgrounds, tabs and banners to present all information as clear as possible.
We use the company logo to improve the aesthetic of the dashboard at a place it
is not distractive to the important information of the dashboard.
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For all the information we want to display in the dashboard we use the most
appropriate chart type. For example, if we want to display a certain value against
time, we choose for a line chart to see how the value has developed in the past.
If we are comparing two values, we choose for a bar chart because it is easy in
the sense of interpretation and the user has a clear view of the situation in a
matter of seconds. For relative shares, many developers would choose for a pie
chart or donut chart to see how certain values deviate. We choose not to because
these charts are often misinterpreted by users (marr, 2015). When two values are
relatively close to each other a bar-chart always shows a difference between two
categories, where a pie-chart shows two approximately equal shares. For the
visualization of KPI’s there are various possibilities. When the company is strongly
improving, and values are increasing rapidly towards a certain goal the
representation of a loading bar can be effective to indicate progress and how far
the company is from reaching its target. When values of the KPI’s are slightly
fluctuating and the user must be warned when to take actions, a gauge
representation is more appropriate. When the cursor of the gauge is pointing to a
red area the user knows processes are not performing as they should, and actions
must follow. In one second the user can observe various indicators and knows
immediately if the supply chain is running as it should.
Animations and interactivity can serve as a powerful tool to add more information
to the space that is already occupied by a graph. For example, the hover tool is
used to indicate the numeric value or percentage of the total when the user hovers
over a graph element. All sorts of information such as categories, percentages,
and relations can be added during implementation of the hover tool. The user can
also click on a line in the line charts to hide it if the user wants to compare only a
selection of the lines displayed, without being distracted by irrelevant ones.
Furthermore, we use dropdown menu’s where the user selects a value between
categories so only the useful information for that particular user is displayed. This
means the user focusses only on the relevant information and no space is wasted.

6.2.2

Layout

The layout of the dashboard can be seen as part of the design as well. During the
design of the layout we must determine the optimal number of windows or frames
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on one screen, the best symmetry and proportion of the windows, and the used
computer resolution. When we choose the optimal number of windows, we must
ensure we are not overloading the user with information. Every window consumes
a certain amount of user attention, which can lead to oversight. On the other hand,
we must ensure the user has access to useful information that supports the
decision-making. In most situation it is not recommendable to use more than six
windows. In the figure below is depicted which options we can choose if the
number of 6 windows is not exceeded (Marr, 2012).

Figure 24: A selection of the options of layouts with 6 windows or less

6.2.3

Navigation

In the dashboard navigation, we define how the information we are willing to show
to the users, is divided across the multiple screens the dashboard owns. A common
manner of dividing information is the implementation of tabs and pivots.
Furthermore, we can create a hierarchy that allows the user to drill down for more
detailed information. Tabs are links with a short title of the dashboard screen
where users can navigate to in case they click on it. Tabs are one of the most
popular tools used by web developers to segment information. When the number
of dashboards is relatively high developers often choose for pivots instead of tabs.
A pivot is a drop-down menu with all options to certain links (Malik, 2005). Tabs
and Pivots can be used as well to drill down through the context of the dashboard.
The drill-down is an important aspect of the navigation experience and should be
highly intuitive. The drill down can be divided into the source of the drilldown and
the destination. The source is the element that has been clicked on by the user to
be sent to the destination screen or chart.
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6.3 The Shell chemicals supply chain performance
dashboard
The navigation used for the dashboard constructed for the chemicals supply chain
is based on the SCOR hierarchy developed by the Supply Chain Council (SCC,
2012). The starting dashboard shows the five KPI’s from the performance
attributes used by SCOR. All five KPI’s are represented as a gauge, where the
cursor is indicating if the user should take actions when it points into a red area.
The top row is representing the customer-focused performance attributes
Reliability, Responsiveness and Agility measured by Deliveries in Full on Time as
percentage of the total number of deliveries, Order Cycle Time in days, and Agility
in extra days of lead time by a 20 % increase of demand. The bottom row
represents the internal focus performance attributes Cost to Serve measured in
dollars per metric ton and Asset Management Efficiency as utilization percentage.
On top of the screen, above the gauge indicators six tabs are presented, one for
each of the five performance attributes and one to return to the main screen.
Subtle yellow accents and a small logo of the Shell is used to represent the
company. We choose to keep a white background for all the dashboard screens to
obtain as much contrast as possible with the graphs.

Figure 25: Screenshot of the main screen of the dashboard with the five main KPI's
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The user can select one of the tabs on the top of the dashboard to navigate to the
second tier of the dashboard. When the user clicks for example on the Costs tab
the user will be send to the Costs dashboard depicted below.

Figure 26: The 'Cost to Serve' dashboard

The yellow line in the top chart is indicating how the main KPI Cost to Serve was
performing over time in the past two years. The red line represents the target,
which is the maximum costs or budget Shell is willing to make for the supply chain
operations. We can see that most of the time the performance was under the
maximum budget Shell is willing to spend on supply chain costs. Furthermore, the
graph shows the forecasted value for the future by the interrupted red line. The
forecast is created by the implementation of the Holt-Winters algorithm also
known as triple exponential smoothing. The algorithm estimates values in the
future based on values we know from the past. The forecasted value is the sum
of 3 factors: level, trend and seasonal factor. The algorithm uses three exponential
smoothing constants that are optimized to minimize the error.
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Figure 27: The third tier of the Cost to Serve dashboard

The user can access more detailed information by drilling down to the next tier by
selecting one of the 3 tabs under the Cost to Serve line graph. The user can choose
for more specific information per Product Line, per Transport Mode or per Plant.
The information per product line is mostly used by Supply Chain managers that
are responsible for one of these segments of the production structure. Logistic
managers are responsible for land logistics or marine logistics and will benefit from
data per Transport Mode. Furthermore, the detailed data per plant can be used by
plant managers or to spot geographical problems.

6.4 Dashboard Implementation
The introduction of a performance measurement system in an organization is not
always without complications. Change within an organization is often delayed by
resistance from within the company. For this reason, it important to manage
organizational change using a plan with clear goals (Artley & Stroh, 2001). The
first step in the implementation of the tool is formulating what the organization is
aiming to accomplish by the development of the performance dashboard. When
participants and end-users are aware of the benefits of the tool, they will be more
supportive during the development face.
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The functionality of the dashboard:
1. Communicate yearly targets aligned with the company strategy and confirm
if these targets are met.
2. Support in the decision-making process and particularly the 10 decisions
formulated in chapter 3.
3. Measure how much benefits certain actions intended for improvement the
company have brought.
4. Confront external partners when performance is not as desired.

6.4.1

Communicate the company strategy:

An effective performance measurement system must be based on the company’s
strategy. Many measurement systems focus mainly on short-sighted business
activities and miss the overall picture where the company wants to be. To select
the correct set of performance measures it is essential to determine the critical
elements of the strategic plans of the business and align those with the
measurement system. By doing this the employees are aware of how their efforts
contribute

to

the

company’s

successes

and

stakeholders’

expectations

(Franceschini, Galetto, & Maisano, 2007). At the start of the year, the
management communicates to the organisation how performance is at that point
in time and where the management wants to be at the end of the year. During
the year employees can monitor if they are making enough progress to follow the
company’s’ strategy. When this is not the case the management can confront the
responsible persons why things are not as scheduled and if necessary, the
management can place an intervention.
Table 15: The Relationship matrix displays the relation between supply chain targets and
performance measurements (FRANCESCHINI, 2002).
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Supply Chain Costs

Assets efficiency

Agility

Importance

Reliability

Targets

Responsiveness

Performance measures

X – Negative Relation
V – Positive Relation
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Generating profit

5

V

Customer satisfaction

4

V

Predictability

3

V

V

Flexibility

3

V

V

Safety

3

X

CO2 reduction

1

X

V

X

V
X
X

X

V

V
V

When Shell is aiming to reach its targets, it must consider that gaining
performance in one of the attributes often leads to a performance decrease in
others. To start with the performance attribute costs: when the company wants
to increase performance in one of the three customer-focussed performance
attributes this will require investments. In many cases, this will lead to a decrease
in performance in the costs attribute. However, when performance is gained in
the attribute asset efficiency management the cost attribute will change positively
as well because the company manages to receive more value from its assets. On
the other hand, a performance increase in the asset efficiency attribute has a
negative influence on the supply chain flexibility. The company stores less
inventory and assets are almost fully utilized. This means that the company cannot
respond optimally to unexpected events, which results in a decrease in the
performance attributes agility and reliability. These performance attributes both
have a positive relationship with responsiveness, which means that if Agility and
Reliability decrease the performance attribute Responsiveness is dragged down as
well. Furthermore, a more flexible supply chain also means a more reliable supply
chain, so Agility has a positive relation with Reliability. In the figure below is
depicted how all five performance attributes influence each other. Positive
relationships (un-interrupted arrow) are enforcing each other, while negative
relationships (interrupted) work against each other.

Responsiveness

Agility
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Costs

Reliability

Assets

Negative relation

Positive relation

Figure 28: the influences performance attributes have on each other should be regarded when
managers make a trade of between the attributes

6.4.2

Support the decision-making process

In chapter 3 in this document is described how the decision-making process of the
Chemicals supply chain is constructed. By the implementation of the supply chain
performance dashboards, the organization should be supported during this
decision-making process. During decision-making, employees should consider the
targets from the company’s strategy. During every decision, a manager can utilize
metrics that are supportive for that decision. How the metrics are used during
decision making is described below:
1. Define of customer service:
In the definitions of customer service is described how Shell is aiming to serve its
customers in sense of reliability and order cycle time. When the company decides
which values are acceptable and realistic it must measure how the company is
performing at this moment in these categories. The most important metrics used
for this decision are perfect order fulfilment (RL.1) to illustrate reliability and the
order fulfilment cycle time (RS.1) to indicate the supply chain responsiveness.
These 2 metrics are supported by the measurement of upside flexibility (AG.1)
that illustrates how well the supply chain responds when unpredictable incidents
occur.
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2. Determine the degree of integration and outsourcing:
For every activity that is necessary in the supply chain the company must evaluate
if the activity is better done internally or outsourced to a logistic service provider.
At first, the company must determine if the activity can be carried out the most
cost-efficient by itself or by another party by consulting the Cost to Serve (CO.1)
metrics. Secondly, the company must determine if the most cost-efficient party is
also able to meet the target set for customer-related performance measurements
(perfect order fulfilment (RL.1), the order fulfilment cycle time (RS.1), and upside
flexibility (AG.1).
3. Design physical facility network:
When the company determines which facilities need to be located at which
locations it must determine if all customers can be served within the time window
the company finds the acceptable order fulfilment cycle time (RS.1). When
managers find out that customers structurally cannot be served within the
acceptable time it can choose to open more storage facilities or another
manufacturing plant closer to the customers. This applies as well for the reliability
metric (perfect order fulfilment (RL.1). When a group of customers is not supplied
reliable enough the company can choose to lease terminals located close to that
group of customers. Furthermore, the company can use the Cost to Serve (CO.1)
metrics to find the optimal number of facilities regarding the supply chain costs.

4. Design Communication and Information network:
The possibilities to support this decision by the performance dashboard are
limited. In fact, the dashboard is part of this communication and information
network.
5. Pick inventory management strategy:
When the company decides which amount of inventory is necessary for a certain
product it aims for the minimum amount of inventory costs. The inventory costs
are named terminal costs (CO.1.2) and are a combination of two factors: variable
terminal costs and fixed terminal costs. When these are determined by the
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company it can make a trade-off between the costs of holding inventory and the
customer related performance metrics that are improved (perfect order fulfilment
(RL.1), the order fulfilment cycle time (RS.1), and upside flexibility (AG.1). When
the inventory management strategy is chosen the company must also make a
trade-off between asset efficiency and agility. When the company decides to hold
small amounts of inventory and utilize all its resources almost 100 percent it will
perform very well on the asset efficiency metrics such as Inventory days of supply
AM.1.2, Terminal tank turns (AM.1.3) and Railcar utilization (AM.1.4). This will
have a positive effect on cost reduction as well. However, the performance on the
Agility metrics Upside flexibility (AG.1) will decrease significantly when unexpected
incidents occur in the supply chain, or when customer demand changes differently
than expected.
6. Determine product routing:
Depended on the previous decision the company can decide whether it should
cross a terminal plant or not. Furthermore, the company must aim to transport
the goods in the most cost-efficient manner, which is measured by the Cost to
Serve (CO.1) metrics. In some cases, it can be more economical to transport a
large number of goods to a terminal that is located between more smaller
customers. This terminal serves as a hub to serve customers fast and reliable
which also positively influences performance in metrics (perfect order fulfilment
(RL.1) and the order fulfilment cycle time (RS.1).

7. Determine Lot size + Delivery frequency:
The total cost of shipping an order has 2 components that influence the optimal
size, which are inventory holding costs and the fixed set-up costs (not specified
separately in cost to serve currently). When these are known by the company an
optimum can be calculated using the EOQ model. This model describes the tradeoff between fixed order cots and holding costs and determines the optimal order
quantity by taking the derivative of the total cost formula (Nahmias & Olsen, 2015
).
8. Define safety measures:
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When potentially dangerous goods are transported it must be number one priority
to secure safety for all involved stakeholders. However, the company can benefit
from accomplishing the desired safety level in the most cost-efficient way, which
is measured by the Cost to Serve (CO.1) metrics. Implementation of safety
measures can also negatively influence the supply chain speed measured by the
order fulfilment cycle time (RS.1) metrics.
9. Choose transport modes:
When supply chain managers choose the most suitable transport mode, they first
must evaluate which options are available for a certain customer. Many customers
are limited in their unloading facilities which means that in many cases only a few
options are relevant. Another factor that influences the transport mode is the order
quantity defined in decision seven. For small shipments it might not be optimal to
choose for a bulk tanker, for example considering the low delivery speed and high
fixed costs. For all possible options that are suitable regarding the safety measures
and possible unloading facilities shell must determine if targets for customer
related performance measures (perfect order fulfilment (RL.1) and the order
fulfilment cycle time (RS.1) are reachable. Finally, the most cost-efficient options
must be chosen (Cost to Serve (CO.1)).
10.

Choose logistic service providers:

When all 9 previous decisions are made, Shell must decide which logistic service
provider will ship the goods between manufacturing plants, terminals and the
customers. Shell normally works with a select number of LSP’s that have proven
to ship goods safely and reliable. New LSP’s must complete a period of audits
before they are allowed to ship products for Shell on a regular basis. For the
regular selection of LSP’s is measured when products are loaded and unloaded.
The unloading date and time at the customer’s plant is compared with the
committed date and time to determine the metric Orders delivered before commit
date [%] (RL.1.1). When the difference between the time of loading and the time
of unloading is taken, it is possible to determine the Transport cycle time (RS.1.2).
Obviously, as mentioned in several decisions before Shell must always aim to pick
the most economical option considering other performance measures are met.
When a logistics manager or supply chain manager sports in the dashboard that
the Cost to Serve (CO.1) is not meeting the pre-set targets it is possible to drill
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down to compare different cost components (CO.1.1 till CO1.6) and even further
per product line (CO.1.1.1 till CO.1.1.4). When managers aim to reduce these
costs to serve it is possible to consult the asset efficiency management metrics.

6.4.3

Measure the benefits resulted from improvement actions

By implementing the performance dashboard employees can compare the
performance situation before certain actions of improvement are taken and
afterward. This helps to justify programs and their costs, so the management can
evaluate if comparable programs can be implemented or if programs should be
extended or not (Artley & Stroh, 2001). For example, when Shell decides to lease
another terminal to decrease the Transport Cycle Time (RS.1.2) and increase the
Orders delivered before commit date (RL.1.1) the management wants to know if
the costs of leasing another terminal is delivering the desired performance
improvement. When this is not the case Shell can search for other possibilities to
increase performance in the decision-making process.

6.4.4

Confront external partners with underperformance

When Shell makes an agreement with a logistic service provider it demands certain
performance standards for the price they are paying. These demands can be
expressed in the performance dashboard. Employees can monitor continuously if
the transport partner is meeting the pre-defined performance standards. When
this is not the case Shell can confront their partners with the underperformance.
Another benefit of the dashboard is regarding external partners are demurrage
costs. When marine transporters are taking too much time for loading or unloading
activities in the harbour Shell will be charged for this. However, when customer
or service provider is responsible for these delays Shell can ask for a refund at the
responsible party. Therefore, these costs need to be monitored, which can be done
fast and intuitively in the Cost to Serve tab of the performance dashboard.
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Conclusion:
The dashboard has many useful functions that the company can utilize in all tiers
of the organization to obtain improvement in the supply chain activities. In order
to make the project successful employees must be coached where and when the
dashboard can help during their jobs. Furthermore, the dashboard must be added
to the fixed meetings that are organised in the Chemicals supply chain. Shell has
weekly, monthly, quarterly and semi-annual meetings where employees can use
the dashboard to discuss if all supply chain activities are carried out as planned.
When none of the KPI’s is indicated red the managers can conclude that things
are going as planned. However, when one of KPI’s is underperforming there must
be drilled down into the dashboard to find causes. The responsible parties should
have an explanation why performance is not as desired and which possible actions
can help to solve the problem.
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7.

Discussion

In the final chapter of this document we formulate the lessons we learned during
this master thesis project and finally we advise Shell how they can continue to
improve the data collection processes in the future. Finally, we explain how the
dashboard can be improved in the future by new innovations that are implemented
in other organizations presently.

7.1 Conclusion
From this study we can conclude that it is highly relevant for Shell and companies
in the process industry in general to measure performance in logistic processes.
If Shell is willing to continue to improve its supply chain operation it is essential
to measure performance. This is important for various reasons such as,
communicating the company’s strategic plans and targets, but also to confront
external partners with underperformance. However, the most important reason to
measure performance is to improve the decision-making process. Shell must
continuously monitor how their choices influence the performance on the five
selected performance attributes. If Shell knows the resulting supply chain
performance when choices are made, they can improve the settings of the various
parameters until an optimum is accomplished.
To find the optimal values of the performance attributes Shell must consider the
relations between the attributes because increasing performance in one of the
attributes decreases performance in others. Finally, Shell must minimize the costs
as much as possible within the boundaries of the other 4 performance attributes.
An important aspect that contributes to the success of this project is choosing the
correct targets for the dashboard. When Shell chooses targets for the customer
focussed performance attributes more ambitiously than customers are demanding
Shell is increasing the supply chain costs without possibly increasing sales.
However, when customers notice complications regarding delivery speed and
reliability they can make the decision to leave Shell for one of the competitors if
they can achieve higher supply chain performance. Also, the targets for internally
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focussed performance attributes must be chosen wisely. When targets are not
ambitious enough managers are not motivated to achieve the highest possible
results. However, when targets are not realistic employees can neglect them
completely.

7.2 Future improvements
The supply chain performance dashboard in its current form is not as effective as
it could be. Shell still lacks in its data collection process and therefore more
variables should be measured. Besides the missing data, the dashboard can be
improved by technological innovations as well.

7.1.1

Missing data

To complete the described dashboard in chapter five with all performance
indicators described in chapter four Shell must start collection the following
metrics:

-

Responsiveness and Reliability for Rail and Marine transport

Currently, the data and time of loading and unloading for tank truck transport is
managed

by

a

Transport

Management

System

(TMS-system)

named

“Transporeon”. This system is used by the logistic service provider to document
the moment trucks depart at the manufacturing location and arrives at the
customer. This provides a clear overview of how reliable Shell supplies its
customers by truck. Shell must implement similar Transport Management Systems
to create a complete overview of delivery reliability and responsiveness.

-

Agility

At this point in time it is difficult to determine which increases from demand where
expected on front and which not predictable. For this reason, Shell must start
today to document every occasion a certain product experiences unexpected
demand increases from 20% or more.

-

Asset Management Efficiency

85

CHAPTER 7: DISCUSSION

To determine the utilization of tank trucks, railcars, barges and parcel tankers
Shell must measure the payload of a shipment. Furthermore, for transport via rail,
it is useful as well to measure which part of the time trains are in use because
trains are leased in contradiction to trucks and ships.

7.1.2

Technological innovations

The decision-making process can be further improved by the implementation of
technological innovations. In this document, several topics are investigated that
could improve data management of the Chemicals supply chain. The current
dashboard should be constructed considering that these steps are a logical
extension for the future.

Virtual control tower:
In a virtual control tower supply chain aspect such as inventory and transport are
measured, monitored and controlled. In the virtual control tower information is
gathered to detect risk but also to react on opportunities as fast as possible. The
control tower supports decisions on strategic, tactical and operational level
(Doesburg, 2011). The first step towards a virtual control tower is the performance
dashboard where employees monitor performance and are consulted when actions
are required. In the future, the monitoring function will be extended increasingly
by a controlling function where decision-making is supported by algorithms to
determine optimums.
AI & Predictive analytics:
Artificial intelligence can be described as the ability of machines to think, learn
and replace human intelligence to improve human decision making. Application of
AI in supply chain management can be traced back in learning business
phenomena, collecting data, and check data integrity (Min, 2009). AI can be used
in predictive analytics as well. This is a quantitative and qualitative method of data
science that estimates future behaviour of supply chain aspects such as inventory,
demand and flow of goods. Predictive analytics can be used to improve the supply
chain design by estimation of the past and the future (Matthew A. Waller, 2013).
The first step the implementation of predictive algorithms as Holt Winter’s or

86

CHAPTER 7: DISCUSSION

ARIMA in the performance dashboard. Based on the data of the past the algorithm
creates an estimation in the future. When managers are aware of increasing costs
of decreasing performance in the supply chain it is possible to intervene before
damage is done.
Data Lake:
In a data lake, large amounts of raw data are stored in its original format. In
contrast to a data warehouse, a data lake can handle large amounts of
unstructured data very quickly by implementing dynamic analytical applications
(Natalia Miloslavskaya, 2016). The data lake can be divided into 2 separate layers.
The landing layer is the underlying layer where raw data is stored. This layer is
forming the foundation for the analytical layer, which is a dynamic layer where
raw data is transformed into usable information (Gupta & Giri, 2018). Shell can
use the data lake to improve the efficiency of data processing to increase the
performance from the dashboard.
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A. Fishbone diagram
Data
Management

Unforeseen
costs

Other

Uncertainties

Tanker/barge
demurrage

Data
integration

Low payload
utilization

Lead time
tracking

data integrity

Dead freight
charges

Safety
restrictions

Data accessibility

Inefficient
Supply Chain
Bullwhip effect

Global
operations

Variation in
customer
orders
Season
bounded
products

delivery
contracts
Many
transport
modes

Demand
volatility

Complexity

93

APPENDIX

Out of Scope
Data related
Complexity related
Volatility related

Railcar
detention not
tracked
Payload
utilization not
tracked

Global
operatio
ns
Many
transport
modes
Safety
restriction
s
Untracked
costs

Missing
reporting
standards

Seasonal
demand

The
bullwhip
effect

Demand
volatility
downstream

Demand
volatility
Inventory
management

System
complexit
y

Assets use
not optimal
Dead
fright

Reliability
not tracked
Lead times
not tracked

Delivery
contract
s
Volatile
market
prices
One-time
deliveries

Performance
unknown
Excess
costs

Data
integration
Data
integrity

Lack of
overvie
w

Data
accessibility

94

Improvement
opportunities
missed

APPENDIX

B. The Supply Chain decisions table
Table 16: The most important decisions and relation in the Chemicals supply chain

#

Decision

Previous

Additional information

decisions

Time

Responsible party

horizon

Strategic level
1

2

Definition of customer service

Degree of vertical integration and

-

Company vision and strategy

-

Customer expectation

-

Competitor activities

-

Financial resources

-

Existing supply chain system

-

Availability of financial capital

-

Availability human capital

-

Availability of facilities

1 + 2 +

-

Availability of labour

3

-

Availability of facilities

-

Availability of data infrastructure

-

Existing C&I system

-

Technological innovation

-

Software providers

-

Customer demands

1

outsourcing
4

Communication
network design

and

information
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5 years
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5 Years
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Tactical level
3

Physical facility network design

1+2

5

Inventory management strategy

1 + 3 +
4

-

Availability of labour
Availability of facilities
Availability of infrastructure
Governmental influences
Existing customers
Potential customers and markets
Demand forecast
Lead time agreements
Nature of products
Spot market situation
Demand forecast
Market situation
Parcel sizes
Reliability LSP
Reliably manufacturing facility
Water level Rhine
ERP system

Yearly

Supply chain
manager
Operational
leadership team
General manager
Logistics manager

yearly

Supply chain
manager Product
manager

-

Nature of product
Market situation
Customer groups
Pipeline network
Third party logistic service
providers
Demurrage costs

Monthly Supply chain
manager Logistic
manager

Operational level
6

Product routing

1 + 3 +
5

-
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7

8

Safety measures

Lot size + Delivery frequency

1+6

1+6

-

Nature of product
Governmental influences
Image damage risk
Length of the SC
Switch of transport modes
Black/red/green -band products
Customer requirements
Customer tank size

Monthly Supply
manager

chain
Logistic

manager

Monthly Supply

chain

manager
Product manager

9

Transportation modes

6 + 7 +
8

10 Logistic service providers

6 + 8 +
9

-

Manufacturing plant location
Plant loading facilities
Customer location
Unloading facilities customers
Safety restrictions
Demurrage costs
Tender outcome
Supplier performance and
capabilities
Safety records
Transportation options
Demurrage costs
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Monthly Supply chain
manager Logistic
manager

Monthly Logistic manager
Operational
leadership team
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C. Decision-hierarchy
Decision level

Strategic

1/5y
1. Define
customer
service

Delivery standards

1/5y
2. Determine degree
of integration and
outsourcing

Activity statement

Tactical

1/y
3. Design
physical facility
network

Facility locations +
capacity

1/y
4. Design
communication and
Information
network

Data
infrastructure

1/y

5. Determine
Inventory
strategy

Stock levels +
Replenishment

1/m
6. Choose
Product route

Path to customer

1/m

Operational

7. Calculate
optimal lot size +
Delivery frequency

Delivery quantity/t

1/m
8. Define
Safety
measures

Safety measures

1/m
9. Choose
Transport
modes

Mode of Transport

1/m
10. Choose
Logistic
service
providers

Service contract

Time
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D.

IDEF strategic and tactical level
Company vision

◼

1. Define
customer
service

Customer
expectation

◼

◼

Service elements

◼

Performance
standards

◼

Competitor
activities

◼

Safety standards

Availability of financial
capital

◼

Human capital, facilities
and equipment

◼

All activities in business

2. Determine
degree of
integration and
outsourcing
◼

◼

Activity
statement

Potential customers and
markets

◼

Governmental influences

◼

Customers locations

◼

Availability of resources

3. Design
physical facility
network

◼

Number of echelons

◼

Degree of centralization

◼

Number of plants

◼

Terminal Lease

◼

Size + location of
plants

◼
◼

◼

Gurobi

Linkage between

4. Design
communication
and Information
network

facilities
Customer
requirements

◼

Network architecture

◼

Developing data analysis
tools

◼
◼
◼
◼

GSAP

◼

Nature of products

◼

Market situation

◼

Water level Rhine

◼

Reliability LSP

◼

Reliability Man.

Defining performance
indicators

◼

Software innovation

facility
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◼

Lumira
3th party IT suppliers

Data storage locations

5. Pick
inventory
strategy
◼
◼

Degree of storage
centralisation

GSAP

◼

Pull vs Push

◼

Safety heel

◼

Safety stock

◼

Replenishment size

◼

Replenishment time
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E. IDEF operational level
◼

Network architecture

◼

Degree of storage
centralisation

◼

Performance standards

◼

Inventory
strategy

◼

Nature of

6. Determine
Product
routing

product

◼

Market

Order of crossed
facilities till
customer

situation

◼

◼

Customer
groups

◼

Demurrage

◼

Parcel size

◼

Capacity tank

7. Determine lot
sizes + Delivery
frequency

production facility

◼

Capacity tank

◼

Delivery
quantities per
time unit

customer

◼
◼

◼

Order size

Safety standards

◼
◼

Capacity tank production facility

◼

Capacity tank customer

◼

Risk gradation
product

◼

8. Define Safety
measures

Governmental
influences

◼

Reputational
damages

◼

Length of the
SC

◼

Transport mode

◼

Safety restrictions

◼

Production location

◼

Customer location

◼

Demurrage

9. Choose
transport modes

◼

Plant loading facilities

◼

Unloading facilities

◼

customers

switch

◼

Tender outcome

◼

Supplier performance

◼

Safety records

Mode of
transport

10. Choose
Logistic service
providers

◼

100

Service contracts
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