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Management Summary

This research is conducted ot the Logistics Department of NAM (Nederlandse Aardolie
Maatschappij). Production Chemistry, Contracting & Procurement and Operations are, besides
Logistics, the most important stakeholders in the supply chain of Production Chemicals. The overall
objective of this research is to generate a synchronized coordination of the roles and
responsibilities throughout supply chain of Production Chemicals, in order to effectively deploy
logistical resources. This objective is deduced from the cohesive sense of unease in the
organization of Production Chemicals. We use a three phases approach to realize this objective:

1) Mapping the current way of working
2) Analyse the current situation to identify & rank inefficiencies
3) Conduct an optimization study fo eliminate waste in the process

1) Mapping the current way of working: We first conduct thorough Data Andlysis to get a
feeling with the flow of Production Chemicals, which is summarized below.
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The Chemical Lifecycle consists of multiple phases. Production Chemistry already developed a
Chemical Lifecycle, but this overview is specified to only the Production Chemistry department.
After a critical review of the Chemical Lifecycle, we see three different phases in the organization
of Production Chemicals: (i) Selection of Production Chemicals, (ii) Recurring ordering process,
(iii) Monitoring of consumption.

The general overview of the organization is translated in a Roles & Responsibilities matrix (RACI-
matrix). The matrix describes all steps in the supply chain of Production Chemicals, who is
responsible for execution of the steps and which departments should be involved in these steps.
Implementing the RACI-matrix in the Corporate Management System yields following benefits:
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= Reduces misunderstandings

= Assigns accountabilities to each role

= Eliminates duplications of effort

= Improves understanding of cross-functional view of employees across divisions or
departments

Overall, this RACI matrix prevents waste activities throughout the supply chain, which relates to
the overall objective to deploy logistical resources effectively.

2) Analyze the current situation to identify & rank inefficiencies: We identify nine key issues in
analyzing the current process. We address the issues along with their impact and department. In
the light of this graduation research, we focus on the issue where my technical study background
could add most value to the business. We also consider the urgency of the issues and the
likelihood of implementing the solutions. We have therefore defined three potential optimization
studies regarding issues 6, 8 and 9. The objective and characteristics of these optimization studies
are illustrated below.

(6] o o

Reduce transport costs by changing Optimize inventory management at Increase capacity utilization in
injection facilities central storage lcoations transport of Production Chemicals
Annual costs: €700,000.- Annual costs: €70,000.- Annual costs: €700,000.-

= Requires a consumption

= Requires a consumption
9 P forecast of a few weeks

] High investment costs from forecast of mu|1ip|e months «  Suoports both Lodistics and
Operations to chcmge storage . Re|ctrive|y|ow financial benefits pport . 9
- . . Operations in daily work
equipment or packaging = Applicable to only one storage . Sianificant financial benefits
materials location 9

Reduces number of physicq|

= Increase in re|iabi|ity of de|ivery checks of injection locations

We discuss the potential optimization studies with the project stakeholders. The conclusion of our
discussion is to focus the remainder of this graduation project on increasing capacity utilization in
transport of Production Chemicals (issue 9).

3) Conduct an optimization study to eliminate waste in the process: The objective for the
optimization study is to minimize total duration of the replenishment cycle of supplying Chemical
Injection locations in Intermediate Bulk Containers (IBCs). In order to realize this objective, we
developed a Chemical Distribution Model for the Planning Cell which automatically generates a
replenishment schedule for area North. This Model enables the Planning Cell to move from a
reactive scheduling process to proactively proposing schedules to the clients. A combination of
Rolling Horizon Planning and Travelling Salesman Problem is used to develop the algorithm
behind the Model. Especially with the addition that each location may, or may not be visited
makes this variant of Traveling Salesman Problem to the best of our knowledge.



Synchronizing the supply chain of Production Chemicals
October 2015

We use the Chemical Distribution Model for every week in the second half of 2014, to calculate
potential benefits of this model. The model proves to deliver valid Chemical replenishment
schedules, assuring sufficient Chemical inventory levels at any time. The simulation study indicates
a reduction of around 29% in transport costs, comparing the results with actual transport data in
2014. Annual costs reduction yields €25,000 in replenishment of Production Chemicals to the
Northern part of the Netherlands. Next to the financial benefits, the proactive approach in
replenishment of Production Chemicals also:

= Prevents gas deferments by minimizing the out of stock probabilities at injection locations
= Eliminates Rush Orders
= Reduces number of visits to (unmanned) injection locations for physical inventory checks

Furthermore, recommendations are provided for implementation of the deliverables and to
eliminate the concerns regarding the other issues. Figure below illustrates the most important
recommendations, together with the responsible department and level of implementation effort.

Start Quality
Assurance/Quality

Define a clear procedure

High EFZS nﬁ C?Li Itl;\;e:Ltjor|<|as Control of delivered
J chain PPYY Production Chemical

mixes

Implement Chemical
Distribution Model and
also deve|op for Area

West

Implementation effort

Add RACI-maitrix to the Corporate Management

Low System

Logistics Production Chemistry

Department
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1. Introduction

In the framework of completing my Masters Industrial Engineering & Management at the
University of Twente, | conducted my graduation thesis at Nederlandse Aardolie Maatschappij
(NAM). This research focuses on the supply chain of Production Chemicals within the leading
natural gas and oil producer of the Netherlands, the NAM. Productivity of the gas and oil fields
reduce as the oil and gas fields age. In order to enhance and maintain production, the NAM can
either drill new production wells, or inject Production Chemicals to existing wells. A wide variety
of those Production Chemicals have been introduced over the years, each having a different
purpose for stimulation of production. Nowadays, many production locations are not even able to
operate without specific chemicals. The recent shift towards ‘green chemicals’ increases the variety
of chemicals used, amplifying the complexity of the supply chain.

Chapter 1 provides an introduction fo the research. Section 1.1 introduces the organization with a
brief description of the company, and related department. Section 1.2 clarifies the motivation for
the research. Section 1.3 describes the problem, followed by the project scope in Section O.
Section 1.5 explains the research goal, and Section 1.6 provides the research questions. We
would like to conclude Chapter 1 with the research approach in Section 1.7.

1.1  Company description
Nederlandse Aardolie Maatschappij (NAM) is a joint venture of Shell (50%) and ExxonMobil
(50%) and was founded in 1947. Core business of NAM is exploring for and producing oil and
gas, both on land and offshore in the Netherlands and on Southern North Sea. NAM s the
leading natural gas producer in the Netherlands, accounting for 75% of the total Dutch demand
for natural gas. The oil production of NAM accounts for one fifth of the oil produced in the
Netherlands. NAM employs over 1700 staff and has its headquarters in Assen.

Project’s promoter is the logistics department, which supports production of the assets throughout
the life cycle by timely identification, coordination and reliable distribution of sustainable logistics
expertise and resources, in particular:

= Distribution and storage of Production Chemicals
= Transport of people and goods

= Llifting and Hoisting

» Load / Distribution

= Industrial cleaning

*  Waste management

High attention is paid to safety regulations for all services provided by the Logistic department.
The department aims to provide cost-effective delivery of services. To reduce waste in logistics, the
Logistic Excellence section has been established to support, improve and optimize the processes
and apply innovative solutions where these add value to the end users.
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1.2 Motivation

Decreasing trends in oil and gas prices and upcoming challenges to enhance or maintain oil and
gas production in the Netherlands stress out the importance of being cost-effective. In further
improvement of the logistic activities, the Logistics Department established the Logistics Excellence
section in December 2014. Professionals in this section of the Logistics Department are
continuously supporting, improving and optimizing the logistical processes. One of the subjects to
analyze is the flow of Production Chemicals.

Usage of chemicals has exploded over years, raising the acquisition costs for raw chemicals up to
€6M in 2014. The chemical streams did not only increase in volume, it also broadened in variety.
The production chemicals are, to a greater or lesser degree, marked as dangerous and
hazardous goods, requiring extra measures for handling and packing of chemicals. The historical
growth in demand of production chemicals together with legal issues for chemical handling have
led to a complex supply chain for Production Chemicals. The supply chain evolved historically, but
has not been fully analyzed ever since.

Aiming at the facilitation of operational activities and a reduction of costs due to decreased oil
prices, the Logistics Excellence section is triggered to thoroughly understand the supply chain of
Production Chemicals. Thorough understanding of the supply chain facilitates the collaboration
and synchronization of tasks between different stakeholders in the process. Furthermore, the
understanding enables us to analyze the supply chain and indicate the opportunities for
optimization and cost savings.

1.3 Problem description

The NAM currently faces fragmented coordination in the supply chain of Production Chemicals,
which hinders the identification and removal of inefficiencies in the supply chain. The lack of
coordination and understanding makes the Logistics department relying on the experience of the
planning and administration cell for Production Chemicals. Looking at the bigger picture, we see
that roles and responsibilities of different stakeholders in the process are blurred as well.
Consequently, the stakeholders are not able to take the interests of stakeholders in other
departments into consideration and are mainly focused on their own tasks. The problem statement
is as follows:

“Fragmented coordination of the Production Chemicals’ supply chain, and unidentified roles,
responsibilities of the different stakeholders in the process”

Due to the historical growth of demand in production chemicals, the Logistics Excellence section is
questioning the efficiency in the process of Production Chemicals. Based on the transparent
overview of the supply chain, as well as the roles, responsibilities and interests of different
stakeholders, the waste could be identified. Hypotheses 1 is therefore:

“Fragmented coordination of the Production Chemicals’ supply chain, and unidentified roles,
responsibilities of the different stakeholders in the processes lead to ineffective deployment of
resources in the supply chain of Production Chemicals”



Synchronizing the supply chain of Production Chemicals
October 2015

1.4 Research scope
This research concerns the chemical flow used o enhance and maintain oil and gas production in
the Netherlands and the Southern North Sea. The flow of chemicals returned are outside the
scope, as are chemicals used for other purposes than stimulation of production (e.g. drilling), or
chemicals used in different geographic regions. To define the scope of the project, this research
comprises three phases.

Phase |: Map the current way of working

This research defines the roles, responsibilities and interests of stakeholders regarding the supply
chain of Production Chemicals in the Contracting & Procurement, Production Chemistry, the
Logistics departments and for Operations. We provide recommendations to improve coordination
between the different departments.

The supply chain of Production Chemicals is expressed in terms of information, materials, and
cash.

Flow of Production Chemicals in the supply chain

o Information Cash _!_a Materials

Figure 1.1 Flow of Production Chemicals

The supply chain of chemicals is mapped from procurement of (raw) chemicals until the delivery of
the chemicals at the production location and all processes in between. So, we map all movements
from the moment we are in charge of the chemicals until delivery at the production location (which
can be seen as client).

In order to provide clear insights in the complex supply chain, we divide the supply chain in three
main categories; material management flow, capacity management and physical packaging.
Following data is gathered to provide insights in the information, cash and material flows of
Production Chemicals:

1. Material management 2. Capacity 3. Physical packaging
flow management and mixing

= Chemical consumption = Used resources (e.g. = Mixing of chemicals

= Distribution network IBCs, IMUs, = Repackaging of
from supplier to Containers, trucks) chemicals
production location = Stock/storage usage

» Contractors used
»  Forecast Chemical
demand

i JOJ i JOR i JOJ

Table 1.1 Data collection

The Production Chemicals flow in the Netherlands and OGE (ONEgas East) Southern North Sea is
managed from NAM’s headquarter in Assen.
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Phase II: Analyze the current situation to identify and rank inefficiencies

Thorough analysis of data and information collected in Phase I, helps us to identify (in)efficiencies
in the supply chain of production chemicals. In scope of the analysis are the process and data
collected in Phase I.

Phase lll: Conduct an optimization study to eliminate waste in the process

Due to time constraint of six months, scope is narrowed in Phase lll to one part of the chemical
flow, having the highest improvement potential. Considering restrictions of the University, the
optimization study focuses on the supply chain, rather than redefining the roles and
responsibilities. Outside scope of supply chain optimization are; the contract arrangements for
chemicals, the selection of preferred supplier, as well as the volume of chemicals to be injected.

1.5 Research goal
We have defined two problems in section 1.3. First problem is that the chemical flow lacks
transparency in stakeholders and supply chain. Due to lack of transparency, we assume that
mapping this complicated supply chain of chemicals reveals some inefficiencies in deployment of
resources, which are being tackled subsequently. So, the goal of the research is to:

“Generate a synchronised coordination of (roles and responsibilities in) the supply chain of
Production Chemicals resulting in maximal value added services from an end-user perspective”
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1.6 Research question
This research focuses on transparency in the complete supply chain of Production Chemicals on
the one hand, and optimization of a specific chain in the supply of Production Chemicals on the
other hand. To be able to achieve these goals, we have defined the following research questions:

1.

What does the current situation look like, how is it controlled and what are the supply
chain characteristics?

= Which suppliers are involved in the supply of raw chemicals?

»  Who, what and where are the different chains in the distribution network?

=  What types of transportation are used?

=  What types of packaging materials are used?
An overview is provided to understand the processes and stakeholders in the supply chain
of Production Chemicals, from procurement to usage in production.
How did the supply chain evolve between 2011-20142

= In terms of material flows?2

= In terms of capacity usage?

= In terms of physical packaging transactions?
The supply chain and its characteristics are explained in processes and with the support of
actual transaction data between 2011 - 2014.
Who are the stakeholders and what are their roles, responsibilities and interests in the
Production Chemicals flow per department?

= logistics department

*  Production Chemistry

» Contracting & Procurement

»  QOperations
A descriptive matrix is displayed per department with relevant information per
stakeholder.
Where in the supply chain could we identify potential improvements2

=  Materials management flow: What, when, how much and from where to order?

= Physical packaging/mixing: (Re)packaging and mixing of chemicals during

supply chain (e.g. bulk-bulk, bulk-mix-container)2

=  Capacity management: Usage of containers/tanks/IBCs/IMUs, trucks, storage?

= Transportation: Routing problem?@

= Combination of previously described problems in the supply chain?
Analysis of the data helps us to identify the opportunities to optimize (part of) the supply
chain. The problem with highest improvement potential is chosen as optimization problem
for this research.
Which methods for the optimization problem’ could we find in the literature?
What are the suitable optimization models to use?
How could we model and improve the optimization problem?
A model is designed to optimize the identified problem.

' The problem to optimize follows from research question 4: Where in the supply chain could we identify
potential improvements?

5
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8. What steps need to be taken to move from current situation to the desired situation?
Developing an implementation plan for the proposed solution.

9. What are the benefits of the designed model?
Defining the benefits of the new model in terms of financial improvement potential,
required resources, impact on environmental footprint.

1.7 Research approach

Section 1.7 outlines the research approach. First, we determine the Production Chemicals flow,
predict the development of Production Chemicals’ demand, and analyze the supply chain in
Chapter 2. This information is obtained from infernal data sources and interviews with the
Logistics department, responsible for the planning. Conducting interviews with representatives
from all departments involved in the Production Chemical Lifecycle gives us an overview in the
roles and responsibilities of the stakeholders, which is displayed in Chapter 3. In Chapter 0, we
evaluate the identified improvement areas and define the research focus by discussing the
potential impact with the key representatives during group meetings. We conduct a literature
research to find suitable models used as input for the solution design in Chapter 5. The solution
design for the optimization problem is developed in Chapter 6 and consists of an integer linear
programming model. Due to restricted software availability, we are forced to program the model
in Excel rather than the more convenient tools as AIMMS or OMPL. Chapter O elaborates on the
data required for the solution design. We import data from different data sources and in order to
fully rely on this data, we automatically modify the input data in the Model. Chapter O provides a
simulation study to define the potential benefits of the solution design. An implementation plan for
the solution design is described in Chapter 9, which is also discussed with end users of the
solution design. Based on the outcome of this research, we end with conclusions and
recommendations in Chapter 10.
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2. Data analysis

Chapter 2 describes the current supply chain of Production Chemicals within the NAM. Section
2.1 provides an overview of the different Production Chemicals and their effects. Section 2.2
shows how Chemical demand has evolved between 2011-2014. Section 2.3 reveals data of
Chemical consumption at injection locations in 2014. Section 2.4 briefly discusses the packaging
materials used to deliver Production Chemicals to injection locations. We describe the modes of
transport and transport movements for Production Chemical distribution in Section 2.5. This
chapter concludes with an overview of storage and handling locations used for Production
Chemicals in Section 2.6. Figure 2.1 illustrates some key findings of the data analysis.

Chemical consumption per

Evolution of demand Storage & Handling (Road) Transport
cluster
Development of demand per supplier Chamical datribution par cluster (2014) Pt tromsportbrom 8 b Froducion Locations in 2014
. o [ S b kb ik )
o 7 - .
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& = e . =
o . s e @ o ol W — ¥ —

ol 'J-Ih: (= ‘ 1;
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€ 6.5M € 0.4M €0.7M

= High variation in transpert

= Highly dependent on Nalco
Champion for specialty
products

* Schoonebeek is the largest
cluster of Production
Chemicals in volumes

= Main costs for handling as

result of mixing and storage

of Chemicals at JPB (low

costs/utilization per trip

Not included the costs for
transport arranged by

= ~100 different Production

supplier
Chemicals were used in 2014

volume Chemicals)

= Total transported volume: 5M
Liters

Figure 2.1 Production Chemicals at a glance

We have decided to analyze the Production Chemical flow in terms of volume, since this is most
important driver for Logistics expenditures. The data analysis is based on a combination of
Procurement data, Ordering data from Operations, Chemical mixing data, Transportation data
and Storage data. The desired data was acquired from different databases, making it rather
complex to analyze and link the data. We have indicated several inconsistencies in acquired
data. Production Chemical volumes appear in different measures (e.g. Liters, KG, Tones, Trucks),
making it difficult and time consuming to analyze data. It is also hard to link data from separate
files, since a uniform key is missing (e.g. Procurement data and transport data is impossible to
match).

Procurement data Purchased volumes of Production Chemicals from suppliers, ordered by

Planning Cell

Ordering data Requested volumes of Production Chemicals from Production Locations
Transportation data  All flat and bulk transport which has been ordered by Planning Cell
Storage data Invoices per central storage location (e.g. JPB)

Mixing data Invoices of JPB

Table 2.1 Data sets
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2.1 Production Chemicals
Section 2.1 describes the different types of Production Chemicals which are used in 2014. As
already mentioned in the introduction, Production Chemicals are injected into from injection
points to stimulate production of oil and gas, or to protect the equipment (pipelines). Production
Chemicals are only used when no other opportunities can be applied to enhance production, or to
protect equipment. Several Production Chemicals are injected, with different characteristics and
effects. In Table 2.2, one can find the different Product Groups with its effects, used in 2014.

H2S Scavenger Binds H2S from gas phase into the produced liquids
KHI - Methanol Causes decomposition of gas hydrates and prevents liquids from freezing —
mainly DEG
KHI - Glycol » Used to dehydrate natural gas — TEG
= Used to prevent crystallization in the well - MEG
Corrosion Reduces the corrosiveness of the produced fluids
inhibitor *  Most of the inhibitors are used as CO2 inhibitors

Sodium hydroxide
Scale inhibition

Used to extract low pH liquids from a well
Reduces or avoids precipitation of solids (halite, sulphates, carbonates,
sulphides)

Lig Unloading Liquid Unloaders causes foam formation until the well and reduces the
critical gas velocity to lift fluids to the surface

Demi water Used during the mixing process fo create optimal substance of chemicals

Demulsifier Breaking of emulsions (mixtures) of water and oil/condensate

Foamer Reduces the hydrostatic pressure drop in a liquid loaded well

Defoamer Breaking the foam to avoid carryover of liquids

Hydrate inhibition

Used to prevent crystallization in the well

Table 2.2 Poduct Groups

2.2 Chemical demand

Section 2.2 summarizes the Production Chemical demand of the NAM between 2011 - 2014.
The different Product Groups are ordered from multiple suppliers, which can be found in the
Appendices. Two of NAMs largest Chemical suppliers, Nalco and Champion Technology, merged
recently. The NAM should be aware that it now heavily depends on one organization for
specialty products, since Nalco Champion is the key supplier for specialty Chemicals. The NAM
ordered Production Chemicals from 9 different suppliers between 2011 — 2014. Total demand for
Production Chemicals over these years rose with 43% up to 5.1 million Liters in 2014. below, one
can find the graphical representation of the evolution in demand between 2011 — 2014.
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Development of demand per supplier
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Figure 2.2 Chemical demand per supplier between 2011 - 2014
/ + 43%\

Total purchc:sed volume (L) 3,569,156 5,095,194 4,707,260 5,122,811
Total purchdsing costs €52M €6.0M e56 M €66 M
Table 2.3 Chemical demand between 2011-2014

The heavy increase in demand is mainly caused by the rise of the H2S Scavengers from Nalco
and Methanol from Helm AG. Other Product Groups have shown less significant ups and downs

in their demand over the last 4 years.

Evolution of demand in terms of volume
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From the data in Figure 2.4, we can see that in most cases, multiple suppliers are being used for
the same Product Groups. This may be a strategic decision to spread risks and to ensure long term
supply of Production Chemicals. If there is no strategic decision to use multiple suppliers for one
Product Group, volume discounts may be realized using one supplier for each Product Group.

Suppliers per Product Group (2014)
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Figure 2.4 Portfolio of suppliers

In addition to the observation that multiple suppliers are being used per Product Group, we also
identified many different types of Production Chemicals per Product Group. In total, 98 different
types of Production Chemicals were used in 2014, for 14 Product Groups.

Production Chemicals per Produdt Group (2014)
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Figure 2.5 Types of Chemicals per Product Group
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2.3 Consumption

The NAM distributes Production Chemicals to over 150 locations in the Netherlands and Southern
North Sea. Each location could be assigned to one of the fifteen geographical clusters. Chapter
2.3 generates an overview of Production Chemical consumption on cluster level. below, one can
find the geographical locations of the clusters within the Netherlands. Figure 2.7, shows the
demand of Production Chemicals per cluster. Clusters Wildervank/Vries and Schoonebeek West
are the most frequent ‘customers’ with 320 orders in 2014. Cluster Tytjerksteradeel/Anjum
ordered almost 1.2 million Liters in 2014, but the number of orders is significantly less. The
average volume per order from Tytjerksteradeel/Anjum is relatively high compared to other
clusters. The expectation is that highest potential for (transport) optimization can be found at
clusters with high frequency of orders and low average order volume.

Offshore e WYK/WAV
® S TD/AN) @@ UMOG
@ GRK Groningen West
@ o O [
7 Groningen East @ WD&/VRS
) Groningen ;.
und.gr.st

Drenthe GZI

(] Sch’oonebeek.WST

Coevqfclen

— WestOil
— 0 @ WesiGas

Figure 2.6 Different clusters within the NAM
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Figure 2.7 Chemical distribution per cluster

We can see from distribution of Production Chemical demand in Figure 2.8, that clusters inject

multiple types of Product Groups in their wells. Corrosion Inhibitors are being used in almost ll

clusters and all clusters ordered at least three different types of Corrosion Inhibitors.
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2.4 Packaging materials
Requests from injection locations differ in Chemical types, in volumes and in concentrations of
Production Chemicals. Section 2.4 elaborates on the different types of packaging materials used
to replenish injection locations.

Equipment for storage at injection locations may differ per injection point. Fast running products,
for example, most likely have storage capacity of at least 6 m®. On the other hand, injection
points with lower injection rates have less storage capacity. The type of storage equipment fo be
bought for an injection locations depends on expected injection volumes. The type of equipment
influences the packaging material which is used to replenish injection locations. Several
packaging materials are introduce to satisfy equipment constraints and to replenish injection
locations most efficiently. The different types of packaging material are (See Appendices for
detailed information):

= Bulk

= |BC

= |IMOs
* Drums
= Cans
= Bottles

72% of all Production Chemicals is delivered in bulk, while most requests for Chemicals are
related to IBCs. As we can see from Figure 2.9, average volume of a bulk order is more than 5
times as high as for IBCs. Overall, most of the orders are delivered processed in IBCs or in Bulk.
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Figure 2.9 Packaging materials
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Bulk IBC IMO Drum Can

Average value of order €5608 €2,533 €3213 €849 €745

Average volume of

order (Litres) 8598 1455 3402 825 226

Average costs per Litre €069 €174 €094 €103 €329

Table 2.4 Quantities per packaging material

Packaging material for distribution is more or less similar for all clusters, except for the offshore
locations. These locations are supplied by Production Chemicals in IMOs, which are specially
designed for Offshore transport. Details about packaging material per cluster can be found
below.

Production Chemicals for Offshore
locations are transported as bulk
repacked into IMOs at the quay in Den
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Figure 2.10 Packaging materials per cluster
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2.5 Transport
Section 2.5 provides an overview of all transport movements related to Production Chemicals in
2014. Transport of Production Chemicals is managed by either the supplier, or by the NAM. The
ownership of transportation differs per supplier and depends on the contract conditions arranged
by the Contracting & Procurement department. Three types of transport are used for Production

Chemicals:

= Tank transport
= Flat transport
= Vessels (for offshore supply)

The Logistics Department of the NAM is not responsible for the planning process of Vessels. We
found out that it is rather difficult to analyze Vessel transport, so this is out of scope in Section 2.5.

Tank and flat trailers are used for road transport of Production Chemicals. Average total costs of a
Trailer Tank trip to replenish Production Chemicals inventory is €965.-. Total costs for Trailer Tank
transport was almost €500,000.- in 2014, divided over 487 different trips.

Total costs of tank transports (2014)

To internal
storage locations To internal
storage locations
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& R o - Y o &
S é\b\ \06\0 <%_C'J% ébo \C‘)QQ 0\02}
@ N & Qo &
N\ @‘5\ o®
&
v C Total costs: €470.029,-
Trensportation costs # orders Total # transports: 487

Average costs: €965,-

Figure 2.11 Total costs of tank transport per departure
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Flat transport is used to distribute Production Chemicals in low batches (<1000 L) from the storage
location JPB to the Production wells. On average, 5 trips a week are scheduled to deliver low
volume batches of Production Chemicals to the Production wells. Occasionally, Flat transport to
sections West Gas and West Oil make a detour to Champion Technology in Geertruidenberg to
pick up Production Chemicals, or Flat transport occurs to transport low batches of Production
Chemicals from supplier Univar in Zwijndrecht to JPB. We only present Flat transport from JPB,
since occurrence of other trips is low and total costs of these trips are negligible. All transport from
JPB is allocated to replenishment of injection locations.

Flat transport from JPB to Production Locations in 2014
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Transportation costs ~ ——# trips

Total costs: €215.555,-

Total # transports: 263

Figure 2.12 Flat transport from JPB per week

We also analyzed the Tank transport from JPB to the injection locations, see Figure 2.13. There is
stronger correlation between number of trips and associated transportation costs for tank
transport. The average costs of Tank transport are always near €1000.- per trip, while the
average costs of Flat transport shows more fluctuations, as one can see in Figure 2.12. These
fluctuations are caused by differences in capacity utilization of trucks and distances between
different locations, since trucks are expensed per hour.

Tank transport from JPB to Production Locations in 2014
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Total costs: €107.667,-
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Figure 2.13 Tank transport from JPB per week
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Planning Cell aims to schedule Flat transport on Wednesday and Thursday during the so called
‘weekly IBC trips’. The weekly IBC trip is used to replenish injection locations and the traversed
route depends on visited locations. Data analysis supports the occurrence of weekly IBC trips. We
see peaks in trips on Tuesday and Wednesday. For the weekly IBC trip, a truck is loaded on
Tuesday at JPB and replenishes the injection location on Wednesday. The costs for this trip are
allocated to the Tuesday. The second IBC trip to the West of the Netherlands starts on Wednesday
and ends on Thursday. These costs are always allocated to the Wednesday. Besides the weekly
trips on Tuesday and Wednesday, we could also identify IBC trips on other days. These trips are
aimed to replenish remaining injection locations due fo under capacity of a truck, or caused by
rush orders. As we can see from the analysis, average costs of irregular transports (e.g. Monday
and Friday) are lower, since less time is needed to conduct the trip.

We assume from this data that there is potential to improve truck optimization and to reduce the
number of trips. Full utilization of truck capacity reduces total costs of transport.

Flat transport from JPB to Production Locations in 2014

100 81 73 150,000
100,000
50 4/ N 31
50,000
0 T T T T T I 0
Monday Tuesday Wedhesday Thursday Friday
Total costs: €215.555,-
Transportation costs # orders Total # transport: 263
Figure 2.14 Number of trips for flat transport
Average costs of flat transport Production Locations in 2014
€1.500 € 1,252
, € 948 150,000
€ 1,000 € 589 100,000
€ 500 €300 €302 1 50,000
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Monday Tuesday Wedhesday Thursday Friday

Total costs: €215.555,-

Average value Average value: €820,-

Transportation costs

Figure 2.15 Average costs of flat transport
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The contracts with suppliers include arrangements about the handover of ownership of Production
Chemicals. There are three types of contract arrangements: Pick up Chemicals from supplier (Ex
Works), Delivery to central storage location (Delivered Duty Paid), or Delivery to injection location
(Delivered Duty Paid). Contract arrangements which require additional transports (Delivered Duty
Paid) from supplier to either storage location, or injection location are displayed in Appendices.
Table 2.5 illustrates the different contract arrangements.

Transport Contract arrangement

Supplier — Storage location Ex Works

Supplier — Injection location Delivered duty Paid
(DDP)

Storage location — Injection location Delivered duty Paid
(DDP)

Table 2.5 Transport arrangements

2.6 Storage and Handling

There are several chains in the distribution of Production Chemicals to the final injection locations.
Section 2.6 describes the storage and handling process of Production Chemicals. Before delivery
of the desired chemical mix to a certain injection location, the chemicals passed several chains.
The supply chain starts at the supplier, from where the raw chemicals are transported to storage
locations in the Netherlands, depending on the supplier and type of raw chemical. In scope of this
analysis is the moment NAM takes ownership of the Production Chemicals. We can basically
distinct between three processes for distribution of Production Chemicals:

1. The supplier delivers the Production Chemicals directly to the injection location.

2. The supplier keeps raw chemicals on stock in a warehouse before it is send to the injection
locations. The ability to produce oil and gas depends on the availability of Production
Chemicals. Shut downs of wells occur when certain Production Chemicals are not available,
so it is worthwhile to keep chemicals on stock.

3. Some Production Chemicals consists of a mixture of multiple raw chemicals. Since storage and
mixing of flammable and environmentally dangerous goods require special facilities, the
mixing process is outsourced to a certified organization, called JPB. Due to Dutch regulations,
it is prohibited to store and mix chemicals on one site, making the process of mixing rather
cumbersome. The raw chemicals are delivered to the storage location of JPB in Winschoten.
When a request for special Production Chemicals are received, the raw chemicals are
transported to Farmsum for mixing. The Production Chemicals are transferred back to the
storage location in Winschoten before they are transported to the injection location. The
cleaning of IBCs is also outsourced to JPB, which has a location in Zuidbroek where industrial
cleaning takes place.
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Figure 2.16 Storage and handling process

Safety is a deeply held value and Goal Zero is our vision for causing ‘no harm and no leaks’. To
improve safety, the NAM should strive to reduce the number of Chemical handlings within the
Production Chemical process to its bare minimum. From this perspective, the NAM should strive
for Direct Delivery of Production Chemicals, reducing the number of Chemical handlings.

The NAM uses various locations to store and process Production Chemicals. Strategic storage
spots are founded near existing oil and gas fields, as can be seen from Figure 2.17.
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Figure 2.17 étoroge and handling locations
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We have identified five storage and mixing locations in the Netherlands with annual costs of
€400K in 2014. Nearly 75% of total handling and storage costs are assigned to JPB in
Winschoten/Farmsum. Most of the handlings take place at JPB, since this is the only organization
which is capable to mix Production Chemicals. Tankenpark is an exceptional case, where 3
different Production Chemicals are stored and condensate is mixed with Production Chemicals.
Tankenpark is property of the NAM, and costs for storage and condensate cannot be separately
measured for Production Chemicals yet. Detailed information about the mixing procedures and
storage locations can be found in Appendices.

Total handling and storage costs for Production Chemicals in 2014

Storage Handling Transport Total

JPB €74,724 € 189,962 € 35,801 € 300,487
Peterson

s €1,216 € 29,901 €31,117
Chemicals
CIT Rotterdam € 29,785 € 29,785
Reym Emmen € 42,473 € 42,473
Total costs
2014: € 148,198 € 219,863 € 35,801 € 403,862

Table 2.6 Storage and handling costs in 2014
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3. Roles and responsibilities
Chapter 3 provides a detailed overview of the roles and responsibilities in the supply chain of
Production Chemicals. Section 3.1 describes the selection of Production Chemicals. Section 3.2
provides an overview of the recurring ordering Process of Production Chemicals. Section 3.3
explains the last steps in the supply chain of Production Chemicals, the monitoring of Chemical
Consumption.

The oil and gas relies on sufficient availability of Production Chemicals, as under injection results
in decline of production and over injection leads to additional costs, or may even lead to gas
deferments as well. Dangerous situations or incidents arise with spills of Production Chemicals.
The Production Chemicals involves handlings with dangerous goods, and requires accuracy in
chemical injection, which consequently requires involvement of many experts. This expertise is
dispersed over four departments within the NAM.

» Contracting & Procurement
= Operations

= Production Chemistry

= logistics

The Chemical Lifecycle consists of multiple phases. Production Chemistry already developed a
Chemical Lifecycle, but this overview is specified to only the Production Chemistry department. We
have critically reviewed the Chemical Lifecycle and see three different phases in the organization
of Production Chemicals:

= Selection of Production Chemicals
= Recurring ordering process
= Monitoring of consumption

This research describes the Roles and Responsibilities from the moment a need for (a new)
Production Chemicals has been identified. Figure 3.1 illustrates the three phases in the Chemical
Lifecycle and how these phases relate to the existing Lifecycle used in Production Chemistry.

Production Chemical Lifecycle

NN NN\ Sodk N\, Use/ oY
Need >Se|ec1'iun Approva| sPurchuse Transport 2 . Disposul /\
v

o Selection of Chemicals o Recurring purchase process o Menitoring of consumption

RECUSRING ORDERING PROCESS OF PRODUCTION MONITORING OF CHE
CHEMICALS

m) | EEEZE | mm)

— ——

Changé in need for
Production Chemical

Bi-weekly/monthly monitoring
Figure 3.1 Phases in the Chemical Lifecycle
21



Synchronizing the supply chain of Production Chemicals
October 2015

3.1 Selection of Production Chemicals
Several departments are involved in the selection phase of Production Chemicals. Selection of
Production Chemicals includes all activities in:

= Introduction of a new Production Chemical in the NAM
= Using an existing Production Chemical for a new Production well
= Changing needs for an existing Production Chemical in an existing Production well

The selection of Production Chemicals consists of basically six activities. All stages in the selection
of Production Chemicals are illustrated in Figure 3.2.

We can see from Figure 3.2 that Logistics is not involved in the selection of Production Chemicals.
Production Chemistry proposes the new injection equipment with associated storage capacity. It
might be useful to underpin the decision for storage equipment not only with expected injection
volumes, but also use current replenishment frequencies to adjacent injection locations.

Another observation is that current environment in SAP only allows registration of Chemical
injection permits on cluster level. Registration of a permit allows all locations within the specific
cluster to order these Chemicals. Using an illegitimate Production Chemical is undesirable and
government gives at least a firm penalty for exceeding the law. We do not face many problems
with the Onshore permits, yet. However, for Offshore platforms, there are some location specific
permits. Currently, NAM does not register the permit to SAP to prevent locations from using
illegitimate Production Chemicals. The specific location has to order a ‘trial’” Chemical in SAP to
receive the Production Chemical. Eventually, actual chemical injection volumes need to correspond
with allowance on permit and should be addressed to government. Since the order name ‘trial’
unites, or covers, multiple Production Chemicals and orders from different locations, it is rather
complex to identify the annual injection volumes for the specific Production Chemical.
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Figure 3.2 Selection of Production Chemicals
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3.2 Recurring ordering process
The ordering process for Production Chemicals is controlled by Operations and the Logistics
department. Current ordering process from Operations is a pull process (reactive), meaning that
Logistics start their activities, when requests for Production Chemicals is received from Operations.

The recurring ordering process is a weekly process and starts with an assessment of current
inventory levels at injection locations by Operations, after which Operations requests for
replenishment of critical inventory levels. The Planning Cell collects all requests from Operations
and develops a mixing and delivery schedule to replenish the injection locations. On the other
hand, Logistics manages the central inventory and requests for Production Chemicals from
suppliers to replenish central inventory levels. The recurring ordering process is presented in
Figure 3.3.

We have identified several observations in the recurring ordering process of Production
Chemicals. Firstly, Operations define the inventory levels by checking the level meters which are
installed on the storage equipment. However, during conversations with Operations, we were told
that these level meters are dated and far from accurate. The level meters may deviate up to 200L
from actual inventory levels at injection locations. The inaccuracy of the level meters increases
risks on spills (incidents) and may result in extra costs by returning residual Chemicals. We do not
have information about the evolvement of inaccuracy, but it is reasonable that inaccuracy evolves
over time.

Another observation can be found in the ownership of Quality Control and Quality Assurance
(QA/QC) of mixed Production Chemicals. As one can see from Figure 3.3, QA/QC of
Production Chemicals, after the mixing process at JPB, is missing. The supplier of raw Production
Chemicals is responsible for QA/QC of their product. However, once these raw Chemicals are
combined at JPB, QA/QC of the new Chemical mix does not occur. We explicitly mentioned the
combining of Production Chemicals at JPB in previous sentence, since JPB does not have the
facilities to mix the Chemicals. JPB combines the Production Chemicals according to predefined
mix rates, defined by Production Chemistry. It is fixed contractually that the right volumes/weights
of Production Chemicals are combined at JPB. They are obliged to share the added volumes to a
mix.

Stakeholders from Production Chemistry, Logistics and Operations, are all questioning the stability
of the delivered Chemical mixes at Injection Locations. They even ask truck drivers sometimes to
pass the roundabout twice, for additional ‘mixing” of the Chemicals. About a year ago,
Production Chemistry took some samples from the Chemical mixes and the mix rates deviated
significantly from recommended mix rates. Although stakeholders from different departments are
questioning the stability and accuracy of the mixes, they do not see it as their responsibility to
further investigate this problem, yet. Main concern for stakeholders is that under and over
injection of Production Chemicals may cause gas and oil deferments, or corrodes well equipment.
Suggestions for Roles & Responsibilities related to this problem and different opportunities to
circumvent this problem are proposed in Chapter 10.
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As we can see from Figure 3.3, the Logistics department is responsible for management of central
inventories throughout the end to end supply chain of Production Chemicals. However, the roles
and responsibilities for inventory management have never been defined. Logistics determines the
minimum and maximum inventory levels at this moment, but there is not a standard procedure for
these calculations. Logistics occasionally receives input from either Operations, or Production
Chemistry for the minimum/maximum inventory levels for specific Production Chemicals. They
have more insights in future demand, which makes it easier to determine the minimum and
maximum levels. Regular lead times to acquire Production Chemicals are between three and six
months. Pitfall to the current management of central inventories is the probability that we suddenly
run out of central inventory for a specific Production Chemical, which might eventually result in a
shutdown of a well. Taking this into account, average inventory levels are relatively high, to
ensure delivery reliability. Either way, the current organization for inventory management is sub
optimal and yields unnecessary costs. Suppliers are also required to keep 1/12" of the annual
consumption on stock, to reduce the out of stock probability at central inventory. However, this is
not clearly communicated in the organization and no one feels responsible for tracing this
‘minimum order level. The stakeholders are questioning whether suppliers satisfy these
requirements.

Last observation relates to the chemical demand from Operations. Operations request for
Production Chemicals when their current inventory level reached the minimum inventory volume
(minimum order volume). Operators have to physically check these inventory levels on site.
Logistics weekly collects the requests from all operators and schedules the mixing and delivery
process. Currently, Logistics does not have information about the current inventory levels at
locations and about the expected injection volumes for coming weeks. Without this information it
is not possible for Logistics to suggest a more efficient planning for Chemical Distribution. The
disability to make a general forecast for future Chemical demand results in sub optimal utilization
of truck capacity and thus higher transport costs.
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an order is at least 1 for rush orders

week. —Ty —Ty —Ty —

Frequency P8 Weekly

(location dependent)

Figure 3.3 Recurring ordering process
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3.3 Monitoring of consumption

Monitoring of consumption can be divided into two stages, chemical injection and chemical
consumption. Monitoring of Chemical injection occurs bi-weekly or monthly (cluster dependent) to
declare inconsistencies in Chemical consumption per injection location. Inefficiencies may be
caused by defects in measuring equipment, infrequent storage checks, or production shut-downs
of a well. Bi-weekly review of Chemical injection is initiated by Production Chemistry in
cooperation with Operations. Chemical injection permits and water injection permits require
annual reporting of Chemical injection volumes per location to the government. So, the second
stage of Chemical consumption monetization is to quarterly or annually define the volumes of
Production Chemicals requested per well. Figure 3.4 illustrates the monetization process of
Chemical consumption.

The annual report to government with Chemical consumption per well is based on Ordering data
from wells in a specific year. This does not comprehend the actual injected data, since this data
cannot be retrieved on well level. It is good to be aware of the fact that received volume does not
one on one match the injected volumes.

We have dlso identified several observations in monetization of Chemical injection. First
observation is about the bi-weekly/monthly review of the consumption. Injection equipment is
relatively old and the injection pumps therefore have a minimum injection volume to realize stable
injection. This minimum injection volume for the old fashioned pumps is relatively high, and is
sometimes even higher than the recommended dose rate. As a result, over injection of Production
Chemicals occur, and/or Production Chemistry dilutes the Chemicals with demi water or water
condensate. In one of the conversations with the Operators, we were informed about the problems
which arise when injection volumes are close to the minimum injection volumes of an injection
skid. All injection points have a Low Flow Alarm (LFA), which is triggered when the injection
volume drops below a specified rate (Low Flow Rate). Immediate response to the alarm is
required, since the Low Shutdown Alarm (LSA) is being triggered after 24 hours, forcing a
shutdown of Production. It is especially frustrating to move to injection points at unmanned
installations and manually adjust their dose rates. Suggestion came from Operations to adjust the
concentration of the mixes, instead of dose rates in monetization of Production Chemical injection.
When the stable dose rates are above the LFA and minimum injection rates of the pumps,
operators no longer face problems with the Low Flow Alarms.

The recommended dose rate is calculated by Production Chemistry. The calculation uses either the
forecast for gas production, or forecasted water production. However, the actual gas and water
production cannot be measured for all locations, since flow meters are not always located at each
injection point. So, the recommended dose rates are based on best estimations of the gas and
water production. A lot of effort is put in monitoring the actual injection volumes versus the
recommended dose rates. We should be aware that the recommended dose rates are for certain
injection locations based on best estimations for water and gas production.

As mentioned before, annual consumption of Production Chemicals should be reported to the
government. This data is extracted from SAP, where all requests for Production Chemicals per
location are stored. Requests for Production Chemicals in SAP are placed in different measuring
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units. The data should be manually adjusted to uniform measuring units (e.g. Liters), before the
report can be send to government, making it a time consuming exercise. We also detected a
problem with Transport data. Not all visited locations can be found in the Transport data. For
example, the bulk transport is only allocated to the first visited location in a trip. Following
locations are not included in the data. Another problem with the data appeared during the data
analysis for this research. The different datasets used for the data analysis are impossible to
match. It is therefore impossible to trace the chemicals during the complete lifecycle of Production
Chemicals (e.g. from acquisition to injection).
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3.4 RAd matrix

After meetings with many stakeholders from different departments, we conclude that a general
overview of the Chemical Lifecycle is missing. Section 3.4 provides an overview of the roles and
responsibilities in the Lifecycle of Production Chemicals.

This overview is displayed in a RACI-matrix and includes roles and responsibilities of all
departments involved in the Chemical Lifecycle. The matrix has been verified with the business unit

leads and can be applied to the Corporate Management System. Benefits of widely using this
RACI-matrix for the NAM are (Six Sigma Tutorial, 2011):

= Reduces misunderstandings

= Assigns accountabilities to each role

= Eliminates duplications of effort

= Improves understanding of cross-functional view of employees across divisions or
departments

Overall, this RACI matrix prevents waste activities throughout the supply chain, which relates to
the overall objective to deploy logistical resources effectively.

The matrix describes all steps in the supply chain of Production Chemicals, who is responsible for
execution of the steps and which departments should be involved in these steps. The RACI matrix
is presented in Figure 3.5. The hard copy version of this research displays the matrix in A3 format
to make the RACI matrix easier to read.

As mentioned in Section 3.2, roles and responsibilities for central inventory management and
QA/QC of mixed Production Chemicals are not defined. The RACI matrix does not involve these
responsibilities, but we touch upon the recommendations regarding these issues in Chapter 10.
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4. Improvement areas

Chapter 3 generated an overview of the Roles & Responsibilities of the Chemical Lifecycle and
delivered a RACI matrix to streamline the activities in the organization of Production Chemicals.
During meetings with the stakeholders, we also observed other issues regarding the process.
Chapter O summarizes the nine observations described in Chapter 3. Figure 4.1 addresses the
key issues, the (potential) impact, and the concerning departments. We have circled the issue
regarding ownership in QA/QC of mixed Production Chemicals, since the responsibilities
regarding QA/QC have never been defined yet.
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Figure 4.1 Issues in the organization of Production Chemicals
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4.1 Research focus
From here, we focus on improving the current organization. We could not resolve the concerns for alll
addressed issues, considering the limited duration of six months for this graduation project. We are
therefore forced to prioritize the issues and to conduct an optimization study for only one issue.

In the light of my graduation research, we focus on the issue where my technical study background
could add most value to the business. We also consider the urgency of the issues and the likelihood of
implementing the solutions. We defined three potential optimization studies regarding issues 6, 8 and
9. The objective and characteristics of these optimization studies are illustrated in Figure 4.2 below:

(6] (8] o

Reduce fransport costs by changing Optimize inventory management at Increase capacity utilization in
injection facilities central storage lcoations transport of Production Chemicals
Annual costs: €700,000.- Annual costs: €70,000.- Annual costs: €700,000.-

= Requires a consumption

= Requires a consumption
9 P forecast of a few weeks

= High investment costs from forecast of multiple months «  Supports both Logistics and
Operations to change storage = Relatively low financial benefits o pperts boh tog
. . . perations in daily work
equipment or packaging = Applicable to only one storage e Sianificant financial benefits
materials location (JPB) 9

Reduces number of physicc:|

= Increase in re|ict|oi|ity of del ivery checks ot iniaction locations

Figure 4.2 Potential optimization studies

We have discussed the potential optimization studies with the project stakeholders. The conclusion of
our discussion is to focus the remainder of this graduation project on increasing capacity utilization in
transport of Production Chemicals (issue 9). The obijective for this optimization study is to minimize
total duration of the replenishment cycle of supplying Chemical Injection locations. Besides cost
reduction, the study provides more control over the replenishment process. This enables Logistics to
shift from a reactive scheduling process to proactive planning of replenishments. We initially focus on
the replenishment of IBCs, since this yields highest potential benefits.

As described in Section 2.5, the IBCs are delivered with flat transport and the IBC trip occurs at least
once a week to visit a predetermined set of injection locations. We distinct two replenishment cycles
for IBCs, nome|y the locations in Western part of the Netherlands and the Northern part of the
Netherlands. Our research concerns only the Northern part of the Netherlands. This replenishment
cycle consists of many injection locations and combines orders from multiple operators. Once we
have conducted the optimization study for the North, it would be relatively simple to reproduce this
model for the Western part of the Netherlands. Further details about the replenishment cycle of IBCs
are explained in Section 4.2.
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We also stressed the importance of optimizing central inventory management (issue 8). However, the
optimization study would emphasize on defining procedures and Roles & Responsibilities rather than
building analytical models. This study would therefore not comply to Graduation requirements from

University. We refer to the optimization of inventory management at central storage locations in
Chapter 8.

Reducing waste in replenishment costs by changing injection facilities, involves high investment costs
for Operations (issue 6). The optimization study for this issue requires full control over the current
replenishment cycle to assess the potential benefits of changing the injection capacity or mode of
transport. Therefore, we place this optimization study (temporarily) on a hold.

4.2 Increase capacity utilization in transport of Production Chemicals
Section 4.2 explains the current replenishment process of IBCs and its characteristics for area North.
Four operators are in charge for the replenishment of Production Chemicals. Currently, the Planning
Cell (within Logistics) collects all orders from these operators, once a week. These orders are handled
and transport for distribution is scheduled on Wednesday, the week after the orders were placed. The
Production Chemicals are stored at JPB in Winschoten, from where all IBCs are delivered to the
locations. We currently have a total of 61 injection locations in the North.

The operators have their own procedure for deciding when to request for new Production Chemicals.
The storage capacity of injection equipment varies between 1,000L and 10,000L. As already
identified in Chapter O, the accuracy of level meters at storage equipment is questionable. Operations
therefore uses a maximum inventory level which is generally lower than capacity. The injection pumps
require a minimum volume to be able to inject Chemicals. We define the (maximum) expected
injection between two subsequent Chemical distributions. The expected injection until the next
distribution and the minimum injection volume add up to the minimum order level of an injection
location. Figure 4.3 demonstrates the different levels at a storage location.

Capacity 3000L = Fixed storage capacity of Production Chemicals
—— Max. Ihventory level: 2800L at locations
Injection skid = Maximum inventory level of Production
L Minimum order level: 700L Chemicals due to inaccuracy of level measures ot

injection points

Min injection volume: 200L - Expeded consumption of Production Chemicals

at injection points for coming weeks
= Minimum order level ot injection point

________ Pipeline + Minimom nfction vome reguire for ijecton

Figure 4.3 Inventory levels at injection locations
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The operators request for new Production Chemicals when the inventory level reaches the minimum
order level. The operator generally request for the maximum amount of Production Chemicals without
interfering with storage capacity at the injection location.

Based on the individual orders from operators, the Planning Cell arranges transport to the different
Injection Systems. The Planning Cell aims to schedule one IBC trip a week to replenish all the Injection
Systems in asset North, Groningen and East. However, we identified limited coordination of these
requests. Therefore, it may occur that multiple IBC trips in are scheduled in one week. The
organization for the weekly IBC trip is shown in Figure 4.4.

= There is a weekly trip on Wednesday to
_B replenish injection points
o oo

= The fruck is loaded on Tuesday, which takes
around 4 hours

= Duration of chemical unloading at injection
point is 15 minutes

= Known duration to travel between injection

Injection A Injection D

locations
+1 IBC +2 IBC = Requests in multiples of 1000 Liters, since
Production Chemicals are delivered in IBCs
Iniecti of 1000 Liters
njection C *  Capacity of a truck is 22 IBCs
Injection B = 61 injection locations

Figure 4.4 Weekly IBC replenishment trip
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In order to increase capacity utilization of trucks, we must improve coordination of the Chemical
consumption and requests. We improve coordination by developing a Model which automatically
calculate current inventory levels and forecast Chemical injection. We have seen in Section 3.3 that
the actual Chemical injection is recorded in a system called Business Objects. Once we have an
overview of all inventory levels on a specific date, we could calculate the “real time” inventory levels
from there. Based on historic consumption, we could also determine expected injection volumes. This
information is the basis for successful coordination of the Chemical requests. This information,
together with some location specific details allows for proactively proposing a planning for the weekly
IBC trip, which will be presented in Chapter 6. Figure 4.5 addresses the final deliverable and
potential advantages of the Chemical Distribution Model.

Deliverable:
” Automatically generated planning model which decides to replenish injection locations or
not, based on “real time” inventory levels and expected consumption”

Steps
1. Develop an horizan planning model for flat transport
2. Simulate reliability and cost savings based on Chemical consumption data of 2014

3. Implementation of the planning tool within the Planning Cell

Quantitative advantages Qudlitative advantages Further (potentidl) savings
} = Easytouse =  Rather easy to adjust model
Annua| savings: * Proactive planning of for bulk transport, to realize
replenishment cycles extra savings
*  Model will support Plannin *  Model can be used to
€ 40.000,- and OperatioF:E in weekly ° simulate the potential savings
ordering process on transport when packaging
Redudtion of the average amount Lower out of stock probability material will be changed
of flat transport to 4 per week and decrease of rush orders *  Reduce amount of physical

inventory checks

Figure 4.5 Chemical Distribution Model
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5. Literature Review
Chapter 5 provides an overview of the existing literature regarding Vehicle Routing Problems (VRP)
and Rolling Horizon Planning (RHP). First, we elaborate on the Rolling Horizon Planning models in
Section 5.1. We describe the existing models about Vehicle Routing Problems and their implications
in Section 5.2.

5.1  Horizon Planning
Horizon Planning was first introduced in the paper of (Modigliani & Hohn, 1955). This schedule was
meant for the Production industry to produce product x; in j-th period. This model aims to minimize
total production costs, given the amounts required in each of T future periods of time. So, the problem
of scheduling the production of a product x over T equal, successive periods is considered as:

1. Meet initially known requirements si, s, ..., st
2. Incurring the lowest possible costs

As already mentioned, we consider x; as the production of product x in the jth period. ¥ ¥_, x; is the
cumulated consumption and Sy Y:¥_; s, is the cumulated consumption until period k. Let ho denote the
beginning inventory and h, denotes the inventory at the end of period j. The inventory at the end of
period | can be derived from following equation:

hk = hO + Xk - Sk
Where hy, should be at least O forall k (k=1, 2, 3, ..., T).

A lot of research has been conducted after the introduction of horizon scheduling of (Modigliani &
Hohn, 1955). (Suresh, Ning Hsu, & Suresh, 2002) developed a classified bibliography of the horizon
scheduling literature. They have identified three different horizon types.

The horizon type:

The literature distinguishes three types of horizons. Let an integer Z > 1, be the length of the terminal
length or the problem horizon. The problem can be either finite, when Z < oo, or infinite otherwise.
Problems are called Forecast horizons and Solution horizons when the optimal decision in periods (1,
T) are unaffected by the model parameters in periods (T + 1, Z). Solution horizons require, in
contradiction to the Forecast horizon, a complete knowledge of all model parameters (T + 1, Z). In
dynamic environments, one may decide to use Rolling horizons in planning decision making. In
Rolling horizons, an R;-period is defined based on an sufficient forecast period. A schedule is
developed for all the individual periods within length R;, but only the decision for the first period is
being implemented. At the beginning of the next period, a new schedule is developed for period Ry,
where the end date of period R, may differ from R;. The forecasting period R, is restricted to a finite
horizon. The number of periods within the Rolling horizon is called the Study horizon. The term
horizon refers to the number of periods in the future for which a forecast is made (Sethi & Sorger,
1991). The effectiveness of rolling horizon scheduling was first assessed by an experimental study of
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Baker (Baker, 1977). This study revealed that rolling horizon schedules achieves costs within ten
percent of optimality. As benchmark for the optimal solution, Baker used the solution for the complete
forecast horizon (48 periods) of the Dynamic Lot Sizing Model (Wagner & Whitin, 1958). Optimality
of the Rolling horizon schedule is negatively affected when the forecast of the periods within the
forecast horizon needs to be amended, or when the Study horizon is smaller than the forecast
horizon. The Rolling horizon is most optimal when the Study horizon approaches the forecast horizon
(Suresh, Ning Hsu, & Suresh, 2002). Figure 5.1 demonstrates a planning for both the Forecast and
Rolling Horizons.

Week Week Week Week Week Week Week Week Week Week Week Week
1 2 3 4 5 6 1 2 3 4 5 6
Week1 500 350 350 0 600 0 Week1 500 350 350 0
Week 2 350 350 0 600

Forecast Horizon
Week 3 400 0 600 0

Rolling Horizon

Figure 5.1 Forecast and Rolling horizon planning
Condlusion

Forecast horizons and Solution horizons are not applicable to our model as the optimal decision in
periods (1, T) are affected by their successor periods. With Rolling horizon planning on the other
hand, we have the ability include the successor periods in the planning. We are unfortunately not
able to make a fully accurate forecast of Production Chemical consumption for a forecast horizon.
Even for a period of one week, we face uncertainty in consumption forecast. This negatively impacts
the optimality of the solution.
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5.2 Vehicle Routing Problem

The predecessor of the Vehicle Routing Problem (VRP) was introduced in a paper of (Dantzig &
Ramser, The Truck Dispatching Problem, 1959), right after the introduction of Horizon Planning. They
used the term Truck Dispatching Problem for what we currently describe as the Vehicle Routing
Problem in literature. The Vehicle Routing Problem is an extension to the Traveling Salesman Problem
(TSP). The core problem for a TSP is the following: Find the shortest route (tour) for a salesman
starting from a given city, visiting each of a specified group of cities, and then returning fo the
original point of departure (Dantzig, Fulkerson, & Johnson, Solution of a large scale traveling
salesman problem, 1954). In addition to the TSP, the VRP does not restrict the algorithm to develop
exactly one tour to visit each location. So, the VRP allows multiple vehicles to conduct a complete tour.
Figure 5.2 graphically illustrates the difference between TSP and VRP.

/C\‘ /’C
& &

Traveling Salesman Problem Vehicle Routing Problem

m| 4——— O

Figure 5.2 Traveling Salesman and Vehicle Routing Problem

There is a wide variety of literature available on VRP, and there is a common understanding of the
VRP (Cordeau, Gendreau, Laporte, J-Y, & Semet, 2002) (Laporte, The Vehicle Routing Problem: An
overview of exact and approximate algorithms, 1992). Let graph G = (V, A), where V = {0,1,...,n} is
a set of vertices, representing the customers and the depot positioned at vertex 0. A is a set of arcs
between cities (i) i # |. Each arc is associated with a travel distance C (cij). The travel costs may
depend on travel distance, duration, or any other costs related to an arc. Each customer i € V \ {0}
has a non-negative demand qi and a service time ti. The classical VRP assumes that a fleet of m
vehicles are located at the depot with equal capacity Q. The number of vehicles used m is known in
advance, or can be used as decision variable. The VRP designs a set of vehicle routes such that:

(i) Each route starts and end at depot

(ii) Each customer i € V \ {0} is visited exactly once by exactly one vehicle
(i)  Total demand of one route does not exceed vehicle capacity Q

(iv)  The total duration of one trip does not exceed give limit D

(v) Total routing costs is minimized
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The VRP still is a popular topic for literature studies and there still is a rising trend in the number of
articles published in the field. Over 1000 articles related to VRP have been published until 2006. The
most frequently appearing researchers are Gilbert, Laporte, Gendreau, Potvin, Golden, Solomon, and
Tarantilis (Eksioglu, Vural, & Reisman, 2009).

Diverse extensions and variants to the classical VRP have been introduced over time. Section 5.2.1
elaborates on the different variants of the VRP, after which the various methods to solve VRPs are
explained in Section 5.2.2.

5.2.1 Variants to the classical Vehicle Routing Problem
We have seen from Section above that a lot of research has been conducted to extend the classical
VRP to various real life situations. The classical VRP already considers capacity constraints for the
available vehicles. The classical VRP may also appear in literature as capacitated VRP (CVRP).
Section 5.2.1 describes the characteristics for some of the other variants of the VRP.

Dynamic VRP (DVRP): The classical VRPs focus on the static cases, where information is known at the
time of planning of the routes (Larsen, 2000). In contradiction to the Static VRP, input may change (or
be updated) while solving the algorithm or executing the trip in the Dynamic VRP (DVRP). DVRP
differs from the static VRP in many ways, but the main difference applicable to our project is that in
DVRP (Psaraftis, 1988):

(i) Future information may be imprecise or unknown
(i) Flexibility to vary vehicle fleet size is lower

Stochastic VRP (SVRP): VRPs are called stochastic whenever some elements of the problem are
random. Customer demand or travel times are often the stochastic elements. Most classes of SVRP

cannot be solved to an exact solution, so it is rather difficult to assess the quality of the SVRPs
(Gendreau, Laporte, & Séguin, 1996).

Time windows (VRPTW): The VRPTW considers allowable distribution times, or better known as time
window constraints, as extension to the classical VRP. This basically means that the costs of waiting
time are also incurred in minimizing the total scheduling and routing costs. Early arrivals at the
customer or loading/unloading locations may result in additional waiting time and costs. Assume
customer i request for a service with a service time s;, and the service can begin at time b;. Let e;be
the earliest time the service may start at customer i and [;be the latest time a customer | permits a
service fo start. When the vehicle arrives earlier than the earliest start time of a service e, the vehicle
must wait until time e with associated costs (Solomon, 1987).

Multi-depot VRP (MDVRP): A frequently used generalization of the classical VRP is the Multi-depot
VRP. In the MDVRP, each customer is visited exactly once by one truck departing from one of multiple
depots. The restriction that every vehicle must start and end at the same depot is still valid in this case.
Similar to most generalizations of the classical VRP, exact algorithms for this problem only work well
for relatively small problems (Crevier, Cordeau, & Laporte, 2005).
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VRP with Pick-up and delivery (VRPPD): In the VRPPD, a set of heterogeneous vehicles, based at one
or multiple locations, must satisfy a set of requests. A request consists of a pickup location, a delivery
location and a demand to be delivered at the delivery location. Constraints which are added to the
classical CVRP are (Desaulniers, Desrosiers, & Soumis, 2002):

(i) Visit each pickup and delivery stop exactly once

(i)  Coupling the pickup and corresponding delivery stops on the same vehicle routes
(i)  Impose visit precedence among each pickup stop and its associated drop-off stop
(i) Ensure vehicle returns to the appropriate base location after completion of the tour

Tucker-Miller-Zemlin constraint: To assure that subtours are eliminated from the classical VRP, the VRP
should insert extra constraints. Miller, Tucker and Zemlin invented a way to prevent a TSP algorithm
from making subtours in the early 60’s (Miller, Tucker, & RA, 1960). Over the past decades, this
model has been amended in such a way that research has proofed the that the so called Tucker-
Miller-Zemlin constraints are valid inequalities for the CVRP (Kara, Laporte, & Bektas, 2004). The
model basically assign the orders of each customer to a place at the vehicle. This constraint adds two
variables u; and u;which represents the demand of visited customer i and succeeding customer | at the
vehicle. The demand x; of the first visited customer is assigned to the first x; places of vehicle with
capacity C. Demand of the succeeding customer is assigned to the places x;, which should be larger
than x;, but not more than the vehicle capacity. This constraint assures that all subtours are eliminated.

5.2.2 Solving VRPs
Section 5.2.2 focuses on the different methods to solve VRPs. There are basically two different
approaches to solve a VRP, exact algorithms and heuristics. The VRP is NP-hard, since it includes the
TSP, where m = T and Q = < However, the VRP is considerably more difficult to solve than the
traditional TSP of the same size. The most sophisticated exact algorithms are able to solve instances of
up to 100 vertices. Opposed to the VRPs, the TSPs can solve exact algorithms of hundreds, or even

thousands of vertices, using the branch-and-cut-and-price algorithms (Laporte, What You Should
Know about the Vehicle Routing Problem, 2007).

Exact algorithms

Since exact algorithms are limited to solve VRPs to optimality up to about 100 customers, literature
has been focusing more on the heuristics. However, we have also seen that TSP problems can be
solved involving thousands of vertices. This section describes branch-and-bound and branch-and-cut
methods, which are frequently used in literature over the last decades (Cordeau, Laporte, Savelsbergh,

& Vigo, 2007).

Branch-and-Bound: The branch-and-bound method is introduced to intelligently enumerate all
feasible points of a combinatorial optimization problem. The VRPs are NP-hard problems, making it
hopeless to look to all feasible solutions. The branch-and-bound method constructs a proof that a
solution is optimal, based on successive partitioning of the solution space (Papadimitriou & Steiglitz,
1998). First iteration is to partition a set of all feasible solutions into subsets. Each subset is
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represented by a child of the original node. During the branching process, the algorithm eliminates
all subsets which does not result in the optimal solution, based on values of the upper and lower
bound of the objective value. We explain this process with a minimization example:

A lower bound is assigned to each subset of solutions created during the partitioning process. The
value of the lower bound. The value of all feasible solutions of the subsets is at least the value of the
lower bound. The upper bound is the value of the best solution so far. Numerous iterations take place
until the algorithm found a value for the upper bound, equal to the lower bound of all solutions, or
when there is only one subset of possible solutions left (Tijms, 2004). For larger problems, the
problem cannot be solved to optimality in polynomial time. For this reason, many branch-and-bound
procedures enables users to stop the algorithm to check whether the method found values for the
lower and upper bound within the predetermined acceptable range (Tijms, 2004).

Branch-and-Cut: The branch-and-cut algorithms are the best available exact approaches for solving
VRPs (Cordeau, Laporte, Savelsbergh, & Vigo, 2007). The branch-and-cut algorithm is a combination
of cutting plane method with the general branch-and-bound algorithm. The branch-and-cut problem
first solves the LP-relaxation to find a lower or upper bound (depends on the objective function). The
branch-and-cut algorithm may decide to add a cutting plane to the LP relaxation. The cutting plane
approach adds valid inequalities to the problem to ultimately find a solution with integer variables

(Mitchell, 2002).
Heuristics

Since exact algorithms for VRP are only adequate for smaller sized problems, heuristics have been
introduced as alternative. The classical heuristics have been developed to quickly obtain a feasible
solution and possibly apply a post optimization procedure to the feasible solution. The heuristics do
not yield an optimal solution for the VRP, but a solution which slightly deviates from optimum. Several
classical heuristics have been developed, whereas the literature primarily refer three algorithms
(Cordeau, Laporte, Savelsbergh, & Vigo, 2007):

(i) Clarke and Wright savings algorithm
(i) Gillet and Miller sweep algorithm
(iii) Fisher and Jaikumar algorithm

Clark and Wright savings: Conform all heuristics, the Clark and Wright savings algorithm starts with
a feasible solution, consisting of multiple routes. The concept of the savings algorithm is to obtain
costs savings by merging two routes into one route (Clarke & Wright, 1964). In the first step of the
algorithm, the savings for all pairs of customers are calculated and sorted in descending order of
savings. When a combination of i and | is considered, the two routes visiting i and | are combined, if
this still yields a feasible solution. So, merging these points can be done without deleting a previously
established direct connection, and total demand does not exceed vehicle capacity. Two variants of the
Clark and Wright savings algorithm could be applied. The sequential algorithm builds on exactly one
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route at a time and the algorithm stops when no extra feasible combinations exist. The parallel
algorithm may build on multiple routes at the same time and merges the routes with highest cost
savings (Lysgaard, 1997).

Gillet and Miller sweep: The Gillet and Miller sweep algorithm is another well-known heuristic to solve
the VRP. They graphically display the locations of the depot and all customers on a map. Feasible
routes are created by simply rotating a ray centered at the depot and include all customers in the
vehicle route. The route returns to depot when the vehicle capacity exceeds its maximum or maximal

route length is attained. A new route is initiated and follows the same procedure (Cordeau, Laporte,
Savelsbergh, & Vigo, 2007).

Fisher and Jaikumar: The heuristic of Fisher and Jaikumar is also known as the cluster first, route
second approach. The algorithms consists of two phases, in which all customers are first assigned to
one cluster, solving a Generalized Assignment Problem (GAP). Next, the delivery sequence per cluster
is determined by applying a TSP heuristic or algorithm (Fisher & Jaikumar, 1981). The GAP is NP-
hard and can be solved using relaxation techniques, for example the Langrangian technique. There
still are some misgivings about the performance of this heuristic, since the solutions of Fisher and
Jaikumar cannot be verified. However, computational experiments suggest that the Fisher and
Jaikumar is not simple to program (Cordeau, Laporte, Savelsbergh, & Vigo, 2007).

Conclusion

Starting from the 50’s of previous century, a lot of research has been conducted regarding VRP.
Result is that we currently have over 1000 articles with variants to the VRP. The VRP is a
generalization of the TSP. The TSP considers only one route, with the start and end at the depot. In
between, all customers are being visited. The VRP deteriorates from the TSP, by considering multiple
routes with capacitated vehicles.

Since VRPs are NP-hard problems, a lot of research has been conducted regarding solving
algorithms for the VRP. Exact algorithms for the VRP can only solve the problem within polynomial
time for smaller problems. However, research has also shown that TSP problems can be solved with
exact algorithms for thousands of vertices. As exact algorithms are not appropriate fo solve VRPs in
most cases, heuristics are being used. Heuristics solve the VRPs to a fraction of optimality within
polynomial time.

We have described the current situation of ordering Production Chemicals within NAM. This problem
seems to be a capacitated VRP, since at least one truck a week is being used to supply Production
Locations with Production Chemicals. However, treating the problem as a VRP makes us dependent
on heuristics for solving the VRP. In order to make a successful planning Model, which can be widely
introduced within the NAM, we have to consider user-friendliness of the Model and the software
should be available for the Planning Cell. Taking these constraints into account, Excel is the only
software which can be used to develop a user-friendly Model. By simply adding the constraint that we
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may only use one truck to deliver the Production Chemicals, we can change the problem to a TSP with
capacity constraint. We limit scope for the replenishment of Production Chemicals to the Northern
part of the Netherlands. Decent planning does not force us to use more than one truck a week. The
Western part of the Netherlands is out of scope, and weekly distribution of these Production
Chemicals is conducted by a different truck.

Our TSP problem is developed in Excel and solved with an exact algorithm. We have seen in
literature that the branch-and-cut method is the most efficient Model, so we use this algorithm in
solving our weekly TSP problem.

The model is slightly different from what we have seen in literature so far. The Model which is
developed generates a solution for a capacitated TSP problem, where the customer may, or may not
be visited.
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6. Hybrid horizon traveling salesman scheduling

Chapter 6 describes two different types of planning heuristics. In this Chapter, we combine the
horizon planning method and the capacitated traveling salesman problem to develop a Chemical
Distribution Model. We proposed the name ‘Hybrid horizon traveling salesman scheduling’ for the
mathematical calculations in the model. The trucks used to replenish the injection locations is operated
by another organization. Total costs for the weekly IBC trip solely depend on the total duration of the
trip. This model minimizes the total duration of Production Chemical’s replenishment with a planning
horizon of four weeks. However, only the planning for the first week is being implemented. Total
duration of the weekly IBC trip consists of:

= Loading the truck at central storage location
= Unloading truck at injection points
= Travel time between injection points to be replenished

Scope:

As described in Section 4.2, we start with a planning model for the weekly IBC trip in the Northern
part of the Netherlands, which are sub divided in area North, Sour Gas, and East. These areas
facilitate 62 injection points in Friesland, Groningen and Drenthe. Furthermore, Chemical distribution
with Bulk and Vessel transport is out of scope.

Assumptions of the model:

= One truck is able o deliver all Injection Systems

=  Given truck capacity of 22 IBCs

= Chemicals are delivered in IBCs

= No restriction on maximum duration of a trip

= Truck drivers are legally obliged to take a break

= Weekly IBC trip starts on Wednesday and may continue on Thursday if necessary
= All IBCs are loaded at storage location JPB in Farmsum

= Start and end location is JPB in Farmsum

= Fixed unloading time of IBCs at Injection System

The formulation of Chemical Distribution Planning problem can be described as follows:
Sets:

Number of trucks used to deliver the IBCs to the Production Locations K = {0, 1}
Set of potential locations to depart from 1 ={0,1,2,3,...,61}
Set of weeks in which locations can be delivered T ={0,1,2,3,4}
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Indices:

keK
i€l
TeT

Parameters

Maximum orders to be placed m;; for location i in week T

Capacity ¢; of storage at location i

Expected inventory level of Production Chemicals e;, at location i in week ©
Expected injection volume of Production Chemicals v;, location i in week ©
Minimum order level for Production Chemicals s; on location i

Duration d;; to drive from location i to location |

Duration b to load Production Chemicals at central storage location
Duration r for the legally obliged breaks

Duration h to unload Production Chemicals at delivery location

Capacity Q of truck k to deliver IBCs to location i in week 7

Decision variables:

_ {1 if atruck drives from location i to location j in week t
0 otherwise

Y. _ {1 if atruck arrives at location i in week t
” 0 otherwise

L _ {1 if atruck is used to deliver Production Chemicals in week t
’ 0 otherwise

Uy, = Integer auxiliary variable nonnegative {1,2,3,..,Q}

0 = Number of orders placed at location i in week 7 {0,1,2,3,..., m;}
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Objective function:
61 61
min z Z(L X (b+1))+ ZZX”T Xdij + 20” X h)
o

Such that:
Mz = (¢; = (e;r = v4))/1000 vrT,i (1)
O0ir < my; VT, (2)
iy =€ir—1 — Vi + 05,1 * 1000 VT, (3)
e =5 VT,i (4)
Zié=11 Xior = L; vVt (5)

iZoYir < Lo vt (6)
Z?_i(_)Xijr =Yy Vr,i (7)

ji
0;; <Y;; xX1000 VT,i (8)
Oy =Y V,i (9)

j2105 <Q VT (10)
Xijr+ Xjir <1 VT,i=21j=1,j+#i (11)
YL Vi < 36 Xojr X 1000 V1 (12)
Y21 Y < X711 Xjor x 1000 vVt (13)
U= Upp+ Q * Xije < Q — O VT,i>1(>1, j#i (14)
0,<U;<Q Vr,i>1 (15)
Xije 1 Yz, Lt Oiz , Uz 20 VT, (16)
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The objective function aims to minimize total time required to replenish the injection systems for a
period of four weeks. The fotal replenishment time exists of three components: Truck loading time,
travel time between injection systems, and unloading time at injection systems. The first constraint (1)
determines the maximum volume of a request. The maximum volume is the maximum inventory level
of an injection system minus the inventory level of week (i-1) and the expected consumption of week
(i), divided by 1000. The second constraint (2) is a restriction on the requested volume for each
injection system. It basically says that the expected inventory level plus the ordered volume cannot
exceed the storage capacity of an injection system. Constraint (3) determines the expected inventory
level in week (i) by subtracting the consumption in week (i) from the inventory level (i-1) and adding
the requested volume for week (i). The inventory level may never fall below the minimum order
inventory level and is defined in constraint (4). If we could find a trip from an injection location to the
central storage location, a truck is used to deliver Production Chemicals in that specific week,
according to Constraint (5). Constraint (6) says that a location can only be visited once during an IBC
trip. Constraint (7) makes sure that when a location is visited, the truck should leave from this location
to one other location. Constraint (8) confirms that a location should be visited when this location
requested for IBCs. On the other hand, constraint (9) does not allow to arrive at a location when no
requests have been placed. Constraint (10) limits the total amount of requests in week (i) to 22 IBCs,
since this equals the capacity of a truck. Constraint (11) prevents occurrence of return trips between
locations. Since we have the same start and end location, a return trip could occur if only one
location is replenished. Constraint (12) makes sure that, if there is a request for Production Chemicals,
the trip should start at JPB. Constraint (13) obliges the truck to finish at JPB. Constraints (14) and (15)
are added to the algorithm to eliminate sub tours disconnected from JPB (Kara, Laporte, & Bektas,
2004). Last constraint (16) ensures that all variables are non-negative.

Estimated Problem Dimensions:

We have an extensive problem, consisting of many variables and constraints. This section discusses
the problem dimensions.

Variables

Our model consists of the following indices:
ii=0,.,6]

t=1,..,4

Given these indices, we are able to calculate the number of variables in our problem. We multiply the
indices per decision variable to calculate the total number of variants per decision variable. In Table
6.1, one can find the total number of variables for our problem:
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Xije 7,0, 4*62*62 15,376
Yi 7,0 4*62 248
, T 4 4
Ui, 7,i#0 4*61 244
0, 7,i#0 4*61 244
Total number of variables: 16,124

Table 6.1 Problem dimensions

We can reduce the number of variables by adding constraints to the model. In our case, constraints
(6) and (8) reduces the scale of the model. Constraint (6) ensures that L, becomes 1 if a trip occurs
in week 7. This results in a reduction of 4 variables.

L'6=11Xi0‘r =L, V1 (6)

Constraint (8) equals decision variable Y;; to the sum of all trips from location i to all other locations
i- This reduces the number of variables with 248.

Z]@iOXijr = Yir Vr, [ (8)

Jj#i
As a result, our model consists of 15,864 different variables.
Constraints

We also briefly touch upon the number of constraints in our model. The total number of constraints in
our model is 31,988, given the indices and constraints described in previous section.

Discussion:

This extensive problem is hard to solve within polynomial time, since it is NP-hard. As described in
Chapter 5, we solve this problem using the branch-and-cut algorithm. We cannot solve this problem
to optimality within reasonable time, and we therefore insert a time limit to the solver. First,
OpenSolver initializes the model, which takes about 1 hour. Second, the model is solved and stops at
a predetermined time limit. The model is supposed to be solved once a week and it is desirable to
propose a planning within manageable time. After 20 minutes, it takes hours before the model
detects minor improvements to the already proposed planning. So, we set the time limit at 20 minutes
for solving the problem.

51



Synchronizing the supply chain of Production Chemicals
October 2015

52



Synchronizing the supply chain of Production Chemicals
October 2015

7. Input Chemical Distribution Model

Chapters 5 and 6 extensively reported the current literature regarding our problem and described the
model we developed to solve the weekly Chemical Distribution problem. Section 7.1 explains the
method to collect the input for the model. Solving the Chemical Distribution Model recurs every week
and part of the input data changes in these periods. For the dynamic input data, we focus on the
process to obtain the required data and how we progress this information. Section 7.2 discusses the
steps to solve the Chemical Deliver Model.

7.1  Data collection
We categorize the input in fixed or dynamic data. Fixed data does not change every week, so these
input data should not be updated every week. Dynamic data may change daily and does need to be
updated every time you solve the Chemical Distribution Model. The Chemical Distribution Model
requires the following input data:

Fixed Dynamic
Transport data: Duration d;; to drive from location i to location | X
Duration b to load Production Chemicals at X
central storage location
Duration h  to unload Production Chemicals at X
delivery location
Capacity ¢; of storage at location i X
IBCs delivered at location between now and last
. X
time the model has been solved
Duration r for a break during the trip X
Chemical injection data:  Chemical consumption per Injection Location of X
last four weeks from now
Inventory data: Last known inventory levels per Injection Location X
Maximum  replenishment level per Injection X

Location

The Chemical injection data and Inventory data is used to calculate following parameters:
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Fixed Dynamic
. Minimum order level for Production Chemicals s; on location i X
. Current inventory level of Production Chemicals e;o at location i X
. Expected injection volume of Production Chemicals in coming weeks, X

v, location i in week t

. Maximum orders to be placed m;; for location i in week T X

As one can see, the majority of the input data is dynamic. We previously described that we need to
update dynamic input data every week. For this reason, we have already inserted links in Microsoft
Excel, which automatically calculate and/or generate the input data. This increases the efficiency and
user friendliness of the Chemical Distribution Model. End users only have to download Chemical
consumption data from an internal source, called Business Objects. To calculate current inventory
levels, the Model asks to fill out three different dates: the next Chemical distribution date, the last
Chemical distribution date, and the last time the model is solved. The current date is automatically
generated. The number of IBCs delivered between now and the last time the model has been solved
should be inserted as well. Furthermore, the end user has to manually add the last measured
inventory levels per Injection Location to the Chemical Distribution Model. This information can be
obtained from the last time the Chemical Distribution Model was solved. Operations conduct a
physical inventory check every once in a while. To ascertain the reliability of calculated inventory
levels, it is highly recommended to update the calculated inventory levels with actual field data from
Operations. A dashboard is designed in the Chemical Distribution Model, where the user can add the
input for the model.
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Figure 7.1 Chemical Deliver Model input
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The fixed input data is acquired from multiple sources. The durations to travel between locations is
gathered from Google Maps Navigation. Our problem consists of 62 different locations and thus 62
by 62 different travel durations. Manually obtaining duration of each possible tour takes days or even
weeks. Therefore, a code is written in Microsoft VBA which automatically acquires the duration
between trips and add this to the Chemical Distribution Model. This program is able to automatically
download the total durations between trips within two hours. The total duration is calculated for
passenger cars. However, the Production Chemicals are delivered with trucks, and some roads are
obliged to avoid. Therefore, we assume that travel duration increases with 30% on average, when a
truck is used instead of a passenger car. The total travel duration between locations can be found in
the Appendices.

Duration for loading a truck for Production Chemicals. Duration to load Production Chemicals at
central storage location JPB is assumed to be four hours. This assumption is based on andalysis of
invoices, where the total duration at a central storage location is specified per trip. The total duration
also consists of the average duration to travel from and to base locations. Additional time is required
when a trip could not be conducted within one day (11 hours), since the truck drives home and
restarts the IBC trip a day after. The invoice also includes this ‘additional trip time’. So we also include
the average ‘additional time’ in the duration for loading a trucks. The duration for unloading
Production Chemicals is assumed to be 15 minutes. The assumption for average time to unload IBCs
at Production Locations is also based on analysis of invoices from the supplier. On average, a truck
driver has a break of 1 hour during the replenishment trip.

The capacity of storage at injection locations depends per location. In Chapter 0, we already touched
upon the problems with the reliability of level measurements. The level meters may deviate up to 200
Liters from actual inventory levels for the 4000 L skids. We also have to consider that forecasted
injection volumes may be slightly higher than the actual injection volumes. This results in higher
inventory levels in coming weeks than expected. To prevent the occurrence of spills during
replenishment of inventory, we have decreased the actual storage capacity per location with a certain
volume. This volume depends on the potential storage capacity. The maximum replenishment levels
are being used as input for capacity, and following capacity levels exist:

4000 3700
3500 3200
2500 2300
1500 1300
1000 900

Table 7.1 Maximum replenishment levels

The dynamic input for parameters is detracted from analysis of the manually acquired dynamic input
data. Current inventory levels are calculated by subtracting the chemical injection volume between the
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date of most recent inventory level update and current date from the most recent inventory level and
adding the Chemical volumes delivered in this period.

The expected injection volumes in coming periods is based on analysis of Chemical consumption in
last weeks. We calculate the average daily injection volume for past four weeks and for last week. As
forecast for daily injection volumes in coming period, we take the maximum of the two calculated
average daily injection volumes. However, if the average daily injection in last week is more than 1,5
times the average daily injection in last four weeks, we take the average daily injection volume of last
week as forecast for coming weeks.

The minimum order level varies with the expected injection volumes. The minimum order level is at
least 200 Liters (safety stock) plus the expected inventory level of one week. Every storage location
has a minimum of 200 Liters (safety stock), which is equal to maximum deviation for the measured
inventory level from actual inventory level. Appendices show how the dynamic data is automatically
generated and displayed in the Chemical Distribution Model.

7.2  Solving the Chemical Distribution Model

We already described the data input for solving the Chemical Distribution Model. Besides the data
collection, three additional buttons need to be triggered to solve the Chemical Distribution Model. This
Section briefly explains these three steps for solving the model.
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Figure 7.2 Chemical Distribution Model Dashboard

-

Import Chemical Injection Volumes: Pressing the first button, automatically uploads the
chemical injection volumes of last week in the Chemical Distribution Model. The injection
volumes are, as explained obtained from Business Objects.
2. Solve Chemical Distribution application: This button solves the model and calculates the most
efficient planning for Chemical Distribution Planning in coming four weeks.
3. Chemical distribution next week: Pressing this button automatically displays the Chemical
Distribution planning for next week, including the most efficient sequence of visits. The
expected duration of the trip is also displayed on this sheet.
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Before the Chemical Distribution Model can be solved by a user, the Chemical Distribution Model
should be installed once by the user. Furthermore, changes to the fixed data input may occur. These
changes induce minor adjustments to the Chemical Distribution Model. The detailed manuals for (i)
installing, (i) running, and (iii) adjusting the Chemical Distribution Model can be found in the
Appendices.
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8. Results

Chapter O presents the results of the simulation study with the Chemical Distribution Model. The
Chemical Distribution Model, described in Chapters 6 and 0, is used to conduct a simulation study
over the second semester of 2014. The results of the simulation study demonstrates the reliability and
efficiency of the Chemical Distribution Model. Actual Chemical consumption data is used as input
data for the Chemical Distribution Model. Section 8.1 shows the results for one run of the Chemical
Distribution Model in detail. Section 9.1 presents general results of the complete simulation study.

8.1  Chemical Distribution Model solution
Section 8.1 elaborates on the results of the Chemical Distribution Model, solved on September 17% in
2014. We first acquired and inserted the data which requires manual handlings:

1. Download Chemical injection volumes from Business Object, covering the injection volumes
between August 20" — September 17"
2. Insert requested dates:

o Current date: 17-09-2014
o Next delivery date: 24-09-2014
o Last delivery date: 12-09-2014
o Llast time model has been solved: 12-09-2014

3. Add inventory levels from previously solved Chemical Distribution Model.
4. Number of IBCs delivered during the period between now and last time the model was solved.

Input data from steps 2-4 is inserted in the dashboard of the Chemical Distribution Model, see Figure
8.1. All inventory levels are between the minimum order levels and maximum capacity.

Chemical delivery planning for IBC franzport
Sorg s LancNowh Ten b as
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F-igure 8.1 Dashboard of Chemical Distribution Model
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The next step is to press three buttons subsequently:

1. Press: Import Chemical Injection Volumes
2. Press: Solve Chemical Distribution application
3. Chemical distribution next week

It took the model 1.5 hours to initialize and solve the problem, after which worksheet LocationOutput
popped up. This worksheet displays the sequence of locations to be visited with the number of IBCs
and Production Chemicals to deliver. The worksheet also provides the expected trip duration. Figure
8.2 illustrates the output of the Chemical Distribution Model on September 17". The Chemical
Distribution Model proposes a distribution of 16 IBCs to 13 different locations in week 12. Total
duration of the trip is 13 hours.

Planning IBC transport for coming week
Return to Dashboard
location Facility Injection location Skid Production Chemical Number of IBCs

Witten 1 WITTEN-3 SKID24 (4m3) CGO85011
2 Collendoomereen COL'DOORMNERVEEN- T 4 m3 Foamatron V-505
3 Schoonebeek 313" SCH313WD, T-17P28C Mather IBC; 1,5 m3 F¥%-2443
4 Opends Cost 1 OPENDEOOST-1 skid0O1 CGO85528 1 Duration
5 De Tibben 1 DE TIBBEMN-3 SKIDO48 Cortron CK337C50 1 Loading hours 4
o) De Tibben 1 DE TIBBEN-1 SKIDO21 CCO85011 2 Travelling hours £,356364
7 De Tibben 1 DE TIBBEN-2 SKIDo4” Cortron CK337C50 1 Unloading hours 3.75
8 Surhuisrereen 1 SURHUISTERVEEN-1 SKIDOO3 (4m3) CGO85528 1 Total 13,106364
2 Mcrum |1 MARUM2 Skid002 (4m3) CGO85528 2
10 A 1 MARUM2 Skid003 (4m3) CGOB85528 2
11 VRES-103 SKIDOO4 (4m3) CGO85528 1
12 VRIES-402 DFRISO0S5 (3.5m3) DFO85667

Figure 8.2 Output of Chemical Distribution Model

We have performed a validation study on the outcome provided by the Chemical Distribution Model.
First, we have checked whether the solution fulfills the constraints for inventory levels, as can be
derived from the Appendices. We can see that the requirements to keep inventory between minimum
order level and maximum capacity are satisfied. The calculated expected total duration of the trip is
exactly the sum of the loading hours at JPB, the travel duration between the visited locations, and the
duration to unload sixteen IBCs at the injection locations, see Figure 8.2. Total capacity of a truck is
not exceeded.
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We have also validated the proposed route by plotting the proposed vehicle route in Google Maps,
see Figure 8.3. The proposed vehicle route seems to make an efficient and viable route, with start and
end at the central storage location. There seems to exist a strange sequence for the route from E -> F -
> G -> H, but as you can see from Figure 8.4, the varying the sequence of G -> E -> H does not
influence the travel time. Other possibly strange sequence is | -> J -> K, for which one may assume

that it is a bit faster to change the J -> I. However, this can route is also validated as one can see in
Figure 8.4.
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8.2 Simulation study Chemical Distribution Model

Section 8.2 presents the results of the simulation study and compares the results with actual
distribution data in 2014. We have conducted 26 experiments to simulate the replenishment of
Production Chemicals in the last semester of 2014, starting from June 1¥. As we were running the
Model, some minor adjustments to the initial Model have been made in the first nine weeks. These
adjustments are made in calculation of the chemical injection forecast and determining the injected
chemical volume in previous period. The impact of these changes are negligible, so we have decided
not to run a new simulation study for the first nine weeks.

Simulation study

The simulation study is conducted using actual Production Chemical data from 2014 as input for the
model. Comparing these results with actual transport data in the last semester of 2014 reveals some
interesting results. However, we were not able to fully reconstruct the Chemical injection locations in
2014. With the available information, we could only consider the injection points which are sill
being used with the same Production Chemicals. So, we cover about 90% of the total injection points
which were in Production in 2014.

The transport data for Chemical Distribution is acquired from the internal NAM transport dataset. This
document covers all transport ordered by the Planning Cell in 2014. Chemical transport data is being
filtered from the dataset. From this Chemical transport, we have filtered flat transport to and from the
Production Locations with injection skids. The actual transport data delivers to all injection skids which
were used in 2014, so it may include trips to injection points which we do not consider in our
simulation study. We described in the simulation study that we assume to cover 90% of all injection
skids in 2014. Therefore, we assume that 90% of total transport duration is allocated to deliver
Production Chemicals fo the injection skids in scope of our simulation study.

The results of the simulation study are shown in Table 8.1. As one can see, the simulation study
proposes to make 25 frips in the 2" semester of 2014. This is significantly less than the 38 trips
realized in 2014 for distribution of Production Chemicals. Total duration of replenishment is 305
hours. Average costs for hiring a truck in 2014 was €83.60. According to the simulation study, the
replenishment costs for Production Chemicals in the 2™ semester of 2014 would be: € 25,450.-. The
actual transport data in 2014 shows a total of 477 hours. However, we assume that only 90% of the
actual Transport Data is allocated to deliver Production Chemicals to injection skids in scope of this
simulation study. We therefore compare the simulation study with 90% of the actual transport data,
namely 429 hours. Actual costs for replenishing the injection location in scope of this simulation study
were €35,874.-. The simulation study shows a reduction of 29% in replenishment costs for IBCs. The
model is developed for Land North, East and Sour Gas and fotal replenishment costs in 2014 were
€87,692.-. The potential costs savings for implementing the Chemical Distribution Model would
therefore yield approximately €25,000 for the Northern part of the Netherlands.
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Week nr: Number of IBCs Travel duration Number of trips Travel duration
27 19 13.71 1 175
28 4 8.18 1 17.3
29 9 10.61 4 16.1
30 0 0.00 1 15.8
31 20 14.59 2 15.9
32 6 9.05 2 12.3
33 3 8.07 1 17.0
34 19 17.04 2 24.5
35 22 14.91 1 19.3
36 8 10.02 1 26.6
37 11 12.66 2 23.6
38 15 14.11 2 16.9
39 7 9.80 1 23.1
40 11 13.36 1 19.4
41 6 9.71 1 10.0
42 22 15.27 1 12.7
43 3 8.30 2 12.2
44 14 13.28 1 17.2
45 14 12.47 1 9.6
46 22 16.08 1 23.1
47 11 11.73 1 13.9
48 9 10.56 1 26.9
49 22 16.35 1 23.8
50 8 10.08 2 26.9
51 9 10.55 2 21.8
52 20 14.10 2 135

Total duration: 305 Total duration: 477

Table 8.1 Results simulation study

Model validation

The simulation study is not only used to calculate potential savings using the Chemical Distribution
Model. Another important reason to run experiments is to validate the correctness of the model, e.g.
whether it satisfies all constraints. We did not identify injection locations facing problems with
inventory levels, after the adjustments to the model in week 9. None of the injection locations were
running out of stock, or were facing spills during replenishments of Production Chemicals. From these
results, we could conclude that the Chemical Distribution Model proposes a sufficient planning for the
coming weeks.

We also have to validate the input data for the Planning Model, acquired from Business Objects. We
can calculate the expected inventory data with the daily injection volumes extracted from Business
Objects. However, we should validate these volume in order fo rely on this data. To validate the data,
we have asked Operations for actual inventory levels from physical inventory checks. We received
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inventory from physical checks in the beginning of July and for August 13". We have compared the
start and end inventory levels by subtracting chemical injection volumes from Business Objects from
the start inventory levels. Last, we added the received Production Chemical to the inventory levels and
compared the calculated inventory level with the end inventory levels. We could not compare the
values for all injection locations, since we only received physical inventory levels for about half of the
injection locations. The Calculated and End inventory levels gave similar results for the majority of
injection locations. We have seen some variations up to 300 Liters for some injection Locations in a
period of one month. These variations are the result of inaccurate level meters and the physical
inventory checks were executed by two different Operators. So, these variations are not seen as
problems and the calculated inventory levels might even be more reliable. However, we recommend
Logistics Department to request for the physically checked inventory levels once a month. In this way,
we assure that the Planning Model includes the best estimation of inventory levels. Unfortunately, we
have found two locations which could not be calculated with data from Business Objects. These
locations are:

=  Bedum: No reliable flow meter gives a wrong indication of injected Chemical volumes
= Witten-5, Methanol: No data can be extracted for injected Chemical volumes in Business Objects

For these locations, we must calculate expected chemical injection volumes based on historic
consumption. These expected injection volumes should be calculated in collaboration with the Process
Chemist in charge of these locations, since they are able to calculate the expected Chemical injection
based on best estimation.

Conclusion

The Chemical Distribution Model uses a valid algorithm for proposing the optimal IBC schedule. The
simulation study proved that the model keeps the inventory levels at injection points within the lowest
and highest levels. The input data is also seen as reliable, as long as calculated inventory levels with
data from Business Obijects is being updated once a month with physically checked inventory levels.
The small variation between actual inventory levels and calculated inventory levels cannot be
eliminated, due to the inaccuracy in level mefers. However, these variations are mitigated in the
minimum order levels and maximum replenishment levels, such that the Chemical Distribution Model
proposes valid replenishment volumes. According to the simulation study, the annual costs reduction
yields €25,000.- for replenishing areas North, Sour Gas, and East.
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9. Next steps

Chapter 9 describes the next steps for implementation of the Chemical Distribution Model. This
Chapter solely focus on the Chemical Distribution Model and next steps regarding the other issues in
the organization of Production Chemicals are described in Chapter 10. The Chemical Distribution
Model is developed and we have validated the Model in Chapter 0. Despite the validation study, we
do not expected common acceptance to fully rely on the Chemical Distribution Model in first instance.
The most important stakeholders regarding the replenishment process are Operations and the
Planning Cell (within Logistics). The model should eventually be solved by the Planning Cell and the
proposed schedule presented to Operations. The stakeholders should feel comfortable with the
solutions of the Model. This takes some time and we therefore recommend to introduce the Chemical
Distribution Model in three steps.

9.1 Introduce Chemical Distribution Model to Logistics
First step is to introduce the model within the Planning Cell. The Planning Cell must be trained to use

the Chemical Distribution Model on a weekly basis. So, we have developed three manuals for using
the Chemical Distribution Model:

i. Installing the Chemical Distribution Model on desktop
ii.  Running the Chemical Distribution Model
iii.  Adjusting the Chemical Distribution Model

These three manuals can be found in Appendices. The two stakeholders from the Planning Cell
already received support for installing and running the Chemical Distribution Model. They are the
only stakeholders who must install and run the Model, at this moment. Adjusting the Chemical
Distribution Model requires good knowledge of formula’s in Excel. The Graduates within the Logistics
Department can be seen as Excel gurus and are asked to adjust the model, when sudden changes in
the organization occur. We are talking about following changes which require adjustments in the
model:

= Adding or deleting an injection location

= Change in (capacity of) storage equipment

= Modifications in formula for expected travel duration

= Change in Minimum order level calculations

= Change in formula to calculate expected injection volume

These are the first steps to introduce the Production Chemicals in the Logistics department. The
introduction of the Chemical Distribution Model is in scope of this research.
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9.2 Amend requested schedules

The second step introduces the solution of the Chemical Distribution Model to Operations. This step is
added to feel comfortable with the Model and its solutions. Operations still request for Chemicals
according to their own procedure. Parallel to the requests, the Planning Cell runs the Chemical
Distribution Model and compares the proposed schedule with the schedule requested from
Operations. The Planning Cell could subsequently propose an amended schedule where some IBCs
are added to the trip, or on the other hand are removed from the requested schedule. All
amendments to the schedule should be discussed with Operations to create confidence with the
Chemical Distribution Model. Once Operations feel comfortable with the calculated inventory levels, it
is also useful to share the current inventory levels with Operations. When they have the real time
inventory levels, they can minimize the number of visits to (unmanned) injection locations for a check
on inventory levels.

9.3 Use Chemical Distribution Model as standard

The last step in implementation insinuates a switch from a reactive to a proactive approach in
replenishment planning for the Planning Cell. From this step, the Planning Cell proposes the
replenishment schedule based on the solution from the Chemical Distribution Model. The proposed
schedule is being reviewed together with Operations. Using the Chemical Distribution Model yields
an annual reduction in transport costs of €25,000.-, as described in Chapter 0. Even more beneficial
to the organization is that the Chemical Distribution Model eventually results in more stable and
reliable insights in inventory levels and expected injection. Better coordination of inventory levels and
expected injection minimizes the out of stock probabilities at injection locations. The Chemical
Distribution Model also reduces the number of visits to (unmanned) injection locations for physical
inventory checks.
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10. Conclusions and recommendations
In this research, we mapped the supply chain organization of Production Chemicals and identified the
main issues in this process. Furthermore, we chose to conduct an optimization study for the
replenishment of Production Chemicals, which is addressed as one of the issues. This Chapter draws
conclusions from the complete research, discusses the results, after which recommendations are
provided to eliminate other key issues.

10.1 Conclusions

The obijective of this research is to generate a synchronized coordination of the activities, roles and
responsibilities throughout the supply chain of Production Chemicals, in order to effectively deploy
logistical resources. This objective is deduced from the cohesive sense of unease in the supply chain
organization of Production Chemicals, in which different departmental functions are involved. The
first observations already confirmed the presumption that a general overview in the Lifecycle of
Production Chemicals is missing. We created a general overview by means of data analysis and an
overview in the activities, roles and responsibilities in the Production Chemical Lifecycle. As a result, a
RACI-matrix for the Production Chemical Lifecycle has been developed which:

= Reduces misunderstandings

= Assigns responsibilities and accountabilities to each role

= Eliminates duplications of effort and spotted gaps

= Improves understanding of cross-functional ways of working across divisions or departments

Overall, this RACI matrix prevents waste activities throughout the supply chain, which relates to the
overall objective to deploy logistical resources effectively.

The next step in the research was to analyze the current organization. We identified nine key issues
in the Production Chemical Lifecycle from an organizational perspective. We chose for an
optimization study to improve coordination in the replenishment of Production Chemicals which need
to be injected at production locations. In scope of this optimization study is the replenishment of IBCs
to the Northern part of the Netherlands. The obijective of the optimization study is to proactively
manage the replenishment of Production Chemicals.

In order to realize this objective, we developed a Chemical Distribution Model for the Logistics
Planning Cell. The objective of the algorithm used in this Model is to propose Chemical replenishment
schedules against minimum total duration. A combination of Rolling Horizon Planning and Travelling
Salesman Problem is used to develop the algorithm. Especially with the addition that each location
may, or may not be visited makes this variant of Traveling Salesman Problem to the best of our
knowledge.

The Chemical Distribution Model is used for the second half of 2014, to calculate potential benefits of
this model. The model proved to deliver valid Chemical replenishment schedules, assuring sufficient
availability of Production Chemicals on all production locations requiring injection. The simulation
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study indicated a reduction of around 29% in transport costs, comparing the results with actual
transport data in 2014. Annual costs reduction yields €25,000 in replenishment of Production
Chemicals to only the Northern part of the Netherlands. Next to the financial benefits, the proactive
approach in replenishment of Production Chemical also yields hard to quantify benefits such as:

= Prevents unplanned gas deferments by minimizing the out of stock probabilities at injection
locations
= Eliminates Rush Orders

=  Reduces number of visits to (unmanned) injection locations for physical inventory checks

10.2 Recommendations
First recommendation is to add the RACI-matrix to the Corporate Management System (CMS) in order
to officially record the Roles & Responsibilities in the Chemical Lifecycle.

Considering the benefits of the Chemical Distribution Model, we recommend the Logistics Department
to start a trial soon, following the implementation plan described in Chapter 9. The Chemical
Distribution Model is developed for the Northern part of the Netherlands. Replacing the input data
with data from area West result in an additional Chemical Distribution Model for Area West. We
recommend to develop the Chemical Distribution Model for Area West as soon as the current
Chemical Distribution Model is successfully implemented and widely accepted within the organization.
This Chemical Distribution Model yields the same benefits as those of Area North. However, we
expect to realize a smaller cost reduction for area West, in terms of percentage, since Area West
comprehends less Injection Locations. The Chemical Distribution Model yields more financial benefits
when it involves more locations, since there is a higher probability to utilize full truck capacity.
Nevertheless, even with a conservative assumption that the Chemical Distribution Model for Area
West yields a cost reduction of 20%, the annual cost savings are €15,000.-.

The following recommendations relate to the other key issues addressed in the organization. We only
recommend fo solve those issues where perceived impact is more important than associated
investment costs.

Chapter 3.2 already discussed the unclarity in ownership of the QA/QC of mixed Production
Chemicals, delivered at production locations requiring Chemicals. Despite the serious concerns
regarding the quality of mixed Production Chemicals, no one is accountable for the QA/QC. Worst
case scenario is that poor quality of Production Chemical mixes result in gas deferments, or harmed
equipment.

Process Chemistry calculates the recommended dose and mix rates and are aware of the
consequences for under and over injection of Production Chemicals. Process Chemistry is also the
appropriate department for proposing a sufficient solution when the assessed quality of mixed
Production Chemical is not within the acceptable range. We therefore recommend to start QA/QC
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by Process Chemistry to ascertain the quality of mixed Production Chemicals. This should then also be
added to the RACI-matrix, see Table 10.1.

. . . . - Legal
Action Production Chemistry can Operadtions Logistics JPB Vendor department
Contract Planning  Mixing (In) Direct
PCT cmT holder Aoz Cell location  delivery oo
Assess quality of delivered Chemical EXE INF INF INF

mixes at Injection Locations

Table 10.1 Recommended Roles & Responsibilities QA/QC

We basically see two opportunities to ascertain the quality of Production Chemicals. The easiest way
to assure the minimum Production Chemical volumes are injected is to directly increase either the
recommended dose rate, or the mix rate for a Production Chemical mix. This may eliminate the
concerns regarding the injection of a minimum concentration Production Chemical at any time. The
costs to increase dose rates or mix rates are also relatively low. However, it is from environmental
perspective not desired to increase injection volumes of Chemicals. Especially not with the recent
media attention regarding the water injection in Twente.

Other option to start with QA/QC is to take random samples and analyze the quality of the mixed
Production Chemicals delivered at injection locations. The analysis and consequences for possible
outcomes are described in Figure 10.1.

Andlysis of sample Required Actions
0 Ezr;hfe;tzr:r:‘;:lvz?:;;ntrahons in the sample deviate o N Continue with Chemical injection
Yes
e Is the quality of the rm»xgd Rrodud\on Chemical within Yes N G A et e
acceptable range for injection?
\ No
What may be the cause for the unstable Production Insufficient 1. Request for quality control ot B,
o Chemical mixes? quanties fred regarding the weighting process of
) Chemicals
Inappropriate
mixing procedure 1. Increase Recommended dose rate
‘ 2. Adjust Recommended mix rate
o What options do we have to improve quality of the 3 Find a replacement chemical which
Production Chemical mix2 does not require mixing

4. JPB invests in new mixing facilities

5. Find a new mixing partner

Figure 10.1 Analysis and consequences for results of sampling
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The advantage of random sampling is that we have a good indication of the variances in injected
Production Chemical concentrations and do only adjust those Production Chemical mixes which show
high variations within a batch.

We touched upon the management of central inventories throughout the end to end supply chain.
There is no clear procedure for central inventory management and roles & responsibilities are not
clearly defined. Uncoordinated management of inventory increases the out of stock probability. We
therefore recommend to develop a standard procedure regarding management of central inventories
throughout the end to end supply chain. We suggest to develop a standard procedure in terms of
Roles & Responsibilities and for determining minimum and maximum inventory volumes. Questions to
be answered per type of Production Chemicals are typically:

= What volumes do we want on stock?

= What is the most efficient Inventory Location fo store this Production Chemical?
= What are the reorder points?

*  What are reorder volumes?

Last recommendation relates to the data inconsistencies, described in Chapter 3.3. Latest
developments in legislation makes it more and more important to improve traceability of Production
Chemicals. It is therefore recommended to investigate the opportunities o amend the set-up in SAP,
such that order quantities from Operations are recorded in one unique measuring unit (e.g. Liters).
We also recommend to improve Transport data and allocate travel duration to all visited locations in
a trip. Last recommendation regarding the data is to investigate the possibilities for adding a “key” to
Transport data, for example the order number. This key aims to match different datasheets, for
example the Transport data and Ordering data. This improves the traceability of Production
Chemicals and allows a more detailed analysis in Production Chemicals.
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The NAM orders Production Chemicals from different suppliers. Following organizations are used as

supplier between 2011 — 2014. Two of NAMs largest Chemical suppliers, Nalco and Champion

Technology, merged recently.

Corrosion inhibitors
Solvent chemicals
Scale inhibitors
Kinetic Hydration Inhibitors
H2S Scavengers
Methanol

Glycol

Methanol

Demi water

Sodium hydroxide
Miscellaneous
Anti-freeze

Glycol

Methanol

Liquid unloading
Demulsifier
Corrosion inhibitor
Scale inhibitor
Woater treatment
Kinetic Hydration Inhibitors
Anti-freeze (coolant)
Woater treatment
Demulsifier
Corrosion inhibitor
Scale inhibitor
Miscellaneous
Liquid unloading
H2S Scavenger
Glycol
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Appendix lI: Packaging Materials
Bulk transport

Bulk tanks are being used for high volume transport. Bulk transport is supplied from road containers
or from special tanks in the vessels. Bulk containers are mainly used for storage and transportation of
the Production Chemicals from supplier or storage location to the location where the chemicals are
mixed and packaged. Some locations have such an high demand for certain Production Chemicals
that those locations can be supplied with bulk packages. These are most likely the offshore locations.

IMOs

IMOs are used at offshore locations and are easy to transport on vessels. IMOs used by the NAM can
be found in two standard measures of 2.5 m3 and 4.5 m3. The IMOs are hired at Reym in Beverwijk
with a standard rental costs of €30.- a day.
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IBCs

Intermediate Bulk Containers (IBCs) are mainly used at onshore production locations and have a
capacity of 1000l. We often see that the Production Chemicals received in bulk containers from the
supplier, are repackaged to IBCs. These IBCs are easy to connect fo their mother IBCs on site, from
which the Production Chemicals are injected. Two different types of IBCs are used during the process.
NAM owns several stainless steel IBCs, used as packaging material when Production Chemicals are
mixed at JPB Farmsum. Some of the suppliers deliver the Production Chemicals in plastic IBCs rather
than bulk and those IBCs are sold to Jager BV after a while.

Drums

Iron drums are used for a chemical mix requiring a low concentration of a certain Production
Chemical, or for Production Chemicals which are requested in low volumes. Typical volume of a drum
is 200l and the drums are disposed as waste after injection of Production Chemicals.
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Cans

Production Chemicals which are rarely requested in low volumes or in low concentrations are
supplied in cans. The cans are delivered by the supplier of Production Chemicals, or bought
externally, and occurs in varying volumes of 10l, 20I, or 25l. Once the Production Chemicals are
injected, the cans are disposed as waste.

Bottles

One of the frequently ordered Production Chemicals, the oxygen scavenger, is supplied in smalll
bottles of 11, which are disposed as waste affer injection.
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Tank transport
Road tankers are used for onshore bulk transport. Road tankers could vary in size and numbers of
(closed) compartments. A tanker with multiple compartments is capable to transport multiple
Production Chemicals in one trip. The road tanker is being used to deliver bulk at a storage location

from which it could be packed in IBCs, drums or cans. In some cases, the road tanker delivers
Production Chemicals to a production location.

o 7

- o

Flat transport
Production Chemicals which cannot be transported in road tankers are supplied with road trailers.
IBCs, IMOs, cans, drums and bottles are supplied from trailers. These trailers are used for

transportation of raw chemicals to storage locations and to supply chemical mixes to the production
locations.

Vessel
A vessel is used for offshore transport of Production Chemicals. IMOs and bulk are the main forms of

supply. However, the offshore platforms are fully supplied by vessels, so all types of packaging
material can be delivered at the platforms.
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Appendix lll: Additional internal transport (DDP)
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Appendix IV- Storage and handling

Most of the Production Chemicals are mixed at the mixing location of JPB in Farmsum. However, this
location is not certified for storage of Production Chemicals. The process is visualized in following
graph:

Winschoten Farmsum Winschoten

= Internal transport
= External transport

First, the raw chemicals are delivered to the warehouse of JPB in Winschoten. When the Logistics
Department receives a request for Production Chemicals from the Production Location, the raw
chemicals are transported to Farmsum to produce the desired Production Chemical. Once a week on
Friday, one truck picks up the chemicals in Winschoten, needed at Production Locations in the next
week and drives to Farmsum on the following Monday, where the chemicals are mixed. The final
Production Chemicals are being send back to Winschoten on Tuesday. The Special requests for
Production Chemicals, such as rush orders, or bulk mixes, are transported by other trucks. Since the
location in Farmsum is not certified to store chemicals, the batch with Production Chemicals returns to
Winschoten, where they can be stored until delivery at the Production well. We give a graphic
representation of this process below:

| !

¢ ®* -9 -

Winschoten Farmsum Winschoten

On Friday, atruck picks up the On Monday, the On Tuesday, the
Routine mixin required raw chemicals to be mixed chemicals are mixed Produdtion Chemicals To be added
9 for next weeks delivery of to Produdtion are send back to JPBs Vol
process Production Chemicals ot the Chemicals ot JPB in storage location in oimes
Produdtion Locations Farmsum Winschoten m# Trips
Friday Tuesday
A specidl order which could not be T el The Produdtion
SPeCiQI order processed in the weekly roufine job mixed on the Iselme Chemicals are being To be added
Fhixin is being picked up between Monday d dov ohe send back as soon as
9 aoreoyoe ible to JPB m\ol
and Thursday delivery ot JPB in possible to JPBs olumes
processes (rush orders, bulk orders and weekly orders F storage location in .
B e e 1 armsum Winschoten m# Trips
Mon-Thy Tue-Fri
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Appendix V: Distances between locations
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Appendix VI: Dynamic input data Chemical Distribution Model
Calculated dynamic variables
s AUETELE Capacity . . BRI : .
Facility _ _dall_y Ci) Expected Consumption (Vij) inventory Expected inventory level (lij)
injection level (Sj)
Week | Week | Week | Week
1 2 3 4 0 1 2 3 4
Bedum 239 3700 1.675 1.675 1.675 1.675 1.875 3.700 4.024 4.349 3.674 2.999
Grijpskerk 1 62 3700 431 431 431 431 631 2.833 2.402 1.972 1.541 1.111
Westerveld 24 2300 168 168 168 168 368 1.425 1.257 2.089 2.921 2.753
Zevenhuizen 1 54 3700 379 379 379 379 579 970 591 212 -167 -547
Gasselternijveen 1 2 3200 16 16 16 16 216 438 423 407 392 376
Gasselternijveen 1 7 3200 51 51 51 51 251 2.117 2.066 2.015 1.964 1.913
Schoonebeek 313 4 1300 26 26 26 26 226 1.282 1.255 1.229 1.203 1.176
Schoonebeek 313 Water Disposal 1 1300 8 8 8 8 208 630 622 614 606 598
Schoonebeek 313 Water Disposal 10 1300 68 68 68 68 268 466 398 329 261 192
Schoonebeek 313 Water Disposal 13 1300 91 91 91 91 291 968 876 785 693 1.602
Schoonebeek 313 Water Disposal 16 1300 112 112 112 112 300 536 424 312 200 88
Schoonebeek 313 Water Disposal 6 1300 39 39 39 39 239 1.241 1.202 1.163 1.124 | 1.085
Schoonebeek 313 Water Disposal 5 1300 37 37 37 37 237 874 837 799 762 725
Collendoornerveen 1 0 3700 0 0 0 0 200 2.709 2.709 2.709 2.709 | 2.709
Assen 1 0 3700 0 0 0 0 200 2.392 2.392 2.392 2.392 2.392
De Tibben 1 91 3700 634 634 634 634 834 3.382 2.748 4.114 3.480 2.846
De Tibben 1 59 3700 414 414 414 414 614 2.436 2.022 1.609 1.195 782




Appendix VII: Chemical Distribution Model solution

Facility Max. capacity Re;?ésr;:sh. Consumption SIZIZ?' Calculated inventory
Week1 | Week2 | Week3 | Week 4 0 1

Bedum 4000 3700 88 88 88 88 376 2.788 2.700
Grijpskerk 1 4000 3700 214 214 214 214 414 2.787 2.572
Westerveld 2500 2300 398 398 398 398 598 2.004 1.606
Zevenhuizen 1 4000 3700 0 0 0 0 200 1.048 1.048
Gasselternijveen 1 3500 3300 15 15 15 15 215 615 600

Gasselternijveen 1 3500 3300 45 45 45 45 245 2.667 2.622
Schoonebeek 313 1500 1300 23 23 23 23 223 1.165 1.142
Schoonebeek 313 Water Disposal 1500 1300 3 3 3 3 206 744 741

Schoonebeek 313 Water Disposal 1500 1300 19 19 19 19 239 1.300 1.281
Schoonebeek 313 Water Disposal 1500 1300 142 142 142 142 300 1.082 940

Schoonebeek 313 Water Disposal 1500 1300 20 20 20 20 240 1.300 1.280
Schoonebeek 313 Water Disposal 1500 1300 8 8 8 8 217 425 416

Schoonebeek 313 Water Disposal 1500 1300 37 37 37 37 237 309 1.272
Collendoornerveen 1 4000 3700 0 0 0 0 200 2.709 2.709
Assen 1 4000 3700 0 0 0 0 200 2.392 2.392
De Tibben 1 4000 3700 702 702 702 702 902 2.344 1.642
De Tibben 1 4000 3700 506 506 506 506 706 1.539 2.033
De Tibben 1 4000 3700 952 952 952 952 1.152 2.899 2.947
Faan 4000 3700 549 549 549 549 749 2.424 2.875
Faan 4000 3700 0 0 0 0 200 2.225 2.225
Lauwerzijl 3500 3300 0 0 0 0 200 2.138 2.138
Leens 3500 3300 0 0 0 0 2.300 2.300 2.300
Marum 1 4000 3700 487 487 487 487 687 2.942 2.455
Marum 1 4000 3700 487 487 487 487 687 2.965 2.478
Marum 1 4000 3700 898 898 898 898 1.098 2.496 3.598
Marum 1 4000 3700 898 898 898 898 1.098 2.412 3.514
Munnekezijl 1 2000 1800 0 0 0 0 200 841 841

Munnekezijl 1 3000 2700 0 0 0 0 200 1.367 1.367
Norg 3 4000 3700 0 0 0 0 200 645 645

Norg 3 4000 3700 0 0 0 0 200 2.044 2.044
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Opende Oost 1 4000 3700 843 843 843 843 1.043 2.720 2.877
Sebaldeburen 1 3500 3200 164 164 164 164 528 2.935 2.772
Surhuisterveen 1 4000 3700 298 298 298 298 498 1.508 2.210
Tietjerksteradeel 700 4000 3700 389 389 389 389 589 1.959 2.570
Vries 1 4000 3700 1.044 1.044 1.044 1.044 1.244 1.840 2.796
Vries 1 4000 3700 0 0 0 0 200 2.646 2.646
Vries 4 3500 3300 489 489 489 489 689 2.302 1.814
Vries 4 3500 3300 49 49 49 49 249 1.858 2.809
Witten 1 3500 3300 0 0 0 0 200 545 545

Witten 1 4000 3700 0 0 0 0 200 811 811

Witten 1 4000 3700 526 526 526 526 726 2.274 2.748
Witten 1 4000 3700 0 0 0 0 200 3.362 3.362
Witten 1 4000 3700 0 0 0 0 200 3.326 3.326
Witten 1 4000 3700 0 0 0 0 200 875 875

Witten 1 4000 3700 0 0 0 0 200 1.195 1.195
Witten 1 4000 3700 0 0 0 0 200 2.247 2.247
Zevenhuizen 1 4000 3700 0 0 0 0 200 2.460 2.460
Zuidlaarderveen 3500 3200 0 0 0 0 200 1.311 1.311
Wanneperveen 13 1500 1300 37 37 37 37 246 1.025 988

Wanneperveen 15 3500 3200 24 24 24 24 230 2.628 2.604
Wanneperveen 8 3500 3200 72 72 72 72 272 966 894

Wanneperveen 9 1500 1300 162 162 162 162 300 1.300 1.138
DeWiik 4 1500 1300 0 0 0 0 200 1.141 1.141
DeWiik 13 4000 3700 86 86 86 86 286 1.333 1.247
Gasselternijveen 1 3500 3300 195 195 195 195 395 1.662 1.467
Dalen 9 2000 1300 0 0 0 0 200 295 295

Dalen 9 2000 1300 0 0 0 0 200 673 673

Hoogenweg 1 4000 3700 11 11 11 11 211 1.470 1.459
Hardenberg 2 4000 3700 149 149 149 149 349 1.761 1.611
Collendoornerveen 1 4000 3700 230 230 230 230 430 792 1.562
Den Velde 1 3500 3300 42 42 42 42 242 2.515 2.473
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Appendix VlII: Manual for installing the Chemical Distribution Model

This manual is developed to prepare you for using the Chemical Distribution Model. In order to
run the Chemical Distribution Model, a program called OpenSolver need to be installed. You also
need a license for Business Object to download the Chemical injection volumes per injection point.
Last, we need to configure some personal settings, such that the Chemical Distribution Model
could automatically upload data. Once you have completed the following steps, you are able to
run the Chemical Distribution Model:

Step | Description

| Screenshots /details

0.1 | Go to: http://sww-
myrequest.shell.com/Pages/NewEPR
M_Home.aspx
0.2 | Enter Product Search: UI12667 S oroduct Search for Self - Sorted by Rel
N . Self roduc earc or >elir - Sorce eley
0.3 | Add to shopping cart: Business on sena o curar v
Obiects account For Energy Joiner/On Boarding cotegen=s
over/Transfer Results Per Page
Components (NAMEC) — create o s
Product Search
W o Product Name Part Number Product Description
Consumer Business UT12667 Request to create Business Obj
Infrastructure Objects Energy Components (NAMEC).
Services account for reports are used te query data
Get Help & Support = Ez:ggnents Components uni
Accounts and Access (NAI\?EC)- =
Conferencing ~  Create
Emailing and Fax =
Services
Enterprise Service -
Delivery
Hosting -
Making Calls -
My Computer -
Non GI-D Devices ___~
1.1 | Go to: Documents -> My Documents
o Quick link to this map \\AMSDC1-NA-V517\Jorik.Quint$\Cached\My
(Adjust local code and your | Documents\
name first):
>>>>Adjust local code and your name to
personal seftings <<<<
1.2 | Right mouse click: New -> Folder
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file://AMSDC1-NA-V517
file://AMSDC1-NA-V517/Jorik.Quint$/Cached/My%20Documents/
file://AMSDC1-NA-V517/Jorik.Quint$/Cached/My%20Documents/
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. . - - —
1.3 | Rename Folder into: Chemical , =8 - '
. . @@ | » Network » AMSDCI-NA-V517 » Jorik.QuintS » Cached » My Documents »
Del |very Tool Organize » 9 0Open  Includeinlibray v Sync v E-mail  Workoffline  New folder
P — Name : Date modified Type size -
B Desktop. 1. 1.Proposal 21-4-201514:07 File folder
. . 18 Downlaads ). 2. Current situation 3-8-20158:20 File folder
o Right Mouse Click: Rename e |
). L Procurement File folder
G Libraries ). L Transport Open in new window File folder
[5] Documents )i Litersture research | v/ Always available offline File folder
o Music ) Litersture review Sync » File folder
(=] Pictures £l My Pictures 9 WinZip v | Filefolder
B videos | OpenSolver2.71 _Line| Restore previous versions File folder L
). Operations File folder
% Computer ). Production Chernistr i File folder
). vsss Sendto v | Filefolder
€ Network ] 15071 Otraveling salest - Microsoft Excel W.. 10362 KB
) 150720 Model_Descri Microsoft Word D. 1428
Copy
B Agreements chemica) Microsoft Excel 7., 66 KB
) Chemical deliveries 2( Create shortcut Microsoft Excel M. 2274 KB
&) Chemical deliveries 2{ Delete Microsoft Excel W. 2307 KB
) Chemical distributior Microsoft Excel M. 6,847 KB
] Copy of Chemical rey Microsoft Excel W. 170 KB 4
B3] Copy of Inkoop 2011 amre Microsoft Excel W... 283KB
t ) Graduation project NAM Project L 2320151120 Micrasoft Word D... 60 KB
Introduction to Production Chem 31320151320 Microsoft PowerP. 1.050 kB
() Kick-off 33201513:23 Microsoft PowerP. 44 KB -
Chemical Delivery Tool State: @ Always available  Offline availability: Always available
L f o Fiefolder Date modified: 3-8-20158:58 Offline status: Qnline

http://sourceforge.net/projects/ope

nload OpenSolver (required to run the Plann

g Tool
http://sourceforge.net/projects/opensolver/files/I
atest/download

nsolver/files/latest/download

o Press Open to download
OpenSolver

IDC ExpertROID SPOTLIGHT Equinix

The day-o-day bansfits of cloud: . But what can be
ardr to 3scertain s ihe quanitative banefits, the maney saved, and the mpact on the Eompany's
botiom ine. I0C. benefis of of

ServiceNows IT service automaion...

sponsarea]
serviog

Phease compiats the form below.
s rpared et
* Work Emai
Download now
sourceforge

Teems of use | Brvacy Pk

Capyright & 2014 SourseForge. 41l ngnts reserves. SourceForge is 8 Dite Holsings, . company.

AL i Open | Seve - Cancd | x

22

WinZip opens affer completion
o Go to: Winzip Folder

o Press: Unzip To...

Unzip | Edit  Share

OpenSolver2.7.1_LinearWin % @

\AMSDCL-NA-V517\orik. QuintS\...\My Documents | UnZip Cloud
Unzip @ unzip ud

Backup  Tools  Settings  View  Help  Upgrade

[7 Folder name:

2g
3 Location

Name

Folders in WinZip File x 8
3] [OpenSolver27.1_LinearWinazip]
| Solvers
1 win32
14 winga
1L Uils

Folder

Folder

Text Docume...
Text Docume.
Microsoft Ex.
Microsoft Ex.
MD File

1. Solvers

14 Utils

| COIN LICENSE ¢

| LICENSE.ot

& OpenSolver ChangeLogxisx
B OpenSolverxlam

|7 README.md

fied

412015 1:44

-12-2014 19:..|
-B-2014 23:30
-f-2014 4:54

-5-2015 1756
-p-201517:54
-B-2014 23:32

Selected 1 file, 6KB.
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o Unzipto..:
Folder Chemical Delivery Tool
My Documents - Chemical Delivery
Tool

o Press: Unzip

OpenSolver will now be installed to
your map “Chemical Delivery Tool”

&, [OpenSolves2 7.1 LinearWin.zip]
Salvers
vin32

it
Ui @) OpenSolver Changelogadsc
B Opensolveradam

3| READMEmd

A
Selected 1 file, 6KB Total 10 files, E75B

3.1 | Open Folder Chemical Delivery Tool
Documents > My Documents - \\AMSDC1-NA-V517\Jorik.Quint$\Cached\My
Chemical Delivery Tool Documents\Chemical Delivery Tool
o Save
Initial_PlanningTool_ChemicalDel | File: Initial_PlanningTool_ChemicalDelivery
ivery
To Folder: Documents
- Chemical Delivery Tool
o Create new folder: Data \\AMSDC1-NA-V517\Jorik.Quint$\Cached\My
Documents\Chemical Delivery Tool\Data
o Create new folder: Planning Tool | \\AMSDC1-NA-V517\Jorik.Quint$\Cached\My
Documents\Chemical Delivery Tool\Planning Tool
4.1 | Open File from “Chemical Delivery | \\AMSDC1-NA-V517\Jorik.Quint$\Cached\My

Tool”
Initial_PlanningTool_ChemicalDeliver

Y

= Open File from My Documents -
Chemical Delivery Tool >
OpenSolver:
OpenSolver.xlam

o Pop-up appears: Press
Enable macros

Documents\Chemical Delivery Tool

\\AMSDC1-NA-V517\Jorik.Quint$\Cached\My
Documents\Chemical Delivery Tool\OpenSolver

Microsoft Excel Security Notice
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= Open VBA: See picture below
o Press Alt+F11
1&2 Open Module 1:
o You can find Module 1 in left | See picture below
bar
38&4 Adjust the Name Jorik.Quint
to your name
Project - VBAProject x| |tGeneraI]
B = - | 7] IS.'LI: ImportChemicalInjection ()
=%} atpvbaen.xls (ATPVBAEN.XLAM)
@i OpenSolver (OpenSolverxlam) If Range ("J3") < Range("Q3") Then
B Solver (SOLVERXLAM)
@i VBAProject (FUNCRES.XLAM) M=gBox "Fill out correct delivery date™
=&} VBAProject (Initial_PlanningTool_C
[ Microsoft Excel Objects Elsze
= Sheetl {Dashboard)
Sheet10 (Horizon planining) Dim ®x A= Workbook
Sheet1l (LocationOutput) Dim v A= Workbook
Sheet2 (Planning)
Sheet3 {CCM Land Morth) '$#% Open both workbooks first:
Sheet4 (NL-DCO3)
Sheets (Distances) Set v = BApplication.ActiveWorkbook 3
Sheets {IBC+ Bulk bestellijst) v.5Sheests ("NL-DCO4"™) .Range ("A1:H1000") .Clear
Sheet7 (NL-DC04) v.Sheets ("NL-DCO3") .Range ("A1:I12000") .Clear
Sheets (CCM Zuur Gas) Set ® = Workbooks.Open (" \\AMSDC1-NA-V517%Jorik.Quint&\Cached\My Docume
Sheetd (CCM Ten Arlo) Set Z = Workbooks.Open (" \\AMSDC1-NA-V517%Jorik.Quint&\Cached\My Docume
.38 ] ThisWorkbook
-5 Modules 'Now, transfer wvalues from x to y:
42 Module1 « 2 x.Sheets ("NL-DCO4") .Range ("A:H") .Copy 4
«fzs; Module2 ¥ .Sheets ("NL-DCO4") .Range ("A1") .PasteSpecial
«fzs; Module3 Z.Sheets ("NL-DCO3") .Range ("A:I") .Copy
1 «fzs; Module4 ¥ .Sheets ("NL-DCO3") .Range ("A1") .PasteSpecial
422 Module5 Lpplication.CutCopyMode = False
422 Moduleg
'Close x:
X.Cloze
Z.Cloze
Sheets ("Planning™) . Select
End If
=  Go to Business Objects https://sww-bi-

ad.europe.shell.com:8443/BOE/BI

= Sign in with your personal login

COde a )| ttps//svew-bi-adcuro... O - @ & x || i Download & L. | F Load ¢
Fila Edt View Favoritas Toolk Halp [Retrech (£5)
o Go to: Documents SAng P—

o Select: Folders —

1 Titie -

~weblntalligence

wablnteligance

[ ==

2 1y Alerts
a

% parsonsl categories
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= |n Folders: e -
o Select Folder: Global EC okl oo ilisedsiindt] o 2|« <
WW Title ~ Type Last Run Instancgs
Select Folder: NAMEC = e e :
Select Folder: Local Reps e s :

Select Folder: Chemical
Open: NL-DC03 Chemical
Injection (Wells)

O
O
O
O

Enterprise Reporting Sokuion
= ] Giobal EC
= 50 avec

Ghbel Reps

Local Reps
Chemical
Contract Adminisiration
Deferment
Dispatching

Goningen

5.2

= Download Chemical injection

volumes
o Select: Advanced
o Select:
- Land Noord
- Land Oost
- Schoonebeek
o Select by pressing the “>”
button

o Select: Enter Production
Day(Start)
- Insert a date (e.g.
four weeks ago)
o Select: Enter Production
Day(End)
- Insert current date

o Press OK

Business Object will automatically
download the injection volumes

SAP4 welkome: NUJQUC | ipplcationse  Preferences Hslp menuw | Log off
Fome | Documents  NL-DCO3 Chemical In... = =
& BTk - 3 ol - [ Rt | [ £ Outine | Read) Desiy

el L MELIE

Asset Name:
g | [Grening=n
Land Noord
Land Oost
Land West
| OneGas Zast
Schoonsbesk

Enter Production D:

Sy

Enter Production D:

Sy

= Reguired prampts.

* Required promots

17 juli 2015 07:54:26 GMT+01:00

mp [ o
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53

Follow procedure 5.1 & 5.2, now
selecting a different file:
“NL-DCO4 Chemical Injection

(Equipment)”

= Adjustment to step 5.1

o Open: NL-DC04 Chemical
Injection (Equipment)
Instead of
NL-DCO3 Chemical Injection
(Wells)

Home = Documents | NL-DC04 Chemical Tnject.

Welcome: NLIQUC | Applicationsw  Preferences  Help menuw

View ~ New Organize ~ Send ~ More Actions ~ Details
My Documents Title ~ Type
e ¥ |nLDa age Web Intelligance
=
Public Folders B |neocos

BT Tnjection (wells) Web Intelligence
[

Enterprise Reporting Solution NL-DC04 Chemical Injection (Equipment)

Global EC ¥ | NL-DCO6 Data for Performance Monitoring B Web Intelligence
E- i) yamec | |NL-DCO7 Chemical Usage Configuration | Web Intelligence
¥ |NL-DCO8 Performance Monitoring Web Intelligence
Global Reps
& ¥ |NL-DC0S Chemical Configuration Report | Web Intelligence
Local Reps
! | NL-DC10 KPI Report Web Intelligence
[ Chemical

Contract Administration
Deferment

Dispatching

Groningen

Production

UGS

5.4

Export both documents to Excel

File Edit View Favorites Tools Help

Web Intelligence

. . . ‘m‘D‘;cumenTs NL-DC04 Chemical In... +~ = 1
For: NL-DCO3 Chemical Injection N e e T P YRR TR N
. = 7 Export Document As 4 Ep iment (All values) |7
(Wells) - (71 Advanced | & Run = ExZurtCurrentRepnrtk 3 Excel 2007 = N
O PreSS the EXpOI’" BUﬂ‘On Egtervalue(s}furAssﬂ Name(s): Exnert“DataNt‘; CS:L.;W Excel
=3 roningen epo A CSV Archive
s Land Noord
O Export Document AS %) t::: ?V‘:;tt Period: 27 Jul 2015 DBAUI;):
o Excel 2007 = |t
Chemical Injectiof |
. . Enter Production Day(Start):
Follow this procedure for the file: mrmsomo
. . . P
NL_DCOA Chem|c0| Inlechon E;;:ru:rsn:::;l:inunn Day(End): Assst Facility Equipment Product
(Equipment) s L o[ =00, Tope oren sy
ﬁ Bee "NL-DCON Chemical Iection (Equpment) - Microsoft Exce]
. . i Av =mE e K e e e
5.5 | Save thefilesin Folder: | = v TH 5 o - a— —

My Documents = Chemical Delivery
Tool - Data

o Save document as:
NL-DC04 Chemical Injection
(Equipment)

o And save document as:
NL-DCO3 Chemical Injection
(Wells)
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Appendix IX: Manual for running the Chemical Distribution Tool

This manual is developed to help you running the Chemical Distribution tool. In order to solve the

Chemical Distribution tool, you should download the Chemical injection volumes, add recent

distribution of Chemicals per injection point, and check (calculated) current inventory levels. For

optimal performance of the tool, it is recommended to ask current inventory

levels from

Operations. The following steps are determined to run the Chemical Distribution tool:

Step | Description

| Screenshots /details

0.1 | = Go to Business Objects

https:/ /sww-bi-
ad.europe.shell.com:8443/BOE/BI

0.2 | = Select two files:

Home -> Last updated:

o NL-DCO3 Chemical Injection
(Wells)
+

o NL-DC04 Chemical Injection
(Equipment)

03"

Download Chemical injection
volumes for both files:

o Select: Advanced
o Select:
- Land Noord
- Land Oost
- Schoonebeek
o Select by pressing the “>”
button

o Select: Enter Production
Day(Start)
- Start date: 4 weeks
prior to current date
o Select: Enter Production
Day(End)
- End date: Current
date
o Press OK

£E Outine | Reoding ~ Design

ter Production D 17 i 2015 07:54:26 GMT+01:00
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0.4

*  Export both documents to Excel

For: NL-DCO3 Chemical Injection
(Wells):
o Press the Export Button

o Export Document As
o Excel 2007

Follow this procedure for the file:

File Edit View Favorites Tools Help

| Home || Documents | NL-DCO4 Chemical In... +~ + 1
web Intelligence ~ CZH- 1S n 0L - 2 | | Track + F orill - |4 Alter Bar | [[]
=y 7  Export Document As 4 BOE iment (Allvalues) | =
- (3 Advanced | ¥ Run Export Current Report As * Excel 2007 [
Eg Enter value(s) for Asset Name(s): Export Data to C5V ... Excel
_ | | [Groningen RepartID:  NLDCO4 €5V Archive
= Land Noord
Land Oost Text
?) Land West Period: 27 Jul 2015 - 03 Aug 2015
= OneGas East
Schoonebeek.

Chemical Injecti

Enter Production Day(Start):
27-7-2015 0:00:00

n

d-M-yyyy Hemm:ss

N L- DCOA Chemical |n iecﬁon Enter Production Day(End): Asset Facility Egquipment Product ’
3-8-2015 0:00:00
(Equipment) d-Meyyyy Himmss Land Noord | Bedum BDM, Topside | Gortron GK337|}7-
0. 5 : -G08 Chemica yecion (Eaupment) - Macesch e |
= Save the files in Folder: — —
My Documents = Chemical Delivery o eor L S 2

Tool = Data

o Save document as:
NL-DC04 Chemical Injection
(Equipment)

o And save document as:
NL-DCO3 Chemical Injection
(Wells)

Documents library

1.1

*  Go to: Documents > My
Documents = Chemical Delivery
Tool

*  Open:
|nitia|_P|anningToo|_Chemica|De|i
very.xlam

\\AMSDC1-NA-V517\Jorik.Quint$\Cached\My
Documents\Chemical Delivery
Tool\Initial PlanningTool Chemica|De|ivery.x|am

>>>>Adjust Name to your Name<<<<

1.2

Worksheet: Dashboard opens

o Following Dashboard pops
up:

Chemical delivery pl:

or IBC fransport
Gremcal debvery pary Ten A and Sour Gos

Last e

Last defvery dae:

Coomleal delivery next
et

Tate paysical

mai O A lel ety ool
ey

Cemcal  deliened

]
joz0mm

HEEFREL

(2|2
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2. Insert Chemical delivery data in the Table

2.] u Pleqse qdd FOIIOWing d(]fes to the @ Chemical delivery planning for IBC tran
Chemical deiivery planning tool for Land Nortn, Ten Aria and €
dashboard:
Next delivery date: @:
o Current date I
. application
o Next delivery date
o Last date the Planning tool
. il ipmeri jection ski Production fu-flmi
has been updated (last time o e e s e *
the Planning Tool has been = = =
: e e - -
solved) : : =
5 31 W SCHI1EWT, 15w Baotion ICAGS5G | o E)
o Last date of (the weekly) : == TE T - E
. . . 1 [Schooneteck 313 Wa SCHTTSWD, wate: O Mot IBC. 15 N 5-657 (w2 o 3
Chemical Delivery trip e o :
2.2 - |nsel’f the nUmber OF |BCS Which @ Chemical delivery planning for IBC tran
. . . . Chemical deiivery planning tool for Land North, Ten Ario and £
are delivered per injection o
location, between current date p—— o]
and the last time the Planning
tool has been updated (solved)
Facility Equipment Injection skid 'Z'"”“im :“fmc‘ *
B v o
e =
8 |Gasseheiniueen 1 | GSV ket U-80 mam-:s...'l i: ; ?;:
3 o ST o
0 S D e bt 50 ﬁu;mm g 1::;
B s i PR = : e
Ml e T e 5 e
2.3a | = Add the inventory levels per W) Chorica dobvarypaming o BC tanoort
injection location from last o
update in the Planning Tool
joct *‘2‘ B
[ |

These inventory levels can be
acquired from the last solved
Planning Tool
o Go to Worksheet:
‘Planning’
o Select column Y: Current
inventory level

5o -l - el el lle E:i
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22b >>>>A1' IeOSt once a month<<<< @ Chemical delivery planning for IBC transport

Chemical delnery planning toal for Land Nerth, Ten Ario and Sour Gas

= Adjust inventory levels based on e [ ] ot

physical inspection of inventory
levels. This information should be
requested from Operations, at e

m [BO. Tepuae a1 _[EROE TComen Crasrcad] F=) For Example: Adjust
[Grprlwk 1 [G1 Wacoin Dekedl w30 |CGO8S0M F3 BE Westerveld, when you
eqasr once a mon enenais [T, Cetgasuarspol TROTAWB ZE a3 [cGO0S0M o ) .
. el ey T e receive inventory levellfrom
5 [Gasseboravesn1 G5V Dutet V-50_|pessa 35 0 [ physical inventory chedk at
M e e o B looation Wasterveld.
Eohormabent 75 |30 T or
0 [Schourmbes T SCHTED, Worm s EC 157 0 =
Schocrmbec SO WSCHOTMD, W 5 o =
O T e T e — &

= IFyou receive inventory levels D Ghemiot st st e
from Operations: Add the date B
of physical inspection next to the
inventory levels. This is required
for further calculations.

Pp— chn

Date physical
Facllty Emipmant macionskd RO AT entory level  inveniory lovel
chack

| B 3 =3
. H =
7 =5

fEcomson T i

5 T 5 -
o [Bmsmenben |G oo 38 v B
1 [Somemrsn Joon 0 =]
o [Scheebeds S SOV Vil v &=
1 [Soromes ] SCHOTID e = - o
0 [ohoonaoesk A SEFBIE Ul apm o 1807 1055 — £

3.] - PreSS the |eH buﬁon: @ Fheznical_ds_ali\ter[plinn_ing10(IE(;t[ans?0n
o Import Chemical injection S
VOIumes Wext delivery date: Corren dae: 122014 Las

Sclve Chenical Delivery Chemical delivery nett

application wesk

Now, the chemical injection volumes
extracted from Business Obijects will

Data physical

be uploaded in the Planning tool ; g
4.
4.] u GO fO WOFkSheefZ @ Chemical Delivery Solver
" Horizon Planning’
T

»  Check Table: === ﬁ
Expected inventory level - —5
(Column $L$6:3P$66) 2 i e
If you see cells filled with o RED
color, this means there is = =

something wrong with the
calculated current inventory
levels.
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5.1

6.1

Please contact the Operator in
charge for this injection point, to
acquire his most recent chemical
inventory level for the particular
injection point.

Manually adjust the inventory
levels for the particular injection
points for week O at worksheet
‘Horizon Planning’ (Column L).

Press button:
‘Return to Dashboard’

Press button:
‘Solver Chemical Delivery Model’

Press button:
‘Return to Dashboard’

Chemical Delivery Solver

K

Adjust the inventory

level in the red cell

A HANH

Solve Chemical Delivery Tool

O

Chermical Injection from Business Cbjects
Chen n

ek pe inect

s [ e e [ o [ | s [ i
R O ”

CR[E[[R M [P T R

- BEERRR e B[R [ Iﬁ
e lalalsle el e [slelekskes ][l e ;

Chemical delivery planning for [BC transport
Chemica vy AT ot or LA NS, Ten ATl and S Gas

P— P
Dase physical
Frodcion 4 of1BCs
Facilt Equpment Injection skid inventary bevel
b Chamical  daliversd o
1 1572015
: 22018
3
. mer
s m
. m
1 z)
s o 5
s o o
o 0
" o =
® 0 =
© il
b E] i)
i T 1 B e~ E=)
® S s B 1 2} 1372018
™ . 1372015
® £ 137205
» 2 1372018
] = 1372015
n g 3 17015

Develop schedule for coming Chemical Delivery

O

Chermical Injection from Business Cbjects
Chen n

ek pe inect

1
il

. Cacter_|Conveat |
- msing | iy ”

wt o | oo | e |
w s | o | w | w
e o | w | w | @
it N IE I T
=] w [ s [ w [
= [o [ T I
@] wE | s | m | 4
= 0 T T T
w Dl P I I
T — me | w | w | w
[ pr—pp— mm | w | » | 4
= 2 wo | we | w | 2
| f w [ w [n [«
o1 o 1

w1 s | o

DT |

O Tomen s | wn | w

o o e | m |

wt o woa | 2w | w | ®
1 [ ] ] I s |
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Chemical delivery planning for IBC transport
Chomsar devory pianning o o Land N, Ton Ar and Soor Gas

= Press button:
‘Chemical delivery next week’

Faciity Equipmert  njecticn skt

= Solution will automaticalle EEy D g Z
. e O B i ) g
appear in Worksheet: | BT Ry B ——
‘LocationOutput’ o

= Compare the requests from
Operations with the proposed
planning from the Planning Tool

= Suggest to deliver the IBCs which
are not ordered by Operations,
but which are proposed by the
Planning Tool

= Suggest to postpone delivery of
requested IBCs which are
requested by Operations, but not
proposed by the Planning Tool
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Appendix X: Manual for adjusting the Chemical Distribution Tool

This manual is developed to help adjusting the Chemical Distribution Model. In case a new
injection location is installed, it is important that you are able to add this location to the Chemical
Distribution Model. Following manual guides you through all the required steps to add a new
injection location to the Model. Adding a new location to this model requires a lot of effort and it
would therefore be easier to replace an existing locations, which is no longer in production, with
a new location. When you would like to add a new location to the Chemical Delivery Model,
several formulas in Excel needs to be inserted, or updated. Please ask a graduate from the
Logistics Department for support.

Step | Description | Screenshots /details

Chemical delivery planning fd

0.1 | = Open @

Initial_PlanningTool_ChemicalDeli
very

Import Chemical injedtion
volumes

Next delivery dater

Solve Chemical Delivery
application

" Date physical
= s _ ..., Produdion #ofIBCs  Inventory .
Faclty  Equipment Injedionskid (poodel LT U — mvumor;( level

M M 41 [Witen WITTEN-3 SKD24 (4m3) CGO85011 H 1622

0-2 . Add the Informqhon a bOUf the 42 [Witen 1 WITTEN-3 SKID25 (4m3) Wethanal [] 3382
. . . 43 [Witen 1 WITTEN-3 SKID25 (4m3) Wethanol [} 3326

new |n |eCfI0n Locdhon 1'0 fhe 44 [Witten 1 WITTEN-E SKIDO4S (4 m3) CGOBE01 1 0 a7s

45 |Witen WITTEN-S SKIDO73 =076 (8m3) WethanokLir 0 1185

TG ble: 4 1 G5V, OutletV-1__ [T-14 (10 m2) CGOBS011 [l 2247

47 |Zevenhuizen 1 ZEVENHUIZEN-1 SKD14 (4m3) WethanokLir 0 2450

48 [Zuidiarderveen ZUIDLAARDERVEEN-1 |FRISS008 (3 5m3) Trifoam 820 block [ 1311

49 [Wanneperveen 13 |WANNEPERVEEN-16 |WAV13-T-60 (1,5m3) __|Foamatron V-505 ] 531

. 50 p 15 WEEN-17_|FRISDIE Foamatron V- 0 1949

(@) Number OF |OCC|"|On 51 |wanneperveen @ WANNEPERVEEN-14_|FRISO11 Foamatron V- ] 450

52 p 3 WEEN-11_|WAVS-T-60 (1,5m3) Foamatron V-505 0 1281

o NG me Ol: the We" 53 [DeWik4 DE WUK- 4 WYK4-T-60 (1,5m3) Foamatron V-505 ] 1141

54 [DeWik 13 WYK13, et V-8-10__|DFRIS003 (4 m3 ) DFO85667 0 622
o Nome Ol: the iniecﬁon |OCG|'i0n 5t |Gasscliemiveen | |GASSELTERNUVEEN- {rRisoiz 35 mo Emulsolron X3336 0 1308

56 [Daleno Dalen- 9 = EC1144W) [} 1295

o Nome OF the Skid 57 Dalen 9 Dalen- 8 1m 0519 0 873

53 |Hoogenweg 1 HOOGENWEG- 2 KISS008 (4m3) Cortron CK352 0 3550
. 53 [Hardenberg2 HARDENBERG-2 __|FRISOLE ( 4m3 ) Foamatron V-505 ] 1214
O Chem|ca| name 60  |Colendoornerveen 1 |COLLDOORNERVEEN-|g Foamatron V-505 0 2107

61 |DenVelde 1 DEN VELDE-1 DVDI-V-14 (3,5m3) Cortron CK352 [} 2131

|
Number Name of well Name of Skid Chemical name
MName of injection
location
1.1
n

Open Worksheet ‘Planning’
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= Fill in additional well information

as already mentioned in previous
. 2 | Asset|~ Facility - Equipment - Storage tank
step, see picture 3
4 | Land Noord _|Bedum BOW, Topside V31 SKID12 (4m3)
5 Land Noord |Gripskerk 1 GRK1, Waco to Delfzil Voo
6 Land Noord | Westerveld WTV, Wetgas transport ne | T701 A+B (2.5 m3)
58 Land Oost _|Gassefterniveen 1 GASSELTERNUVEEN- 1 FRIS012; 3,5 m°
59 Land Qost  |Dalen § Dalen-§ 1m
60 [Land Oost_|Dalen § Dalen- 5 1m
61 Land Oost Hoogenweg 1 HOOGENWEG-2 KISS008 (4m3)
62 [Land Oost |t 2 HARDENBERG- 2 FRIS018 { 4m3 )
63 Land Oost  |Collendoornerveen 1 COLLDOORNERVEEN- 1 4m
64 [Land Oost__|Den Velde 1 DEN VELDE- 1 DVD1-W-14 (3,5m3)
65
/7 M Last ypdate
1.2 | = Copy formula’s from either row S e
b F h F F h Counter Chemicals | Chemicals injected | Production | Consumptio | inventory Last Update
G Ove, OI’ rom t e II’Sf I’OW 0 t e reading ¥ | injectec ™ | injectec ¥ | negative ¥ Hours ™ | nperda ™ check ™ physical/Bl 7|
Tab|e |_221378 2076 929 154 s14015 | sm02015 |
74686 804 333 62 9/14/2015 5/20/2015
29576 0 0 o 94142015 72015
3450 129 52 51 Fist ROW? 9142015 | /212015
O Copy FormU|oS From row 1878 218 77 23 282 L 18 9142015 58/21/2015
A"
b M 1031 140 62 23 292 12 94142015 5/21/2015
abow When the Chem|c0| 6648 303 0 0 Last RDOWe7 9142015 |  9/21/2015
N M M 24028 12 0 1] 114 2 9142015 58/21/2015
injection volumes are received | 555 =R
. / ’ 2015 |
from data input ‘NL-DCO3 I 72 R 720 O 777 77T
o Copy Formulas from the first
row in the Table, when the
Chemical injection volumes Ctrl +c
are received from data input
/ ’
NL-DC04
+
Last update
Chemicals physical
Counter Chemicals | Chemicals injected | Production | Consumptio | inventorny Last Update
reading ¥ | injected ¥ | injected ¥ | negative ™ Hours ™| nperds ™ check ™ physical/Bl |
221378 2076 929 154 5/14/2015 8202015
74686 804 333 62 5/14/2015 8/20/2015
29576 o o o 5/14/2015 S/72015
3450 128 52 51 334 = 5/14/2015 8212015
1879 219 7 23 282 18 5/14/2015 89/21/2015
1031 140 &2 23 282 12 9/142015 9212015
6648 303 Q Q 108 67 5/14/2015 8212015
24028 12 o 0 114 2 5/14/2015 89/21/2015
11956 148 33 50 101 35 9/14/2015 9212015
= Z 2 2 T el e,
Ctri+v
1.3 | = Add additional information R
. injection last daily Max dailv Storage
(@) Chem |CG| name Product 7 week 7| injection ™ | injectioi ¥ | capacith ™
ILHT
o) storcge ccpcc”-y Cortron CK337CS50 |154,79 1483 185,58 3700
Ccogsot 55,48 57,5 82,7 3700
CGOo8s011 0.0 0,0 2300
Emulsotron X8336 |7 428571429 |86 10,0 3200
EC1144W 11,06108747  |14.6 21,0 900
0s18 8916015625 9.3 10,9 900
Cortron CK352 |0 20,2 87,0 3700
Cortron CK352 0 08 109 3700
Cortron CK352 4714285714 9.9 522 3700
Cortron CK352 0 00 [:X] 3200
Chemical name Storage capacity

97



Synchronizing the supply chain of Production Chemicals
October 2015

Copy Formula’s from either row
above, or from the first row in the
Table (see step 1.2)

Adjust sheet ‘Horizon Planning’

Open worksheet ‘Distances’

g

Product_ ~ |

Cortron CK337C50 154,79

CGO85011 y T
CGO35011 First ROWo,
Emulsotron X8336 |7,428571429
EC1 1441 11, 47
0519 89 5

Cortron CK352 0
Cortron CK352 last ROWID:

Cortron CK352 L14
Cortron CK352

= Add address of the injection
location after the last row
= Add address of the injection
location after the last column
address of new location
address of injection location
2.2 | = Adjust VBA code o add the new | Byt i sibni e Qe apin Mkl -+

location

o Press Alt+F11

o Step 1: Open Module 2

o Scroll down until you see
‘Sub CalculateDistances()

o Step 2: Adjustj=1to 62 to:
j=1to 63

o Step 3: Adjusti =1 to 62 to:
[=1to 63

o Step 4: Adjusti =1 to 62 to:
i=11o 63

W o4 EmdA 9o ookl EFY S @ L3 cols !

| [tGeneran

| [calculatenistances

Sub CalculateDistances ()|
Dim i As Double
Dim 3 As Double

eet1 (Dashboard)
Sheet10 (Horizon planing)
1 (LocationCutput)
I

'Application.ScreenUpdating = False

Range ("C3:BC60") . Select
Selection.ClearContents

(Planning)
et3 (€M Land North)
eets (NL-DCO3) For 3 = 1 To 62 ’ 243
eet5 istances) For i = 1 To 62
uk bestelis If (i=50r:i=100:3=150ri=200ri=250ci-=2

'0r i =15 0r i =2350r i =350ri=450ri=§f:
Zpplication.Wait (Now + TimeValue ("0:00:05"})
End If
If Cells(2 + i, 2 + j).Value > O Then
Else
Cells(2 = i, 2 + j).Value = Round (G_DISTANCE (Cells
End If
Wext 1
Do While Application.Wox] .CountIf (Range (Cells (3
= For i = 1 To 62 4
&S vBAP RES.XLAM) If Cells(2 + i, g 0 Then
Else
Cells(2 + i, 2 + j).Value = Round (G_DISTANCE (Cell:
End If
Next i
Loop
Next 3

'Zpplication.ScreenUpdating = Trus

=|=«

|
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= Step 5: Press Save button

» Press button Calculate Duration in i 1 :
Worksheet to calculate al _—
durations

A ). Romijnweg 30, Wolddijk 37, BEDUM Waardw|

1 A Romijnweg 30, Win: 0 0,6014
2 Wolddijk 37, BEDUM 0,6014 o
3 Waardweg 34, GRIJ 0,7808 0,515
4 Weg voor de Binni 0,5969 0,7972
5 Oudestreek, ZEV 0,7286 0,6222
6 Gasselternijveensch 0,4119 0,79972
7 Gasselternijveensch 0,4119 0,79972
8 Katshaarweg, Coevort 1,0233 1,2017
9 Katshaarweg, Coevor 1,0233 1,2017
10 Katshaarweg, Coevorden 1,0233 1,2017
11 Katshaarweg, Coevorden 1,0233 1,2017
12 Katshaarweg, Coevorden 1,0233 1,2017
13 Katshaarweg, Coevorden 1,0233 1,2017
14 Katshaarweg, Coevorden 1,0233 1,2017
15 Slagenweg, Collendoornerveen 1,0553 1,1822

ery planning for IBC tra

ining tool for Land North, Ten Aria and £

= Start with expending all the @

Tables with information from the
new injection location e ==l

Chemical

Impart we Chemical Delivery
injection volumes

application

Names of Tables:

o Consumption information
N um ber OF orders Facility Equipment Injection skid pé;:;ﬁ:‘" :e‘l’:uﬁf;

1 TG, Topada Vo ':smmw = 3
.l. . bl 2 [Cupsteit == 50 CG0ESAT z [E]
Auxiliary variable N e = =
1] Gassehomnivesn1 | GSVLinke_V-80 m Q519 o e
Travel durations e, mn b =
k ] o SCHI1SWD, st inld Mot IBC. 15 m* Baonon ICA4S5G o 833
3 13 Wl SCHI1IWI, 'Wates Inkd Motk IBC, 15 m” INH 3-GT56 Wlos o 544
Transport route week 1 s
T I( 2 n 13/ SCHTSD, ki Ol s 1B 15 - ’w-sm(wzﬁ.m 0 3
ransport route wee : R : =
#  |Collendoomenesn 1 [CL0VT [a? IoFoasest o EE]

Transport route week 3
Transport route week 4
Visited locations in week i
Amount locations in week i
Traversed locations in week i
Number of visits week 1
Number of visits week 2
Number of visits week 3
Number of visits week 4
Auxiliary u(i) week 1
Auxiliary uli) week 2
Auxiliary ul(i) week 3
Auxiliary u(i) week 4
Auxiliary u(j) week 1
Auxiliary ul(j) week 2
Auxiliary ulj) week 3
Auxiliary u(j) week 4

0O 0O o0 o o0 0 O O O 0O O O O OO OO O OoOOoO OO O0O 0O O0
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3.2 | = Adjust formulas to calculate total
durations with new locations costs:
i I
16 18,681455 33 43,931455
Restrictions: '
Transport hours + Unloadi <= 9
Inventory - Inventory week (i-1) - Consumption week (i) + Chemicals delivered week (i-1)
Chemical request = SumiCapacity - Inventory | in week V1000
Demand - integer
Sum of Demand in week i <= 2
Standard loading hours = 4
Standard unloading hours = 0325
Inventory week i location j >= Safety stock
\isited Iocations - o1
1000°IPB visited == sum of locations visited
Trip from j to k + trip from | <=
week 1 week2 week 3 week 4
Loading hours £ 3 £3 £ 3
Transport hours 3,299543 4722328 481793 5,841654
Unioading hours 2 3 2
# of BCs -} el 1
Subtotal trips 5549543 7222328
Total 9,549543 11,222328
3.3 | = Open: OpenSolver.xlam
T E 9 - & - ST ——
. / ’ -
™ GO to: T(]b DGfCl in EXCGl m_Horne Insert Page Layout Farmulas Data Review
3 3 ;.'Ti el Iy dions Al
J 7
é 3 SERE T =l
From From From From Other Existing EJ
Access Web  Text  Sources~  Connediions
Get External Data
J11 - Je | =SE11*7
A B C D
1
2
= Fancumntinn infarmatinn
. TTicrosoTt EXCEl
= Open Model in OpenSolver
EI “E Show Detail %Gagawnsanalyse t i Show/Hide Model
= JE Hide Detail ?Q Oplosser Quick Solve
otal Model | Solve
OpenSolver ~
E Madel...
Quick AutoModel
AutoModel And Solve
I+I K Solver Engine... M !
Options...
Return to Dashboard
402 B02 2.543 2146
= You now see the formulas used to

by OpenSolver to calculate the
durations
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Press: Save Model

o This will show all calculation
fields within the Model.

o You can now identify which
fields are missing in the
calculations -> Picture shows
some of the calculation fields

Open Model in OpenSolver once
again

Adjust the calculations in
OpenSolver in order to include
the new location in the
requirements for running fe
model

OpenSalver - Model

=]

What is AutoModel?

AutoModel is 2 feature of OpenSelver that tries to automatically determine the problem you are trying to optimise by chserving the
structure of the spreadsheet. It wil turn its best guess into a Solver mode!, which you can then editin this window.

Objective Cell: [¢yc3 _| ¢ mevimse @ minmise  © targetvae: [0

AutoModel -

Variable Cells: [

Constraints:

<Add new constraint>

98:5958 >= $KeB
§$73:61§133 <= $D§281:56L5284
>=$C§351

>= $DS3!
SH$291:1$291 > = SES351
$H§292: $1$292 >= §F§351
§G$73:416133 <= $C$290:$F$350

51

[ Show named ranges

I Output sensitivity analysis: " .

Solver Engine:

LU T ]

573: 505133, 6C5205: SBL 266, SBNS205: 6DV 5266, SDY 520 SG. J

Sensitivity Analvsis [~ |ist sengitivity analysis on the same sheet with top left cell: _

[V Make unconstrainted variable cells non-negative

ipdating any previous outputsheet ¥ on a new sheet

Current Solver Engine: CBC  solver Engine....

[V Show model after saving Clear Model Options.... Save Model | Cancel I
00| of a of o] |
Bl ol ol ol of znal

"Microsoft kxcel

min
Xy

a #Z show Detail By Gegevensanalyse
x=2

“Z Hide Detail | %y Qplosser
otal

3

J K

Model | Solve

t i Show/Hide Model
Quick Solve
OpenSolver ~

Model...

Quick AutoModel
AutoModel And Solve

Solver Engine...

Options...

Return to Dashboard

402 802
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o Variable Cells
o Constraints

- ~
OpenSolver - Model [

‘What is AutoModel? AutoModel

AutoModel is a feature of Opensolver that tries to automatically determine the problem you are trying to optimise by observing the
structure of the spreadshest. It will turn its best guess into a Solver model, which you can then editin this window. N

Objective Cell: [¢yes  madmise ' mnmise ¢ targetvalue: [0

Variable Cells: [¢ce73:¢)5133,5573:50§133, 5C5205: 6L $266, SENS 205: DWW §266, SDY $205: $GHS266, $G1§205: 5155266

‘Constraints:
$H$292:81$292 >= §F$351
sas73:838133 =< =
$M§9:$PS9 > = SKS9 I I
$M$10:8PS10 >= $KS10 J $C$290:5F$350
$MS11:8PS11 »>= $KS11

SBUS349 <= 1
SD$27L:$BLE274

SM3289:

$MS14:9PS14 = SKS14 Delete selected constraint

SM$13:5P513 >= $KS13
$M$15:8P$15 = $KS15 |

[¥ Make unconstrainted variable cells non-negative
SMS18:6P$18 >= SKS18

[ show named ranges

(i)

Sensitivity Analysis [~ | ict sensitivity analysis on the same sheet with top left cell: J

™ Output sensitivity analysis: ¢

Solver Engine: Current Solver Engine: CBC  Solver Engine... |
[ Show model after saving Clear Model Options.... Save Model Cancel |
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Appendix XI: Chemical Distribution Model layout (Dashboard)

moA W o

e ow o

Import Chemical i

wolume:

Chemical delivery planning for IBC transport

Mext delivery date:

= mlmmming faa) far Lond

Solve Chemical Delvery

app ication

Date physical

. . - . Praductian % of IBC=s Inventory .
Facility Equipment Injection skid - inventory level
Chemical delivered level
check
Eodum EDM, Tapride Y31 SHIDTZ [4m3) Cartran GKIZTC5E E 2024
Grijprkerk GREA, Wazasa Delfifl |0 G0N o 244z
Wortarveld WTH, Wokaar branrpark | THH A4E (2.5 m3) CGOSENN [ 1257
Zonerhaizenl ZUH1, ManiFald ZHIDT (dm ) CGOES5EE ] 591
Garrslbernipeant GEN, Dutlet Y50 |PRisoen 3 S m! Gyptron SATAEN ] 424
Garrolrernijreant GEW, Inler_U-5i FRISH4, 35 m asis [} 207z
Sshoonsbock 313 SCH313, Injc-ctian in U] pgeher B 15 m as1s ] 1255
5 chmmnobook 313 Water| SGHIEWD, Water inlot | Mathor B 15 m’ Eactran UGA495G ] 623
= shamneback 15 Water| SCHEEWD, Water nlet et B G 15 m? IHH 3615 (WLanq) [} a7
hannckook 213 W HEAZWD, Wator inlot | Mgthor IG5 m as1e ] 220
hoonobel 313 HEBWD, Water Dl pgeher B 15 m” 1HH 3-6157 (W 2uur) 1 I
S chmmnobook 313 ater| SGHIEWD, Water mutle] bather B 15 m’ as1s ] 1216
= shamneback 13 Waker| SCHEEWD, T-1T-F G |Mather [EG 15 m’ Fi-zadx ] 27
Callendarnerveent | GLOV P DF 025667 ] 2708
rrend ASSEN SKIDS (4m3) cGosEzE ] 220z
e Tikkent DE TIEEEN-1 SKID0z1 caossNN ] Zrax
Do Tibbent DETIBBEN-Z SKIDNAT Garkran GK337050 ] z0zT
D Tikkend DETIEEEH-* SR Carkran CK33TCE ] 2275
Faan FaAN-1 KISS005 (4m) GO o 275
Faan FAAN-Z ZHIDODS [dmE) CEOEENN [ 228
Lausior LAUWERZIILA FRISZ024 (3,5m3) Foamatron ¥-505 [ BE
[ LEENHS-1-WellHale | FRISS005 (2.5m3] Foamatran Y-505 [ “e13z0
Harum 1 MARUM-A SH0EH (4m3] CG0IEEEE o 028
Marum 1 MARUM-1 Shid028 (4m3) CGOSE5LE z 204z
Marum 1 MARUM-Z TLi400E (dm3) CGOES5EE [ 30
Marum 1 MARUM-E Shid00 (dm3) GGOES5EE [ z0de
Hunnekesiil MUHHEKEZIJL-F V-§5-3 (m3) DF 05667 [ sl
Munnekozil 1 MUNNEKEZLIL-3- Woll | IBC [2m2) Faamatean V-505 o 1367
Hora® HOR 6 ZHIDE (dm) CEOEENN [ +d5
Hora® HOF G5 SHIDTD (dm3) Methanal-Lr [ Z0ad
Op ende Durtl OFENDE-0OST-1 kidon CEOFE5EE 1 231t
Sobaldebarand SEEALDEEUREH-1 | FRISS00E (3.5m3) Trifaam £20 black o zatt
Surhuirkerveont SURHUISTERYEEN-1 | SKID0OZ (dm3) CGOSE5LE [ 2206
Tictiorkrtorados 700 | TIETJERKSTERADEEL-T SKIDEE (dm3] CGOES5EE [ 3z0e
riert VRIES-103 SHIDDA [dm3) GGOES5EE [ S
[ VRIES-103 SR (4m) Methanal-Ltr [ 26
Yriord VRIES-402 DFRIS005 (2.5m2) DF 05667 ] 1445
Wriard VRIES-d02 FRIZE0MT (3.5mE) Fnamatron V=505 [ 2TE
witten 1 WITTEN-Z FRISS020 Trifnam #20 black ] 545
Wikten 1 WITTEH- &~ WellHale | SKIDW0S (dm) CEOEEN [ 11
Wikten 1 VITTEN-2 SHIDZA [4m3] o 2060

CEOEENT]

103

-
r Ges

20-8-2015
Eurrent date: 24-12-204
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Last wpdated: 17-12-2014
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Appendix XI: Chemical Distribution Model solution (Automatic calculations)

Chemical Injection from Business Objects

Synchronizing the supply chain of Production Chemicals

October 2015

Return to Dazhboard

Lt e
P et e Average daty | Averane Anmenton Safely | reccmm | Shemdnsd et
boied Counter—| Chemicrt| Chemicoie | ijecrert | phwsinet | Last tipaiste ijecticnfom | ey | Mavoin | Storege | devertser | wentcm | Dns~ | dedvers | swenrar
Fanilly EgqujpiTent | T Storage ok seadin T | dgeere T | dgeete T | negath T | dwents T | phesials T Frogiet | T R I capati chen T | dewe site T | thicwe ¥ deved T
R ] i L2 i Lt
Bedum BOM BOM, Tapside v31 IEC SKID2 (4m3) s B 2| srersay | Arrsgd | Comvon CRIITCHN 23857 2393 2600 3700 A | 1875 5| 3000 3354
Girijpskerk 1 GREK GRK, Waco to Dlelfzij IBC | w30 o s ar SRARAGY | AetAGY | CHOBSON 27,05 55,3 16,4 3700 247|587 & |o 2253
Westerveld WRY WTY, Wetgas transpart line | IBC | T701A4E (26 m3) R e I SRARAGY | AetAGY | CHOBSON 16,39 184 215 2300 328 & |o 1142
Zewenhuizen 1 2vH ZVH1, Manifold IEC | SKION3 (4m3) 3 R a0 SRARAGY | AetRAGY | CGOSSS2E 44,00 523 3.0 3700 566 & |z000 2283
Giaszelternijveen | G5 GSY1, Qutlet_Y-60 ibe_|FRISNS: 35 m’ & I Z SRARAGY | ARAGY | GuptonSA3420 |2M 2l 7 3200 215 a8 |o 409
Gasselternijveen | G5V GEY1 Inlet_¥-60 ibe_[FRISONM: 26 m 2 4 & R W A [ 626 6.3 200 3200 243 £ o 2024
Schoonebeek 313 5313 SCH313, Injection in water retent IBC__| Mather IBC; 15 m " 26 & sraogy | seprooy  OSt 378 38 55 1300 227 £ o 1224
Schoonebeek 313 Water Disposal F313-4 SCHA13WD, Water inlet ¥-19-1- B{IBC | Mather IBC; 15 m ka R & FRARA | PSR | Bacton UCA49SG| 712 24 25,4 1300 o1 £ o 573
Schoonebeek 313 Water Disposal 5313w SCHA1IWD, 'water Inlet ¥-19-1- pl IBC__ | Mather IBC; 15 m I 7 28 SRARAGY | AERAY | INH 3-6156 (wWloog| 20,07 108 56,4 1300 276 £ o 267
Schoonebeek 313 Water Disposal 5313w SCHIIWD, Waterinlet to T-13 [IBC | Mather IBC: 15 m i 3 2 srarogy | seprooy OSt3 1371 48 0 1300 305 as_|o 784
Schoonebeek 313 Water Disposal 5313w SCHA1WD, 'water Outlet V-17 pf IBC__ | Mather IBC; 15 m 450 a Ka SRARAGY | AERAY | INH 36157 (wZuu)| 3072 165 99,8 1300 e ¢ |woo 1245
Schoonebeek 313 Water Disposal 5313w SCH1IWD, 'water outlet ¥-19-1- IBC__ | Mather IBC; 15 m o 3 I sraogy | seprooy  OSt 13,69 6.9 43,2 1300 248 as |0 120
Schoonebeek 313 Water Disposal 531w SCHA1WD, T-17-F28C IBC | Mother IEC; 15 m* g s 26 s SRARAGY | PtRAGY | GuptonSA3420 | 369 54 120 1300 238 & o 81t
Collendoornervesn 1 CcLOv CLOYY BC_[4m’ & & & & SREROH, g 00 00 3700 200 a8 o 2708
Assen ASN ASSENA IEC [ SKICHS (4m3) HEER & & & SRERAGY | AAGM | CGOBSON ] 00 0 3700 200 &4 [0 2392
De Tibben 1 TEN DE TIBEEN-1 IEC | skiO021 SRR AR A ka SRARAGY | AetAGY | CHOBSON SL7M28571 [ 90.4 125,0 3700 832 aE o 2106
De Tibben 1 TEN DE TIBEEN-2 IBC | SKIO047 LR SRR ] & SEARAGY | SfRAY | Cortron CKIITCH| 6771429571 |68.4 8.0 3700 603 a8 |0 1623
De Tibben 1 TEN DE TIBEEN-3 IEC | sKiO043 AREES s Rt = SRARAGY | AegrAgd | Corvon CKIITCHN 5328571429 543 0.0 3700 530 s |o 1902
F3an FaN FARN-1 IEC__|KISS005 [4m3) LT AR 2 & SRARAGY | AetAGM | CHOBSON 78,20571429  |82,3 2,0 3700 7% a8 |o 2167
Faan FaN FARN-2 IEC | SKIDO0S (#m3) & & & & SREROH, g 00 00 3700 200 ] 2225
Lauwerzij LWz LAUWERZLIL-1 IEC__|FRISS024 (35m3) & & & & SREROH, g 00 00 3200 200 & |o 2138
Leens LNg LEENS- 1- Well Hole IEC | FRISS005 (3.5 m3] RETERT 1R 4747 a SRARAGY | Aegragy | Trifoam 820 block |B07.0089285 | 610,1 6395 3200 71 4|0 65569
Mlarum 1 MART MARUM-1 IEC | Skidi31 (4ma) e e EE I SRARAGY | AetRAGY | CGOSSS2E 07957129 [137.7 1840 3700 164 & o 2270
Mlarum 1 MART MARUM-A IBC | Skid02d [4m3) R 2987 FEE I SARAOY | Pesomy | CGOSSG20 07957129 [137.7 1840 3700 1e4 2000 3293
Mlarum 1 MART MARUM-2 IEC | Skiddo2 (#m3) A JELE B e SRARAGY | AetRAGY | CGOSSS2E 01857H2e (1212 152,0 3700 1048 0 1417
Ilarum 1 MEaRT MARUM-2 IBC | Skid003 [#m3) ] T AT HE SRS | SRS | CGOSG528 01557428 [1212 152,0 3700 1045 0 1333
Murinekezii MKZ1 MUNNEKEZLIL-3 IEC [ ¥-65-3 (Im3) & & & & SARAGY | Aetnagy | OFOSGEET 0 00 00 500 200 0 841
Mlurinekezii MKZ1 MUNNEKEZLL- 3 - el Hole |IBC | IBC (3m3) FHIE & & & SEARAGY | A#fRAGY | Trifoam 820 block |0 0.0 00 2800 200 0 1367
[Marg 3 WOR3 NORG-6 IEC | SKIDS4 (4ma) & & & & SREROH, g 00 00 3700 200 0 645
[Marg 3 WOR3 NORG-6 IEC | SKIOT0 (4ma) & & & & SREROH, g 00 00 3700 200 0 2044
Opende Dost 1 oPO1 OPENDE-DOST-1 IEC | skidoot FOERE 206 405 a SRARAGY | AetRAGY | CGOSSS2E 5842857143 | 710 122,0 3700 2a |697 1000 3502
Sebaldeburen 1 SEE! SEEALDEEUREN-1 IEC__|FRISS006 (3.5m3) RS & & & SRARAGY | AetAGY | CHOBSON 0 00 00 3200 241|200 0 2410
Surhuisterveen { SH SURHUISTERVEEN-1 IBC | SKID003 [4m3] HSE a i A SARAGY | PgAGY | CGOSG62S 43,2057429 | 517 i 3700 SR | 562 0 2603
Tietjerksteradeel 700 TIO? TETJERKSTERADEEL-702 | IEC | SKIO2S (4ma) R, = 14 A SRARAGY | AetRAGY | CGOSSS2E 2057142857 [ B4t 83,0 3700 e e 0 3065
Wries 1 VRS! YRIES-103 IEC | SKID004 [#m3) e e ! & SARAGY | AetRAGY | CGOSSS2E 0142857143 | 314 1510 3700 aEe|420 & |o 3810
Wries 1 VRS! WRIES-103 IEC | SKID00S (#m3) KEtRdT & & & SRERAGY | AERAY | Methanal-Ltr 0 00 00 3700 o e & |o 2645
Wries 4 VRS4 YRIES-402 IEC | DFRIS005 (3.5m3) AR e 297 I SRARAGY | AegAgy | Corvon CKIITCHN 4244736317 38,3 56,0 3200 a5 {463 & o 1143
Wries 4 VRS4 VRIES-402 IEC__|FRISS0T (35m3) SRET e 4 I SARAGY | Aetagy | OFOSGEET 6E46302302 |62 6.7 3200 25|43 & o 2232
witten 1 WIT! WITTEM-2 IEC__|FRISS020 A% & & & SRARAGY | AggrAgy | Trifoam 820 block |0 00 00 3200 &5 200 & |o 545
witten 1 WITH WITTEN- 2 - ell Hole IEC [ SKID00S (4m3) SOHRT & & & SRERAGY | AAGM | CGOBSON [ 00 0 3700 & 200 &E |0 Bt
witten 1 WIT! WITTEN-3 IEC | SKID24 (4ma) SRR 2ERT f RC) SRARAGY | AetAGY | CHOBSON 98,20571429  [87.3 o 3700 e el 240 |0 2272
witten 1 WITY WITTEN-3 IBC | SKIDRS [4m3) & & & & IRLRAGH A ARAE 00 00 3700 200 a0 3362
witten 1 WIT! WITTEN-3 IEC | SKIOZE (4ms) & & & & SREROH, g 00 00 3700 200 & |o 3326
itten 1 WIT! WITTEN-G IEC | SKID045 (4 m3) & & & & SRERAOH [ 00 0 3700 200 a8 o 875
witten 1 WIT! WITTEN-G IEC | SKIDO73 (#m3) & & & & g 00 00 3700 200 & |o 195
witten 1 WIT! WITTEN-G IEC | SKIDO7E (#m3) & & & & g 00 00 3700 200 & |o 2247
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pendix XI: Chemical Distribution Model solution (Model)

Chemical Delivery Solver

Retwn to Doshboor d

Iaf d AP rzrtems ukich ca xtracted ms usekly baris
Equipment Average daily | oo () Expected Con Fafety inventory entory - Safety stock
level (5]
o 7 e & e 7 - p A B v p n g
m pIT ] ] v | v e ¥
" w i i g vt ] | |
m o m m ] n i W
w w m m ] ] ] i)
GEY, dullel Y- ] 3l hH hH hH hH ) ) 26|
GV lalel VB i 3l LH A1) LH LH 1,375} 1327} 1071
A, o u o o o o i L] 101
i, u u W u u e ] ]
i, u m fr m m ] i 10
i, u I T I I w1 ] i W
i, u n o n n | i ] |
i, u | x | | i 1] i !
ScurmaD T2 m m u m m p i m
v v i i i i e e P
P v v )| )| )| )| v ¥ o]
v TiBpERT m v i vau ¥ o]
v b o v | e o o]
v bR w v m T ¥ P
a1 m v i o e wand
i v w )| i )| )| v v e
v u )| )| )| )| o ¥ v
rTTE TR n v o o
a4 m w o 114 vang
HauA m w | ] vl
a2 m w v ] g
o e w v von] woud
y 1| ) P 1 i
v u ) o v o]
Wk v w ) P i i
wonas v w ) Y e 1l
n w | T o Py
v u ) ) ) ) ] ] ]
w w | pr | | P e ]
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v v " w [ u [ [ n m vasd ;s f
T u | T | | ] ] o] I
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Wi aEs T n w i i i i wan] v e ] PR
w w | fr | | vn v ]
T n w | F | | I i ]
benvoioe. 1 m u | f | | anf v vn] v +
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Max. orders (Mif] Orders placed [0j) Ausiliary ¥
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Appendix XI: Chemical Distribution Model solution (Final outcome)

Synchronizing the supply chain of Production Chemicals
October 2015

Planning IBC transport for coming week

Return to Dashboard

Location Facility Injection location Skid Production Chemical Number of IBCs
1 Gesseliernijveen 1 GASSELTERMNIVEEN- 1 FRISO1Z: 3,5m3 Ermulsciron X8336 1
2 Hoogenweg | HOOGENWEG 2 KISSO08 [4m3) Cortron CK352 2
3 Hardenberg 2 HARDEMBERG 2 FRISOT8 [ 4m3 ) Foamctron V-505 1
il Schoonebeek 3131 SCH313WD, Waeter Inlet "Mather IBC: 1,5 m3 INH 36156 [Wloog) 1 Duration
5 Marum 1 MARUM-T Skid029 (4m3) CGO85528 1 Loading hours 4
o] Marum 1 MARUM2 Skid003 (4m3) CGO85528 3 Travelling hours 5,098301
7 Marum 1 MARUM- Skid031 (4m3) CEO85528 2 Unloading hours 5
8 Marum 1 MARUM-2 Skid002 (4m3) CGOB5528 2 Total 14,098301
Q Faan FAAN-T KISSO05 [4m3) CGO85011 1
10 De Tibben 1 DE TIBBEMN-1 SKIDO21 CGOB5011 2
11 De Tibken 1 DE TIBBEMN-3 SKIDo48 Cortron CK337C50 1
12 De Tibben 1 DE TIBBEM-2 SKIDO4 Cortron CK337C50 1
13 Bedum BDM, Topside V31 SKID12 (4m3) Cortron CK337C50 2
Total number of IBCs 20
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