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Executive Summary

The Clover group, a well-established branded consumer goods company in South Africa, has
recently acquired a brand new water and ice tea bottling facility. In order to align the
operations of this facility with the efficiency and effectiveness objectives of the Group as a
whole, this facility requires a specially tailored optimised master production schedule (MPS).
Infor Advanced Scheduler software, which is the software that the Group uses in all of their
other manufacturing facilities for production scheduling, is used to develop this optimal
production schedule. Some general production planning rules need to be developed as
guidelines for the development of the optimal MPS. Accompanying the MPS, a job schedule
that organises labour to ensure that the labour resources required are aligned with the
production plan, is also required for this facility.

Extensive literature studies focused at specifically sales and operations planning, capacity
planning and operations research tools and techniques, specifically Mixed Integer Linear
Programming (MILP) gives direction to the development of this MPS. In the first stages,
sales and operations functions and rough cut capacity planning is used to identify production
planning rules fitting the specifications of the facility in terms of equipment capabilities,
available capacity, sales and demand forecasts and company-wide general rules and
assumptions. After establishing the basic rules and parameters, all of the important factors
that influence the MPS are systematically optimised, and a MILP to determine the optimal lot
sizes for different scheduling alternatives is developed. All the optimised factors are then
combined to develop two alternative production schedules, one that is a continuous
production schedule of which the monthly schedule remains constant throughout the year.
The second alternative, which resulted in the optimal schedule alternative, is a production
schedule with one off-peak schedule followed for six months, combined with a peak schedule
for the other six months. The peak and off-peak periods are identified through analysis of
sales and demand forecasts for the coming year. Job schedules with different shift
configuration alternatives are created for both of the schedule alternatives, and this is how the
optimal schedule is selected, by evaluating the cost of labour associated with the selected
MPS.

All the alternative schedules are confirmed as feasible solutions, and the selected MPS
alternative is optimal in terms of the determined lot sizes, average inventory holding cost and
labour cost related to the accompanying job schedule. A sensitivity analysis is done to
evaluate the rigidity of the MPS, should safety stock levels be adjusted, and the MPS proved
to be rigid enough as the schedule would barely change based on production time required.
The sensitivity analysis does prove that major cost savings can occur if safety stock levels are
reduced, but future work on improving forecasting accuracy is recommended first. Other
future work possibilities have emerged such as warehouse utilisation optimisation,
distribution and procurement planning and optimisation and forecasting improvement. This
project, along with future work recommendations are all ultimately aimed at developing and
optimising the operations of the Clover Waters Facility, in order to manage resource
constraints as efficiently and cost effectively as possible and satisfy customer demand.
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Chapter 1: Introduction

Since the early 1900’s, beverage companies across the world have evolved; from regional
companies with manual labour intensive bottling facilities which mainly produced for local
markets, into the corporate giants of today, that produce for national and even international
markets. The great shift began when the advancement in bottling technology allowed the
beverage manufacturing sector to adopt mass production techniques that allowed for
expansion. Mass production created the need for production scheduling in order to
coordinate and organise the production of these increasing volumes of goods.

In the industry of manufacturing and bottling liquid products, specifically in this case
beverages, the efficient and economical scheduling of lot production is becoming
increasingly more important. This is due to the specialisation of numerous products to satisfy
customer demands, which causes higher numbers of lots of smaller volumes that should be
produced. However, specialisation and differentiation in products leads to production
planning becoming increasingly complex. It is worth it in the end, since satisfaction of
customers leads to increased demand; greater demand means more sales, and more sales
results in increased profitability. The key to maximising profitability lies in the ability to
quickly and effectively schedule an entire multi-product facility, based on a number of
recipes.

Clover Industries Limited is a branded foods and beverages Group that is continuously
striving to improve customer service, demand satisfaction and especially increase their
profitability. Clover has enjoyed much success during the development of South Africa’s
dairy and fast moving consumer goods (FMCG) industry over the past 100 years. The core
competencies of the Group is the production of dairy and non-dairy beverage consumer
products, the distribution of chilled and ambient consumer products, and in the sales and
merchandising of consumer goods. The Group produces and distributes (for itself and other
FMCG companies) a diverse range of dairy and consumer products through one of the largest
chilled, and most extensive distribution networks in Southern Africa (Clover, 2016).

One of the newest facilities owned by Clover is an ice tea and water manufacturing and
bottling plant, which was planned to open for production during June 2016. The facility is
equipped with four filling lines and is directly connected to a natural spring as water source.
This facility will produce ice tea in various flavours and bottle sizes, as well as still, sparkling
and flavoured water for different brands in varying bottle sizes. A total of 46 various
products classified according to stock keeping unit (SKU) descriptions, will initially be
produced at this facility, and this number could change as product development introduces
new SKU’s or as some SKU’s are removed from the market. As with all of their facilities,
Clover will strive to operate this bottling facility as optimally as possible in production of this
large variety of products, to assure alignment with the supply chain and corporate strategies.

Basset (1996) stated that numerous aspects of the production process are optimised through
scheduling, which ultimately leads to increased profits. First, and foremost, production
scheduling addresses the issue of efficiently allocating scarce resources such as raw
materials, work force, time, storage, etc. From this statement, it is evident that an efficient

© University of Pretoria
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and effective master production schedule (MPS) automatically serves as a starting point to an
accompanying worker-schedule and storage plan for a bottling facility. Thus, an optimised
MPS would ease the process of developing these two plans as optimally as possible.

Production planning and scheduling lies at the core of the aim to integrate the new facility
into the operations of the expansive supply chain network operated by Clover. If
optimisation is achieved through major time, cost and capacity considerations, and with the
consideration of the most accurate demand forecasts, the operation of this new facility will
help the company in their mission to expand their distribution network. They aim to expand
this network efficiently and effectively over a wider region including neighbouring Southern
African countries, where the demand for purified bottled water is quickly increasing.

An optimised MPS will also enable the expansion and improvement of their supply chain in
line with the objectives of the Supply Chain Development Department of the Clover Group,
and build on their legacy of quality products, on time delivery and guaranteed customer
satisfaction.

The ultimate aim of this project is developing a MPS based on an optimised production
sequence developed specifically for this facility, along with a tailored job schedule. A
multitude of studies and literature on this type of problem, and problems related to production
planning and scheduling have been published. It is evident that there are many ways to
approach the specific problem, depending on the specifications, and requirements for the
solution. The key was to review as many relevant studies as possible and identify similarities
of the problems in those cases, whether there are similar processes, constraints, industries,
demand patterns, or any other similarities in the problems. The similarities can be used to
find approaches that are applicable to this specific problem. Many of those approaches were
combined to develop a unique solution approach specifically aimed at solving the production
scheduling problem for Clover’s water and ice tea bottling facility.

1.1. Background

Production planning and scheduling has a major impact on many aspects of the business,
including utilisation, lead time to customer, sales order availability, availability of finished
product, quality, forecast accuracy, raw materials supply, sequencing of orders, variability,
dead stock, inventory of finished goods, etc. All of these factors need to be incorporated into
the operations of the facility from the start to implement the process of Kaizen, the practice of
continuous improvement throughout the life of this new facility. To enable the incorporation
of all the above-mentioned factors, a comprehensive understanding of the industry sphere, the
company, the facility and its operations was obtained.

1.1.1. The beverage packaging industry

Henninger (2009) has done research on the issues that industries and facilities in the liquid
packaging industry face, from paint, to chemicals, to beverages. His research has proven that
there is one big issue encountered by all the facilities: changeover and setup costs incurred
between producing different products. The Clover Waters Facility will be producing 45
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unique SKU’s, which motivates the desire to have an optimised MPS that reduces
unnecessary costs.

A clear trend is that changeover and setup costs get higher as the degree of incompatibility
between successive products increases. Clover has some varying degrees of compatibility
between their successive products due to product characteristics. These characteristics
include a) the type of products produced and bottled such as ice tea, water or flavoured water;
b) whether it is a carbonated drink or not might affect the filling rate and c) bottle and cap
sizes vary according to volume and the brand of product. This type of research originated in
the packaging industry, but it is known that sequencing issues are encountered by various
other industries, and it is applicable to any type of manufacturer that produces a multitude of
varying products on a limited number of packaging, or in the case of this study, filling lines.

Henninger (2009) found that even though some of the issues encountered by facilities and
industries are quite similar, the strategies to address these issues are vastly different, due to
the varying current state of the bottling industry. The state varies due to factors such as
machinery, techniques, company strategies and facility capacity and capabilities, which are
different in each industry or company. The states can even vary between facilities in the
same company. One theme that he identified throughout the entire industry is the need to
increase market share, increase profits, improve the efficiency and effectiveness of operations
and reducing operations costs. The implementation of lean manufacturing, just-in-time (JIT)
manufacturing principles, and effective and thoroughly conducted operations research
activities can help a company to meet these objectives, starting with production planning and
scheduling.

Currently, the norm for companies that produce a wide variety of products is to use a
manufacturing resources planning (MRP) system to schedule production. Although very
effective, the cumulative errors or inaccuracies within an MRP system will lead to very high
levels of safety stock. Combining MRP systems and methods with JIT principles to
determine optimal lot sizes for each product will assist in reducing inventory and lead-time.
Incorporating JIT into MRP, along with the mathematical modelling technique used to
determine the optimal lot sizes, will provide a guide to sequence products that are to be
bottled based on the changeover times and production time duration of each lot. This will
balance the trade-off between smooth production flows; order fulfilment, mixture of products
produced and lost time and capacity due to changeovers between products.

1.1.2.Production planning and scheduling

At its core, production planning can be seen as the heartbeat of any manufacturing process.
The main purpose of production planning and scheduling is to minimise production time and
costs, organise and effectively allocate resources, and maximise the efficiency of operations.
This is done by determining the time sequence of orders, jobs, tasks and other operations, and
relating these with their required resources as effectively as possible

Scheduling involves the process of defining of starting and finishing times and the

assignment of resources to each task that needs to be completed, while being restricted by
several constraints, which may involve those tasks and/or the resources. Scheduling is a
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decision making process that plays a very important role in most manufacturing and service
industries. At the Clover Waters Facility, all the different SKU’s need to be assigned to
different filling lines which have the capability to produce that specific SKU. This facility
particularly only has one filler line with mixing tanks, consequently, all products which
requires carbonation or mixing with syrup or flavouring is automatically assigned to this
particular line.

In a recently published article, Sauer (2016), the author refers to the MPS as the “cornerstone
for synchronisation”. This is a very accurate description of the importance of a well-defined
MPS. Essentially the MPS serves as the driver of resource requirements, it aims to align
demand planning (sales forecasts) with production operations and it orchestrates the sequence
of procurement dates that should ensure raw materials are consistently available and ready for
use. This has an influence on the planning schedules of the procurement department, thus the
best approach would be to derive the material requirements plan (MRP) directly from the
MPS. Sauer also mentions that one of the biggest obstacles to synchronise an MRP with the
MPS, occurs when you have multiple products with unique bills of materials (BOM’s).
Fortunately for Clover, the main ingredient, common in all of the SKU’s that are produced
and bottled at the Clover Waters Facility, is water. This water is sourced from a borehole
right on location. The electronically controlled pump is directly linked to the computer
system, which uses information signals from their operation planning software, Infor AS.
The other added ingredients; ice tea syrup, water flavouring and CO, for sparkling drinks,
along with all the bottles and labels still needs some diligent planning effort. Procurement of
these components has to be initiated and completed on time to have the required material on
hand at the correct time. It would be a great concern if procurement is the cause of a
bottleneck, since it is a problem that can easily be avoided through effective and diligent
planning.

Morten and Pentico (1993) identified that the production environment is a dynamic mode
where unforeseen events can happen at any time. These disturbances will have an impact on
the production statement. A good schedule system is the one that has the capability of
dynamic decision making for the aforementioned scheduling function in a timely and high
quality fashion while simultaneously maximising throughput, satisfying customer wants and
needs, and minimising direct operating costs. Sequencing, timing, routing, reconfiguration,
forecasting, labelling, grouping, aggregation, and disaggregation are the main issues of the
scheduling function.

Clover’s Planning Department currently makes use of the production planning software Infor
AS (Advanced Scheduler). Infor Advanced Production Scheduling is a unique constraint-
based scheduling solution that is uniquely designed with process manufacturing differences
in mind. This software program delivers realistic, achievable production schedules that are
optimised under the influence of several constraints. These constraints include capacity,
materials and labour resources, optimum production sequencing that minimises unproductive
time, management of volume-constrained resources such as tanks and vessels. The
functionalities of Infor AS make it especially useful for the beverage production and
packaging industry. It enables command of both continuous and lot flow environments,
makes use of easy to use graphical and interactive scheduling solutions, and is a system that

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02’&

seamlessly integrates and operates alongside any ERP (Enterprise Resource Planning)
system, in order to provide advanced shop floor scheduling.

Upon completion of this project, the expected outcome is an optimised MPS, with an
accompanying best-suited job schedule, tailored specifically to suit the capacities, constraints
and performance capabilities of the new ice tea and water bottling facility. The schedule will
be handed over to the Operations Department of this facility. This will enable optimised
warehouse utilisation, scheduling and maximised order fulfilment. The parameter values table
which is also developed, along with standardised stock keeping unit (SKU) lot sizes can then
be used to develop scheduling, production and warehouse management rules.

A flexible, well-defined MPS is of critical importance to the development of warehousing
rules, inventory management, distribution planning and several other operations within the
facility. The Supply Chain Development Department can use the MPS to integrate the new
facility into the whole supply- and distribution plan seamlessly. The planning becomes a
challenging task because it involves many products and deals with many aspects such as
multiple resources, partial equipment connectivity, sequence-dependent changeovers, storage
time, transfer time and lot splitting.

In order to develop an optimal MPS which can be used by the Supply Chain Development
Department, a well-defined methodology will be followed which will ensure that all aspects,
constraints, capabilities and requirements will be taken into account. This is to make sure
that the outcome of the project thoroughly addresses the problem and satisfies all
expectations.

1.2. Research design and methodology

The solution to the problem is a MPS with optimal lot sizes and production sequence, a job
schedule, and production rules, which will be used in order to plan and operate the facility.

1.2.1. Problem statement

This brand new bottling facility of Clover will need an efficient and effective production plan
and work schedule from the moment of start-up. Currently there is not such a schedule yet,
and in order to ensure optimal performance of the facility, it is a priority for Clover to have a
detailed production and work schedule. Clover aims to implement the MPS as soon as
possible, aiming for September 2016.

1.2.2.Research design

To ensure that the operations are aligned with the strategic objectives of the company, the
development of this optimised MPS will incorporate: strategic allocation of resources, fast
problem resolution action plans, flexibility and agility. The MPS that is developed makes
provision for satisfactory safety stock levels, ensures that the lot sizes which are produced
will satisfy market demand, be of feasible volumes to fully utilise the facility equipment and
the production frequencies will reduce changeover times in order to maximise the
productivity of the facility. Job scheduling, which accompanies production scheduling, will
ensure the efficient allocation of labour resources and minimising the cost, while adhering to
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constraints set by fair labour practise. The MPS, or plan, will make enough provision for
downtime in order to perform maintenance. Should any unforeseen event such as a sudden
stoppage, power failure for an extended period or machine failure occur, production can
continue after the problem was resolved, without running into the time of the next week’s
production. The MPS will ensure that production and distribution of the products produced
at Clover’s new facility is executed as effectively and efficiently as possible.

The key to ensuring that production and distribution of the products, which will be produced
at Clover’s new facility, is executed effectively and efficiently lies in the quality of
production planning and scheduling. The optimisation parameters that are of critical
importance are:

e Minimum cost for production and distribution.

e Minimum working capital invested in inventory.

e Maximum market supply.

e Satisfactory levels of agility to react to demand fluctuations.

These optimisation parameters will be integrated into the development of the lot-sizing
mathematical models and the scheduling process. The MPS will be designed to run over a
period of four weeks during every month, starting on the Monday of every week. When the
weekly production goals are met, production will stop for that week. This will provide a time
allowance for maintenance to be done on equipment over weekends if necessary, and
flexibility in case of emergencies or unplanned breakdowns or stoppages. The unexpected
error, breakdown or problem can be adhered to and production can continue as scheduled
without running into the danger of overrunning into the next weeks’ scheduled production
time.

1.2.3. Methodology

In order to address the problem and finding a good quality solution, which would be a
flexible, adaptable and optimised production schedule, a process of chronological steps were
followed. The results obtained in each stage were used as input for the proceeding stage. In
this way, the solution was developed systematically over the course of six main stages:

Stage 1: Analysis of the facility and business strategies

The major functions of the facility were drawn up in a process flow chart. At each stage of
the process the critical functions and parameters that link the production process with
business strategies were identified. Meeting with Supply Chain Management team members
assisted in the establishment of desired target levels, or values of these parameters. A table
with each parameter and acceptable range of values per parameter was compiled and used as
a parameter control table. This table was used during the alternative testing period in order to
select the schedule that satisfies the most targets.

Stage 2: Forecast analysis and optimal lot-sizing

A Mixed Integer Linear Program (MILP) along with established confidence intervals of
determining demand satisfaction, were used to determine the optimal lot sizes for each SKU.
These lot sizes were set as a production rule. Determination of these lot sizes was reliant on
the demand forecast of one year, divided into twelve monthly demand periods, in order to
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ensure that aggregate demand over the long run is met. Demand is met by continuously
producing a fixed lot size, which is the same for all the periods (months) and the shortages or
excess will be minimal at certain times.

Stage 3: Production sequencing

A set of production parameters and rules to use as input for the Infor AS software were
developed in this stage. All the production requirements and changeover determinants, i.e.
syrup mixing for ice tea, required sterilisation processes, bottle size and bottle-cap type etc.
of each SKU was listed, and a changeover time matrix between SKU; and SKU; was
formulated.

The changeover time matrix was used to determine the optimal production sequence that
ensures the minimum total changeover time. The lot sizes and optimal production sequence
were then used accordingly as guidelines in stage 4, in order to create alternative MPSs
exploring different MPS’s for different seasons or a continuous schedule, or altering the
sequence to fit into a predetermined shift configuration.

Stage 4a and 4b: Developing alternative MPSs

Infor AS, the production scheduling software currently used by Clover, was used in stage 4a.
Results and outputs from stages 1, 2 and 3 were inputs for the design and development of
alternative production schedules in the software program. Two alternative approaches were
followed and production schedules were be drawn up.

Alternative 1 considered a production schedule with a constant production lot size that is the
same size every month, produced monthly. Alternative 2 divided the demand into a peak
period and an off-peak period. The production lot size that was determined for the peak
period for each SKU was scheduled to be the same size for the six peak months, and the off-
peak production lot size for each SKU determined the constant production lot size that was
scheduled for the 6 off-peak months.

The software enabled simulation of the process using a certain schedule, giving starting and
ending times and feasibility status as results. In stage 4b, the alternative schedules were
evaluated and compared in terms of target values and parameters estimated in stage 2.
According to this, the best alternative production schedule was selected as the MPS.

Stage 5: Job scheduling

The resulting MPS from stage 4 was used as guide to develop a job schedule for workers.
Scheduling alternatives as two full shifts of either 8 or 12 hours, vs. single shifts plus
sporadic overtime were evaluated in terms of cost, worker satisfaction, feasibility and labour
legislation. The job schedule will ensure that the workforce required to attend to the
production process is always available.

Stage 6: Finalising and presentation

The final MPS, job schedule and production rules that were developed during the course of
this project, was compiled into tables, which summarises the production and job schedule.
This document can then be presented as proposed rules for the operations planning,
scheduling and management of the new bottling facility for Clover.
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1.3. Document structure

The document is structured as follows: Chapter 2 documents the literature review, where
several journal articles and research papers about operations research, production scheduling,
lot sizing and production sequencing have are reviewed in order to find similarities and best
approaches for solving the problem for this particular project. Chapter 3 documents all the
critical information, data analysis and parameters which is obtained from the company,
through data gathering, interviews, and a facility overview for optimisation parameters and
general rules, or constraints. The information in Chapter 3 is used in Chapter 4, where the
operations research model is developed with mathematical formulations. In Chapter 4 the
output of the operations research model, which are optimal lot sizes and a production
sequence, are analysed and documented for use in Chapter 5. Chapter 5 documents how all
results obtained through optimisation and operations research modelling, and information
gathered in the preceding chapters, are utilised to develop a MPS using Infor Advanced
Scheduling software, and finally an accompanying job schedule is developed. Chapter 6
discusses the sensitivity analysis, which is done to determine the sensitivity of the MPS and
job schedule along with cost implications of reduced stock levels. Chapter 7 concludes the
project, reiterating the problem and solution that is developed, makes recommendations, and
finally gives ideas for future work opportunities.
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Chapter 2: Literature Review

Operations research is the technique that has been selected to address the problem posed in
Chapter 1. It has been chosen since it is the technique best suited to address any constraints
and requirements and incorporates optimisation in the search for a solution. A literature
study was done to gain exposure to all the techniques available and aid in the selection of
techniques and strategies. This was done to understand production planning and scheduling,
and how operations research and the various ways in which it can, and have already been
applied in the industry is relevant to this project.

2.1. Sales and operations planning

Within the field of industrial engineering, and specifically production scheduling, there is a
multitude of techniques available to plan a certain aspect of the organisation or process as
accurately or optimally as possible. 1f some, or all, of these techniques are used, it will help
in improving the quality of the final developed MPS. This will only occur if the techniques
are applied correctly, and all assumptions that were made were carefully considered, verified
and validated.

Sales and operations planning is a process aimed at developing a single production plan that
ensures the alignment of the objectives of (most commonly) sales, marketing, operations,
R&D (Research and development), and finance. It allows the business to operate off a single
set of numbers. The process has several stages, prior to the official sales and operations
planning meeting, in which representatives from the various functions identify and attempt to
resolve any inconsistencies between the customers demand and the organizations' ability to
supply. The final meeting is to confirm the production plan and address any longer-term
issues (Moore, 2007). In order to address the development of the production and job
schedule for the Clover Waters Facility, the same approach is required. The aim is to align
marketing strategies to achieve what the Sales Department has set as goals or forecasts.
Manufacturing and distribution operations then need to be aligned accordingly in order to
ensure a high-level coordinated process of translating demand forecasts and actual customer
demand into enough products to distribute to customers to satisfy the realised demand.

Most companies have a department that is devoted to perform all the activities required for
the planning of operations, as do Clover, referring to this department simply as the Sales and
Operations Planning Department. This department does have some separated functions,
which fall under either Sales or Operations Planning, but regular meetings ensure constant
alignment. Main activities performed by this department, are forecasting, rough-cut capacity
planning, master production scheduling and lot-sizing.

To comprehend the type of schedules that need to be developed, and all the demands that the
production needs to satisfy, it was important to note the aggregate planning strategy of
Clover. Clover follows a level capacity strategy for their aggregate planning. This strategy
involves maintaining a steady rate of output on a regular basis while meeting the variations
occurring in demand levels by relying on overtime production and inventories as buffers to
absorb the fluctuations. The advantage of following this strategy, is that it ensures consistent
output rates, which assures stability of the process and the workforce is sure of their working

© University of Pretoria



(02’&

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

hours. Even though a level capacity has the advantage of consistency, some disadvantages of
this strategy include increased inventory costs, more overtime or idle time occurrence which
effectively means underutilisation of equipment. This strategy is also very reliant on
information acquired through forecasts.

Scheduling and sequencing could also be considered as an output of operations research
being interpreted and translated into management principles, which is why it falls under the
planning category. A number of priority rules or heuristics can be used to select the order of
jobs waiting for processing. Visual aids are often used during sequencing, and some
examples of these are product wheels (a pie chart with products and changeovers),
sequencing boards, and Gantt-charts. In order to make the developed MPS’s understandable,
colour coding and simple tables can be used to convey the most important information and
thus helping the Sales and Operations Planning Department to communicate their plans to the
workers in the facility, to ensure that information is communicated clearly and
understandably across the board.

Sales and Operations planning is directly linked to the capabilities of the facility of interest.
To perform sales and operations planning effectively, the capabilities of the manufacturing
equipment and warehousing capacity available at the facility need to be taken into account.
For this purpose, capacity planning is another planning process essential to the effective
operations planning of any facility.

2.2. Capacity planning

The purpose of capacity planning is to determine if a plant has the capacity to meet current
and future production demands. It requires knowledge of the degree of capacity utilisation
(i.e., the degree to which plant and equipment are currently being used), the peak capacity
(i.e., the maximum capacity under ideal condition), the effective capacity (i.e., the maximum
sustainable output), and the capacity requirements of products. Production plans are assessed
using this information determined through the process of rough cut capacity planning (RCCP)
to identify bottlenecks and determine whether requirements can be met with available
equipment (Moore, 2007). The Clover Waters Facility has a warehouse capacity of 5000
pallets, and equipment efficiency is always assumed or estimated at 80%. These factors are
important further on in the report where more detailed capacity planning and capabilities of
the facility are researched, and used in computations of lot sizes and development of the
schedules.

The warehouse capacity is specifically important for understanding and estimating inventory
holding costs and determining at what levels of safety stock the operations can be run. If
capacity planning and sales and operations planning is done as an overview of what should be
produced and what can be produced at a facility, the next step would be to zoom in and focus
on exactly what the operations within this framework should be. Key performance indicators
of the effectiveness of capacity planning include the measurement of warehouse utilisation
and equipment utilisation. Operations research was used to provide a more focused
perspective for all the various operations required to meet the sales planning requirements
within the capabilities of the Clover Waters Facility.
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2.3. Operations research

Operations research modelling is a very useful, comprehensive tool which has a very wide
range of possibilities in terms of the types of problems for which can provide solutions,
including the lot-sizing or lot-sizing problem. Many operations research models have been
developed, specifically in the bottling industry, in order to determine optimal lot sizes. There
are several different approaches and methods that can be considered, thus a literature review
on some of the previous applications of these methods was done to consider the type of
formulation that would best suit this project’s problem.

The current approach to lot sizing at Clover, is based on equipment capacity. Instead of
determining production lot sizes based on demand forecasts or sales requirements. As an
example, if the mixing capacity of a tank is 10 000 litres, then the lot size of any SKU
produced would amount to 10 000 litres, and based on demand signals, the production
frequency per month would vary according to incoming orders and consolidated with
inventory. This approach maximises the utilisation of equipment, however there is a big cost
implication in terms of inventory holding costs, and demand fluctuations leading to possible
demand surges causing stock-outs, or inventory build-up when the demand level suddenly
drops.

When performing production lot-sizing and production scheduling activities for a beverage
producing facility, there are various pieces of information that need to be considered in the
planning time horizon simultaneously. Some of these information pieces include several
machines with different specifications and capacities, multiple products to be produced with
different levels of demand, and differing productions stages for every product. The
production of some of the products involves mixing water and syrup, some mixes water and
flavouring, others require carbonation, and others are just bottled water products only
requiring water.

Even with all the information variables available, the development of good production plans
remains a difficult and complex process. Moreover, sometimes it is necessary to reschedule
or change production plans due to unforeseen events occurring such as unexpected raw
material shortages or machine shutdowns. To align production lot-sizing with demand
planning and forecasting, approaches which aims at determining production lot sizes through
mathematical models that could save time and reduce the amount of tedious work required,
were researched.

Academic researchers from two different communities have been developing several different
mathematical formulations for the problem of lot sizing and scheduling of single stage
continuous processes with complex setup structures. The two communities involved in this
research field, are Operations Research (OR community), and Process System Engineering
(PSE community). Not much communication on this common topic has been observed
between the communities.

Amorim et al. (2013) drew a comparison between four different formulations where a
sophisticated Mixed Integer Program solver was used to solve each formulation. The results
were then compared and analysed in terms of performance. These four formulations are
already well defined and published by both communities that deal with the operational
production planning problem involving lot-sizing and scheduling decisions where a complex
setup structure is present. The complex setup structures refer to sequence dependent
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changeovers, setup families, and setup carry-over. The OR community formulations studied
were the well-known general lot-sizing and scheduling problem (small bucket) and
capacitated lot-sizing and scheduling problem (big bucket). Formulations developed most
recently by the PSE community are related to time slot, and precedence-based formulations.
These formulations are very complex and would be of use for larger projects with more
varying changeover times between certain SKU’s. Sequencing is still relatively important for
the Clover Waters Facility, however the problem is simple enough to solve through basic
analysis, as the changeover times between products at this facility are either 100 minutes or
45 minutes. For addressing the production lot-sizing and scheduling problem of Clover’s
water and ice tea bottling facility, thus, the decision was made to focus on the operations
research methods.

Operations research modelling is a critical component, or technique to use if the desired
output, as in this case, should be as close as possible to optimal. From studies based on
operations research it is evident that some decisions need to be made before conducting the
formulation of the model. Firstly, deciding on desired model outputs, “What answers do we
want to obtain from the model?” and secondly, determining the objective function “What do
we want to minimise?”” or “What factor causes the highest cost and needs to be minimised?”
These decisions are directly linked to the aim of the project and business strategies. After
these decisions, factors such as lot size restrictions (unconstrained vs. constrained lot sizes),
family scheduling (grouping similar products), setup cost per lot (linked to changeover
times), no overlapping of processing times, warehouse capacity, warehousing strategy and
due dates (distinct vs. common), should all be evaluated and decided upon.

Hall and Potts (2003, 2005) looked at an integrated scheduling and lot-sizing problem where
jobs are delivered to the customer in a single shipment. They considered various delivery
time based objective functions. In another study, Selvarajah and Steiner (2006) addressed a
lot scheduling problem that aims at finding the number and sizes of the lots in an optimal
schedule that minimises the total inventory holding and delivery cost. Robert (2007) studied
an integrated lot-streaming and pegging problem, which was aimed at minimising the sum of
the lot creation costs, along with the associated weighted tardiness penalties, and in his work
he proposed a dynamic programming algorithm. The minimisation of lot creation costs was
not clearly defined, and since the equipment of the new facility is already installed, no change
in processing other than scheduling would minimise the lot creation cost. This opened the
arena for exploring other optimisation parameters to be considered for using in the objective
function, such as: inventory holding cost, working capital invested in inventory and labour
costs.

Chrétienne, Hazir and Kedad-Sidhoum (2011) also performed a study of integrated lot-sizing
and scheduling like Hall and Potts, however they split their approach into two successive
sections.  First, they started by addressing the single order integrated lot-sizing and
scheduling problem, and derived new structures of an optimal solution. After the properties
were derived, they used them to address a multiple order problem with both common, and
distinct due dates.

A new mixed integer linear program (MILP) formulation was proposed by Sundaramoorthy
and Maravelias (2008) for the simultaneous lot selection, assignment, and sequencing in
multistage multiproduct processes. The sequential structure of multistage processes is
exploited by the model. Their model is based on a continuous time representation that
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includes precedence based sequencing variables, which makes accounting for sequence
dependent changeovers much easier.

Wongthatsanekorn and Phruksaphanrat (2015) shows that a genetic algorithm is an effective
way to develop a short term for make-and-pack lot production processes. In order to enable a
comparison, ant colony optimisation and tabu (or taboo) search is also part of the research.
They used data of processing resources, demand of final products, changeover time, and
processing time, to develop a genetic algorithm with the objective to make a production plan
that satisfies all constraints, while meeting demand requirements of packed products from
various product families. The relevance of their research problem concerning the ice tea and
water bottling facility project, is highlighted by their description of a typical make-and-pack
production problem. They define this type of problem as follows: “A typical make-and-pack
production problem occurs in processing plants that produces many products such as food
and beverages, chemicals, and other products. A typical process starts from mixing process in
a mixing tank. The mixture is transferred into multipurpose storage tanks of different
capacities for a fixed period. Then this stored mixture is moved to packing lines. The final
products in various formats are shipped to customers.”

Clark (2003) explored different heuristic solution approaches for a mixed integer linear
program model, which is used to help a beverage manufacturer plan the packaging (canning
and bottling) of a range of liquid products. He concluded in his work that the two best
formulations make hybrid use of local search and integer programming; however, they use it
in rather different ways.

A mixed integer optimisation model has been presented by Ferreira, Morabito and Rangel
(2009), which considers synchronisation between production stages and integrates lot-sizing
and scheduling decisions. This model integrates production lot-sizing and scheduling
decisions of beverage plants, with sequence dependent setup times and costs. After the
model was developed, it was found that the software used to solve the model was not
satisfactory; thus, they explored the development of two specific solution strategies, namely
the relaxation approach and the relax-and-fix strategies.

Comparison yielded that the mixed integer linear program, in combination with a relaxed
approach algorithm provides a better solution than only direct solution of the model. It is
also shown that solution strategies that are used to explore the problem structure can be
useful in improving the performance of general purpose optimisation software. This model
was developed to solve the production scheduling problem which occurs due to the nature of
the process. Production of beverages occurs for different flavours of beverages, in different
bottle sizes, and can be split into two stages, A- the liquid preparation stage, and B- the
bottling stage. Between these stages, synchronisation is of critical importance, as the
bottleneck may alter between the two stages. Synchronisation refers to the consideration of
the fact that the liquid flavour in a given tank cannot be sent to the filling lines, unless they
are ready to initiate the bottling process. If synchronisation is not present, the MPS may
become infeasible in practice.

The work of Liu, Pinto and Papageorgiou (2009) focuses on the development of a mixed
integer linear programming model (MILP) while using a hybrid discrete/continuous time
representation, to address the problem of medium term planning of a multi-stage multi-
product continuous plant. Their formulation was based on the travelling salesman problem
approach, but in order to solve larger model instances, they had to develop a rolling horizon
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algorithm. The rolling horizon algorithm is useful in cases where inventory is carried over
from each preceding period to the next, such as with this particular problem where production
lots need to produce to satisfy demand for the current period and carry over inventory as
safety stock for the succeeding demand periods.

In an article about finding a new approach to multi-product, multi-period inventory lot-sizing
(Cardenas-Barrén, Gonzalez-Velarde and Trevifio-Garza, 2015) there is an extensive
literature review on how operations research applications have been applied in trying to solve
similar problems, and many alternative types of algorithms are discussed. All of the
algorithms eventually provided optimal solutions to their specific problems for which they
have been tailored. In the article, there were also mentions of several lot-sizing problems
solved by making use of MILP. This article points out that operations research as a whole is
not only dedicated to single mathematical algorithms and optimising all factors at once, but
by building a model with essential variables, obtaining those results, and then creating
another model or using the results in optimising a second set of important factors dependent
on the initial results. This is known as the reduce-and-optimise approach (ROA), which
reduces the feasible optimal region based on the original approach and then optimising it. By
obtaining optimal lot sizes, it does not mean that a MPS would be optimal, as the facility
constraints, time constraints, labour scheduling, upstream processes and procurement of raw
materials need to be considered. The optimisation of lot sizes does however provide a
starting point, the reduced feasible region, which can be used to base the next round of
research on.

Operations research was applied to a general planning problem: lot-sizing with backlogging
for stepwise transportation cost (Hwang and Kang, 2016). Setup costs and transportation cost
incentives or advantages due to larger truckloads being transported was brought into the
model. This was done to achieve an optimised minimum cost and maximised transportation
utilisation, where inventory is considered as an advantage to some extent since it enables the
exploitation of reduced per-unit transportation cost. In the course of this project however,
transportation costs are not considered, however cost of stock-out vs. advantage of product
availability will be considered in the same light.

An article on efficient approximation schemes for Economic Lot-sizing in continuous time
(Telha and Van Vyve, 2016) discusses the classic problems of economic ordering quantity
and economic lot-size. They highlight that in practice, considering decisions in continuous
time is becoming more and more realistic as production processes become fully automated.
Discretisation of time is made during establishing economic lot-sizes, and the granularity of
the discretisation depends on the planning horizon, which in the case of this project is a one
year, twelve demand period problem, with forecasting accuracy estimated at 80%. This
article promoted the development of the continuous MPS for the facility in order to have an
alternative that considers the possibility of automation of the facility, which relies on a
constant repetitive MPS. The establishment of a peak and off-peak schedule with long
duration periods also caters to this continuous automated process, as these schedules could
stretch over periods of several months. The article however, also gave an indication that
having a MPS that is tailored to specifically produce to satisfy only the demand of a single
period is not a practical option, due to all the fluctuations in job schedules, procurement,
warehouse organisation and layout and distribution it would lead to. The conclusion drawn
from this article was that longer fixed MPSs would ease the planning process and overall
process and product flow of the facility.
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Learning from literature that has been made available, one can conclude that each industry’s
production system has its own characteristics. These characteristics include operational
restrictions, production process implementation strategies, facility capabilities and
constraints, and company policies. Constraints that accommodate these characteristics all
need to be included in the planning and scheduling process to ensure that the results obtained
from the mathematical models are feasible and can be integrated into the facility without any
restrictions.

After a MPS is determined, it is always very important to verify and validate the schedule, to
ensure that using the schedule as input, will result in desired outputs. The work of Kaylani
and Atieh (2016) proposed the use of discrete event simulation to evaluate the credibility of a
proposed MPS for a firm that needs to produce a large product mix. The evaluation includes
measuring resources utilisation, identifying bottlenecks, measuring throughput, and
evaluating the impact of each item in the product mix on these performance measures.
Applying the model in order to evaluate the plan will highlight opportunities for
improvement, such as changes to the product mix, or a different way of allocating resources.
This verification and validation process, which is suggested, is an inherent part of developing
a feasible and validated MPS for the Clover Waters Facility. Infor AS is not a discrete event
simulation tool; however, the software evaluates all the factors that are evaluated by discrete
event simulation. Thus, by using Infor AS, the validation of the feasibility of the MPS is
ensured. This software program verifies and validates the feasibility of each lot as it is
scheduled. If feasibility is an issue, or some other error due to the upstream processes is
encountered, the program does not allow that SKU lot production to be scheduled. The
schedule then has to be changed or the production lot should be scheduled differently in order
to ensure that all upstream resources required will be ready to produce the lot at the desired
time.

Production planning software is becoming increasingly more sophisticated. These software
packages have the built in functionality of being able to simulate the production process over
a specified period, to enable validation and verification of the proposed MPS. Infor AS, the
software used by Clover, is also equipped with this capability, and will be used along with
operations research modelling in the development of an optimised MPS.

2.4. Infor Advanced Scheduler

Infor Advanced Scheduler is a software program that is used at Clover for scheduling the
production at all of their other dairy processing and packaging facilities. For each facility, a
database is set up which contains the details for the manufacturing of each individual product.
It contains all the ratios of ingredients, time duration and equipment availability for each
preceding process step up to the final production of the product.

In order to develop the MPS, each production lot is created by selecting the SKU and lot size.
A coloured bar representing the created production lot is represented in the working area on a
timeline. All the production lots that are created can then be sequenced within the timeframe
specified in the database for the facility. If any rules are broken or time is exceeded, the
program will not allow the discrepancy, and forces the user to either move a different SKU
into the time slot, or move the problematic SKU into a timeslot where execution would not be
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problematic. This infeasibility prevention mechanism eliminates the problem of running into
scheduling problems with coordinating upstream processes and raw material procurement
planning. To show the user interface, Figure 2.1 is a screenshot of a typical MPS for a single

day, and Figure 2.2 shows how the error of a production lot placed in an infeasible slot can
immediately be observed.

Infor Advanced Scheduling
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Figure 2.2: Red circle highlighting Infor AS’s built in function to prevent infeasible
scheduling by highlighting the problematic production lots in red.

After complete compilation of a production plan, a production run simulation is executed.
This simulation of a production run draws data from all the databases including the facility
information and created schedule, and ultimately the program delivers the output in an Excel
spreadsheet format. The spreadsheet provides the execution details of the production plan,

16

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

providing the starting and ending times of each lot, the total changeover times between lots.
This output then enables analysis of total execution time and output of the schedule, which
aids in the selection of a MPS that results in the highest production yield, within the smallest
production time, with minimal overtime being required.

2.5. Conclusion

The literature review has confirmed that the application of operations research in order to
address the lot-sizing and production sequence problem is a suitable approach and a good
idea. Incorporating the results into the Infor AS software to test the execution and feasibility
of proposed MPSs will provide all the necessary information to evaluate alternative schedules
and make an informed decision on selecting the optimal schedule.

A mixed integer linear programming model with inventory constraints, making use of
stepwise cost functions will be satisfactory in finding a solution for the problem. In order to
construct these models, all the requirements, corporate rules, facility constraints and other
critical factors need to be collected and translated into specific descriptive constraints. The
next chapter will address this extensively.
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Chapter 3: Process description, data
analysis and parameter establishment

In this chapter the data about the bottling facility capabilities, the demand forecast of each
SKU for the next year, facility capacity and capabilities and company policies are gathered
and analysed. The data are used to formulate parameters and constraints which will be used
as input parameters, firstly in an operations research model to determine optimal lot sizes per
SKU, and secondly, at a later stage for a production scheduling model.

3.1. The facility

The ice tea and water bottling plant is situated in Centurion. This facility is equipped with
four filling lines. Filling lines 1, 2 and 3 are the lines that are under investigation for the
MPS. Filling line 4 is only used for bottling large 51 and 21l water bottles for corporate use
and exports to neighbouring countries. This project will only focus on filling lines 1, 2 and 3.
Filling line 1 produces the greatest variety of products, which includes Aquartz sparkling
mineral and flavoured water in six different flavours, Nestlé Pure Life sparkling mineral
water, Manhattan Ice Tea in ten different flavours and Nestea in three flavours. Filling line 2
only bottles still water, both Aquartz and Nestlé Pure Life, in a variety of sizes. Filling line 3
bottles Aquartz and Nestle Pure Life still mineral water in 51 bottles.

3.1.1. Process flow

Borehole

UV Station

Storage tank
50 000 litres

Ingredients

Mixing tank A Mixing tank B
10 000 litres 10 000 litres

Figure 3.1: Clover water and ice tea bottling facility process flow.
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The facility is equipped with three separate filling lines, which are all fed with water from a
single borehole water source. The fresh water is pumped from the borehole to the first
filtering stage, then through to a second filtering process, which uses ultra violet (UV)
technology to ensure the water is as clean and pure as possible. The purified water is then
pumped into a water storage tank with a capacity of 50 000 litres. When water is pumped out
of the storage tank, it flows through another water filter, from which the line then splits into
three different lines to feed each of the filling lines. Filling lines 2 and 3 only bottle pure still
water, and are fed directly from the filter. Filling line 1, which produces ice tea, flavoured
sparkling water and sparkling mineral water, has two on-line mixing tanks with a capacity of
10 000 litres each. In these mixing tanks, all the ingredients required, and water from the
filtering process is mixed to produce the specific beverage. In the case of sparkling water,
carbonation is also done in the mixing tanks. The mixing tanks then alternately feed the
filling line, which ensures a continuous flow of product, while the one tank feeds, mixing is
done in the other one. Figure 3.1 provides a visual representation of the process flow in the
bottling facility.

3.1.2. Products

In Table 1 a description of all the products produced on each line is given, along with the
different sizes in which they are produced. Filling line 1 is the only line that is used for
flavoured and carbonated (sparkling) beverages; line 2 and 3 only bottles still mineral water.
No mineral water is bottled on line 1, except for the Aquartz 750ml still water with a sports
cap, as this is the only machine with the appropriate settings to accommodate for the bottling
requirement of this particular stock keeping unit (SKU). The MPS that needs to be
formulated considers 43 different SKU’s.

Table 1: Products bottled at each filling line.

Filling line Product Size

1 Manhattan ice tea: Blackcurrant 500ml

1 Manhattan ice tea: Pineapple 500ml

1 Manhattan ice tea: Lemon 500ml / 1.51
1 Manhattan ice tea: Peach 500ml / 1.51
1 Manhattan ice tea: Lemon lite 500ml / 1.51
1 Manhattan ice tea: Peach lite 500ml / 1.51
1 Manhattan ice tea: Apple/mint with ginseng 500ml

1 Manhattan ice tea: Ruby grapefruit/strawberry 500ml /1.5l
1 Manhattan ice tea: Green tea kiwi/pear lite 500ml / 1.51
1 Manhattan ice tea: White tea exotic fruit 500ml

1 Aquartz Sparkling flavoured water: Mango 500ml

1 Aquartz Sparkling flavoured water: Lemon/Lime 500ml

1 Aquartz Sparkling flavoured water: Litchi 500ml / 1.51
1 Agquartz Sparkling flavoured water: Naartjie 500ml / 1.51
1 Aquartz Sparkling flavoured water: Peach passion 500ml / 1.51
1 Aquartz Sparkling flavoured water: Cran-/Raspberry 500ml

1 Nestea Peach 500ml / 1.5l
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1 Nestea Berry 500ml / 1.51

1 Nestea Lemon 500ml / 1.51

1 Nestle Pure Life sparkling mineral water 500ml / 1.51

1 Aquartz sparkling mineral water 500ml / 1.51

1 Aquartz mineral water still 750ml sports cap

2 Nestle Pure Life still 330ml1/500ml/750ml/1.51
2 Aquartz mineral water still 500ml/1.51

3 Nestle Pure Life still 51/18.91

3 Aquartz mineral water still 51

3.1.3. Production capacity

Each filling line has its own rate at which the different products are produced. This
information is required to enable the scheduling of production to be performed accurately and
in conjunction with product demand forecast, a detailed schedule with times and duration can
be set up. These rates also affect the cost of manufacturing as it directly influences labour
cost with regards to overtime. Manufacturing costs will be addressed in Section 3.2.2. Table
2 summarises the different rates at which each filling line produces the beverages.

Table 2: Processing times per bottle size of each filling line.

Filling line  Size Units/hour Litres/hour 80% efficiency (units)
1 1.51 8 000 12 000 6 400
750ml 9000 6 750 7200
500ml 10 000 5000 8 000
330ml 10 000 3300 8 000
2 1.51 7 500 11 250 6 000
750ml 15 000 11 250 12 000
500ml 15 000 7 500 12 000
330ml 15 000 4950 12 000
3 5 3000 15 000 2 400

Setup times and changeover times are inherent to a process which requires different products
to be manufactured on a single machine. Filling line 1 is subject to two factors which affect
changeover time: a thorough rinse of the mixing tank is required between each flavour
change, and bottle sizes need to be switched along with labels. Label and bottle size change
is one combined factor that calls for adjustments on the equipment. The standardised
changeover times used in planning for this facility are 45 minutes between flavours, and 100
minutes between bottle sizes. Another general rule is that when both flavour and size
changeover happens simultaneously, the total duration is one hour, an assumption deducted
from the fact that flavour changeover and size changeover are parallel processes. Filling line
2 is not subject to rinsing changeover time, since the water does not enter a mixing tank
before filling because only still mineral water is produced. However, labels need to be
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switched and machine adjustments also have to be made during a size change or brand
change, to suit the different cap sizes, bottle heights and neck sizes.

Considering the formulation of optimisation models, the most effective way to convey
changeover information is in the form of a changeover time matrix. This matrix captures the
changeover time in hours that is required between two different products. The changeover
time matrix is available in Appendix B. Other scheduled production downtimes are for a
weekly four-stage CIP (cleaning and inspection process) which has a duration time of two
hours, and an hour long hot sterilisation process, which is mandated to be executed daily
(except for days where CIP is performed) in order to ensure hygiene standards are adhered to
and no compromise is made on quality.

Three important parameters that need to be taken into account concerning production
capacity and planning are:

a. Scheduling must assume an 80% line efficiency.
b. The minimum lot size of any SKU is 5 000 litres.
c. The entire company works with the factor of 4.2 weeks per month.

The capabilities of the facility are now established and we know how the facility operates and
what products can be produced. The next step is to determine what performance in terms of
types of SKU’s which are demanded, and the forecasting and capacity planning is the next
phase.

3.2. Forecasting and capacity requirements planning

Each of the different departments make use different units of the products to communicate
their forecasts or planning requirements or capacity. In order to understand and ease the
conversion of data between the departments, Table 3 provides all the conversion factors for
each product group. This table is very helpful to place the following section into context
where there is referred to litres, units, cases and pallets in different parts, depending on the
department where data originates from.

Table 3: Product conversion factors.

Product Group litres / bottles/ litres/ cases /

bottle case case pallet
Aquartz sparkling/ still, flavoured/ mineral water 1.5l 1.50 12 18 50
Aquartz sparkling/ still, flavoured/ mineral water 500ml 0.50 24 12 72
Aquartz mineral still water w/ sports cap 750ml 0.75 12 9 90
Aquartz still mineral water 5I 5.00 4 20 48
Clover Manhattan Ice Tea all flavours 500ml 0.50 24 12 60
Clover Manhattan Ice Tea all flavours 1.5l 1.50 6 9 100
Nestea Ice Tea 500ml 0.50 24 12 60
Nestea Ice Tea 1.51 1.50 6 9 100
Nestle Pure Life Still 4x6x330ml 0.33 24 7.92 108
Nestle Pure Life sparkling/still water 500 ml 0.50 24 12 84
Nestle Pure Life sparkling/still water 750ml 0.75 24 18 45
Nestle Pure Life sparkling/still water 1.5I 1.50 12 18 56
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Nestle Pure Life sparkling/still water 5l 5.00 2 10 84

3.2.1. Sales forecast

The Sales Department has established a sales forecast for the year from July 2016 to June
2017, based on historical data and seasonal demand patterns. The forecast is done in litres
required per SKU per month. Conversion factors were used to translate the forecasts into
cases since planning and warehouse management is done in number of cases per SKU, and
the forecasts were also converted into units per product required. The monthly forecast of
each SKU for the entire forecasting period is available in Appendix C. These forecasts were
used to establish how many direct hours of production will be required for each line per
month.

The facility will run line 1 and 2 for two eight-hour shifts per day, and line 3 for only one
eight-hour shift per day. In order to establish roughly how many days of production will be
required at the very least, without incorporating specific changeover times, but an allowance
factor for changeover times, the production rate data and forecasting data was used in
conjunction with the planning rules to establish the production days per line required, which
is given in Table 4. The allowance factor of changeover times is 2 times the number of
SKU’s on the line, divided by 14.5 (the effective production hours per day). This allowance
factor is added to the total required days, to give an initial rough estimate of production time
that will be required.

Table 4: Forecasted number of production days required.
Line  Jul Aug Sep Oct Nov Dec Jan Feb Mar  Apr May  Jun

1 16 19 21 21 22 21 21 20 20 18 16 15
2 16 20 21 24 25 23 24 23 22 19 16 15
3 19 21 22 23 26 26 24 24 20 18 15 15

Through further analysis of the data, a peak and off-peak season was identified from looking
at production hours required. Figure 3.2 illustrates the production hours, directly linked to
demand required on each filling line and Figure 3.3 shows the total production time and a
clear peak was observed between October and February.
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Figure 3.2: Forecasted required direct production hours per line per month from July
2016 to June 2017.
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Figure 3.3: Total forecasted production hours identifying peak and off-peak season
from July 2016 to June 2017.

From Figure 3.3 it can be concluded that the time period from October to February is peak-
season; these are also the warmer months where consumers prefer cold beverages. March to
September is off-peak season, the cooler months; the possibility of either building inventory
at a steady rate during off-peak season, or developing a different MPS for the off-peak
season, depending on labour costs, will be explored. Historical forecast versus sales data will
be analysed during the optimisation phase of the project, in order to relate production
frequency and agility of the facility to respond to actual market demand.
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3.2.2. Costs

Two main cost components are considered in this facility as key factors in making decisions
about the operation of the facility. These two cost components are labour costs, and inventory
holding costs, and will be discussed in this section to give an overview of the factors creating
these costs and the approximate amount of money involved.

3.2.2.1. Labour costs

The only cost directly related to the MPS is direct labour cost. If a shift is dropped, it could
mean a major cost saving can be incurred. However, a shift can only be dropped if the
required 180 normal working hours for which the workers are employed, are exceeded. Cost
of labour is a major driver in the minimisation of production time, since the ultimate
objective is to fulfil demand as effectively and efficiently as possible, at the lowest cost.
Table 5 provides a summary of the costs of labour per production team. Each line has its
own production team, which runs the entire line during the shift.

Table 5: Summary of labour cost per production team.

Role Normal Time Overtime Sunday

il Normal  Normal

cost to Basic hours rate/hour Shift cost Rate/hour  Shift cost Rate/hour  Shift cost

company
Team leader | R13 000 R 11 100 180 R 72.22 R 577.78 R 92.50 R 740 R 123.33 R 986.67
Attendantl | R7700 R 6 850 180 R 42.78 R 342.22 R 57.08 R 456.67 R76.11 R 608.89
Attendant 2 R 7700 R 6 850 180 R 42.78 R 342.22 R 57.08 R 456.67 R76.11 R 608.89
Attendant 3 R 7 700 R 6 850 180 R 42.78 R 342.22 R 57.08 R 456.67 R76.11 R 608.89
General

R 7 500 R 6 850 180 R41.67 R 333.33 R 57.08 R 456.67 R76.11 R 608.89
Worker 1
General

R 7 500 R 6 850 180 R41.67 R 333.33 R 57.08 R 456.67 R76.11 R 608.89
Worker 2
Shift leader | R 23000 R 20 000 180 R127.78 R 1022.22 | R166.67 ?3% 33 R 222.22 R 1777.78
Forklift
driver R 8 900 R 7 900 180 R49.44 R 395.56 R 65.83 R 526.67 R 87.78 R 702.22
TOTAL R 461.11 R 3688.89 | R610.42 R 4883.33 | R 813.89 R 6511.11

3.2.2.2. Inventory holding costs

The mandatory quarantine period for all ambient beverages is seven days. During this period
samples undergo quality tests, and need to be approved before the products are allowed to be
dispatched. The implication of the quarantine period is that all SKU’s will incur a minimum
inventory holding cost for the seven days it is held in quarantine. The Planning Department
requires a minimum stockholding of two weeks in total. Any inventory holding costs above
the two week mandatory stockholding can be considered as excess inventory expense
incurred due to the MPS. Furthermore, storage capacity at the facility is limited to 5 000
pallets. Should the MPS incur a stockholding above the capacity, offsite storage should be
organised, and an additional cost will be incurred per pallet above the 5 000 limit. The
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additional cost will be R135.00 per pallet per month or fraction of a month, and
transportation costs to the alternative facility per pallet will be incurred at a rate of R101.75
per pallet.

3.3. Parameter establishment

After the completed data analysis, capacity establishment and requirements planning, a final
set of governing parameters was identified, which will be used in the following sections
regarding the operations research modelling, actual creation of alternative schedules, and
evaluation of the alternatives to find the optimal schedule. The initial parameters, which are
guidelines for the operations research modelling process, are:

1. Monthly demand for period (month) t per SKU must be met by the end of period
(month) t.

2. Minimum lot size is 5 000 litres.

Preferred production frequency is weekly, thus, 4.2 times per demand period (month).

4. If the production frequency causes the lot size of a certain SKU to be less than 10 000
litres, the production frequency can be reduced for the specific SKU.

5. Changeover times should be linked to direct labour cost.

6. Inventory cost of R135 (storage) plus R101.75 (transportation) is incurred per pallet
exceeding the warehouse capacity of 5 000 pallets.

7. Two weeks’ worth of stock needs to be kept on hand at all times, for agility purposes,
acting as a buffer between forecasted and actual market demand.

8. The total production time (including cleaning and changeovers), available per month
for line 1 and 2 is calculated as: 7 days x 4.2 weeks per period (month) t x 16 hours
per day = 470.4 hours, and line 3 is available for 235.2 hours.

9. Labour cost is a stepwise linear function. Cost of direct labour for the first 180 hours
is R461.11 per hour, for every hour between 180 and 406 hours it is R610.42, and for
every hour above that, R813.89.

10. Time for hot sterilisation is one hour per every 2 shifts of twelve hours of production,
and 2 hours at the start of every week for the CIP is mandatory and needs to be
incorporated into the models.

w

The parameters which have now been established, along with all the other important
information and data which have been documented in Chapter 3 will be used in Chapter 4 in
order to mathematically formulate the operations research models for optimising lot sizes and
production sequencing.

25

© University of Pretoria



(02’&

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Chapter 4: Operations research models
and parameter optimisation

In this chapter, operations research takes action. Prior to the development of mathematical
models for determining optimal lot sizes, other optimisation parameters which influence
production time and inventory costs are also determined. This is to put the most realistic data
into the models, and to use in the succeeding chapter to develop MPSs. The formulation of
MILP optimisation models to determine optimal lot sizes are discussed. The lot-sizing
models are programmed into Lingo and the results are analysed and adjusted with relaxation
of some rules in order to enable tailoring the schedule to be feasible and optimal in context of
the facility and the industry. All of the results obtained through the operations research
applied are used to develop feasible MPS alternatives using Infor AS software.

4.1. Optimisation parameters

The following parameters which will be discussed contributes greatly toward the trade-offs
and analytic decisions which went into sequencing and creating the alternative schedules. A
lot of these involve initial judgement decisions to be made that can be verified afterwards
when a schedule has been completed and the effect of the parameter can be determined.
These factors needed to be determined, in order to be used as data inputs for the lot-sizing
optimisation models, since they all are factors that have an influence on the objective of
determining a schedule that minimises labour cost and inventory holding costs.

4.1.1. Changeover times

Minimising the changeover time (in minutes) between production lots is a big contributing
factor that plays a role in setting up the MPS. To determine an optimal production sequence,
a changeover time matrix was created, which enabled the identification of optimal production
sequence paths that ensure the total changeover time during production is minimised.

For line 1, the different SKU’s were grouped together according to the product type i.e. ice
tea, flavoured sparkling water, still water or unflavoured sparkling water, and within the
group, the changeover time is the minimum of 45 minutes regardless of the sequence. In
order to sequence the different groups, changeover times needed to be selected, which was
the smallest time to changeover from one group of SKU’s to the next, thus minimising the
occurrence of 100 minute changeovers. Three alternative sequence paths were identified, and
all three of them resulted in exactly the same total changeover time, thus any path could be a
viable optimal selection. Sequence path A as pictured in Figure 4.1 was selected as the
optimal sequence due to its most logical chronological sequence.

It will be seen further on in the report where actual scheduling was done, that the sequence
was used, however, alterations needed to be made to accommodate SKU’s which need to be
produced on a weekly frequency instead of the assumed once-monthly frequency. Neither
line 2 nor line 3 have the possibility of optimising the production sequence, since the
changeover time on both of these lines are set at 100 minutes between each SKU.
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Figure 4.1: Changeover time matrix with sequence path A.
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15| Nestle Pure Life Sparkling 4x6x500m

16| Nestle Pure Life Sparkling 12x1.51t
17| MAN G/TEA APR/LTE 6x1.5Lt

18| MAN I/ TEA PEACH LTE 6x1.5Lt

19| MAN I/ TEA PEACH 6x1. 5Lt

20| MAN I/ TEA LEMON 6x1.5Lt
21|MAN G/TEA RB/GF/ST6xL5Lt
22| MAN G/TEA KI/PEA LTE 6x1.5Lt
23| Nestea ce TeaPeach 4x6x500ml

24Nestea ice Tea Berry 4x6x500m!

25 |Nestea Ice TeaLemon 4x6x500m!

24X500 ml

27|Aquartz Sparkling Litchi 24500 ml
28|Aquartz Sparkling Naartjie_24X500 mi
29|Aquartz Sparkling Peach Passion 24X500 i

30| Aquartz Sparkling Cran/Raspberry 24X500 ml
31 r Sparkling 4X6X500 i

TeaGreen TealL (6Xa)

33| Manhattan White |/Tea Exotic Fruit 4x6x500m!
34a/c i i

35cl

r Sparkling 12XL.5 It

Assigned changeover time 0 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 100 45 45 45 45 45 45 45 45 45 45 45 45 45 100

Figure 4.2: Changeover time matrix with sequence path B.
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45| o| as| 100| 100| as| as| 100| 100| 100| 100| 100| 100| 100| 45| as| as| as| as| as| as| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 45
as| 45| of 100 100] as| as| as| 100| 100| 100| 100| 100| 100| 100| 45| as| as| as| 4s| as| as| 100| 100| 100| 100| 100| 100| 100| 100| 100 100| 100| 100| 100 45

100| 100 100| 100| o[ 100| 100 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100 100| 100| 100| 100| 100 100| 100| 100
4s| as| as| 100] 100 o] as| as| 100| 100| 100| 100| 100| 100| 100| 48| 45| as| as| as| as| as| 100| 100| 100| 100| 100| 100| 100[ 10| 100 100| 100| 100| 100 45

as| as| as| 100] 100] as| 4s| of 100 100| 100| 100| 100| 100| 100| as| as| a4s| as| as| as| as| 100 100| 100| 100| 100| 100 100| 100| 100| 100| 100 100| 100| 45

n Ice Tea Pineapple (6X4)X500m! 100| 100| 100| 4 45| of as| as| as| as| 100] 100| 100| 100| 100| 100| 100| 45| 4s| as| as| as| as| as| as| as| as| as| as| as| as| 100

11c te (6X4)X500m! 100| 100 100| as| 100| 100| 100| 100| as| 45| o a4s| as| as| 100| 100| 100| 100| 100| 100| 100| 45| 45| 45| as| as| as| 4s| as| as| as| as| as| as| as| 100
12[c 4| o
n Ice Tea Peach Lite (6X4)X500m! 100] 100| 100| as| 100| 100| 100| 100| as| as| as| as| o| as| 100| 100| 100 100| 100 100| 100| as| as| 4s| as| as| as| as| as| as| as| as| 4s| as| as| 100]
14[c TeaLemon (6X4)X500m! 100| 100 100| 4s| 100| 100| 100| 100| as| as| as| 4s| 45| of as| 100| 100 100| 100| 100| 100| 45| 45| 45| as| as| as| 4s| as| as| as| as| 45| as| as| 100
15| Nestle Pure Life Sparkling 4x6x500ml 100| 100 100| 4s| 100| 100| 100| 100| 4s| as| as| a4s| as| 4s| of 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100 100| 100| 100| 100| 100 100| 100| 100
16| Ne: L it as| as| as| 100] 100 4s| as| as| 100 100| 100| 100| 100| 100| 100| of 4s| a4s| as| as| as| 100| 100 100| 100| 100| 100| 100 100| 100| 100| 100| 100 100| 100| 45
17| MAN G/TEA APR/LTE 6x1.5Lt as| as| as| 100| 100| as| as| as| 100| 100 100| 100| 100| 100| 100| 45| of 45| a4s| 45| 4s| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 45
18| MAN I/ TEA PEACH LTE 6x1.5Lt as| as| as| 100| 100| as| as| as| 100| 100| 100| 100| 100| 100| 100| as| as| of as| a4s| as| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 45
19| MAN I/TEA PEACH 6x1.5Lt 45| as| as| 100| 100] 4s| as| as| 100| 100 100| 100| 100| 100| 100| 45| as| as| o 45| 4s| 100| 100| 100| 100| 100 100| 100| 100| 100| 100| 100| 100| 100| 100| 45
20| MAN I/ TEA LEMON 6x1.5Lt as| as| as| 100| 100| as| as| as| 100| 100| 100| 100| 100| 100| 100| 4s| as| as| as| o 45| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100 45
21| MAN G/TEA RB/GF/ST 6x1.5Lt as| as| as| 100| 100] as| as| as| 100| 100| 100| 100| 100| 100| 100| as| as| as| as| as| o| 4s| 100| 100| 100| 100 100| 100| 100| 100| 100| 100| 100| 100| 100| 45
22| MAN G/TEA KI/PEA LTE 6x1.5Lt as| as| as| 100| 100] as| as| as| 100| 100 100| 100| 100| 100| 100| 45| as| as| a4s| 4s| as| o 100| 100| 100| 100 100| 100| 100| 100| 100| 100| 100| 100| 100| 45
23|Nestea Ice Tea Peach 4x6x500mI 100| 100 100| as| 100| 100| 100| 100| as| as| as| 4s| as| as| as| 100| 100| 100| 100| 100| 100| 100| of 45| as| as| as| as| as| as| as| as| as| as| as| 100
24| Nestea ce TeaBerry 4x6x500m! 100] 100| 100| as| 100| 100| 100| 100| as| as| as| as| as| as| 45| 100| 100 100 100 100| 10| 100| 100| of 45| as| as| as| as| as| as| as| as| as| as| 100]
01| 102] 103 00| 100] 10| 100] 00| 100| 100| 100| 100| 100 100| 100 of as) 100]

100| 100 100| as| 100| 100| 100| 100| as| as| as| as| as| as| as| 100| 100| 100| 100| 100| 100| 100| 100| 4s| as| of as| 4s| as| as| as| as| as| as| as| 100
102| 103| 104| as| 100| 100| 100| 100| 4s| as| as| 4s| as| as| as| 100| 100| 100| 100| 100| 100| 100 100| as| as| as| o 4s| as| as| as| as| a4s| as| as| 100

103| 104| 105| as| 100| 100| 100| 100| as| as| as| as| as| as| as| 100| 100| 100| 100| 100| 100| 100| 100| 45| as| as| as| as| of as| as| as| as| as| as| 100
100| 100 100| as| 100[ 100| 100| 100| 45| as| as| as| as| as| as| 100| 100| 100| 100| 100| 100| 100 100] 45| as| as| a4s| 4s| as| of as| a4s| as| as| as| 100

45
ar (6X4)X500m| 100| 100| 100| 45| 100| 100| 100| 100 45 45 45 45 45 45 45| 100{ 100| 100| 100{ 100/ 100| 100| 100 45 45 45| 45 45 45 45 45 0] 45 45 45| 100
. ol = ]
 — e P Y Y e e e s I R B I
Assigned changeover time 0 100 45 45 45 45 45 45 45 45 45 45 45 45 45 100 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 1685

Figure 4.3: Changeover time matrix with sequence path C.

4.1.2. Inventory holding cost

Minimised inventory is desired by all manufacturing facilities, as there are inherent holding
costs, however, safety stock levels are important for the managing of demand satisfaction,
inventory control and customer service levels that need to be maintained. Since this planning
is being done for a new facility with no historical data that can be used to analyse forecast
accuracy of these specific SKU’s, the general forecasting accuracy of the company of 80%
will be used, and customer service level has been set at 98%. The above-mentioned levels
resulted in the decision to keep safety stock at a level of two weeks’ stock. The general
inventory constraints will be used to ensure the safety stock level, and a factor of 4.2 weeks
per month will contribute in determining the amount of forecasted demand that will be the
safety stock level for the following month.

Inventory management with limited capacity poses the challenge of an if-then constraint
which is incorporated into the model. The constraint implies that if the total number of
pallets in inventory exceeds the warehouse capacity, only then additional warehousing costs
per pallet will be incurred. Clover’s Supply Chain Manager confirmed that they purposefully
designed the facility with a very large warehouse; however, certainty of satisfactory capacity
was not obtained until the results of this research confirmed that the warehouse has been built
large enough to accommodate the warehousing capacity required by all the MPSs. This
implies that additional warehousing cost, however always an important factor, will not be an
influencer on the evaluation and trade-offs between MPS alternatives for the Clover Waters
Facility at the current demand levels, since it is zero.

The safety stock level decision by Clover will be challenged and evaluated during the
sensitivity analysis in Chapter 6, where the cost of inventory and the effect of reduced
inventory levels are explored. “If the safety stock level were to be reduced, what would the
cost implication be on the MPS?”, “Is it possible to operate on reduced inventories?” These
questions can give an indication of how the operations and inventory management could
possibly add to the efficiency and cost effectiveness of the MPS. Costs involved in
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calculating the inventory holding cost, which needed to be converted into holding cost per
case per month that can be seen in Table 6 are:

e Cost of capital — 14% of production cost per year
e Handling cost per pallet
e Holding cost per litre

Table 6: Calculated holding cost per case of SKU per month.

SKU Production cost  Capital cost  Holding cost Handling cost  Total cost

(R) (R) (R) (R) (R)
Aquartz Sparkling Peach/Passion 12x1.5I 78.89 0.92 0.83 2.04 R 3.79
Aquartz Sparkling Cran/Rasb 12x1.51 84.56 0.99 0.83 2.04 R 3.85
Aquartz Sparkling Lem/Lime 12x1.5I 83.84 0.98 0.83 2.04 R 3.85
Agquartz Sparkling Mango 4x6x500ml 58.54 0.68 0.55 1.42 R 2.65
Aquartz Mineral Still 2x6x750ml 33.90 0.40 0.41 1.13 R 1.94
Nestea Ice Tea Berry 6x1.5I 38.52 0.45 0.41 1.02 R 1.88
Nestea Ice Tea Peach 6x1.5I 39.69 0.46 0.41 1.02 R 1.90
Nestea Ice Tea Lemon 6x1.5I 39.33 0.46 0.41 1.02 R 1.89
Clover Manhattan Ice Tea Blackcurrant (6X4)X500ml  78.68 0.92 0.55 1.70 R 3.17
Clover Manhattan Ice Tea Pineapple (6X4)X500ml 75.33 0.88 0.55 1.70 R 3.13
Clover Manhattan Ice Tea Lemon Lite (6X4)X500ml 74.47 0.87 0.55 1.70 R 3.12
Clover Manhattan Ice Tea Peach (6X4)X500ml 78.41 0.91 0.55 1.70 R 3.17
Clover Manhattan Ice Tea Peach Lite (6X4)X500ml 77.98 091 0.55 1.70 R 3.16
Clover Manhattan Ice Tea Lemon (6X4)X500ml 77.81 0.91 0.55 1.70 R 3.16
Nestle Pure Life Sparkling 4x6x500ml 35.75 0.42 0.55 121 R 2.18
Nestle Pure Life Sparkling 12x1.5I 35.32 041 0.83 213 R 3.37
MAN G/TEA APR/LTE 6x1.51 40.70 0.47 0.41 1.02 R1.91
MAN I/TEA PEACH LTE 6x1.5I 41.23 0.48 0.41 1.02 R 1.92
MAN I/TEA PEACH 6x1.5Lt 40.95 0.48 0.41 1.02 R 1.91
MAN I/TEA LEMON 6x1.51 40.74 0.48 0.41 1.02 R1.91
MAN G/TEA RB/GF/ST 6x1.5l 41.07 0.48 0.41 1.02 R 1.91
MAN G/TEA KI/PEA LTE 6x1.51 40.46 0.47 0.41 1.02 R1.91
Nestea Ice Tea Peach 4x6x500ml 79.43 0.93 0.55 1.70 R 3.18
Nestea Ice Tea Berry 4x6x500ml 78.84 0.92 0.55 1.70 R 3.17
Nestea Ice Tea Lemon 4x6x500ml 74.52 0.87 0.55 1.70 R 3.12
Aquartz Sparkling Lemon/Lime 24X500 ml 31.64 0.37 0.55 142 R2.34
Aquartz Sparkling Litchi ~ 24X500 ml 55.84 0.65 0.55 1.42 R 2.62
Aquartz Sparkling Naartjie 24X500 ml 55.78 0.65 0.55 1.42 R 2.62
Aquartz Sparkling Peach Passion 24 X500 ml 31.37 0.37 0.55 1.42 R 2.33
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Aquartz Sparkling Cran/Raspberry 24X500 ml 31.86 0.37 0.55 1.42 R2.34
Aquartz Mineral Water Sparkling 4X6X500 ml 40.45 0.47 0.55 1.42 R 2.44
I(\g;rgg:t;golﬁ Tea Green Tea Lite Kiwi Pear 7571 088 055 1.70 R3.14
Manhattan White I/Tea Exotic Fruit 4x6x500ml 76.46 0.89 0.55 1.70 R3.14
g:?]\S/:;gA?gQit)t;r;(I)%emTea Crisp Apple/Mint with 74.09 086 055 1.70 R3.12
Aquartz Mineral Water Sparkling 12X1.5I 38.88 0.45 0.83 2.04 R 3.32
Nestle Pure Life Still 4x6x330ml 33.11 0.39 0.36 0.94 R 1.70
Nestle Pure life Still 4x6x500ml 35.75 0.42 0.55 121 R2.18
Nestle Pure Life Still 4x6x750ml 60.59 0.71 0.83 2.27 R 3.80
Nestle Pure life Still 12x1.5I 34.02 0.40 0.83 1.82 R 3.05
Nestle Pure Life Still 2x12x500ml 30.83 0.36 0.55 121 R 213
Aquartz Mineral Water Still 12X1.5I 37.10 0.43 0.83 2.04 R 3.30
Aquartz Mineral Water Still 4X6X500 ml 38.72 0.45 0.55 1.42 R 2.42
Aquartz Mineral Water 4 x 51 27.18 0.32 0.92 213 R 3.36
Nestle Pure Life Still 2x5I 13.55 0.16 0.46 1.21 R 1.83

4.1.3. Production frequency

The production frequency of any SKU refers to the number of times a lot of that specific
SKU is produced during a month. With each production lot run, there is associated
changeover time. Clover wants to produce as many SKU’s as possible on a weekly basis,
which implies much more time spent on changeovers. The capacity of the production
equipment limits production lot sizes, which cannot be less than 5000 litres. The majority of
the SKU’s demand is not large enough to justify even a minimum production run on a weekly
basis in order to always have available stock while the rest is in quarantine. The Sales
Department have agreed that if safety stock levels are satisfactory, a single monthly
production run would be acceptable. This enables the minimisation of frequent changeovers
and limits repeating changeovers to only SKU’s which are produced at a weekly or twice
weekly frequency. Table 7 provides the production frequency per month, and specifies
which SKU’s will be produced at that frequency.

Table 7: Production frequencies of SKU’s.

Monthly production frequency SKU’s

Line1: 1,2,3,4,6,7,8,9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22,

1 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36
4 Line 1: 5, 15, 16
Line?2: 1,3,4,5,6,7
8 Line 2: 2
16 Line3: 1,2
30
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4.1.4. Labour cost

Labour cost is a direct function of the total production time t spent during the month. With
labour cost hourly rate increasing from R461.11 for the first 180 hours of production, to
R610.43 per hour of overtime worked. Thereafter, if additional time needs to be worked on
Sundays, the hourly rate increases to R813.83 per hour on a Sunday. Thus this cost aspect is
handled as a piecewise linear function.

461.11t 0<p <180
L(p) =1 610.42t — 26 875.80 180 <p < 406
813.83t — 109 460.29 406 < p

Incremental labour cost
R 350 000.00

R 300 000.00
/5'00, R 297 454.74
R 250 000.00
/-{oﬁ, R 220 954.72
R 200 000.00 /
R 150 000.00

R 100 000.00 /
/0/180, R 82 999.80
R 50 000.00

R 0.00 0.R O.'OO

0 100 200 300 400 500 600
Total labour hours

Labour cost

Figure 4.4: Graphical illustration of the incremental rise in labour cost.

Labour cost is used to determine which job scheduling option out of four varying alternative
job schedules would best fit the MPS at the lowest cost.

4.2. Production lot-sizing optimisation model

Mixed Integer Linear Programming models have been constructed in order to determine the
optimal lot size of each SKU to be produced on a monthly basis. This production lot-size
should satisfy the demand of each period and produce enough items to ensure that the safety
stock levels are kept at the required level of two weeks’ worth of stock during each period.
The objective of the determined lot-sizes is to minimise inventory at the end of the period and
the total production time of the period.

Three different model groups were built. For scheduling alternative 1, Model group A looks
at a continuous MPS. For scheduling alternative 2, group B determines the lot sizes for
production during the peak demand period (September to February), and group C determines
the lot sizes for the off-peak demand period (March to August). Within these three model
groups, each one has three separate models that determine lot sizes for either line one, two or
three.
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The production lot size that is determined for the SKU is a fixed production lot size that will
be produced every month during the specified production period. Figure 4.5 summarises this
allocation of production lot sizes according to the scheduling approaches that are evaluated.

Monthly production lot size to be scheduled

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
2016 2016 2016 2016 2017 2017 2017 2017 2017 2017 2017 2017

@0 006666
OIS,

Model group A:
Optimal lot size for SKUi =X

Approach
I

Model group B: @

Optimal lot size for SKUi =Y @ @
Model group C:
Optimal lot size for SKUi = Z

Figure 4.5: The allocation of production lot size results to each month according to the
scheduling approach followed, for each SKU.

Approach 2

4.2.1. Mathematical model notation

The notation of the models will be the same for all three of the model groups. Each model
group contains a model for each of the three different filling lines, thus within each model
group, three different models will each have set Iy, I, or 13. Set J will be altered slightly to fit
each unique model group. Table 8 explains the arrangement of the models.

Table 8: Arrangement of mathematical models.

Mathematical model group Set J Set |

. I,
Scheduling .

alternative 1 A (Continuous) Ji :2

8]

Iy

Scheduling I

alternative 2 I

C (Off-peak) Js I,

I5

The general notation will be as follows:
Sets:

I, = the set of SKU’s produced on line 1 where:

i SKU description

Aquartz Sparkling Peach/Passion 12x1.5It

Agquartz Sparkling Cran/Rasb 12x1.5It

Aquartz Sparkling Lem/Lime 12x1.5It

Aquartz Sparkling Mango 4x6x500ml

Aquartz Mineral Still 2x6x750ml

Nestea Ice Tea Berry 6x1.5LT

Nestea Ice Tea Peach 6x1.5LT

Nestea Ice Tea Lemon 6x1.5LT

Clover Manhattan Ice Tea Blackcurrant (6X4)X500ml

© 0O N o o &~ W N e
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10 Clover Manhattan Ice Tea Pineapple (6X4)X500ml

11 Clover Manhattan Ice Tea Lemon Lite (6X4)X500ml

12 Clover Manhattan Ice Tea Peach (6X4)X500ml

13 Clover Manhattan Ice Tea Peach Lite (6X4)X500ml

14  Clover Manhattan Ice Tea Lemon (6X4)X500ml

15 Nestle Pure Life Sparkling 4x6x500ml

16  Nestle Pure Life Sparkling 12x1.5It

17  Man g/tea apr/lite 6x1.5It

18 Man i/tea peach lite 6x1.51t

19 Man i/tea peach 6x1.5It

20 Man i/tea lemon 6x1.51t

21 Man g/tea rb/gf/st 6x1.51t

22  Man gl/tea kiwi/pear lite 6x1.51t

23 Nestea Ice Tea Peach 4x6x500ml

24 Nestea Ice Tea Berry 4x6x500ml

25 Nestea Ice Tea Lemon 4x6x500ml

26 Aquartz Sparkling Lemon/Lime 24X500 ml

27 Aguartz Sparkling Litchi ~ 24X500 ml

28 Aquartz Sparkling Naartjie 24X500 ml

29 Aquartz Sparkling Peach Passion 24X500 ml

30 Aquartz Sparkling Cran/Raspberry 24X500 ml

31 Aquartz Mineral Water Sparkling 4X6X500 ml

32 Manhattan Ice Tea Green Tea Lite Kiwi Pear (6X4)X500ml
33 Manhattan White 1/Tea Exotic Fruit 4x6x500ml

34  Clover Manhattan Ice Tea Crisp Apple/Mint with Ginseng (6X4)X500ml
35 Clover Manhattan Ice Tea Ruby Grapefruit/Sberry with Gingko Biloba 6X4X500ml
36  Agquartz Mineral Water Sparkling 12X1.5 It

I, = the set of SKU’s produced on line 2 where:
i SKU description

Nestle Pure Life Still 4x6x330ml

Nestle Pure life Still 4x6x500ml

Nestle Pure Life Still 4x6x750ml

Nestle Pure life Still 12x1.5It

Nestle Pure Life Still 2x12x500ml
Aquartz Mineral Water Still 12X1.5 It
Agquartz Mineral Water Still 4X6X500 ml

~N OO 01 A W N B

I3 = The set of SKU’s produced on line 3 where:

i SKU description

1 Aquartz Mineral Water 4 x 5l
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2 Nestle Pure Life Still 2x5I

Ja = The set of demand periods for which demand has been forecasted where:

j Month

1 July 2016

2 August 2016

3  September 2016

4 October 2016

5  November 2016

6  December 2016

7  January 2017

8  February 2017

9  March 2017

10 April 2017

11 May 2017

12 June 2017

Denote:

Dij 2 The given forecasted demand [cases] (Appendix C) of SKU i € I during demand
period j € J.

Oj 2 The predetermined opening inventory balance of SKU i € | during off-peak demand
period j € J. (Only applicable to model group C.)

Fi 2 The given production frequency (Table 7) per month of SKU i € I.

Ti 2 The given production time (Table 2) per case [hours] of SKU i € I.

Ci 2 The given conversion factor (Table 3) of cases of SKU i ¢ | per pallet.

Gi 2 The given conversion factor (Table 3) of litres of SKU i € I per case.

Ki 2 The allocated changeover time in minutes allocated to setup of SKU i € | based on
selected production sequence (Figure 4.1).

v R { l: .if adqit':ional warehousing is needed du.ring periodj € J ‘ ‘

! 0: if facility warehouse has enough capacity for all pallets during period j € J

Xi 2 Production lot size [cases] of SKU i € I.

Bj 2 Total direct labour hours spent on production and setup during period j € J.

P; 2 Total operational time [hours] of the line during demand period j € J.

lij 2 Inventory of SKUi € I at the end of period j € J.

Z; 2 The total number of cases of SKU i € I produced consistently during every demand
period.

Hi 2 Given (Table 6) inventory holding cost [R] per case of SKU i € I.
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Qij 2 The number of pallets of SKU i € I at the end of period j € J.

L; 2 The total number of pallets at the end of period j € J.

E; 2 The total number of excess pallets at end of period j € J in need of alternative
warehousing.

M 2 a Very large number

4.2.2. Mathematical model group A: Continuous

This model is used to determine the optimal lot sizes for a continuous MPS, which builds
inventory during off-peak months for peak months, keeping production at one constant level.

Objective function: 1)
Min Z = Z Iz * Hi + Z P, * 461.11
i€l j€h

Subject to:
Fi* Xi=Z; VieJ,Viel 2
Xi* Gj = 5000 Viel 3)
(Z)Dis+ Z-Dir = i Viel (4)
lihn+Z:=Dis Viel (5)
Ii,-.1+Zi2 Dij vje{2,.,12} i€l (6)
Ii,-.1+Zi—Di,-: |ij vje{2,.,12} i€l @)
lj = (5)*Dijna vie(,.11), i€l (8)
|i,-*é:Qi,- Vied,i€l 9)
lj = (5)*Dijn Vje(l,. 11), i€l 8)
Iij*%:Qij VjEJl,i€| (9)
> =1 Vi€l
i€l

(10)
L; — 5000 > My; Vied (11)
E; + L; -5000< M(1-v;) Vjed (12)
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ZTI*Z]J-I_ZFI*KIZB] VjE]l

i€l i€l

(02;&

(13)
Bj+ ()B;+8=P, Vied (14)
P;, Xi, Zi, I, Bj = 0 Viedyiel (15)
v; € {0,1} Vjed (16)

Explanation:

The objective function (1) strives to minimise the inventory cost at the end of the year and the
total production cost, which is determined by multiplying the total operational time of the line
[hours] by the hourly labour rate. (2) Determines the total number of cases produced of each
SKU during the month by multiplying the optimal lot size with the given frequency.
Constraint (3) ensures that the minimum lot size of 5000 litres is adhered to. (4) There is an
adequate amount of stock (2 weeks’ worth of demand) at the beginning of the MPS
implementation period, which has been produced by other facilities for the forecasted
demand of month one. (5) And (6) ensures that the combined inventory and production of
each SKU always meets the forecasted demand. (7) Determines the inventory level of every
SKU at the end of each month. (8) Ensures that rolling inventory provides 2 weeks’ worth of
buffer (safety) stock at the end of each month for the coming period. (9) Converts the number
of cases of each SKU in inventory to pallets. (10) Determines the total amount of pallets that
need to be stored at month end. (11) Determines whether there is excess storage needed and
(12) determines exactly how many pallets are indeed going to be stored at an alternative
facility. Constraint (13) determines the direct line operation time, including changeover
times. (14) Determines the total direct labour required which includes mandatory cleaning
processes and direct operation of the filler line. Constraint (15) ensures that the variables are
non-negative values, and (16) defines v; as a binary variable. The Lingo formulation can be
seen in Appendix D.

4.2.3. Mathematical model group B: Peak

This model determines the optimal lot sizes during production months for the peak demand
period. This model starts with September as the first month of peak demand production,
since the production levels of September needs to satisfy the safety stock levels required in
October which is the first month of the identified peak season. The rest of the model is
identical to Model A, the only difference is Set J,.

Set Jo:

Month

September 2016
October 2016
November 2016
December 2016
January 2017
February 2017

o U1 A W N B
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7 March 2017

Objective function:
Min Z = Z Iie) * Hi + Z P x 461.11

i€l j€ls
The complete Lingo formulation can be seen in Appendix E.

4.2.4. Mathematical model group C: Off-peak

For the off-peak model, which determines the optimal lot sizes of the demand periods in the
off-peak season, it was decided to start with March 2017 as the first month of production for
the off-peak season. Additional forecasting data was required for the demand of July 2017
and August 2017. Clover’s Forecasting Department suggested an assumption of a 2% sales
increase. The Off-peak model also relies on month-end inventory results for February 2017
in order to continue with opening inventory data for the month of March 2017.

w
D
—
[
w

Month

March 2017
April 2017

May 2017
June2017

July 2017
August 2017
September 2017

N o o MW N -

Objective function:
Min Z = Z Ig12) * Hi + Z P x 461.11

el ieTs
Oi1+ Zi-Di1 = |1 viel 2

Equation (2) is an extra constraint added to the off-peak model, which replaces constraint (4)
in model B. This is because the ending inventory of the peak season in February needs to be
carried over into the off-peak season as the opening inventory for March.

4.3. Lot-sizing results

The global optimum optimal lot-size [in cases] results obtained from Lingo are summarised
in Figures 4.6, 4.7 and 4.8.
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Optimal lot size results: Line 1
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Figure 4.6: Graph showing the optimal lot size results for Line 1.

Optimal lot size results: Line 2
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SKU i
Figure 4.7: Graph showing the optimal lot size results for Line 2.

Results for both line 1 and line 2 are as expected, with the largest SKU lot sizes required
during peak months, and the smallest lot sizes established for off-peak period production in
general. SKU 9 and 12 on line 1 do not exhibit this due to the nature of their demands, but
generally the peak and off-peak sizes conform to what is expected.

38

© University of Pretoria



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W YUNIBESITHI YA PRETORIA

Optimal lot size results: Line 3
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Figure 4.8: Graph showing the optimal lot size results for Line 3.

It can be seen from Figure 4.8 that the peak and off-peak demand periods differ for the
products on line 3, where more products are scheduled for production during off-peak periods
than in peak periods. This can be explained through the definition of the peak and off-peak
periods. In order to keep consistency throughout the facility, management decided to define
the periods for all three lines as the same times — peak from September to February, and off-
peak from March to August. However, line 3 produces products mainly for exports, and
those demand patterns are slightly different from the local demand patterns.

4.3. Conclusion

This chapter has explained how all of the important parameters which influence the MPS are
addressed. The results that were obtained from the work done in this section will be used in
Chapter 5, where the MPSs are conceptualised and then built in Infor AS, in order to test the
feasibility of execution, and evaluate the two alternatives in order to make a decision on the
optimal alternative MPS.
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Chapter 5: Production scheduling and job
scheduling

In this chapter, the information that has been gathered in Chapter 3 about the capacity and
capabilities with the facility is used in conjunction with the operations research results
obtained in Chapter 4 to devise alternative MPSs for the facility. The alternative schedules
are used to develop accompanying job schedules with varying shift configurations, and a final
cost analysis is then performed. The most cost effective schedule alternative and shift
configuration is selected and identified as the optimised MPS for the Clover Waters Facility
at the end of this chapter.

5.1. MPS conceptualisation

The two alternative MPSs will be built from all the information and parameters which have
been obtained up to this point, which includes production lot sizes of each SKU, production
frequency, shift times, production sequence and changeover times. Before building the
schedules in Infor AS, the schedules were conceptualised in an Excel spread sheet, assigning
certain SKU’s to each of the four weeks of production per period. The aim is to ensure that
the duration of production is relatively similar during each week to provide consistency in the
schedule, and trying to make sure that every week has enough flexible time to recover from
any potential breakdown which could delay production or surge in demand, or whatever other
potential risk might occur which affects production timing.

Each SKU is assigned to a specific week of production. The coloured blocks are the SKU’s,
and right below each assigned each SKU is the total production time [minutes] of that
particular lot, including the changeover time to the next production lot. The cumulative
duration time was calculated as the scheduling progressed, in order to ensure that the
workload in terms of production time is fairly evenly distributed over the 4 week production
period. The concepts of the two alternative schedules, continuous and peak/off-peak, where
the peak/off-peak schedule consists of two parts, one monthly schedule for peak demand
production, and one for off-peak demand production, are shown below.

Colour legend
Weekl

2 x Weekly frequency
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CONTINUOUS SCHEDULE: Line 1

Weekl 5 15 16 | 1 2 3 6 7 8 7 18 19 20 2 @2
Duration [minutes] 100 100 23456 9630 9450 8528 8409 86.68 99.73 18208 38453 46395 32265 348.02 246.09
Cummulative duration 100 200 43456 53086 62536 710.64 794.73 88L4l 98114 116323 1547.75 2011.70 2334.35 2682.37 2928.46

Duration [minutes] 100 100 23456 42244 100.00 120.06 138.78 20214 219.96 19800 150.12 240.12 403.74 180.72 296.64
Cummulative duration 100 200 43456 857.00 957.00 1077.06 1215.84 1417.98 1637.94 1835.94 1986.06 2226.18 2629.92 2810.64
Duration [minutes] 100 100 23456 585.90 71226 585.90 585.90 730.80

Cummulative duration 100 200 43456 102046 1732.72 2318.62 2904.52 [§635I82)

Duration [minutes] 100 100 23456 120.06 32598 1214.28 597.78 639.54

Cummulative duration 100 200 43456 55462 880.60 2094.88 2692.66 [§882200

CONTINUOUS SCHEDULE: Line 2

Weekly 2 2
Duration [minutes] 890.80 554.56 301.24 655.96 890.80 655.00 577.72 872.80
Cummulative duration 890.80 1445.36 1746.61 2402.57 3293.37 3948.37 4526.09

CONTINUOUS SCHEDULE: Line 3

Weekly
Duration [minutes] 356.15 10959 356.15 10959 356.152 10959 356,152 1095.9
Cummulative duration 356.15 14521 1808.2 2904.11 3260.26 4356.16 4712.31 [EE0BI22N

Figure 5.1 Continuous MPS concept.

Schedule PEAK: Line 1

Weeki [5 15 16 1 2 3 6 7 8 17 18 19 20 2a 2
Duration [minutes] 100 100 255.94 10429 99.783 88.875 86.681 89.213 107.6 25504 188.16 404.16 49247 34166 365.01
Total cummulative duration 100 200 45594 560.23 660.01 748.89 835,57 92478 1032 12883 14764 1830.6 23731 27147 30797

Duration [minutes] 100 100 255.94 254.25 100 120.06 1575 219.96 2326 229.32 159.3 159.3 159.3 244.98 432
Total cummulative duration 100 200 45594 710.19 810.19 930.25 1087.7 1307.7 1540 1769.6 1928.9 2088.2 2247.5 2492.5

*note prod 9 (sku 2102193 is split over 2 days)

Duration [minutes] 100 100 255.94 120.06 607.5 592.92 759.42 759.42 834.3
Total cummulative duration 423.7 523.7 779.64 899.7 1507.2 2100.1 2859.5 3619

Duration [minutes] 100 644.94 25594 345.06 100 1248.7 684.36 1248.7 684.4
Total cummulative duration 4237 1068.6 1324.6 1669.6 3018.3 2918.3 3702.7 4167 4387

Schedule PEAK: Line 2

Weekly 2 2
Duration [minutes] 937.2 55456 3244 700 937.24 692.08 643.72 993.64
Total cummulative duration 937.2 14918 18162 25162 34535 41455 4789.3] RNl

Schedule PEAK: Line 3

Weekly
Duration [minutes] 401.5 1161.4 40145 11614 401.45 1161.4 401.45 1161.4
Total cummulative duration 401.5 1562.9 1964.3 31257 3527.2 4688.6 5090 6251.4

Figure 5.2 Peak demand period MPS concept.
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OFFPEAK Schedule: Line 1

Weekl [5 15 16 1 2 6 7 8 17 18 2 3 19 20 2
Duration [minutes] 100 100 15863 86.063 79.2 76556 92363 765 2024 32912 227.03 76275 360.9 28148 294.98
Total cummulative duration 100 200 35863 444.69 523.80 600.44 692.81 769.31 9718 13009 1527.9 1604.2 1965.1 22465 25415

Duration [minutes] 100 100 158.63 287.66 100 120.78 120.06 146.16 194.4 1242 120.06 221.58 3105 133.38 232.38
Total cummulative duration 100 200 358.63 646.29 746.29 867.07 987.13 1133.3 1328 14519 1571.9 17935 2104 2237.4
Duration [minutes] 100 100 158.63 120.78 411.12 547.02 572.58 472.68

Total cummulative duration 100 200 358.63 479.41 890.53 1437.5 2010.1

Duration [minutes] 100 100 158.63 259.56 461.88 510.3 1050.5

Total cummulative duration 100 200 35863 618.19 1080.1 1590.4 2640l

OFFPEAK Schedule : Line 2

Weekly 2 2
Duration [minutes] 768.8 554.68 226.96 522.88 768.76 476.56 478.24 602.44
Total cummulative duration 768.8 13234 1550.4 2842.1 2319.2 3318.6 3796.9 4399.3

OFFPEAK Schedule : Line 3

Weekly
Duration [minutes] 3228 7831 32275 7831 32275 7831 32275 783.1
Total cummulative duration 3228 11059 1428.6 22117 25345 3317.6 3640.3|4428H

Figure 5.3 Off-peak demand period MPS concept.

5.2. Infor AS: Production scheduling

The MPS concepts were used to build three MPSs in Infor AS, one for each concept, to test
the feasibility of the MPS. Infor AS is quite interactive and restricts production lots which
would cause problems with the schedule feasibility, so during the process of scheduling,
mistake proofing is applied by the software itself.

Before scheduling was initiated, the starting time of daily shifts was agreed upon as 5:30 AM.
This agreement was made in order to make sure that production only started after the weekly
CIP sterilisation and cleaning process on Mondays which has a duration of two hours, and
daily hot sterilisation on every other day of production which has a duration of one hour.
Thus, production starts on a Monday at 07:30 AM, and all other days, production starts at
06:30 AM.

Figure 5.4 is a screenshot of the schedule for the first week of production for the peak
demand period. All of the MPSs in Infor AS look relatively similar, therefor only that of
week 1, peak is shown. The rest of the screenshots can be seen in Appendix G. All four
weeks are integrated into a single monthly production run report generated by Infor AS. The
Infor AS reports would highlight the differences rather that the visualised schedule seen in
the screenshots. This report shows exact starting and ending times, changeover duration and
quantities produced and total lot production duration.
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Figure 5.4 Infor screenshot of week 1 of peak demand period MPS.

The reports generated by the software are used to develop job schedules based on four
different shift configurations, to evaluate the schedules in terms of total labour cost. The total
number of pallets produced during the month is also calculated and added to the evaluation of
the alternatives since inventory holding cost is another cost factor contributing to the
selection of the best alternative MPS.

5.3. Job scheduling

Four different job shift configurations have been identified for job scheduling purposes:

A. Eight-hour shifts with overtime.

B. Eight-hour shifts with no overtime.
C. Twelve-hour shifts with overtime.

D. Twelve hour shifts with no overtime.

The start and ending times of production in the Infor AS reports were used to determine how
much of each shift is required per day and whether overtime is required. This evaluation was
then converted into monetary terms by applying labour costs and ultimately provided the total
monthly labour cost of each MPS. Complete Infor AS reports can be viewed in Appendix G.

Labour cost was addressed in Chapter 4, and those rates are applied in this evaluation. Table
9 shows a summary of the cost analysis (what the monthly labour cost would be for each of
the four different shift configurations and each schedule type). The detailed evaluation of
each schedule alternative is included in Appendix H.
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Table 9: Labour cost shift analysis summary

Schedul«_a A B c D Best'shift '
alternative configuration
Peak R433 803.98 R509 065.44 R482 422.45 R509 065.44 A

Off-peak R324 968.87 R387 332.40 R422 855.69 R453 732.24 A

Continuous R420 295.62 R461 110.00 R437 584.91 R481 398.84 A

It is clear that the best way of distributing labour over all of the MPSs, is by working 8-hour
shifts with some overtime, as long as the legally mandated 15 hours overtime limit is not
exceeded. After selection of the optimal MPS, a job schedule based on that schedule would
be configured in the form of 8-hour shifts with overtime.

5.4. Optimal MPS selection

Before the selection of MPS, inventory holding costs incurred (if any) also needs to be
considered, before finally determining the annual cost for the schedule alternatives. Every lot
produced needs to be kept in quarantine for one week, and thereafter it is distributed out of
the warehouse. The total number of pallets produced during each week was calculated and
the results are summarised in Table 10.

Table 10: Total pallets produced during each week.

Schedule alternative Week 1 Week 2 Week 3 Week 4
Peak 4848 4712 4724 4729
Off-peak 3420 3283 3297 3318
Continuous 4831 4698 4703 4722

As can be seen from the results of counting the total pallets, the amount of storage space
required to accommodate the produced SKU’s never exceeds the warehouse maximum
capacity, thus no additional inventory holding cost will be incurred during the operation of
any one of the MPSs.

Both of the MPSs that have been developed have been confirmed to be feasible schedules
which allows for enough time for upstream processes. Since both are feasible solutions, the
final decision-maker for selection of the optimal MPS is the total annual operating cost in
terms of labour. Table 11 compares the annual operation cost of the two alternative
schedules based on the job shift configurations as described in Section 5.3.

Table 11: Annual operating cost comparison of schedule alternatives.

Schedule alternative A B C D
A: Continuous R 5043 547.44 R 5533 320.00 R 5251 018.92 R 5776 786.08
B: Peak —Off-peak R 4 552 637.10 R 5378 387.04 R 5431 668.84 R 5776 786.08

Alternative A, which is a monthly MPS that remains the same for the next twelve months, has
a total estimated labour cost of R5 043 547.44 for the next year based on a job schedule
comprised of 8-hour shifts with sporadic overtime (shift configuration A). Alternative B
consists of two schedules, peak and off-peak, which would each be repeated for 6 months,
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and the total estimated labour cost for this alternative for the next year on shift configuration
A is R4 552 637.10.

Alternative A is also the more costly option when shift configuration B, 8-hour shifts without
any overtime, is used. When 12-hour shifts are considered, schedule alternative A,
continuous production, would be the less expensive alternative. For the shift configuration of
only 12-hour shifts however, the decision is an indifferent one, since the labour would be
scheduled exactly the same for both MPS alternatives.

This brings us to the conclusion that MPS alternative B: Peak/Off-peak production with job
shift configuration A: 8-hour shifts with sporadic overtime, is selected as the optimal MPS
for the Clover Waters Facility due to it being the most cost effective schedule. In the Section
5.5 an accompanying job schedule is designed to accompany this MPS.

5.5. Optimal MPS accompanying job schedules

The peak production period job schedule was devised in a manner to ensure that overtime is
distributed equally for all workers regardless of whether they work day or night shift. Table
12 is the job schedule during the peak period for each of the three lines. The job schedule is
specified for each week. Overtime has been assigned to both work teams, ensuring equal
assignment of working hours.

The company is aware of labour legislation, which stipulates that workers working between
23:00 PM and 06:00 AM need to be informed about the hazards of working those hours. The
workers during these shifts will be provided with transportation to and from the facility as
required by legislation. This job schedule starts on a Monday and end on a Friday.
Weekends will always be open for maintenance purposes. In the case of unexpected
breakdowns, the open weekends will be used to catch up on lost production time.

Table 12: Peak period job schedule for the months of September to February.

Line 1 Line 2 Line 3
8-hour Overtime Times 8-hour Overtime Times 8-hour Overtime Times
shifts [hours] shifts [hours] shifts [hours]
Week 1
05:30-13:30
05:30-14:30 05:30-14:30
Mon 2 2 : : 3 13:30-21:30 2 2 : :
14:30-23:30 21:30-05-30 14:30-23:30
05:30-13:30
05:30-14:30 5:30-13:30
Tue 2 2 : : 3 13:30-21:30 2 1 ; ;
14:30-23:30 21:30-05.30 13:30-22:30
. . 05:30-13:30
Wed | 2 Friseeiseal 13302130 | 1 4 05:30-17:30
: : 21:30-05:30
. . 05:30-13:30
Thu 2 1 s 3 13:30-21:30
: : 21:30-05:30
05:30-13:30
Fri 3 13:30-21:30
21:30-05:30
05:30-13:30
05:30-14:30 05:30-14:30
Mon 2 2 : : 3 13:30-21:30 2 2 : :
14:30-23:30 21+30-05-30 14:30-23:30
05:30-13:30
05:30-14:30 5:30-13:30
Tue 2 1 : : 3 13:30-21:30 2 1 ; :
14:30-22:30 21:30-05.30 13:30-22:30
. . 05:30-13:30
Wed | 2 3 s | 3 13302130 | 1 4 05:30-17:30
: : 21:30-05:30
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05:30-13:30 05:30-13:30
Th 13:30-21:30 3 13:30-21:30
B 21:30-05:30

05:30-14:30
14:30-00:30

05:30-13:30
13:30-22:30

05:30-13:30
05:30-14:30 5:30-13:30
Tue 1 . . 3 13:30-21:30 2 1 ) )
14:30-22:30 21:30-05:30 13:30-22:30

30-16: 05:30-13:30
Thu 5 (1)2338:(1)2338 3 13:30-21:30
B 21:30-05:30

05:30-13:30
13:30-21:30
21:30-05:30

05:30-13:30
13:30-21:30
21:30-05:30

5:30-13:30
13:30-22:30

Table 13: The off-peak job schedule that will be implemented from March to August.

Line 2

Line 3

05:30-15:30 05:30-14:30 . .
2 8 15:30-00:30 2 8 14:30-00:30 ! 5:30-13:30

05:30-13:30 05:30-14:30 e,
2 13302130 | 2 3 14300030 | ! 5:30-13:30
1 05:30-13:30 1 05:30-13:30 1 05:30-13:30

Tue

05:30-14:30
14:30-00:30

05:30-14:30
14:30-00:30

1 5:30-13:30
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Wed

Thu

Fri

Mon

Tue

Wed
Thu

Fri

05:30-15:30

05:30-14:30

05:30-13:30
13:30-21:30

05:30-13:30
13:30-21:30

05:30-13:30
13:30-21:30

05:30-17:30

2 2 05:30-14:30
13:30-21:30
1 05:30-13:30
2 1 05:30-13:30
13:30-22:30

2 3 05:30-15:30
15:30-00:30
5 3 05:30-14:30
14:30-00:30
2 2 05:30-14:30
13:30-21:30
1 05:30-13:30
2 1 05:30-13:30
13:30-22:30

05:30-15:30

05:30-13:30

05:30-15:30

5:30-13:30
05:30-15:30

05:30-13:30

The optimal MPS has been selected, and the accompanying job schedules have been made,
which was the main aim of the entire project. In Chapter 6 the decision of safety stock levels
will be critically reviewed and the cost differences associated with adjusted safety stock

levels will be determined and considered for possible alternatives.
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Chapter 6: Sensitivity analysis

In order to perform an assessment of how rigid the MPS is, a sensitivity analysis was
performed to assess how great a reduction in production time will be the result if safety stock
levels are reduced with some percentage. Inventory holding costs are automatically incurred
when inventory is kept in a warehouse, and it delays the turnover rate. The cost implication
of inventory holding cost was also assessed to evaluate what the cost benefit would be if
safety stock would be reduced. This is to motivate the improvement of forecasting accuracy
in monetary terms.

6.1. Safety stock

Clover has a general principle which they have established throughout the company regarding
long life products that is also applicable to this new facility concerning safety stock levels.
The general rule is to have at least two weeks’ safety stock on hand. This decision was made
as that this is the level at which Clovers Planning department is comfortable with to
compensate for forecasting accuracy of 80% and to sustain a customer service level of 98%.

Projected inventory levels based on the MPS that have been selected were used to evaluate
the utilisation of the facility warehouse. The utilisation of equipment was measured through
comparing the total hours scheduled for production with the total available time of the
equipment. The scheduled time includes the mandatory CIP, since this sterilisation of
equipment is necessary to ensure continued effective use. Figure 6.1 shows the weekly
warehouse utilisation during the peak and off-peak production periods and figure 6.2 displays
the utilisation of equipment.

Weekly warehouse utilisation

1009 , 96.96% 94.24% 94.48% 94.58%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Utilisation

Week 1 Week 2 Week 3 Week 4

i Peak period warehouse utilisation H Off-peak period warehouse utilisation

Figure 6.1: Projected peak and off-peak warehouse utilisation.
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Total equipment utilisation of the facility: Peak period
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Figure 6.2 Graph showing the total equipment utilisation during peak production.

Total equipment utilisation of the facility: Off-peak
period
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Figure 6.3 Graph showing total equipment utilisation during off-peak production.

Due to the low equipment utilisation levels, the opportunity exists for higher production
levels; however, this would cause greater inventory levels unless safety stock levels are

reduced.

Both ice tea and water are products with a long shelf life, thus it cannot spoil when kept in
storage. The nature of demand for beverages is very dependent on weather patterns, which
makes it even more difficult to forecast accurately, a simple example is during the first week
of September 2015, there was snowfall and cold weather conditions, which stands in strong
contrast with the first week of September 2016 where temperatures are reaching 30°C. Due
to the quarantine period of 7 days, safety stock levels can never be reduced with more than
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50%. This implies that the minimum level of safety stock would be 1 weeks’ worth of stock.
Adhering to this rule, the sensitivity analysis looked at reducing safety stock levels with 50%
in increments of 10%.

To perform the sensitivity analysis, firstly, new production lot sizes were determined at each
level of reduction in safety stock (i.e. at 10%, 20%, 30%, 40% and 50% less safety stock).
Interestingly, the results have shown that a majority of the SKU’s lot sizes increased as the
safety stock level decreased. This is explained by the fact that demand for a period should
now be satisfied more through production lots produced during that specific period, rather
than inventory which was carried over from a previous period. The effect on production lot
sizes also depends on the successive demand patterns between the 6 demand periods grouped
into peak and off-peak periods. Figures 6.4 and 6.5 show the different SKU’s numbered 1 to
45 (the SKU’s includes all products from line 1, 2 and 3), and how their optimal production
lot sizes changed (percentage change from the originally calculated optimal lot sizes at 2week
safety stock level).

% Difference in lot sizes during peak period due to % reduction in safety stock levels

H10%

dd A o4 A I JI i

0 . - g - S—
509
‘q 2 3 4 5 6 q 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 “ 20 30 31 32 33 34 35 ;r 37 I!; !. 10 41 1! “ 4 45 °

“ Difference in production lot size

SKU

Figure 6.4 Peak production lot size changes due to reduction in safety stock levels.

% Difference in lot sizes during off-peak period due to % reduction in safety stock levels
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Figure 6.5 Off-peak production lot size changes due to reduction in safety stock levels.

After establishing the optimal lot sizes at different safety stock reduction levels, the average
monthly inventory was determined. This enabled the evaluation of how reduced safety stock
levels would affect operational costs, due to the reduction of inventory holding costs. In
Figure 6.6, it can be seen that if the safety stock level is reduced with 10%, the resulting
average monthly inventory holding cost during the peak period decreases with 6.7%. In the
off-peak period, the average monthly inventory holding cost is decreased by 6%. All the
safety stock reduction levels were evaluated in this way.

The reduction of inventory holding cost can be used as a motivation for Clover to invest in
better, more accurate forecasting models and processes. Before pursuing this motivation,
however, the effect of reduced safety stock levels on the MPS needs to be evaluated for two
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reasons: Firstly, to validate the rigidity of the developed production and job schedule.
Secondly, the cost implication of producing the production lot sizes defined by the reduced
safety stock levels need to be known. These effects are determined in Section 6.2.

Chart showing the relative % reduction in inventory holding costs as
direct result of safety stock reduction
0,
o 35:0% 8%
: 30.0%
27 26.0% 26.6%
S 25.0% Y -
> 20.0% e
S 20.0% -
S 16.0%
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] 10.8% u Offpeak
c
S 10.0% -
S 5
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Safety stock reduction level

Figure 6.6 Chart depicting the % change in inventory holding costs as direct result of
reduced safety stock levels.

6.2. Production time sensitivity analysis

Following the determination of lot sizes at every new safety stock level, the estimated
required production time was determined. This test validates the rigidness of the established
optimal MPS. It shows that the overall effect of changes in the production lot sizes only lead
to a minimal increase in the production time required for the entire production period. The
changes can be observed in Figure 6.4.

Difference in estimated direct labour hours required for production
=42 per month at different levels of safety stock reduction
= 5
£ 2 2000 1.723
2 1.553 1.588
82 1 374500
c £ 1500 : .
- e .089
22 1.000 0026 ).821
g S i Peak
£ 38 354
5 2 0500 - 1 Off-peak
o .097
0.000 -
10% 20% 30% 40% 50%
Safety stock reduction level

Figure 6.7: Graph of increased estimated production time required if safety stock levels
are reduced.

51

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

This proves that the production time requirements barely changes with adaptions in the lot
sizes. It emphasises how rigid the MPS is. Regardless of the production lot sizes, the MPS
and job schedule would essentially stay the same. These results have been combined with
the results of Section 6.1, to determine what the effect of reduced safety stock levels would
have on overall operational costs of the facility.

Table 14: Effect of reduced safety stock levels on annual operational costs of the facility.

% Reduction in safety stock level.
Cost category
10% 20% 30% 40% 50%
Production cost | + R 2460.48 + R 5277.23 + R 7036.54 + R 7955.36 + R 7405.43
Inventory
holding cost -R 738 675 - R1228716.69 | - R1 722 489.97 | - R2212 735.58 | - R2 684 530.92

Table 14 can be considered as a monetary motivation for Clover to consider investing in
better forecasting methods. If forecasting accuracy can be improved, the safety stock levels
can be reduced and save a substantial amount of money annually. Currently, the warehouse
is able to accommodate the 2-week safety stock level without any problems, thus, the
reduction of safety stock is not a critical necessity, but an operational improvement
opportunity.
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Chapter 7: Conclusion

For concluding the work of this project, this chapter will discuss what has been done through
the course of this project. Recommendations, which are based on the results obtained, and
opportunities that have come to light are made. Some future work possibilities have also
become apparent throughout the course of this project and are discussed.

7.1. The problem and solution

Clover has made a strategic decision to move all of their national ice tea and water bottling
operations into one brand new bottling facility situated in centurion. The facility produces
ice tea and bottled water on three filling lines. Each filler line has a specific set of SKU’s
which it mixes and bottles. Moving all of the bottling operations into one facility makes
planning and control from a single source simpler. The company strives to optimise its
operations in all aspects, from planning, sourcing, scheduling through to nationwide
distribution. The new facility posed an opportunity to optimise the planning and operations
of this facility from start-up.

The aim was to operate this new facility as optimally as possible from start of production in
July 2016. The development of an optimised MPS and an accompanying job schedule were
the first steps to coordinating all the operating activities of the facility. There were many
planning rules and facility capacity constraints, which needed to be considered to develop the
MPS in alignment with the company’s general planning rules and within the operating
capacity of the facility. Forecasting analysis indicated two seasonal demand periods, a peak
and off peak season, each of duration of six months. Production is planned on a monthly
basis. For each period, fixed production lot sizes need to be established that will be produced
monthly.

Firstly, production rules were established to be adhered to as the development of the MPS
progresses. These planning rules are summarised at the end of Chapter 3. Secondly, the
changeover times, labour cost, inventory holding cost and production frequencies were
optimised according to planning rules. After these factors were optimised, mathematical
models using MILP were developed to determine optimal production lot sizes. These models
incorporate the four major optimisation objectives mentioned in Chapter 1. These objectives
are; Minimum production and distribution costs, minimised working capital invested in
inventory, maximised market supply and satisfactory levels of agility to react to demand
fluctuations.

After the lot sizes were determined, Infor Advanced Scheduler planning software was used to
develop the MPS. The MPS consists of two one-month schedules, one for the peak period,
which is repeated each month from September to February, and the other one for the off-peak
period is repeated monthly from March to August. The reports generated through Infor AS
were then used to develop the job schedule. A summary of the production lot sizes is given
below in cases, and litres. The lot size in litres and frequency of production is important
information to communicate to the persons responsible for procurement. The Procurement
function needs to determine the quantities of concentrate and flavouring required for the lot
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sizes. They have to ensure that enough concentrate and flavouring is available on hand
before production of the lot commences.

Table 15: Optimal production lot sizes used in the final MPSs in cases and litres, and
frequency of lot production per month.

SKU fPrLocilju;r:]t(l:on or Peak lot size Peak lot size Off-peak lot Off-peak lot
mo(r]lth yP [cases] [litres] size [cases] size[litres]

1 1 527 9486 365 6570

3 1 390 7020 278 5004

5 4 3707 33363 2497 22473

7 1 786 7074 842 7578

9 1 3969 47628 2931 35172

11 1 1667 20004 1192 14304

13 1 3333 39996 2316 27792

15 4 2625 31500 1767 21204

17 1 2545 22905 2799 25191

19 1 7955 71595 5616 50544

21 1 5689 51201 4444 39996

23 1 417 5004 421 5052

25 1 625 7500 417 5004

27 1 1042 12504 830 9960

29 1 635 7620 417 5004

31 1 2150 25800 1475 17700

33 1 1469 17628 1041 12492
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35 1 3044 36528
36 1 3792 68256
Line 2

1 4 3788 30000.96
2 8 6977 83724
3 4 1870 33660
4 4 5000 90000
5 4 4934 59208
6 4 4531 81558
7 4 7447 89364
Line 3

1 16 3015 60300
2 16 5307 53070

2789
2157

3789
5573
1058
3524
3138
3152
4187

4455
6831

33468
38826

30008.88
66876
19044
63432
37656
56736
50244

89100
68310

Tables 16 and 17 are the final MPSs that were created in Infor, using the real SKU numbers,
which are already programmed into the system. Screenshots of the MPS on Infor AS can be
seen in appendix I. The accompanying job schedules for the peak and off-peak periods are in
table 12 and table 13, in Chapter 5. The planning rules, production lot sizes, MPS, and job
schedule were the results of this project. This solves the major problem and requirements
Clover has identified for the new bottling facility. These resulting components can be
integrated into the operations management of the facility from the 1% of September.

Table 16: Monthly MPS for peak production (September to February).

Peak monthly MPS for September — February

Line 1 Line 2 Line 3
Day SKU no. tg;z;e SKU no. tg;zge SKU no. hgézge
Week 1
2101648 3707 2102756 6977 2104592 3015
Monday 2102777 2625 2102759 5307
2104592 3015
2102778 1875 2102753 3788 2102759 5307
2101472 527 2102757 1870 2104592 3015
2101474 487 2102758 5000 2102759 5307
Tuesday 2101475 390
2101808 741
2101813 786
2101814 1112
2102841 2545
Wednesday 2102862 6385 2102756 6977 2104592 3015
2102887 7955 2102759 5307
Thursday 2102888 5274 2103170 4934
2102890 5689 2104345 2260
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Friday

2104345 2271
2104347 7447

2101648 3707 2102756 6977 2104592 3015
Monday 2102777 2625 2102759 5307
2104592 3015
2102778 1875 2102753 3788 2102759 5307
2104591 3792 2102757 1870 2104592 3015
Tuesday 2102933 417 2102758 5000 2102759 5307
102934 417
2102935 625
2104668 972 2102756 6977 2104592 3015
2104673 1042 2102759 5307
Wednesday 2104674 1024
2104676 635
2104691 1111
2105036 2150 2103170 4934
Thursday 2105132 834 2104345 2260
2105375 1469
Friday 2104345 2271
2104347 7447
Weeks
2101648 3707 2102756 6977 2104592 3015
Monday 2102777 2625 2102759 5307
2104592 3015
2102778 1875 2102753 3788 2102759 5307
Tuesday 2101569 417 2102757 1870 2104592 3015
2104481 3125 2102758 5000 2102759 5307
2104483 3044 2102756 6977 2104592 3015
Wednesday
2102193 2500 2102759 5307
Thursday 2102194 4385 2103170 4934
2102193 1469 2104345 2260
Friday 2104345 2271
2104347 7447

© University of Pretoria

2101648 3707 2102756 6977 2104592 3015
Monday 2102249 3333 2102759 5307
2104592 3015
2102777 2625 2102753 3788 2102759 5307
Tuesday
2102778 1875 2102757 1870 2104592 3015
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2102195 1667 2102758 5000 2102759 5307
2102196 3344 2102756 6977 2104592 3015
Wednesday
2102252 1776 2102759 5307
2102196 3344
Thursday
2102252 1776
2104345 2271
Friday
2104347 7447
Table 17: Monthly MPS for peak production (March to August).
Off-peak monthly MPS for March — August
Line 1 Line 2 Line 3
Day SKU no. '[‘C‘;tszge SKU no. EZ;ZSE SKU no. '[‘C‘;gZ'ée
Week 1
2101648 2497 2102756 5573 2104592 4455
2102777 1767
Monday 2102778 1010
2101472 365
2101474 304 2102753 3789 2102759 6831
2101808 561 2102757 1058
2101813 842 2102758 3524
Tuesday 2101814 560
2102841 2799
2102862 5051
2102891 3236
2101475 278 2102756 5573 2104592 4455
Wednesday 2102887 5616
2102888 4204
2102890 4444
Thursday 2103170 3138 2102759 6831
. 2104345 3152
Friday
2104347 4187
(week2 ]
2101648 2497 2102756 5573 2104592 4455
Monday 2102777 1767
2102778 1010
2104591 2157 2102753 3789 2102759 6831
2102933 421 2102757 1058
s 2102934 421 2102758 3524
2102935 417
2104668 562
2104673 830
2104674 440 2102756 5573 2104592 4455
2104676 417
Wednesday 2104691 981
2105036 1475
2105132 491
Thursday 2105375 1041 2103170 3138 2102759 6831
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. 2104345 3152
Friday
2104347 4187
|weeks ]
2101648 2497 2102756 5573 2104592 4455
Monday 2102777 1767
2102778 1010
2101569 421
2104481 2034 2102753 3789 2102759 6831
Tuesday 2104483 2789 2102757 1058
2102758 3524
Wednesday 2102193 2931 2102756 5573 2104592 4455
Thursday 2102194 2376 2103170 3138 2102759 6831
. 2104345 3152
Friday
2104347 4187
|weeks ]
2101648 2497 2102756 5573 2104592 4455
Monday 2102777 1767
2102778 1010
2102195 1192 2102753 3789 2102759 6831
Tuesday 2102249 2316 2102757 1058
2102758 3524
Wednesday 2102252 2585 2102756 5573 2104592 4455
2102196 2000
Thursday 2102196 3586 2103170 3138 2102759 6831
. 2104345 3152
Friday
2104347 4187

7.2. Recommendations

To effectively integrate the solutions obtained into the operations of the facility, all three
components: Planning rules, MPS and job schedule, need to be communicated to all involved
departments clearly. The MPS is flexible enough to allow for urgent maintenance of
equipment, should it be necessary in the middle of the week, however, there is ample time
after the completion of each week’s production runs to do any other procedure maintenance
over weekends.

It has been evident from the sensitivity analysis that the MPS can stay the same with only
production lot sizes that might change due to improved forecasting methods. The production
lot sizes should be used as a baseline optimal value. The production lot sizes can be changed
to accommodate demand growth or sudden changes in consumption patterns or if forecasting
accuracy improved and lot sizes changed due to reduced safety stock levels.

It is recommended that Clover looks into possible ways of improving forecasting accuracy
from the current accuracy level of 80% to a more accurate forecast. Improving forecasting
accuracy would lead to reduced levels of safety stock required, leading to big cost cutting
opportunities for the operation of the facility. If their safety stock levels can be reduced by
50% to their minimum allowable safety stock level, Clover could save up to R2.68 million
annually from inventory holding costs. This statement is proved through the inventory
holding cost sensitivity analysis in Chapter 6.
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7.3. Future work

There is a large amount of work that can be taken on, which is actually a necessity to building
on the development of the optimal MPS, in order to ensure that operations of the facility are
synchronised with the MPS.

The next step on the inbound logistics and operational side of the facility, will be to derive a
material requirements plan from the MPS. The material requirements plan is developed by
identifying each SKU’s required raw materials from the bill of materials; which in this case is
the recipe for the beverage and the packaging. This will indicate to the Procurement
Department what materials are required and when they should be available for production.
Raw material sourcing will then be done according to the schedule. Economic ordering lot
sizes for raw material need to be established at an optimum level for inventory control on the
raw material side of operations.

On the outbound logistics side, warehouse management and distribution methods and
processes should be established. These processes need to ensure a smooth flow of products
from the filling lines, through quarantine, into the warehouse and finally out of the warehouse
to distribution vehicles. These processes could include classifying products into categories of
fast-movers and slow movers. Allocating general storage areas within the warehouse for
different class movers would aid in warehouse management, the flow of products through the
warehouse and inventory control.

Utilisation of the equipment is low. This opens up the opportunity of possibly finding other
companies who would be interested in contracting with clover to produce beverages on their
behalf. These companies would then still have the responsibility of providing offsite-
warehousing facilities to keep inventory. Another opportunity is looking at using filling line
3 for bottling some of the products currently on line 2, in order to balance the workload. This
would possibly require some capital investment for adjusting the filler line, and the trade-offs
between the investment and cost of labour should be made to determine whether it would be
an economically viable and feasible project.

The optimisation of operations of any facility is a continuous process. The aim should not be
to optimise every individual aspect and then try to integrate them, no. The main objective
should be to be relentlessly invested into the optimisation of the operations of an entire
facility and all other logistic operations related to the facility as a holistic integrated
optimised system of operations.

“Everything should be made as simple as possible, but not simpler.” —Albert Einstein
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Appendix B: Changeover time matrices.
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Line 1: Changeover time matrix. (changeover time in minutes)

1 2 3 4 5 6 7 8

1 | Aquartz Sparkling Peach/Passion 12x1.5It 0 45 45 | 100 | 100 45 45 45
2 | Aquartz Sparkling Cran/Rasb 12x1.5It 45 0 45 | 100 | 100 45 45 | 100
3 | Aquartz Sparkling Lem/Lime 12x1.5It 45 45 0 | 100 | 100 45 45 45
4 | Aquartz Sparkling Mango 4x6x500ml| 100 | 100 | 100 0 | 100 | 100 | 100 | 100
5 | Aquartz Mineral Still 2x6x750ml 100 | 100 | 100 | 100 0 | 100 | 100 | 100
6 | Nestea Ice Tea Berry 6x1.5LT 45 45 45 | 100 | 100 0 45 45
7 | Nestea Ice Tea Peach 6x1.5LT 45 45 45 | 100 | 100 45 0 45
8 | Nestea Ice Tea Lemon 6x1.5LT 45 45 45 | 100 | 100 45 45 0
9 | Clover Manhattan Ice Tea Blackcurrant (6X4)X500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
10 | Clover Manhattan Ice Tea Pineapple (6X4)X500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
11 | Clover Manhattan Ice Tea Lemon Lite (6X4)X500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
12 | Clover Manhattan Ice Tea Peach (6X4)X500ml 100 | 100 | 100 | 45 | 100 | 100 | 100 | 100
13 | Clover Manhattan Ice Tea Peach Lite (6X4)X500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
14 | Clover Manhattan Ice Tea Lemon (6X4)X500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
15 | Nestle Pure Life Sparkling 4x6x500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
16 | Nestle Pure Life Sparkling 12x1.5It 45 45 45 | 100 | 100 45 45 45
17 | MAN G/TEA APR/LTE 6x1.5Lt 45 45 45 | 100 | 100 45 45 45
18 | MAN I/TEA PEACH LTE 6x1.5Lt 45 45 45 | 100 | 100 | 45 45 45
19 | MAN I/TEA PEACH 6x1.5Lt 45 45 45 | 100 | 100 45 45 45
20 | MAN I/TEA LEMON 6x1.5Lt 45 45 45 | 100 | 100 | 45 45 45
21 | MAN G/TEA RB/GF/ST 6x1.5Lt 45 45 45 | 100 | 100 | 45 45 45
22 | MAN G/TEA KI/PEA LTE 6x1.5Lt 45 45 45 | 100 | 100 45 45 45
23 | Nestea Ice Tea Peach 4x6x500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
24 | Nestea Ice Tea Berry 4x6x500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
25 | Nestea Ice Tea Lemon 4x6x500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
26 | Aquartz Sparkling Lemon/Lime 24X500 ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
27 | Aquartz Sparkling Litchi  24X500 ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
28 | Aquartz Sparkling Naartjie 24X500 ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
29 | Aquartz Sparkling Peach Passion 24X500 ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
30 | Aquartz Sparkling Cran/Raspberry 24X500 ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
31 | Aquartz Mineral Water Sparkling 4X6X500 ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
32 | Manhattan Ice Tea Green Tea Lite Kiwi Pear (6X4)X500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
33 | Manhattan White I/Tea Exotic Fruit 4x6x500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
34 | Clover Manhattan Ice Tea Crisp Apple/Mint (6X4)X500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
35 | Clover Manhattan Ice Tea Ruby Grapefruit/Sberry 6X4X500ml 100 | 100 | 100 45 | 100 | 100 | 100 | 100
36 | Aquartz Mineral Water Sparkling 12X1.5 It 45 45 45 | 100 | 100 45 45 45
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

1 1 1 1 1 1 1 45 45 45 45 45 45 45 1 1 1 1 1 1
100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100

0 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45
45 0 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45
45 45 0 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45
45 45 45 0 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45
45 45 45 45 0 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45
45 45 45 45 45 0 45 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45
45 45 45 45 45 45 0| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 0 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 0 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 0 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 0 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 0 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 0 45 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 0 | 100 | 100 | 100 | 100 | 100 | 100
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 0 45 45 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 0 45 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 0 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 0 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 0 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 0
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45
45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45 45 45 45 45 45 45 | 100 | 100 | 100 | 100 | 100 | 100
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29 30 31 32 33 34 35 36

1 1 1 1 1 1 1 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
45 45 45 45 45 45 45 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
100 | 100 | 100 | 100 | 100 | 100 | 100 45
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100
45 45 45 45 45 45 45 | 100

0 45 45 45 45 45 45 | 100
45 0 45 45 45 45 45 | 100
45 45 0 45 45 45 45 | 100
45 45 45 0 45 45 45 | 100
45 45 45 45 0 45 45 | 100
45 45 45 45 45 0 45 | 100
45 45 45 45 45 45 0 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 0
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Line 2: Changeover time matrix. (changeover time in hours)

Nestle Pure Life Still 4x6x330ml

Nestle Pure life Still 4x6x500ml

Nestle Pure Life Still 4x6x750ml

Nestle Pure life Still 12x1.5It

Nestle Pure Life Still 2x5It

Nestle Pure Life Still 2x12x500m|

Aquartz Mineral Water Still 12X1.5 It

O IN/OO NP WN |-

RlRrRPP|R[P|R|O|+

Aquartz Mineral Water Still 4X6X500 ml

RR|(R|RR[R|[O|R|N

RRRR|RIOFR|[FR|w

RR|RIR[OR|(R|R[>

RR|R|O(R|Rr|R|RL|u

RIR|[OR|R|[R|[R (R o

RIOIRIR|IR(R|(FR|[FL|

OlR|R|R|R|[R|FR|F]|00
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Appendix C: Demand forecast for each SKU as forecasted for the period
of June 2016 to July 2017

LINE
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

[

e e = = T S S S =

N N NN NN

w W

SKU no.
r
2101472
r
2101474
r
2101475
r
2101569
r
2101648
r
2101808
r
2101813
r
2101814
r
2102193
r
2102194
r
2102195
r
2102196
r
2102249
r
2102252
r
2102777
r
2102778
r
2102841
r
2102862
r
2102887
r
2102888
r
2102890
r
2102891
r
2102933
r
2102934
2102935
2104668
2104673
2104674
2104676
2104691
2105036
2105132
2105375
2104481
2104483
2104591

2102753
2102756
2102757
2102758
2103170
2104345
2104347

2104592
2102759

DESCRIPTION

Aquartz Sparkling Peach/Passion 12x1.5I

Aquartz Sparkling Cran/Rasb 12x1.5|

Aquartz Sparkling Lem/Lime 12x1.5I

Aquartz Sparkling Mango 4x6x500ml

Aquartz Mineral Still 2x6x750m|

Nestea Ice Tea Berry 6x1.5I

Nestea Ice Tea Peach 6x1.5I

Nestea Ice Tea Lemon 6x1.5I

Clover Manhattan Ice Tea Blackcurrent (6X4)X500ml
Clover Manhattan Ice Tea Pineapple (6X4)X500ml
Clover Manhattan Ice Tea Lemon Lite (6X4)X500ml
Clover Manhattan Ice Tea Peach (6X4)X500ml|
Clover Manhattan Ice Tea Peach Lite (6X4)X500ml
Clover Manhattan Ice Tea Lemon (6X4)X500ml
Nestle Pure Life Sparkling 4x6x500m|

Nestle Pure Life Sparkling 12x1.5I

MAN G/TEA APR/LTE 6x1.51

MAN I/TEA PEACH LTE 6x1.5I

MAN |/TEA PEACH 6x1.5!

MAN |/TEA LEMON 6x1.5I

MAN G/TEA RB/GF/ST 6x1.5|

MAN G/TEAKI/PEALTE 6x1.5I

Nestea Ice Tea Peach 4x6x500ml

Nestea Ice Tea Berry 4x6x500ml

Nestea Ice Tea Lemon 4x6x500ml

Aquartz Sparkling Lemon/Lime 24X500 ml
Aquartz Sparkling Litchi  24X500 ml

Aquartz Sparkling Naartjie 24X500 ml

Aquartz Sparkling Peach Passion 24X500 ml
Aquartz Sparkling Cran/Raspberry 24X500 ml|
Aquartz Mineral Water Sparkling 4X6X500 ml|

Manhattan Ice Tea Green Tea Lite Kiwi Pear (6X4)X500ml

Manhattan White |/Tea Exotic Fruit 4x6x500ml

Clover Manhattan Ice Tea Crisp Apple/Mint with Ginseng (6X4)X500ml

Clover Manhattan Ice Tea Ruby Grapefruit/Sberry with Ginko Biloba 6X4X500ml

Aquartz Mineral Water Sparkling 12X1.5 |

Nestle Pure Life Still 4x6x330ml

Nestle Pure life Still 4x6x500ml

Nestle Pure Life Still 4x6x750ml

Nestle Pure life Still 12x1.5I

Nestle Pure Life Still 2x12x500ml
AquartzMineral Water Still 12X1.5|
Aquartz Mineral Water Still 4X6X500 ml

Aquartz Mineral Water 4 x 51
Nestle Pure Life Still 2x5I
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Conversion factors

07/2016

litres/unit |Iitres/case|units/case

|Iitres |cases

units

1.5 18 12 3333 5000 278
1.5 18 12 3333 5000 278
1.5 18 12 3333 5000 278
0.5 12 24| 10000 5000 417
0.75 9 12| 113333 85000 9444
1.5 9 6 3333 5000 556
1.5 9 6 3333 5000 556
1.5 9 6 3333 5000 556
0.5 12 24| 70000 35000 2917
0.5 12 24| 70000 35000 2917
0.5 12 24| 20000 10000 833
0.5 12 24| 130000 65000 5417
0.5 12 24| 60000 30000 2500
0.5 12 24| 70000 35000 2917
0.5 12 24| 144000 72000 6000
1.5 18 12| 36000 54000 3000
1.5 9 6] 10000 15000 1667
1.5 9 6] 26667 40000 4444
1.5 9 6] 33333 50000 5556
1.5 9 6] 20000 30000 3333
1.5 9 6] 26667 40000 4444
1.5 9 6] 16667 25000 2778
0.5 12 24| 10000 5000 417
0.5 12 24| 10000 5000 417
0.5 12 24| 10000 5000 417
0.5 12 24| 10000 5000 417
0.5 12 24| 20000 10000 833
0.5 12 24| 10000 5000 417
0.5 12 24| 10000 5000 417
0.5 12 24| 30000 15000 1250
0.5 12 24| 40000 20000 1667
0.5 12 24| 10000 5000 417
0.5 12 24| 20000 10000 833
0.5 12 24| 50000 25000 2083
0.5 12 24| 60000 30000 2500
1.5 18 12| 30000 45000 2500
0.33 7.92 24| 363636 120000 15152
0.5 12 24| 960 000 480000 40000
0.75 18 24| 96000 72000 4000
1.5 18 12| 96000 144000 8000
0.5 12 24| 340000 170000 14167
1.5 18 12| 113333 170000 9444
0.5 12 24| 400000 200000 16667
5 20 4| 154000 770000 38500

5 10 2| 120000 600000 60000
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08/2016 09/2016 10/2016 11/2016 12/2016
units |Ihres |cases units |Inres |cases units |Ihres |cases units |Ihres |cases units |Ihres |cases
3333 5000 278 3333 5000 278 6667 10000 556 6667 10000 556 6667 10000 556
3333 5000 278 6667 10000 556 3333 5000 278 6667 10000 556 6667 10000 556
3333 5000 278 3333 5000 278 3333 5000 278 6667 10000 556 3333 5000 278
10000 5000 417 10000 5000 417 10000 5000 417 10000 5000 417 10000 5000 417
146667 110000 12222| 160000 120000 13333] 153333 115000 12778| 186667 140000 15556] 200000 150000 16667
3333 5000 556 3333 5000 556 3333 5000 556 3333 5000 556 6667 10000 1111
3333 5000 556 3333 5000 556 3333 5000 556 6667 10000 1111 3333 5000 556
3333 5000 556 3333 5000 556 3333 5000 556 10000 15000 1667 3333 5000 556
80000 40000 3333] 100000 50000 4167 90000 45000 3750| 100000 50000 4167 80000 40000 3333
80000 40000 3333] 110000 55000 4583] 100000 50000 4167 80000 40000 3333] 80000 40000 3333
40000 20000 1667| 40000 20000 1667| 40000 20000 1667| 40000 20000 1667] 30000 15000 1250
150000 75000 6250] 170000 85000 7083] 150000 75000 6250f 170000 85000 7083] 150000 75000 6250
70000 35000 2917 80000 40000 3333 80000 40000 3333 70000 35000 2917 70000 35000 2917
70000 35000 2917 90000 45000 3750 80000 40000 3333 80000 40000 3333 80000 40000 3333
216000 108000 9000| 216000 108000 9000| 288000 144000 12000f 216000 108000 9000| 216000 108000 9000
72000 108000 6000 72000 108000 6000f 108000 162000 9000f 72000 108000 6000] 108000 162000 9000
10000 15000 1667 16667 25000 2778 13333 20000 2222 16667 25000 2778 13333 20000 2222
33333 50000 5556 36667 55000 6111 36667 55000 6111 40000 60000 6667 40000 60000 6667
40000 60000 6667 43333 65000 7222 46667 70000 7778 50000 75000 8333 50000 75000 8333
26667 40000 4444 30000 45000 5000] 30000 45000 5000 33333 50000 5556] 33333 50000 5556
30000 45000 5000] 33333 50000 5556] 33333 50000 5556 36667 55000 6111] 30000 45000 5000
20000 30000 3333 20000 30000 3333 20000 30000 3333 23333 35000 3889 23333 35000 3889
10000 5000 417 10000 5000 417 10000 5000 417 10000 5000 417 10000 5000 417
10000 5000 417 10000 5000 417 10000 5000 417 10000 5000 417 10000 5000 417
10000 5000 417 10000 5000 417 20000 10000  833] 10000 5000 417| 10000 5000 417
20000 10000 833] 20000 10000 833] 20000 10000 833] 30000 15000 1250] 20000 10000 833
20000 10000 833 20000 10000 833 20000 10000 833 30000 15000 1250 30000 15000 1250
10000 5000 417 10000 5000 417 24000 12000 1000 24000 12000 1000 30000 15000 1250
10000 5000 417 20000 10000 833 10000 5000 417 20000 10000 833 10000 5000 417
20000 10000 833] 30000 15000 1250] 20000 10000  833|] 30000 15000 1250] 30000 15000 1250
40000 20000 1667| 40000 20000 1667 50000 25000 2083 60000 30000 2500 50000 25000 2083
20000 10000 833 10000 5000 417 20000 10000 833 30000 15000 1250 10000 5000 417
30000 15000 1250 40000 20000 1667 30000 15000 1250 40000 20000 1667 30000 15000 1250
60000 30000 2500 70000 35000 2917 80000 40000 3333 70000 35000 2917 60000 30000 2500
70000 35000 2917| 80000 40000 3333] 60000 30000 2500/ 80000 40000 3333] 70000 35000 2917
30000 45000 2500| 40000 60000 3333] 43333 65000 3611 50000 75000 4167] 46667 70000 3889
363636 120000 15152 363636 120000 15152) 363636 120000 15152] 363636 120000 15152 363636 120000 15152
1248000 624000 52000] 1248000 624000 52000f 1440000 720000 60000f 1152000 576000 48000] 1248000 624000 52000
144000 108000 6000] 144000 108000 6000f 192000 144000 8000f 192000 144000 8000] 144000 108000 6000
192000 288000 16000| 240000 360000 20000] 192000 288000 16000| 288000 432000 24000] 240000 360000 20000
430000 215000 17917| 400000 200000 16667] 460000 230000 19167] 580000 290000 24167] 360000 180000 15000
113333 170000 9444] 126667 190000 10556f 170000 255000 14167| 253333 380000 21111] 246667 370000 20556
400000 200000 16667| 500000 250000 20833] 750000 375000 31250 780000 390000 32500f] 720000 360000 30000
157000 785000 39250| 175000 875000 43750] 166000 830000 41500| 212000 1060000 53000] 211000 1055000 52750
144000 720000 72000f 150000 750000 75000] 174000 870000 87000| 174000 870000 87000] 174000 870000 87000
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01/2017 02/2017 03/2017 04/2017 05/2017
units |Inres |cases units |Ihres |cases units |Ihres |cases units |Ihres |cases units |Inres |cases
6667 10000 556 6667 10000 556 3333 5000 278 6667 10000 556 3333 5000 278
6667 10000 556] 3333 5000 278 6667 10000 556 3333 5000 278 3333 5000 278
6667 10000 556 3333 5000 278 3333 5000 278 3333 5000 278 3333 5000 278
10000 5000 417 10000 5000 417 10000 5000 417 10000 5000 417| 10000 5000 417
180000 135000 15000] 180000 135000 15000] 133333 100000 11111} 120000 90000 10000| 106667 80000 8889
3333 5000 556 6667 10000 1111 3333 5000 556 3333 5000 556 3333 5000 556
3333 5000 556 6667 10000 1111 6667 10000 1111 3333 5000 556 3333 5000 556
6667 10000 1111 13333 20000 2222 3333 5000 556 3333 5000 556 3333 5000 556
90000 45000 3750] 90000 45000 3750] 90000 45000 3750 70000 35000 2917] 60000 30000 2500
80000 40000 3333 80000 40000 3333 90000 45000 3750 80000 40000 3333] 60000 30000 2500
40000 20000 1667 40000 20000 1667 40000 20000 1667 30000 15000 1250] 30000 15000 1250
160000 80000 6667] 140000 70000 5833] 170000 85000 7083] 140000 70000 5833] 120000 60000 5000
60000 30000 2500] 80000 40000 3333 70000 35000 2917 60000 30000 2500] 60000 30000 2500
80000 40000 3333 80000 40000 3333 70000 35000 2917 70000 35000 2917] 60000 30000 2500
288000 144000 12000f 216000 108000 9000] 216000 108000 9000] 216000 108000 9000] 144000 72000 6000
72000 108000 6000 72000 108000 6000 72000 108000 6000 72000 108000 6000] 36000 54000 3000
13333 20000 2222 16667 25000 2778 20000 30000 3333 13333 20000 2222] 10000 15000 1667
33333 50000 5556 36667 55000 6111 40000 60000 6667 30000 45000 5000] 23333 35000 3889
43333 65000 7222 43333 65000 7222 46667 70000 7778 33333 50000 5556] 26667 40000 4444
26667 40000 4444 30000 45000 5000 33333 50000 5556 26667 40000 4444] 16667 25000 2778
30000 45000 5000 33333 50000 5556 33333 50000 5556 26667 40000 4444] 26667 40000 4444
23333 35000 3889 23333 35000 3889 20000 30000 3333 20000 30000 3333] 13333 20000 2222
10000 5000 417 10000 5000 417 10000 5000 417 10000 5000  417| 10000 5000 417
10000 5000 417 10000 5000 417 10000 5000 417 10000 5000  417| 10000 5000 417
10000 5000 417 20000 10000 833 10000 5000 417 10000 5000  417| 10000 5000 417
20000 10000 833 20000 10000 833 20000 10000 833 10000 5000 417] 20000 10000 833
20000 10000 833 20000 10000 833 30000 15000 1250 20000 10000 833] 10000 5000 417
30000 15000 1250 20000 10000 833 20000 10000 833 10000 5000 417| 10000 5000 417
10000 5000 417 20000 10000 833 10000 5000 417 10000 5000 417| 10000 5000 417
20000 10000 833 30000 15000 1250 20000 10000 833 20000 10000 833] 30000 15000 1250
50000 25000 2083 50000 25000 2083 40000 20000 1667 40000 20000 1667] 30000 15000 1250
20000 10000 833 20000 10000 833 20000 10000 833 10000 5000 417| 10000 5000 417
40000 20000 1667 30000 15000 1250 30000 15000 1250 30000 15000 1250] 20000 10000 833
80000 40000 3333 60000 30000 2500 70000 35000 2917 50000 25000 2083] 50000 25000 2083
80000 40000 3333 70000 35000 2917 70000 35000 2917 70000 35000 2917] 50000 25000 2083
30000 45000 2500] 40000 60000 3333 46667 70000 3889 30000 45000 2500] 20000 30000 1667
363636 120000 15152] 363636 120000 15152] 363636 120000 15152] 363636 120000 15152] 272727 90000 11364
1344000 672000 56000] 1344000 672000 56000] 1248000 624000 52000| 1152000 576000 48000] 960000 480000 40000
192000 144000 8000] 144000 108000 6000] 144000 108000 6000f 96000 72000 4000] 96000 72000 4000
240000 360000 20000f 240000 360000 20000] 192000 288000 16000] 192000 288000 16000] 144000 216000 12000
370000 185000 15417] 390000 195000 16250] 440000 220000 18333] 360000 180000 15000} 290000 145000 12083
236667 355000 19722] 240000 360000 20000] 173333 260000 14444] 146667 220000 12222113333 170000 9444
730000 365000 30417] 500000 250000 20833] 600000 300000 25000] 470000 235000 19583430000 215000 17917
191000 955000 47750] 193000 965000 48250] 155000 775000 38750] 139000 695000 34750] 126000 630000 31500
162000 810000 81000] 156000 780000 78000] 126000 630000 63000 114000 570000 57000] 90000 450000 45000
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06/2017 07/2017 08/2017 09/2017

units ||Hres |cases units |Inres |cases units hnres |cases units hhres |cases
3333 5000 278 3400 5100 283 3400 5100 283 3400 5100 283
3333 5000 278 3400 5100 283 3400 5100 283 6800 10200 567
3333 5000 278 3400 5100 283 3400 5100 283 3400 5100 283
10000 5000 417 10200 5100 425 10200 5100 425 10200 5100 425
100000 75000 8333] 115600 86700 9633 149600 112200 12467 163200 122400 13600
3333 5000 556 3400 5100 567 3400 5100 567 3400 5100 567
3333 5000 556 3400 5100 567 3400 5100 567 3400 5100 567
3333 5000 556 3400 5100 567 3400 5100 567 3400 5100 567
70000 35000 2917 71400 35700 2975 81600 40800 3400 102000 51000 4250
60000 30000 2500 71400 35700 2975 81600 40800 3400 112200 56100 4675
20000 10000 833 20400 10200 850 40800 20400 1700 40800 20400 1700
110000 55000 4583 132600 66300 5525 153000 76500 6375 173400 86700 7225
50000 25000 2083 61200 30600 2550 71400 35700 2975 81600 40800 3400
50000 25000 2083 71400 35700 2975 71400 35700 2975 91800 45900 3825
144000 72000 6000] 146880 73440 6120 220320 110160 9180 220320 110160 9180
36000 54000 3000 36720 55080 3060 73440 110160 6120 73440 110160 6120
10000 15000 1667 10200 15300 1700 10200 15300 1700 17000 25500 2833
23333 35000 3889 27200 40800 4533 34000 51000 5667 37400 56100 6233
30000 45000 5000 34000 51000 5667 40800 61200 6800 44200 66300 7367
20000 30000 3333 20400 30600 3400 27200 40800 4533 30600 45900 5100
23333 35000 3889 27200 40800 4533 30600 45900 5100 34000 51000 5667
13333 20000 2222 17000 25500 2833 20400 30600 3400 20400 30600 3400
10000 5000 417 10200 5100 425 10200 5100 425 10200 5100 425
10000 5000 417 10200 5100 425 10200 5100 425 10200 5100 425
10000 5000 417 10200 5100 425 10200 5100 425 10200 5100 425
10000 5000 417 10200 5100 425 20400 10200 850 20400 10200 850
20000 10000 833 20400 10200 850 20400 10200 850 20400 10200 850
10000 5000 417 10200 5100 425 10200 5100 425 10200 5100 425
10000 5000 417 10200 5100 425 10200 5100 425 20400 10200 850
20000 10000 833 30600 15300 1275 20400 10200 850 30600 15300 1275
30000 15000 1250 40800 20400 1700 40800 20400 1700 40800 20400 1700
10000 5000 417 10200 5100 425 20400 10200 850 10200 5100 425
20000 10000 833 20400 10200 850 30600 15300 1275 40800 20400 1700
40000 20000 1667 51000 25500 2125 61200 30600 2550 71400 35700 2975
50000 25000 2083 61200 30600 2550 71400 35700 2975 81600 40800 3400
20000 30000 1667 30600 45900 2550 30600 45900 2550 40800 61200 3400
272727 90000 11364| 370909 122400 15455 370909 122400 15455 370909 122400 15455
864000 432000 36000f] 979200 489600 40800] 1272960 636480 53040] 1272960 636480 53040
96000 72000 4000 97920 73440 4080 146880 110160 6120 146880 110160 6120
144000 216000 12000 97920 146880 8160 195840 293760 16320 244800 367200 20400
210000 105000 8750| 346800 173400 14450 438600 219300 18275 408000 204000 17000
113333 170000 9444] 115600 173400 9633 115600 173400 9633 129200 193800 10767
400000 200000 16667] 408000 204000 17000 408000 204000 17000 510000 255000 21250
126000 630000 31500] 157080 785400 39270 160140 800700 40035 178500 892500 44625
84000 420000 42000] 122400 612000 61200 146880 734400 73440 153000 765000 76500
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Appendix D: Lingo formulation of model group A- Continuous production.

Model:
Title:

SETS:

DATA:

SKU Production Lot-sizing continuous line 1;

PRODUCT/1..36/:
MONTH/1..12/:

F,H4,T,C,X,2,G,K;
B,V,P,L,E;

FORECAST (PRODUCT, MONTH) :Demand, Inventory, Q;
ENDSETS

Demand =

8889

278

278

278

417

8333

556

556

556

2500

2500

1250

5000

2500

2500

6000

3000

1667

3889

4444

2778

4444

2222

417

417

417

278

278

278

417

9444

556

556

556

2917
2917
2917
2500
833

833

5417
4583
2500
2083
2917
2083
6000
6000
3000
3000
1667
1667
4444
3889
5556
5000
3333
3333
4444
3889
27178
2222
417

417

417

278

278

278

417

12222

556

556

556

3333

3333

1667

6250

2917

2917

9000

6000

1667

5556

6667

4444

5000

3333

417

417

417

278

556

278

417

1333

556

556

556

4167

4583

1667

7083

3333

3750

9000

6000

2778

6111

7222

5000

5556

3333

417

417

417

556

278

278

417

3 12778

556

556

556

3750

4167

1667

6250

3333

3333

12000

9000

2222

6111

7778

5000

5556

3333

417

417

833
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556
556
556
417
15556
556
1111
1667
4167
3333
1667
7083
2917
3333
9000
6000
2778
6667
8333
5556
6111
3889
417
417

417

71

556

556

278

417

16667

1111

556

556

3333

3333

1250

6250

2917

3333

9000

9000

2222

6667

8333

5556

5000

3889

417

417

417

556

556

556

417

15000

556

556

1111

3750

3333

1667

6667

2500

3333

12000

6000

2222

5556

7222

4444

5000

3889

417

417

417

556

278

278

417

15000

1111

1111

2222

3750

3333

1667

5833

3333

3333

9000

6000

2778

6111

71222

5000

5556

3889

417

417

833

278

556

278

417

11111

556

1111

556

3750

3750

1667

7083

2917

2917

9000

6000

3333

6667

7778

5556

5556

3333

417

417

417

556

278

278

417

10000

556

556

556

2917

3333

1250

5833

2500

2917

9000

6000

2222

5000

5556

4444

4444

3333

417

417

417

278

278

278

417

556

556

556

417

417

417
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417 833 833 833 1250 833 833 833 833 417 833

417

833 833 833 833 1250 1250 833 833 1250 833 417
833

417 417 417 1000 1000 1250 1250 833 833 417 417
417

417 417 833 417 833 417 417 833 417 417 417
417

1250 833 1250 833 1250 1250 833 1250 833 833
1250 833

1667 1667 1667 2083 2500 2083 2083 2083 1667 1667
1250 1250

417 833 417 833 1250 417 833 833 833 417 417
417

833 1250 1667 1250 1667 1250 1667 1250 1250 1250 833
833

2083 2500 2917 3333 2917 2500 3333 2500 2917 2083
2083 1667

2500 2917 3333 2500 3333 2917 3333 2917 2917 2917
2083 2083

2500 2500 3333 3611 4167 3889 2500 3333 3889 2500
1667 1667;

F = 1111411111111 1441111111111111111111
1;

T = 0.001875 0.001875 0.001875 0.003 0.001666667 0.0009375
0.0009375 0.0009375 0.003 0.003 0.003 0.003 0.003 0.003 0.003
0.001875 0.0009375 0.0009375 0.0009375 0.0009375 0.000938
0.000938 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.001875;

CcC = 50 50 50 72 90 100 100 100 60 60 60 60
60 60 84 48 100 100 100 100 100 100 60 60
60 72 72 72 72 72 72 60 60 60 60 50;

G = 18 18 18 12 9 9 9 9 12 12 12 12
12 12 12 18 9 9 9 9 9 9 12 12
12 12 12 12 12 12 12 12 12 12 12 18;

K = 0 .75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
0.75 0.75 0.75 1.667 0.75 0.75 0.75 0.75 0.75 0.75 0.75
0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
0.75 0.75 1.667;

H = 3.79 3.85 3.85 2.65 1.94 1.88 1.90 1.89 3.17 3.13 3.12 3.17 3.16 3.16
2.18 3.37 1.91 1.92 1.91 1.91 1.91 1.91 3.18 3.17 3.12 2.34 2.62 2.62
2.33 2.34 2.44 3.14 3.14 3.12 3.14 3.32

ENDDATA

!OBJECTIVE FUNCTION;

[OBJECTIVE] min = (@sum (PRODUCT (I): Inventory(i,1l2)*H(1i))
+@sum (Month (J) :P(3) *461.11);

!SUBJECT TO;

@FOR (FORECAST (i,3J) : F(i)*X(1i) = Z(1));
@FOR (FORECAST (i,3J) : X(i) *G(i) >= 5000);

!Inventory constraint for month one where the assumption of satisfied
initial inventory is made;

@FOR (FORECAST (i, 3) | J#LE#1: ((2/4.2)*Demand(i,J))+Z(i)-Demand (i, )
Inventory (i, J));
@FOR (FORECAST (i,J) | J#GE#2: Inventory(i,j-1)+ Z (i) >= Demand(i,]j));
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@FOR (FORECAST (i, J) | J#GE#2: Inventory(i,j-1) + Z(i) - Demand(i,j) =
Inventory(i,j)):;

@FOR (FORECAST (i,J) | J#LE#11: Inventory(i,]
@FOR (FORECAST (i, J): Inventory(i,j)*(1/C(1
@FOR (MONTH (j) : @sum (PRODUCT (1) : Q(i,3)) =

)>= (2/4.2)*Demand (i, j+1)
)) = Q(i,3));

L(3)):

!Tf-then model construct for excess inventory;

@FOR (MONTH (j) :@BIN(V(J))) s

@FOR (MONTH (3) : L(j) - 5000 <= 5000*V (7))

@FOR (MONTH (§) : E(J) + L(j) - 5000 <= 5000* (1-V(j)));

!Constraints determining production time;

@FOR (MONTH (j) : @sum (PRODUCT (1) : T (i) *Z (1) ) +@sum (PRODUCT (i) :F (i) *K (1))
@FOR (MONTH () : (B(j) + (1/15)*B(j) + 8 )= P(J));
@For (PRODUCT (i) :@GIN(X (i)));
END
73
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Appendix E: Lingo formulation of model group B — Peak production.

Model:
Title: SKU Production Lot-sizing Peak line 1;

SETS:
PRODUCT/1..36/: F,H,T,C,G,K,Z,X;
MONTH/1..7/: B,V,P,L,E;
FORECAST (PRODUCT, MONTH) : Demand, Inventory, Q;

ENDSETS

DATA:

Demand = 278 556 556 556 556 556 278
556 278 556 556 556 278 556
278 278 556 278 556 278 278
417 417 417 417 417 417 417
13333 12778 15556 16667 15000 15000 11111
556 556 556 1111 556 1111 556
556 556 1111 556 556 1111 1111
556 556 1667 556 1111 2222 556
4167 3750 4167 3333 3750 3750 3750
4583 4167 3333 3333 3333 3333 3750
1667 1667 1667 1250 1667 1667 1667
7083 6250 7083 6250 6667 5833 7083
3333 3333 2917 2917 2500 3333 2917
3750 3333 3333 3333 3333 3333 2917
9000 12000 9000 9000 12000 9000 9000
6000 9000 6000 9000 6000 6000 6000
2778 2222 2778 2222 2222 2778 3333
6111 6111 6667 6667 5556 6111 6667
7222 7778 8333 8333 7222 7222 7778
5000 5000 5556 5556 4444 5000 5556
5556 5556 6111 5000 5000 5556 5556
3333 3333 3889 3889 3889 3889 3333
417 417 417 417 417 417 417
417 417 417 417 417 417 417
417 833 417 417 417 833 417
833 833 1250 833 833 833 833
833 833 1250 1250 833 833 1250
417 1000 1000 1250 1250 833 833
833 417 833 417 417 833 417
1250 833 1250 1250 833 1250 833
1667 2083 2500 2083 2083 2083 1667
417 833 1250 417 833 833 833
1667 1250 1667 1250 1667 1250 1250
2917 3333 2917 2500 3333 2500 2917
3333 2500 3333 2917 3333 2917 2917
3333 3611 4167 3889 2500 3333 3889;

F = 1111411111111 1441111111111111111111
1;

T = 0.001875 0.001875 0.001875 0.003 0.001666667 0.0009375
0.0009375 0.0009375 0.003 0.003 0.003 0.003 0.003 0.003 0.003
0.001875 0.0009375 0.0009375 0.0009375 0.0009375 0.000938
0.000938 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
0.003 0.003 0.003 0.003 0.001875;

Cc = 50 50 50 72 90 100 100 100 60 60 60 60
60 60 84 48 100 100 100 100 100 100 60 60
60 72 72 72 72 72 72 60 60 60 60 50;

G = 18 18 18 12 9 9 9 9 12 12 12 12
12 12 12 18 9 9 9 9 9 9 12 12
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.75
.66
.75

3

wZy
12
0.75

7 0.75
0.75

12 12 12 12

K = 0 0.75 0.75 0
0.75 0.75 0.75 1
0.75 0.75 0.75 0
0.75 0.75 1.667;

H = 3.79 3.85 3.85 2.65
2.18 3.37 1.91 1.92
2.33 2.34 2.44 3.14

ENDDATA

OBJECTIVE FUNCTION;
[OBJECTIVE] min =
@sum (Month () : P (

! SUBJECT TO;

@FOR (PRODUCT (1) :
@FOR (PRODUCT (i) :

F(i)*X (1)
X (1) *G(i

@sum (PRODUCT (I) :
j)*461.11);

1.94 1.88
1.91 1.91
3.14 3.12

= Z(1));

12

= (@} (@)

w

) >= 5000);

UNIVERSITEIT VAN
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

.75
.75
.75

.90

.91
.14

Inventory (i, 6) *H(

PRETORIA

12 12 12 12

0.75 0.75 0.75 0.75
0.75 0.75 0.75 0.75
0.75 0.75 0.75 0.75

1.89 3.17 3.13 3.12 3.17
1.91 3.18 3.17 3.12 2.34
3.32

i)) +

12

o

N W

.75
.75
.75

.16
.62

!Inventory constraint for month one where the assumption of satisfied

initial inventory is made;

Q@FOR (FORECAST (i,
Inventory (i, j));
@FOR (FORECAST (1,73) :

j) | J#LE#1:

(2/4.2)*Demand (1

Inventory(i,1l)>=

(2/

@FOR (FORECAST (i
@FOR (FORECAST (i
@FOR (FORECAST (i

@FOR (FORECAST (i
@FOR (FORECAST (i
@FOR (FORECAST (i

@FOR (FORECAST (i
@FOR (FORECAST (i
@FOR (FORECAST (i

@FOR (FORECAST (i
@FOR (FORECAST (i
@FOR (FORECAST (i

@FOR (FORECAST (i
@FOR (FORECAST (i
@FOR (FORECAST (i

@FOR (FORECAST (i
@QFOR (MONTH () :

,J)
,J):
,J):

,J)
,J)
,J):

,J)
,J)
,J)

,J) e
,J)
,J)

,J) e
,J):
Ij):

i,3):

@sum (PRODUCT (1) :

Inventory (i,
Inventory (i,
Inventory (i,

2)+ 2
2) +
3)>=

Inventory (i
Inventory (i,
Inventory (i,

,3)+
P 3) +
,4)>=

Inventory (i
Inventory (i
Inventory (i

Inventory(i,4)+
Inventory(i,4) +
Inventory (i, 5)>=

;9)+
5) +
6)>=

Inventory (i
Inventory (i,
Inventory (i,

Inventory (i
Q(l,j

(
2/
(i
Z(
(2/
7 (1)
7 (1
(2/

7 (1)
7 (1
(2/

7 (1)
7 (1
(2/

(1/C(

)) =

-Demand (1

+J)+Z (1)

4.2)*Demand (1i,2) )
>= Demand (i, 2));
) - Demand(i,2) =
4.2)*Demand (i,3) );
>= Demand (i, 3));
) — Demand (i, 3)
4.2)*Demand (i, 4)

I~

);

>= Demand (i, 4))
) — Demand (i, 4)
4.2)*Demand (i, 5)

H ~e

)7

>= Demand (i, 5))
) — Demand (i, 5)
4.2)*Demand (i, 6)

H ~e

)7

>= Demand (i, 6))
) — Demand (i, 6)
4.2)*Demand (i, 7)

” ~e

) ;

i))
L(J

!Tf-then model construct for excess inventory;

@FOR (MONTH (3) :
Q@FOR (MONTH (3) :

L(3)

- 5000 <= 5000*V(
(=1)*E(J)

+ L(J)

3))
- 5000 <= 5000~* (1-V

(3))) s

!Constraints determining production time;

@FOR (MONTH (j) : @sum (PRODUCT (1 ) T(i)*Z
@FOR (MONTH (3) : (B(3) + (1/15)*B(j) +
@For (product (1) :@GIN(X(1)));

END

(1)

) +@sum (PRODUCT (1)

8 )= P(J));

75
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rj) =

(F (1) *K(1))

18;

Inventory (i, 2));

Inventory (i, 3));

Inventory (i, 4));

Inventory (i, 5));

Inventory (i, 6));
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Appendix F: Lingo formulation of model group C, Off-peak production.

Model:
Title: SKU Production Lot-sizing Offpeak line 1;

SETS:
PRODUCT/1..36/: F,H,T,C,G,K,Z,X;
MONTH/1..7/: B,V,P,L,E;
FORECAST (PRODUCT, MONTH) : Demand, Inventory,Q,0;
ENDSETS
DATA:
Demand = 278 556 278 278 283 283 283
556 278 278 278 283 283 567
278 278 278 278 283 283 283
417 417 417 417 425 425 425
11111 10000 8889 8333 9633 12467 13600
556 556 556 556 567 567 567
1111 556 556 556 567 567 567
556 556 556 556 567 567 567
3750 2917 2500 2917 2957 3400 4250
3750 3333 2500 2500 2957 3400 4675
1667 1250 1250 833 850 1700 1700
7083 5833 5000 4583 5525 6375 7225
2917 2500 2500 2083 2550 2975 3400
2917 2917 2500 2083 2975 2975 3825
9000 9000 6000 6000 6120 9180 9180
6000 6000 3000 3000 3060 6120 6120
3333 2222 1le67 1lee7 1700 1700 2833
6667 5000 3889 3889 4533 5667 6233
7778 5556 4444 5000 5667 6800 7367
5556 4444 2778 3333 3400 4533 5100
5556 4444 4444 3889 4533 5100 5667
3333 3333 2222 2222 2833 3400 3400
417 417 417 417 425 425 425
417 417 417 417 425 425 425
417 417 417 417 425 425 425
833 417 833 417 425 850 850
1250 833 417 833 850 850 850
833 417 417 417 425 425 425
417 417 417 417 425 425 850
833 833 1250 833 1275 850 1275
1667 1667 1250 1250 1700 1700 1700
833 417 417 417 425 850 425
1250 1250 833 833 850 1275 1700
2917 2083 2083 1667 2125 2550 2975
2917 2917 2083 2083 2550 2975 3400
3889 2500 1667 1667 2550 2550 3400;
!Beginning inventory;
0 = 236.381 0 0 0 0 0 O

406.76 0 0 0 0 0 O
248.3 0 0 0 0 00

198.57 0 0 0 0 0 O
6983 0 0 0 0 0 O
264.76 0 0 0 0 0O
534.76 0 0 0 0 0 O
268.76 0 0 0 0 0 O
2881.286 0 0 0 0 0 O
6410.381 0 0 0 0 0 O
1210.81 0 0 0 0 0 O
4328.857 0 0 0 0 0 O
3252.143 0 0 0 0 0 O
2682.714 0 0 0 0 0 O

7285.71 0 0 0 0 0 0
76
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F = 1
1
T = 0
0
0
0
0
Cc = 50
60
60
G = 18
12
12
K = 0
0
0
0
H = 3
2
2
ENDDATA

5857.
1592.

3997

5059.

1
8
0
0

43
57

0
48

ol oNeNe)
ol oNeNe)
ol oNeNe)
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ol oNeNe)
o O
o O

00

3468.95 0 0 0 0 0 O
4000.714 0 0 0 0 0 O
1685.14 0 0 0 0 0 O

198.
198.
614.
813.
81l6.
592.
456.
595

57
57
57
67
67
57
67

14
14
0

O O O o

.238 0
1194.81 O

0
0

OO OO O oo

619.57 0 0 0 0 0 O
856.8 0 0 0 0 0O

2639
1518
3506

0000
0000
0000

O O O

0
0
0

’

111411111111 144111111111111111111

!OBJECTIVE FUNCTION;

[OBJECTIVE]

min

@sum (Month (J) : P (

! SUBJECT TO;

@FOR (PRODUCT (1) :
@FOR (PRODUCT (1) :

@sum (PRODUCT (I) :

J)*461.11)

F(
X (1)

1) *X (1)

*G (1

’

= Z(i));
) >= 5000);

1;
.001875 0.001875 0.001875
.0009375 0.0009375 0.003 0.003
.001875 0.0009375 0.0009375
.000938 0.003 0.003 0.003 0.003
.003 0.003 0.003 0.003 0.001875;
50 50 72 90 100
60 84 48 100 100
72 72 72 72 72
18 18 12 9 9
12 12 18 9 9
12 12 12 12 12
0.75 0.75 0.75 0.75 0.75
.75 0.75 0.75 1.667 0.75 0.75
.75 0.75 0.75 0.75 0.75 0.75
.75 0.75 1.667;
.79 3.85 3.85 2.65 1.94 1.88 1.90
.18 3.37 1.91 1.92 1.91 1.91 1.91
.33 2.34 2.44 3.14 3.14 3.12 3.14

0

0

0.0009375

0

100 100
100 100
72 60

9 9

9 9

12 12
0.75 0.75
0.75 0.75
0.75 0.75
1.89 3.17 3.
1.91 3.18 3.
3.32

Inventory (i, 6) *H(

0.0009375

60
10
60

12
9

12
0.
0.
0.

13
17

i))

.003 0.001666667 0.0009375
.003 0.003 0.003 0.003 0.003

0.000938

60 60
0 100 60

60 60

12 12

9 12

12 12
75 0.75 0.
75 0.75 0.
75 0.75 0.
3.12 3.17 3
3.12 2.34 2
+

.003 0.003 0.003 0.003 0.003

!Tnventory constraint for month one where the assumption of satisfied
initial inventory is made;

@FOR (FORECAST (i
@FOR (FORECAST (i
@FOR (FORECAST (i
@FOR (FORECAST (i

JHLE#1:

Invent
Invent
Invent

Demand(i,j)
>= Demand (i,
- Demand (i,
2) *Demand (1

O(i,3)+7Z (1)
ory(i,1)+ Z(4i
ory(i,1) + Z(
ory(i,1)>= (2/

77

)
4.
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2)
1 2)

= Inventory (i
2));
= Inventory(i,2));

);

;1))

60
60
50;
12
12
18;

75

75

75

.16 3.16

.62 2.62



@FOR (FORECAST (i
@FOR (FORECAST (1
@FOR (FORECAST (1

@FOR (FORECAST (i,
@FOR (FORECAST (1
@FOR (FORECAST (1

@FOR (FORECAST (i,
@FOR (FORECAST (i,
@FOR (FORECAST (1

@FOR (FORECAST (1
@FOR (FORECAST (i,
@FOR (FORECAST (i,

@FOR (FORECAST (1
@FOR (FORECAST (1
@FOR (MONTH (3) :

,J)
,J)
,J)

,J)
j):
j):
,J)

i,3):
@sum (PRODUCT (1) :

j):
,J)
,J)

j):
j):
,J)
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Inventory (i,
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) >= Demand (i, 3));
) — Demand(i,3) =
/4.2)*Demand (i, 3)

Z (1
7 (1 Inventory (i, 3));
(2 )
) >= Demand (i, 4));
) - Demand (i, 4)

/4.2)*Demand (i, 4)

I~

Z (1
7 (1 Inventory (i, 4));
(2 )
) >= Demand(i,5));
) - Demand (i, 5)
4.2)*Demand (i, 5)

I~

Z (1
7 (i Inventory (i, 5));
(2/ ) ;
) >= Demand (i, 6));
i) - Demand (i, 6)
/4.2)*Demand (1, 6)

I~

Inventory (i, 6));

);

) *Demand (i, 7) )

Q(i,3))7

!Tf-then model construct for excess inventory;

@FOR (MONTH () :
@FOR (MONTH (j) :

L(3)
(-1)*E(3)

- 5000 <= 5000*V(3));
- 5000 <= 5000*(1-V(3J)));

+ L(J

)

!Constraints determining production time;

@FOR (MONTH () :
@FOR (MONTH () :

@For (product (i)
END

T@GIN(X (1

@sum (PRODUCT (1) :
(B(3)

+ (1/15)*

))) i

T (1

B (J

)
)

*
+

Z

i) )+@sum (PRODUCT (i)
)= P(3));

( (F (1) *K (1))
8
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PEAK INFOR PRODUCTION REPORT

[S70 [min] [Product description [Daily duration [Weekly duration

Start date & time [End date & time [Duration [hh:mm][Lot size [cases]
‘Weekl

Line 1

04/07/2016 07:30:00 04/07/2016 1o} 06:10 3707
04/07/2016 14:40:00 04/07/2016 1o} 07:54 2625
05/07/2016 06:30:00 05/07/2016 1o} 03:31 1875
05/07/2016 10:50:00 05/07/2016 lo} 00:59 527
05/07/2016 12:34:00 05/07/2016 1o} 00:54 487
05/07/2016 14:13:00 05/07/2016 1o} 00:43 390
05/07/2016 15:41:00 05/07/2016 1o} 00:41 741
05/07/2016 17:07:00 05/07/2016 1o} 00:44 786
05/07/2016 18:36:00 05/07/2016 1o} 01:02 1112
05/07/2016 20:23:00 05/07/2016 1o} 02:23 2545
06/07/2016 06:31:00 06/07/2016 1o} 05:59 6385
06/07/2016 13:15:00 06/07/2016 1o} 07:27 7955
07/07/2016 06:30:00 07/07/2016 1o} 05:20 5689
07/07/2016 12:35:00 07/07/2016 1o} 04:56 5274
07/07/2016 18:16:00 07/07/2016 0 03:29 3720
Line 2

04/07/2016 07:30:00 05/07/2016 04:30:00 21:00 6977
05/07/2016 06:30:00 05/07/2016 13:3 lo} 07:06 3788
05/07/2016 14:36:00 05/07/2016 18:20:00 03:44 1870
05/07/2016 19:20:00 06/07/2016 04:4. lo} 09:22 5000
06/07/2016 06:30:00 07/07/2016 03:30:00 21:00 6977
07/07/2016 06:30:00 07/07/2016 21:2 lo} 14:51 4934
07/07/2016 22:21:00 08/07/2016 02:26:00 04:05 2260
08/07/2016 06:30:00 08/07/2016 10:3 lo} 04:06 2271
08/07/2016 11:36:00 09/07/2016 02:29:00 14:53 7447
Line 3

04/07/2016 07:30:00 04/07/2016 12:31:00 3015
04/07/2016 13:16:00 04/07/2016 17:4 lo} 5307
04/07/2016 18:26:00 04/07/2016 23:27:00 3015
05/07/2016 06:26:00 05/07/2016 10:5 lo} 5307
05/07/2016 11:36:00 05/07/2016 16:37:00 3015
05/07/2016 17:22:00 05/07/2016 21:4 0 5307
06/07/2016 06:30:00 06/07/2016 11:31:00 3015
06/07/2016 12:16:00 06/07/2016 16:4 0 5307
Line 1

11/07/2016 07:30:00 11/07/2016 13:40:00 06:10 3707
11/07/2016 14:40:00 11/07/2016 22:3- 0 07:54 2625
12/07/2016 06:30:00 12/07/2016 10:01:00 03:31 1875
12/07/2016 10:46:00 12/07/2016 15:1 0 04:33 3792
12/07/2016 16:19:00 12/07/2016 17:34:00 01:15 417
12/07/2016 18:19:00 12/07/2016 19:3- 0 01:15 417
12/07/2016 20:19:00 12/07/2016 22:11:00 01:52 625
13/07/2016 06:30:00 13/07/2016 09:2! 0 02:55 972
13/07/2016 10:10:00 13/07/2016 13:18:00 03:08 1042
13/07/2016 14:03:00 13/07/2016 17:0: 0 03:05 1024
13/07/2016 17:53:00 13/07/2016 19:47:00 01:54 635
13/07/2016 20:32:00 13/07/2016 23:5: 0 03:20 1111
14/07/2016 06:30:00 14/07/2016 12:58:00 06:28 2150
14/07/2016 13:43:00 14/07/2016 16:1: 0 02:30 834
14/07/2016 16:58:00 14/07/2016 21:23:00 04:25 1469
Line 2

11/07/2016 07:30:00 12/07/2016 04:30:00 21:00 6977
12/07/2016 06:30:00 12/07/2016 13:36:00 07:06 3788
12/07/2016 14:36:00 12/07/2016 18:21 0 03:44 1870
12/07/2016 19:20:00 13/07/2016 04:42:00 09:22 5000
13/07/2016 06:30:00 14/07/2016 O3:3 [o} 21:00 6977
14/07/2016 06:30:00 14/07/2016 21:21:00 14:51 4934
14/07/2016 22:21:00 15/07/2016 02:2 0 04:05 2260
15/07/2016 06:30:00 15/07/2016 10:36:00 04:06 2271
15/07/2016 11:36:00 16/07/2016 02:29:00 14:53 7447
Line 3

11/07/2016 07:30:00 11/07/2016 12:31:00 05:01 3015
11/07/2016 13:16:00 11/07/2016 17:41:00 04:25 5307
11/07/2016 18:26:00 11/07/2016 23:27:00 05:01 3015
12/07/2016 17:26:00 12/07/2016 21:51:00 04:25 5307
12/07/2016 11:40:00 12/07/2016 16:41:00 05:01 3015
12/07/2016 06:30:00 12/07/2016 10:55:00 04:25 5307
13/07/2016 06:30:00 13/07/2016 11:31:00 05:01 3015
13/07/2016 12:16:00 13/07/2016 16:41:00 04:25 5307
Line 1

18/07/2016 07:30:00 18/07/2016 13:40:00 06:10 3707
18/07/2016 14:40:00 18/07/2016 22:34:00 07:54 2625
19/07/2016 06:30:00 19/07/2016 10:01:00 03:31 1875
19/07/2016 11:01:00 19/07/2016 12:16:00 01:15 17
19/07/2016 13:01:00 19/07/2016 22:25:00 09:24 3125
20/07/2016 06:30:00 20/07/2016 15:40:00 09:10 3044
20/07/2016 16:21:00 20/07/2016 23:52:00 07:31 2500
21/07/2016 11:40:00 22/07/2016 00:52:00 13:12 4385
21/07/2016 06:30:00 21/07/2016 10:55:00 04:25 1469
Line 2

18/07/2016 07:30:00 19/07/2016 04:30:00 21:00 6977
19/07/2016 06:30:00 19/07/2016 13:3! lo} 07:06 3788
19/07/2016 14:36:00 19/07/2016 18:2 1o} 03:44 1870
19/07/2016 19:20:00 20/07/2016 04:4: o} 09:22 5000
20/07/2016 06:30:00 21/07/2016 03:3 1o} 21:00 6977
21/07/2016 06:30:00 21/07/2016 21:2 lo} 14:51 4934
21/07/2016 22:21:00 22/07/2016 02:2 1o} 04:05 2260
22/07/2016 06:30:00 22/07/2016 10:3 o} 04:06 2271
22/07/2016 11:51:00 23/07/2016 02:44:00 14:53 7447
Line 3

18/07/2016 07:30:00 18/07/2016 12:31:00 05:01 3015
18/07/2016 13:16:00 18/07/2016 17:4: 1o} 04:25 5307
18/07/2016 18:26:00 18/07/2016 23:27:00 05:01 3015
19/07/2016 06:30:00 19/07/2016 10:5! 1o} 04:25 5307
19/07/2016 11:40:00 19/07/2016 16:41:00 05:01 3015
19/07/2016 17:26:00 19/07/2016 21:5. lo} 04:25 5307
20/07/2016 06:30:00 20/07/2016 11:31:00 05:01 3015
20/07/2016 12:16:00 20/07/2016 16:41:00 04:25 5307
Line 1

25/07/2016 07:30:00 25/07/2016 13:33:00 06:03 3637
26/07/2016 16:20:00 26/07/2016 23:5 lo} 07:31 2500
26/07/2016 06:30:00 26/07/2016 09:47:00 03:17 1750
26/07/2016 10:47:00 26/07/2016 15:3! lo} 04:48 1598
25/07/2016 14:33:00 25/07/2016 23:39:00 09:06 3023
27/07/2016 06:30:00 27/07/2016 16:1 lo} 09:49 3264
27/07/2016 17:04:00 27/07/2016 22:05:00 05:01 1669
28/07/2016 06:30:00 28/07/2016 16:1 lo} 09:49 3264
28/07/2016 17:04:00 28/07/2016 22:05:00 05:01 1669
Line 2

25/07/2016 07:30:00 26/07/2016 04:3 lo} 21:00 6977
26/07/2016 06:30:00 26/07/2016 13:3 0 07:06 3788
26/07/2016 14:36:00 26/07/2016 18:2 lo} 03:44 1870
26/07/2016 19:20:00 27/07/2016 04:4. 0 09:22 5000
27/07/2016 06:30:00 28/07/2016 03:3 lo} 21:00 6977
28/07/2016 06:30:00 28/07/2016 21:2 lo} 14:51 4934
28/07/2016 22:21:00 29/07/2016 02:2 lo} 04:05 2260
29/07/2016 06:30:00 29/07/2016 10:36:00 04:06 2271
29/07/2016 11:36:00 30/07/2016 02:29:00 14:53 7447
Line 3

25/07/2016 07:30:00 25/07/2016 12:31:00 05:01 3015
25/07/2016 13:16:00 25/07/2016 17:41:00 04:25 5307
25/07/2016 18:26:00 25/07/2016 23:2 0 05:01 3015
26/07/2016 06:30:00 26/07/2016 10:55:00 04:25 5307
26/07/2016 11:40:00 26/07/2016 16:4 0 05:01 3015
26/07/2016 17:26:00 26/07/2016 21:51:00 04:25 5307
27/07/2016 06:30:00 27/07/2016 11:3 0 05:01 3015
27/07/2016 12:16:00 27/07/2016 16:41:00 04:25 5307

100 Aquartz Mineral Still 2x6x750 ml

100 Nestle Pure Life Sparkling 4x6x500m|
45 Nestle Pure Life Sparkling 12x1.5It
45 Aquartz Sparkling Peach Passion 12x1.5 It
45 Aquartz Sparkling Cran/Rasb 12x1.5 It

45 Aquartz Sparkling Lem/Lime 12x1.5 It
45 Nestle Ice Tea Berry 6x1.5Lt
45 Nestle Ice Tea Peach 6x1.5Lt
45 Nestle Ice Tea Lemon 6x1.5Lt
45 MAN G/TEA APR/LTE 6x1.5 It
45 MAN VTEA PEACH LTE 6x1.5Lt
45 MAN VTEA PEACH 6x1.5Lt
45 MAN G/TEA RB/GF/ST 6x1.5Lt
45 MAN VTEA LEMON 6x1.5Lt
100 MAN G/TEA KVPEA LTE 5x1.5Lt I 13:45] 52:12
100 Nestle Pure Life Still 4x6x500m|
100 Nestle Pure Life Still 4x6x330m|
100 Nestle Pure Life Still 4x6x750m|
100 Nestle Pure Life Still 12x1.5It
O Nestle Pure Life Still 4x6x500m|
100 Nestle Pure Life Still 2x12x500ml
0 Aguartz Minerals Water Still 12x1.5 It
100 Aquartz Minerals Water Still 12x1.5 It
0 Aquartz Mineral Water Still 4x6x500 ml [ 18:59] 100:07
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5lt
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5lt
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5lt 37:44
100 Aquartz Mineral Still 2x6x750 ml
100 Nestle Pure Life Sparkling 4x6x500m|
45 Nestle Pure Life Sparkling 12x1.5It
100 Aquartz Mineral Water Sparkling 12x1.5 It
45 Nestle Ice Tea Peach 4x6x500m|
45 Nestle Ice Tea Berry 4x6x500m|
45 Nestle Ice Tea Lemon 4x6x500m|
45 Aquartz Sparkling Lemon/Lime 24x500 ml
45 Aquartz Sparkling Litchi 24x500 ml
45 Aquartz Sparkling Naartjie 24x500 ml
45 Aquartz Sparkling Peach Passion 24x500 ml
45 Aquartz Sparkling Cran/Raspberry 24x500 mi_____14:22]
45 Aquartz Mineral Water Sparkling 4x6x500 ml
45 Manhattan Ice Tea Green Tea Lite Kiwi Pear 6x4x500m|
100 Manhattan White VTea Exotic Fruit 4x6x500m)| 13:23[ 51:54
100 Nestle Pure Life Still 4x6x500ml
100 Nestle Pure Life Still 4x6x330m|
100 Nestle Pure Life Still 4x6x750m|
100 Nestle Pure Life Still 12x1.5It
O Nestle Pure Life Still 4x6x500mI
100 Nestle Pure Life Still 2x12x500ml
0 Aquartz Minerals Water Still 12x1.5 It
100 Aquartz Minerals Water Still 12x1.5 It
0 Aquartz Mineral Water Still 4x6x500 ml [ 18:59] 100:07
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It 09:26 37:44
100 Aquartz Mineral Still 2x6x750 ml
100 Nestle Pure Life Sparkling 4x6x500mi| 14:04
100 Nestle Pure Life Sparkling 12x1.5lt
45 Aquartz Sparkling Mango 4x6x500 ml
45 Clover Manhattan Ice Tea Crisp Apple/Mint wil______14:10]
45 Clover Mnahattan Ice Tea Ruby Grapefruit/Sberry with Ginko Biloba 6x4x500m
0 Clover Manhattan lce Toa Blackourront Sxaxal —— 16:41]
100 Clover Manhattan Ice Tea Pineapple 6x4x500ml
45 Clover Manhattan Ice Tea Blackcurrent 6x4x5| 04:25] 58:07
100 Nestle Pure Life Still 4x6x500m|
100 Nestle Pure Life Still 4x6x330m|
100 Nestle Pure Life Still 4x6x750m|
100 Nestle Pure Life Still 12x1.5It
0O Nestle Pure Life Still 4x6x500m|
100 Nestle Pure Life Still 2x12x500ml
0 Aquartz Minerals Water Still 12x1.5 It
100 Aquartz Minerals Water Still 12x1.5 It
0 Aquartz Mineral Water Still 4x6x500 ml [ 18:59] 100:07

45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It

14:27

13:51

37:44]

100 Aquartz Mineral Still 2x6x750 ml
45 Nestle Pure Life Sparkling 4x6x500ml
100 Nestle Pure Life Sparkling 12x1.5It
45 Clover Manhattan Ice Tea Lemon Lite 6x4x500m|
100 Clover Manhattan Ice Tea Peach Lite 6x4x50d_____ 17:11]
45 Clover Manhatta Ice Tea Peach 6x4x500m|
45 Clover Manhattan Ice Tea Lemon 6x4x500m|
45 Clover Manhatta Ice Tea Peach 6x4x500m|
100 Clover Manhattan Ice Tea Lemon 6x4x500ml | 14:50] 60:25
100 Nestle Pure Life Still 4x6x500m|
100 Nestle Pure Life Still 4x6x330m|
100 Nestle Pure Life Still 4x6x750m|
100 Nestle Pure Life Still 12x1.5It
O Nestle Pure Life Still 4x6x500mI
100 Nestle Pure Life Still 2x12x500ml
0 Aguartz Minerals Water Still 12x1.5 It
100 Aquartz Minerals Water Still 12x1.5 It
0 Aquartz Mineral Water Still 4x6x500 ml [ 18:59] 100:07
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5lt
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5lt
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5lt
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It [ 09:26] 37:44
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OFFPEAK INFOR PRODUCTION REPORT

Start date & time

]End date & time

Duration [hh:mm] ]Batch size [cases] [C/o [min] ]Product description

Daily duration |Weekly duration

Week 1

Line 1

01/08/2016 07:30:00
01/08/2016 11:39:00
01/08/2016 17:
01/08/2016 2
02/08/2016 O
02/08/2016 O
02/08/2016 09
02/08/2016 10:37:
02/08/2016 11:53:00
02/08/2016 15:15:00
02/08/2016 20:44:00
03/08/2016 06:36:00
03/08/2016 07:52:00
03/08/2016 13:53:00
03/08/2016 18:34:00
Line 2

01/08/2016 07:30:00
02/08/2016 06:30:00
02/08/2016 14:36:00
02/08/2016 17:42:00
03/08/2016 06:30:00
04/08/2016 06:30:00
05/08/2016 06:30:00
05/08/2016 13:11:00
Line 3

01/08/2016 07:30:00
02/08/2016 06:30:00
03/08/2016 06:30:00
04/08/2016 06:30:00

00
00
00
00
00

09/08/2016 1

09/08/2016 12:06:00
09/08/2016 14:07:00

09/08/2016 16:07:00
09/08/2016 18:33:00
10/08/2016 06:30:00
10/08/2016 08:34:00
10/08/2016 10:34:00
10/08/2016 14:16:00
10/08/2016 19:27:00
11/08/2016 06:30:00
Line 2

08/08/2016 07:30:00
09/08/2016 06:30:00
09/08/2016 14:36:00
09/08/2016 17:42:00
10/08/2016 06:30:00
11/08/2016 06:30:00
12/08/2016 06:30:00
12/08/2016 13:11:00
Line 3

08/08/2016 07:30:00
09/08/2016 06:30:00
10/08/2016 06:30:00
11/08/2016 06:30:00

00
:00
00

:51:00
16/08/2016 06:30:00
16/08/2016 13:22:00
17/08/2016 06:30:00
18/08/2016 06:30:00
Line 2

15/08/2016 0
16/08/2016 Of
16/08/2016 1-
16/08/2016 17:42:00
17/08/2016 06:30:00
18/08/2016 06:30:00
19/08/2016 06:30:00
19/08/2016 13:11:00
Line 3

15/08/2016 O
16/08/2016 Of
17/08/2016 O
18/08/2016 06:

00

00
00
00

Line 1

22/08/2016 07:30:00
22/08/2016 12:39:00
22/08/2016 18:58:00
23/08/2016 06:
23/08/2016 1
24/08/2016 Of
24/08/2016 15t
25/08/2016 06:30:00
Line 2

22/08/2016 07:30:00
23/08/2016 06:30:00
23/08/2016 14:36:00
23/08/2016 17:
24/08/2016 Of
25/08/2016 O
26/08/2016 O
26/08/2016 13:11:00
Line 3

22/08/2016 07:30:00
23/08/2016 06:30:00
24/08/2016 06:30:00
25/08/2016 06:30:00

01/08/2016 11:39:00
01/08/2016 16:58:00
01/08/2016 19:51:00
01/08/2016 21:17:00
02/08/2016 07:04:00
02/08/2016 08:20:00
02/08/2016 09:52:00
02/08/2016 11:08:00
02/08/2016 14:30:00
02/08/2016 19:59:00
02/08/2016 23:46:00
03/08/2016 07:07:00
03/08/2016 13:08:00
03/08/2016 17:49:00
03/08/2016 22:44:00

02/08/2016 00:17:00
02/08/2016 13:36:00
02/08/2016 16:42:00
03/08/2016 00:18:00
03/08/2016 23:17:00
04/08/2016 15:57:00
05/08/2016 12:11:00
05/08/2016 21:33:00

01/08/2016 14:55:00
02/08/2016 12:11:00
03/08/2016 13:55:00
04/08/2016 12:11:00

08/08/2016 11:39:00
08/08/2016 17:58:00
08/08/2016 20:51:00
09/08/2016 09:05:00
09/08/2016 11:21:00
09/08/2016 13:22:00
09/08/2016 15:22:00
09/08/2016 17:48:00
09/08/2016 21:03:00
10/08/2016 07:49:00
10/08/2016 09:49:00
10/08/2016 13:31:00
10/08/2016 18:42:00
10/08/2016 20:55:00
11/08/2016 09:38:00

09/08/2016 00:17:00
09/08/2016 13:36:00
09/08/2016 16:42:00
10/08/2016 00:18:00
10/08/2016 23:17:00
11/08/2016 15:57:00
12/08/2016 12:11:00
12/08/2016 21:33:00

08/08/2016 14:55:00
09/08/2016 12:11:00
10/08/2016 13:55:00
11/08/2016 12:11:00

15/08/2016 11:39:00
15/08/2016 17:58:00
15/08/2016 20:51:00
15/08/2016 23:07:00
16/08/2016 12:37:00
16/08/2016 21:46:00
17/08/2016 15:19:00
18/08/2016 13:39:00

16/08/2016 00:17:00
16/08/2016 13:36:00
16/08/2016 16:42:00
17/08/2016 00:18:00
17/08/2016 23:17:00
18/08/2016 15:57:00
19/08/2016 12:11:00
19/08/2016 21:33:00

15/08/2016 14:55:00
16/08/2016 12:11:00
17/08/2016 13:55:00
18/08/2016 12:11:00

22/08/2016 11:39:00
22/08/2016 17:58:00
22/08/2016 20:51:00
23/08/2016 10:05:00
23/08/2016 17:48:00
24/08/2016 14:17:00
24/08/2016 21:03:00
25/08/2016 17:18:00

23/08/2016 00:17:00
23/08/2016 13:36:00
23/08/2016 16:42:00
24/08/2016 00:18:00
24/08/2016 23:17:00
25/08/2016 15:57:00
26/08/2016 12:11:00
26/08/2016 21:33:00

22/08/2016 14:55:00
23/08/2016 12:11:00
24/08/2016 13:55:00
25/08/2016 12:11:00

04:09
05:19
01:53

16:47

02:06
06:36
16:47
09:27
05:41
08:22

07:25
05:41
07:25
05:41

2497 100 Aquartz Mineral Still 2x6x750 ml
1767 100 Nestle Pure Life Sparkling 4x6x500m|
1010 45 Nestle Pure Life Sparkling 12x1.5lt
365 45 Aquartz Sparkling Peach Passion 12x1.5 It
304 45 Aquartz Sparkling Cran/Rasb 12x1.5 It
561 45 Nestle Ice Tea Berry 6x1.5Lt
842 45 Nestle Ice Tea Peach 6x1.5Lt
560 45 Nestle Ice Tea Lemon 6x1.5Lt
2799 45 MAN G/TEA APR/LTE 6x1.5 It
5051 45 MAN I/TEA PEACH LTE 6x1.5Lt
3236 45 MAN G/TEA KI/PEA LTE 5x1.5Lt 12:46
278 45 Aquartz Sparkling Lem/Lime 12x1.5 It
5616 45 MAN I/TEA PEACH 6x1.5Lt
4204 45 MAN I/TEA LEMON 6x1.5Lt
4444 100 MAN G/TEA RB/GF/ST 6x1.5Lt [ 13:53[ 38:41
5573 100 Nestle Pure Life Still 4x6x500ml
3789 100 Nestle Pure Life Still 4x6x330ml
1058 100 Nestle Pure Life Still 4x6x750ml
3524 100 Nestle Pure Life Still 12x1.5lt
5573 0 Nestle Pure Life Still 4x6x500ml
3138 100 Nestle Pure Life Still 2x12x500ml
3152 100 Aquartz Minerals Water Still 12x1.5 It 15:08|
4187 0 Aquartz Mineral Water Still 4x6x500 ml [ 08:22] 72:52
4455 45 Aquartz Minerals Water Still 4x5L 07:25
6831 45 Nestle Pure Life Still 2x5It 05:41
4455 45 Aquartz Minerals Water Still 4x5L 07:25
6831 45 Nestle Pure Life Still 2x5It 05:41] 26:12]
2497 100 Aquartz Mineral Still 2x6x750 m|
1767 100 Nestle Pure Life Sparkling 4x6x500m|
1010 45 Nestle Pure Life Sparkling 12x1.51t
2157 100 Aquartz Mineral Water Sparkling 12x1.5 It
421 45 Nestle Ice Tea Peach 4x6x500ml
421 45 Nestle Ice Tea Berry 4x6x500ml
417 45 Nestle Ice Tea Lemon 4x6x500m|
562 45 Aquartz Sparkling Lemon/Lime 24x500 ml
830 45 Aquartz Sparkling Litchi 24x500 ml
440 45 Aquartz Sparkling Naartjie 24x500 m|
417 45 Aquartz Sparkling Peach Passion 24x500 ml
981 45 Aquartz Sparkling Cran/Raspberry 24x500 ml
1475 45 Aquartz Mineral Water Sparkling 4x6x500 ml
491 45 Manhattan Ice Tea Green Tea Lite Kiwi Pear 6x4x500m| 11:25
1041 100 Manhattan White I/Tea Exotic Fruit 4x6x500m| [ 03:08] 36:27
5573 100 Nestle Pure Life Still 4x6x500ml
3789 100 Nestle Pure Life Still 4x6x330ml
1058 100 Nestle Pure Life Still 4x6x750ml
3524 100 Nestle Pure Life Still 12x1.5It
5573 0 Nestle Pure Life Still 4x6x500ml
3138 100 Nestle Pure Life Still 2x12x500ml
3152 100 Aquartz Minerals Water Still 12x1.5 It 15:08|
4187 0 Aquartz Mineral Water Still 4x6x500 ml [ 08:22| 72:52
4455 45 Aquartz Minerals Water Still 4x5L 07:25)
6831 45 Nestle Pure Life Still 2x5It 05:41
4455 45 Aquartz Minerals Water Still 4x5L 07:25|
6831 45 Nestle Pure Life Still 2x5It 05:41] 26:12]
2497 100 Aquartz Mineral Still 2x6x750 m|
1767 100 Nestle Pure Life Sparkling 4x6x500m|
1010 100 Nestle Pure Life Sparkling 12x1.5It
421 45 Aquartz Sparkling Mango 4x6x500 ml
2034 45 Clover Manhattan Ice Tea Crisp Apple/Mint with Giseng 6x4x500m|
2789 45 Clover Mnahattan Ice Tea Ruby Grapefruit/Sberry with Ginko| 14:31]
2931 45 Clover Manhattan Ice Tea Blackcurrent 6x4x500ml 08:49
2376 100 Clover Manhattan Ice Tea Pineapple 6x4x500m| 07:09] 43:03
5573 100 Nestle Pure Life Still 4x6x500ml
3789 100 Nestle Pure Life Still 4x6x330ml
1058 100 Nestle Pure Life Still 4x6x750ml
3524 100 Nestle Pure Life Still 12x1.5It
5573 0 Nestle Pure Life Still 4x6x500ml| 16:47|
3138 100 Nestle Pure Life Still 2x12x500m|
3152 100 Aquartz Minerals Water Still 12x1.5 It 15:08]
4187 0 Aquartz Mineral Water Still 4x6x500 ml [ 08:22] 72:52
4455 45 Aquartz Minerals Water Still 4x5L 07:25)
6831 45 Nestle Pure Life Still 2x5It 05:41
4455 45 Aquartz Minerals Water Still 4x5L 07:25
6831 45 Nestle Pure Life Still 2x5It 05:41] 26:12]
2497 100 Aquartz Mineral Still 2x6x750 ml
1767 100 Nestle Pure Life Sparkling 4x6x500m|
1010 100 Nestle Pure Life Sparkling 12x1.5It
1192 45 Clover Manhattan Ice Tea Lemon Lite 6x4x500ml
2316 45 Clover Manhattan Ice Tea Peach Lite 6x4x500ml|
2585 45 Clover Manhattan Ice Tea Lemon 6x4x500ml|
2000 0 Clover Manhatta Ice Tea Peach 6x4x500ml
3586 100 Clover Manhatta Ice Tea Peach 6x4x500ml 46:30
5573 100 Nestle Pure Life Still 4x6x500ml
3789 100 Nestle Pure Life Still 4x6x330ml
1058 100 Nestle Pure Life Still 4x6x750ml
3524 100 Nestle Pure Life Still 12x1.5It
5573 0 Nestle Pure Life Still 4x6x500ml|
3138 100 Nestle Pure Life Still 2x12x500m|
3152 100 Aquartz Minerals Water Still 12x1.5 It
4187 0 Aquartz Mineral Water Still 4x6x500 ml 72:52]
4455 45 Aquartz Minerals Water Still 4x5L 07:25|
6831 45 Nestle Pure Life Still 2x5It 05:41
4455 45 Aquartz Minerals Water Still 4x5L 07:25|
6831 45 Nestle Pure Life Still 2x5It 05:41] 26:12]
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CONTINUOUS INFOR PRODUCTION REPORT

Start date & time

[End date & time

Duration [hh:mm] [Batch size [cases]

[c/o [min] [Product description

Daily duration |Weekly duration

Week 1

Line 1

05/09/2016 07:30:00
05/09/2016 14:18:00
06/09/2016 06:30:00
06/09/2016 10:24:00
06/09/2016 12:00:00
06/09/2016 13:34:00
06/09/2016 14:59:00
06/09/2016 16:23:00
06/09/2016 17:49:00
06/09/2016 19:28:00
07/09/2016 06:30:00
07/09/2016 12:54:00
08/09/2016 06:30:00
08/09/2016 11:52:00
08/09/2016 17:40:00
Line 2

05/09/2016 07:30:00
06/09/2016 06:30:00
06/09/2016 14:36:00
06/09/2016 18:57:00
07/09/2016 06:30:00
08/09/2016 06:30:00
08/09/2016 21:25:00
09/09/2016 06:30:00
Line 3

05/09/2016 07:30:00
06/09/2016 06:30:00
07/09/2016 06:30:00
08/09/2016 06:30:00

Line 1

12/09/2016 07:30:00
12/09/2016 14:18:00
13/09/2016 06:30:00
13/09/2016 10:24:00
13/09/2016 15:25:00
13/09/2016 17:25:00
13/09/2016 19:25:00
14/09/2016 06:30:00
14/09/2016 09:52:00
14/09/2016 13:32:00
14/09/2016 16:50:00
14/09/2016 19:20:00
15/09/2016 06:30:00
15/09/2016 13:15:00
15/09/2016 16:16:00
Line 2

12/09/2016 07:30:00
13/09/2016 06:30:00
13/09/2016 14:36:00
13/09/2016 18:57:00
14/09/2016 06:30:00
15/09/2016 06:30:00
15/09/2016 21:25:00
16/09/2016 06:30:00
Line 3

12/09/2016 07:30:00
13/09/2016 06:30:00
14/09/2016 06:30:00
15/09/2016 06:30:00

Line 1

19/09/2016 07:30:00
19/09/2016 14:18:00
20/09/2016 06:30:00
20/09/2016 10:39:00
21/09/2016 06:30:00
21/09/2016 18:25:00
22/09/2016 06:30:00
22/09/2016 18:43:00
Line 2

19/09/2016 07:30:00
20/09/2016 06:30:00
20/09/2016 14:36:00
20/09/2016 18:57:00
21/09/2016 06:30:00
22/09/2016 14:41:00
22/09/2016 06:30:00
23/09/2016 06:30:00
Line 3

19/09/2016 07:30:00
20/09/2016 06:30:00
21/09/2016 06:30:00
22/09/2016 06:30:00

Line 1

26/09/2016 07:30:00
26/09/2016 14:14:00
27/09/2016 06:30:00
27/09/2016 10:39:00
27/09/2016 12:39:00
28/09/2016 06:30:00
29/09/2016 06:30:00
29/09/2016 16:30:00
Line 2

26/09/2016 07:30:00
27/09/2016 06:30:00
27/09/2016 14:36:00
27/09/2016 18:57:00
28/09/2016 06:30:00
29/09/2016 06:30:00
29/09/2016 21:25:00
30/09/2016 06:30:00
Line 3

26/09/2016 07:30:00
27/09/2016 06:30:00
28/09/2016 06:30:00
29/09/2016 06:30:00

05/09/2016 13:18:00
05/09/2016 21:33:00
06/09/2016 09:39:00
06/09/2016 1
06/09/2016 1.
06/09/2016 14:14:
06/09/2016 15:38:00
06/09/2016 17:04:00
06/09/2016 18:43:00
06/09/2016 21:45:00
07/09/2016 12:09:00
07/09/2016 19:53:00
08/09/2016 11:07:00
08/09/2016 16:55:00
08/09/2016 21:01:00

06/09/2016 03:20:00
06/09/2016 13:36:00
06/09/2016 17:57:00
07/09/2016 03:38:00
08/09/2016 02:20:
08/09/2016 2!
09/09/2016 04:
09/09/2016 19:

05/09/2016 16:03:00
06/09/2016 14:47:00
07/09/2016 15:03:00
08/09/2016 14:47:00

12/09/2016 13:18:00
12/09/2016 21:33:00
13/09/2016 09:39:00
13/09/2016 14:25:00
13/09/2016 16:40:00
13/09/2016 18:40:00
13/09/2016 20:59:00
14/09/2016 09:07:00
14/09/2016 12:47:00
14/09/2016 16:05:00
14/09/2016 18:35:00
14/09/2016 22:35:00
15/09/2016 12:30:00
15/09/2016 15:31:00
15/09/2016 20:28:00

13/09/2016 03:20:00
13/09/2016 13:36:00
13/09/2016 17:57:00
14/09/2016 03:38:00
15/09/2016 02:20:00
15/09/2016 20:25:00
16/09/2016 04:36:00
16/09/2016 19:22:00

12/09/2016 16:02:00
13/09/2016 14:47:00
14/09/2016 15:02:00
15/09/2016 14:47:00

19/09/2016 13:18:00
19/09/2016 21:33:00
20/09/2016 09:39:00
20/09/2016 19:09:00
21/09/2016 17:40:00
21/09/2016 22:56:00
22/09/2016 17:58:00
22/09/2016 23:14:00

20/09/2016 03:20:00
20/09/2016 13:36:00
20/09/2016 17:57:00
21/09/2016 03:38:00
22/09/2016 02:20:00
23/09/2016 04:36:00
22/09/2016 13:41:00
23/09/2016 19:22:00

19/09/2016 16:02:00
20/09/2016 14:47:00
21/09/2016 15:02:00
22/09/2016 14:47:00

26/09/2016 13:14:00
26/09/2016 21:29:00
27/09/2016 09:39:00
27/09/2016 11:54:00
27/09/2016 17:21:00
29/09/2016 02:03:00
29/09/2016 15:45:00
30/09/2016 02:26:00

27/09/2016 03:20:00
27/09/2016 13:36:00
27/09/2016 17:57:00
28/09/2016 03:38:00
29/09/2016 02:20:00
29/09/2016 20:25:00
30/09/2016 04:36:00
30/09/2016 19:22:00

26/09/2016 16:02:00
27/09/2016 14:47:00
28/09/2016 15:02:00
29/09/2016 14:47:00

05:48 3488
07:15 2409
03:09 1685
00:51 456
00:49 440
00:40 358
00:39 695
00:41 741
00:54 973
02:17 2437
05:39 6036
06:59 7448
04:37 4936
05:03 5387
03:21 3575
19:50 6590
07:06 3788
03:21 1677
08:41 4633
19:50 6590
13:55 4625
07:11 3981
12:52 6440
08:33 5132
08:17 9959
08:33 5132
08:17 9959
05:48 3488
07:15 2409
03:09 1685
04:01 3355
01:15 417
01:15 417
01:34 521
02:37 873
02:55 972
02:33 850
01:45 584
03:15 1084
06:00 1993
02:16 754
04:12 1398
19:50 6590
07:06 3788
03:21 1677
08:41 4633
19:50 6590
13:55 4625
07:11 3981
12:52 6440
08:33 5123
08:17 9959
08:33 5123
08:17 9959
05:48 3488
07:15 2409
03:09 1685
08:30 2826
11:10 3708
04:31 1503
11:28 3810
04:31 1503
19:50 6590
07:06 3788
03:21 1677
08:41 4633
19:50 6590
13:55 4625
07:11 3981
12:52 6440
08:33 5123
08:17 9959
08:33 5123
08:17 9959
05:44 3448
07:15 2409
03:09 1685
01:15 417
04:42 1561
19:33 6496
09:15 3071
09:56 3303
19:50 6590
07:06 3788
03:21 1677
08:41 4633
19:50 6590
13:55 4625
07:11 3981
12:52 6440
08:33 5123
08:17 9959
08:33 5123
08:17 9959

100 Aquartz Mineral Still 2x6x750 ml
100 Nestle Pure Life Sparkling 4x6x500ml
45 Nestle Pure Life Sparkling 12x1.51t

45 Aquartz Sparkling Peach Passion 12x1.5 It

45 Aquartz Sparkling Cran/Rasb 12x1.5 It
45 Aquartz Sparkling Lem/Lime 12x1.5 It
45 Nestle Ice Tea Berry 6x1.5Lt
45 Nestle Ice Tea Peach 6x1.5Lt
45 Nestle Ice Tea Lemon 6x1.5Lt
45 MAN G/TEA APR/LTE 6x1.5 It
45 MAN I/TEA PEACH LTE 6x1.5Lt
45 MAN I/TEA PEACH 6x1.5Lt
45 MAN I/TEA LEMON 6x1.5Lt
45 MAN G/TEA RB/GF/ST 6x1.5Lt
100 MAN G/TEA KI/PEA LTE 5x1.5Lt

100 Nestle Pure Life Still 4x6x500ml
100 Nestle Pure Life Still 4x6x330ml
100 Nestle Pure Life Still 4x6x750ml
100 Nestle Pure Life Still 12x1.51t
0 Nestle Pure Life Still 4x6x500ml
100 Nestle Pure Life Still 2x12x500m|
100 Aquartz Minerals Water Still 12x1.5 It

0 Aquartz Mineral Water Still 4x6x500 m|

45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It

100 Aquartz Mineral Still 2x6x750 ml
100 Nestle Pure Life Sparkling 4x6x500m|
45 Nestle Pure Life Sparkling 12x1.5It

100 Aquartz Mineral Water Sparkling 12x1.5 It

45 Nestle Ice Tea Peach 4x6x500ml
45 Nestle Ice Tea Berry 4x6x500ml
45 Nestle Ice Tea Lemon 4x6x500ml

45 Aquartz Sparkling Lemon/Lime 24x500 ml

45 Aquartz Sparkling Litchi 24x500 ml
45 Aquartz Sparkling Naartjie 24x500 ml

45 Aquartz Sparkling Peach Passion 24x500 ml
45 Aquartz Sparkling Cran/Raspberry 24x500 ml
45 Aquartz Mineral Water Sparkling 4x6x500 ml

I
=}
®

48:42:00

92:46:00

45 Manhattan Ice Tea Green Tea Lite Kiwi Pear 6x4x500ml|

100 Manhattan White |/Tea Exotic Fruit 4x6x500m|

100 Nestle Pure Life Still 4x6x500mI
100 Nestle Pure Life S 4x6x330ml
100 Nestle Pure Life Still 4x6x750ml

100 Nestle Pure Life Still 12x1.5It
0 Nestle Pure Life S 4x6x500ml
100 Nestle Pure Life Still 2x12x500mI

100 Aquartz Minerals Water Still 12x1.5 It

0 Aquartz Mineral Water Still 4x6x500 ml|

45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It

ol

100 Aquartz Mineral Still 2x6x750 ml
100 Nestle Pure Life Sparkling 4x6x500ml
100 Nestle Pure Life Sparkling 12x1.5It

33:40:00

49:50:00

92:46:00

45 Clover Manhattan Ice Tea Crisp Apple/Mint with Gig 11:39

45 Clover Manhattan Ice Tea Blackcurrent 6x4x500ml

45 Clover Mnahattan Ice Tea Ruby Grapefruit/Sberry 15:41]

45 Clover Manhattan Ice Tea Pineapple 6x4x500m|
100 Clover Mnahattan Ice Tea Ruby Grapefruit/Sberry w

100 Nestle Pure Life Still 4x6x500ml
100 Nestle Pure Life Still 4x6x330mI
100 Nestle Pure Life Still 4x6x750ml
100 Nestle Pure Life Still 12x1.5It
100 Nestle Pure Life Still 4x6x500ml
0 Nestle Pure Life Still 2x12x500mI
100 Aquartz Minerals Water Still 12x1.5 It

0 Aquartz Mineral Water Still 4x6x500 ml

45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It

100 Aquartz Mineral Still 2x6x750 ml

100 Nestle Pure Life Sparkling 4x6x500ml

100 Nestle Pure Life Sparkling 12x1.5It
45 Aquartz Sparkling Mango 4x6x500 ml

45 Clover Manhattan Ice Tea Lemon Lite 6x4x500ml

45 Clover Manhatta Ice Tea Peach 6x4x500m|

45 Clover Manhattan Ice Tea Peach Lite 6x4x500ml
0 Clover Manhattan Ice Tea Lemon 6x4x500ml

100 Nestle Pure Life Still 4x6x500ml

100 Nestle Pure Life S 4x6x330ml

100 Nestle Pure Life S 4x6x750ml

100 Nestle Pure Life Still 12x1.5It

Nestle Pure Life Still 4x6x500ml

100 Nestle Pure Life Still 2x12x500mI
100 Aquartz Minerals Water Still 12x1.5 It

o

0 Aquartz Mineral Water Still 4x6x500 ml

45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It
45 Aquartz Minerals Water Still 4x5L
45 Nestle Pure Life Still 2x5It

33:40:00

15:59]

56:22:00

19:50

12:52]

92:46:00

08:33
08:17
08:33

08:17]

33:40:00

51:34:00|

92:46:00

08:33
08:17
08:33

08:17]

33:40:00
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Appendix H: Schedule alternatives detailed labour cost analysis

Peak Production Labour cost evaluation

8hr + Overtime 8hr 12hr + Overtime 12hr
Shift cost  [Overtime cost |Total cost Shift cost Total cost Shift cost |Overtime cost |Total cost Shift cost Total cost

Week1 [R99599.76 R 7325.16 | R 106924.92 [ R 125421.92 | R 125421.92 | R 110666.40 R  8546.02 R 119212.42 | R 127 266.36 | R 127 266.36
linel R29511.04 R 3052.15|R 32563.19|R 40577.68 (R 40577.68 R 33199.92 R  5493.87|R 38693.79|R 44266.56 [R 44 266.56
line2 R 51644.32 R 51644.32|R 55333.20(R 55333.20(R 55333.20 R 55333.20|R 55333.20 (R 55333.20
line3 R 1844440 R 4273.01|R 22717.41|R 29511.04(R 29511.04|R 2213328 R  3052.15|R 25185.43|R 27666.60 R 27666.60
Week2 |R99599.76 R 7935.59 R 125421.92 R 110666.40 R  7935.59 R 127 266.36

linel R29511.04 R 3662.58|R 33173.62|R 40577.68 (R 40577.68 R 33199.92 R  4883.44|R 38083.36|R 44266.56 R 44266.56
line2 R 51644.32 R 51644.32|R 55333.20(R 55333.20(R 55333.20 R 55333.20|R 55333.20 (R 55333.20
line3 R 1844440 R 4273.01|R 22717.41|R 29511.04(R 29511.04|R 2213328 R  3052.15|R 2518543 |R 27666.60 R 27666.60
Week3 [R99599.76 R 10987.74 R 129110.80 R 110666.40 R 9156.45 R 127 266.36

linel R29511.04 R 6714.73|R 36225.77|R 44266.56 R 44266.56 R 33199.92 R  6104.30|R 39304.22 R 44266.56 R 44266.56
line2 R 51644.32 R 51644.32|R 55333.20(R 55333.20(R 55333.20 R 55333.20|R 55333.20(R 55333.20
line3 R 1844440 R 4273.01|R 22717.41|R 29511.04 (R 29511.04(R 22133.28 R 3052.15|R 25185.43|R 27666.60 |R 27 666.60
Week4 [R99599.76 R 9156.45 R 129110.80 R121733.04 R 305215 R 127 266.36

linel R 29511.04 R 4883.44|R 3439448 |R 44266.56 R 44266.56 | R 44 266.56 R 44266.56 | R 44266.56 [R 44 266.56
line2 R 51644.32 R 51644.32|R 55333.20(R 55333.20(R 55333.20 R 55333.20|R 55333.20 (R 55333.20
line3 R 1844440 R 4273.01|R 22717.41|R 29511.04[R 29511.04|R 2213328 R  3052.15|R 2518543 |R 27666.60 R 27666.60
Monthly Cost R 433803.98 R 509 065.44 R 482 422.45 R 509 065.44

Off-peak production labo

ur cost evaluation

8hr + Overtime 8hr 12hr + Overtime 8hr + Overtime
Shift cost  Overtime cost |Total cost Shift cost Total cost Shift cost Overtime cost |Total cost Shift cost Total cost

Week1l |R70088.72 R 10987.74|R 81076.46|R 95910.88 R 95910.88 | R 105133.08 | R 2441.72 | R 107 574.80 | R 110666.40 | R 110 666.40
linel R 22133.28 R 3052.15|R 25185.43|R 29511.04 R 29511.04|R 27666.60 R 2441.72|R 30108.32(R 33199.92 (R 33199.92
line2 R 33199.92 R 5493.87|R 38693.79|R 51644.32|R 51644.32|R 55333.20 R 55333.20(R 55333.20 R 55333.20
line3 R 14755.52 R 2441.72|R 17197.24|R 14755.52|R 14755.52|R 22133.28 R 2213328 (R 22133.28 (R 22133.28
Week2 |R 73777.60 R 7935.59 R 92222.00 R 99599.76 R 5493.87 R 116 199.72

linel R 25822.16 R 25822.16 |R 25822.16 (R 25822.16 (R 22133.28 R 5493.87|R 27627.15|R 38733.24|R 38733.24
line2 R 33199.92 R 5493.87|R 38693.79 R 51644.32|R 51644.32(R 55333.20 R 55333.20|R 55333.20(R 55333.20
line3 R 14755.52 R 2441.72|R 17197.24|R 14755.52|R 14755.52 (R 22133.28 R 22133.28| R 22133.28 R 22133.28
Week3 |R 70088.72 R 7935.59 R 99599.76 R 99599.76 R 5493.87 R 110 666.40

linel R 22133.28 R 22133.28|R 33199.92(R 33199.92(R 22133.28 R 5493.87|R 27627.15|R 33199.92|R 33199.92
line2 R 33199.92 R 5493.87|R 38693.79|R 51644.32|R 51644.32|R 55333.20 R 55333.20(R 55333.20(R 55333.20
line3 R 14755.52 R 2441.72|R 17197.24|R 14755.52|R 14755.52|R 22133.28 R 2213328 (R 22133.28 (R 22133.28
Week4 |[R73777.60 R 10377.31 R 99599.76 R 99599.76 R 5493.87 R 116 199.72

linel R 25822.16 R 2441.72|R 28263.88(R 33199.92|R 33199.92 (R 22133.28 R 5493.87 R 27627.15|R 38733.24|R 38733.24
line2 R 33199.92 R 5493.87|R 38693.79|R 51644.32|R 51644.32|R 55333.20 R 55333.20(R 55333.20R 55333.20
line3 R 14755.52 R 2441.72|R 17197.24|R 14755.52|R 14755.52|R 22133.28 R 2213328 (R 2213328 (R 22133.28
Monthly Cost R 324 968.87 R 387 332.40 R 422 855.69 R 453 732.24

Continuous production labour cost evaluation

8hr + Overtime 8hr 12hr + Overtime 8hr + Overtime
Shift cost  Overtime cost |Total cost Shift cost Total cost Shift cost Overtime cost |Total cost Shift cost Total cost

Week1 [R95910.88 R 7325.16 R 103 236.04 [ R 114 355.28 [ R 114 355.28 [ R 105 133.08 R 5493.87 R 110626.95 | R 121 733.04 | R 121 733.04
linel R 29511.04 R 1220.86(R 30731.90|R 33199.92|R 33199.92|R 33199.92 R 4273.01|R 37472.93|R 44266.56 |R 44266.56
line2 R 51644.32 R 51644.32|R 51644.32(R 51644.32(R 49799.88 R 1220.86(R 51020.74(R 55333.20R 55333.20
line3 R 14755.52 R 6104.30|R 20859.82|R 29511.04 R 29511.04|R 22133.28 R 22133.28|R 22133.28 R 22133.28
Week2 |R95910.88 R 7935.59 R 118 044.16 R 99599.76 R 7935.59 R 121733.04

linel R 29511.04 R 1831.29|R 31342.33(R 36888.80|R 36888.80| R 27666.60 R 6714.73| R 34381.33|R 44266.56 |R 44266.56
line2 R 51644.32 R 51644.32|R 51644.32|R 51644.32|R 49799.88 R 1220.86| R 51020.74|R 55333.20 (R 55333.20
line3 R 14755.52 R 6104.30|R 20859.82|R 29511.04|R 29511.04|R 22133.28 R 2213328 (R 22133.28 (R 22133.28
Week3 |R 95910.88 R 9156.45 R 110 666.40 R 105133.08 R 5493.87 R 121733.04

linel R 29511.04 R 3052.15(R 32563.19(R 29511.04 R 29511.04(R 33199.92 R 4273.01|R 37472.93|R 44266.56 |R 44266.56
line2 R 51644.32 R 51644.32|R 51644.32(R 51644.32|R 49799.88 R 1220.86|R 51020.74 R 55333.20 (R 55333.20
line3 R 14755.52 R 6104.30| R 20859.82|R 29511.04 R 29511.04|R 22133.28 R 22133.28|R 22133.28 R 22133.28
Week4 |R99599.76 R 8546.02 R 118 044.16 R 105133.08 R 3662.58 R 116 199.72

linel R 33199.92 R 2441.72|R 35641.64|R 36888.80(R 36888.80(R 33199.92 R 2441.72 (R 35641.64(R 38733.24(R 38733.24
line2 R 51644.32 R 51644.32|R 51644.32(R 51644.32(R 49799.88 R 1220.86(R 51020.74(R 55333.20R 55333.20
line3 R 14755.52 R 6104.30| R 20859.82|R 29511.04|R 29511.04|R 22133.28 R 2213328 R 22133.28 (R 22133.28
Monthly Cost R 420295.62 R 461110.00 R 437584.91 R 481398.84
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Appendix I: Infor screenshots for peak and off-peak MPSs.

Peak Week 1:

Infor Advanced Scheduling

File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help

Planning Board 1: 03 Clover waters

[ Z 09 2uly 2015, 0:12
Wesks 7

Days 2016/07/04 | 201607705 2018/07/06 | 2016107108 | 201607208

e 00] 02 0 06 08 [ 10] 12 16 36 18] 16[18]20]22 o0 0204 [ 08 10[12] 18] 15 18] 20 22  00] 02] 06 08 0] 12 14 16] 18 20 22 0 2 04 6 |08 10 12] 14 16 8 20] 2]
e ieste .. 81000 ., 50570 liv= Nestia Pre e ol e si7e e Nest Purs L2 5. 40530 iz Aqy.. 83516 ive Adusrz Minesal il Aguariz Miners Sl

PS303774 PEITIT, ¢ H P5303780 H i i ps3pIzEl P5303786

M - Line 1 QLW 23505 live Mosd ... 56232 lize ...69570 live Manh 1/Tea Pasch M... 49176 lir... 46233 lir.. 33450 live Manh G/Tes K

ITE Manh G/Te2 KiPesr LITE

5303637 [P530364D ! PS303645 P5303652 PE30365T

- 517, 0. | 10000 fre Marh
‘CLW Mbing Tank 1
(miBIn]

Tsa855

LW Maing Tank 2 e

2545 urits 210284... 6385 units ... 7955 urvtz 2100887 MAN I/TEA ...5689 unis... 5274

uNEL 707 Ut 2...2625 unes 210277;
P5303359 1 P5303360 ¢ P5a03368 5303369 | P503375 PS33372 | P303371

LUNE2 6977 urits 2102756 Mastle Pure Lie Stil 446,., 3788 urits 210, 1870 u.., 5000 urits 2109758 .., 6977 writs 2103756 Neste Pur= Lz Stil 655, 4834 urits 2103170 Neste Pus units 210.,:2271 un... 7447 units 2104347 Agus fzter Still 4Ex500 mi
E=E s i H e | 1
=TTy iP5303419 T PS04 Poa0aans $PE303426 5303027 5303479 | | 5304309 F5303430

UNE3 3015 unit... 5307 uni, 3015 unics 3104 . 5307 uni, 3015 uni

. 5307 units 2102755 Mes,..3015 unit... 5307 units 3102753 Neste Pure Life Sl 2l

P5303441 P5303435 P5303436 £P5303434 P5303433 P5303442 £P5303438 |P5303439

Peak Week 2:

Infor Advanced Scheduling o o e

File Edit Integration Automation Fagtory Products Batches Schedule Inventory Seitings Window Help

Plznning Board 1: 03 Clover waters == =)

g 09 July 2016, 09:12
=
2016/07/11 | 20160722 | 20160713 | 20160714 2016/07/15 | 2016107716
22| 00| 02|04 06| 08| 10| 12| 14] 16 18] 20| 22| 00| 02 04| 06| 08| 10| 12| 14| 16| 18] 20| 22| 00| 02 | 04| 06 | 08| 10 12| 14| 16 18| 20] 22| 00| 02| 04| 06 | 08| 10| 12| 14| 16| 18 20| 22 | 00 | 02 | 04| 06| 08| 10 12| 14| 16| 18] 20| 22| 00| 02| 4 | 06| 0| 10 12| 1416 | 18
o artz Mine 59300 i 50970 live Nestle Purg Uife Sl Ne.. &3 25008 fire Acuartz Minera.. 40650 Ire ... 83916 e A5 rars] Sl Aquarez Minesal el
P5303805 P5303632 P, PS303E34 P5303840 | P53038a3
Moer - Line 1 W da €72 e Nestle 504,..71... 6672 liva Aguanz Sparlng .. 17112 e Manh Wihee 1/Tes Bt ot Manh Vihne 1fTea Bome Frue
Er pswry | | B, PS8 ! ;
SZEL 417112 e Mank,

Manh Wihie 1/Tes Bigtc Frie

LW Ming Tank 1

SEiT 3...T5303681

10000 fire Manh Wi it Manh White 1Tea Botic Fruic

LUNEL Nestle Pu... 1875 ... 3792 unit.., 5375 Manhatian White 1fTes Batic Fruit $::500ml
1 P5303...P5303375 ;
LNEZ ... 6977 wnits 2102756 Nestle Pure Life Still 4x6x5. ., 4934 units 2103170 Nestie Py, .. 2260 wnits 210...2271 w 7447 units 2104347 A‘q.é'tz Mineral Water Still 462500 ml
]
P5303555 P5303556 P5303557 P5304310 P5303558
s 5307 ... 3015 uri... 5307 rits 2102758 Nest. 3015 unit...S307 units 2102758 Nestle Purs L Stil 25k
P5303576 P5303577 P5303578 i P5303581 P53035680 P5303579 i P5303582 |P5303583
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Peak Week 3:

Infor Advanced Scheduling

File Edit Integration Automation Factory Products Batches Schedule Inventory Seitings Window Help

Planning Board 1: 03 Clover waters

& 13 July 2016, 10:26

)
2016007/18 | 2016007729 | 2016007120 | 201600721 201607722 | 2016007723
22)0002 04|05 08| 10| 12| 14] 16 18] 20| 22| 00| 02 04| 06| 08| 10| 12| 14| 16 18| 20| 22 | 00 02 | 04| 06| 08| 10 12| 14 16 18| 20] 22| 00| 02| 04| 06 | 08| 10 12 | 14 16| 18| 20| 22 |00 | 02 | 04 06| 08| 10 12| 14| 16| 18] 20| 22 | 00| 02| 04| 06 |08 | 10 12| 14] 16| 18

Water Borchoke uanz Miner,., | 300...59300 s 50570 lie: Nestle: Pure Life Still Nev.. 5373¢ tre Nestie Pure Life Stl.. 40680 lire inesal Stil Aquertz Mineral St
£
P5303883 P5303886 3303883 PE303832
M - Line 1 CLW 35004 litre Clov Manh I/Tes RB... 36276 lire Clov ... 23728 live Clov Manh If Fi...43380 ftre ‘e Pineapple
P5303689 P5303694 P5303698 702 P5303708
LW Moing Tank 1 isp... | 5004 e Clov Mah I[Tes 10000 live €. | 2728 fiv= Cloy Menh fnr... 10000 ftre Clov Manh
gls:l TEI03EEE TEI038E2 i TEI03657 ToamsEee ¢ TEI03708

276 e Ch... 10000 fare Clow Marh I 3350 e Glov Manh 1

P 10000 e Clov arh Manh [/Tea Pinaspsie

TE3036E7 5303653

T3035% TE303707

NEL 707 unics 2,., 2625 units 2102777 Neste Pui., 1675 u.. 304 urics 210448.,.2500 units 3109153 Clover.. 1469 un,.. 4385 unifs 2102154 Clover Man Ect:500m
0 E (i E
S303354  psion, Po33dse | | psiomms i i pSh340e P303a07
LNE2 ... 6977 units 2102756 Nestie Pure Lfe Stil #6:5... 4934 units 2103170 Nestie Pu... 2260 urits = 2104347 ineral Water Stil 4:6x500 ml
T g | 1

Po303ss | H H PS30364 PS303566 | | PE3043L1 PE303567

LUNEZ 30 592 A, Nes.., 3015 uni... 5307 units 2102759 Nestie Pure Life St 25it
)
PS303551 PS3035Es pE30zssd PE30355% |PE303557

Peak Week 4:

Infor Advanced Scheduling
File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help
Planning Board 1: 03 Clover waters
& 20 July 2016, 01:16
| 2016107126 | 201600728 | 202670720
16[1320] 22| 00 02| 04] 06 08 14[15] 18] 20 10[12] 14] 16] 18[20]22| 00| 02| 04 05 08| 10 12 14] 16 18] 20 10[12]14] 16 18] 20[22 | 00| 02| 04| 0508 [ 10] 12[ 14[ 16 18
Water Borchoke 300... 53300 138578 e Nestle Pu... 55300 fy,,, SUS70 lire Neste Pure Life Sull Ne.. 53736 fire Nostie Pure Life Sil... 4068D lire A... $3916 ire Auartz Minersl St Aquartz Mineral Stil
P=EE P303935 P530353% H P5303541 PS303544 | P5303347
M- Line 1 CLW 19176 iitre Clov Manh ITes Lemen Li.. 39168 tre Clov M... 20028 live 39168 five Clov M... 20028 lirs Clov Manh I[Tea Lemen Clov Manh
PEaTis PEa7al PE303725 i pmaimn PE303734
LW Mising Tank 1 10000 ltre Clow Manh 1/Tes Lamon L. | 10000 itve ...t 26 fire Clow M. 10000 five Cla...| 28 five Clov Manh I/Tea Lemon Cloy Manh
L8 : £ o — 2 L
5303711 Teimna ToTENETIS ¢ o TeaIn4 5503728 553733
LW Mising Tank 2 6276 live Clov Manh 1/Tea Peach Lit... 9175 lve Clov Manh I/Tes Lemon ‘3168 e Clov ...10000 lire CI --+10000 ltre Clav
pang Tank : g ] BT
TE3071 { ToamTs TSI | | Toowas TTENE | | Tonimm
uNEL 37 units 2., 3033 urits 2102248 Clover M., 1750 .., 1598 uni,..2500 urits 3102777 Nestle.., 3264 units 2102196.., 1869 Units 2102252 Clov.. 3264 unics 2102156.,. 1669 unics 2102252 Clower Manhattan lce Tea Lemon xtxS0ml
5303405 | B5303410 P5303. PEI03400 | PE303406 {psa03413 T poanats P5303415 P5303416;
nE2 €877 unis 2102756 Neste Pure Life Sl 44.., 3788 unis 21.., 1870 u,.. SO units 2102758 .., 6877 units 2102756 Neste Pure Life Siil 4085.., 4934 units 2103170 Nestle Pur...2260 units 210,,.2271 un... 747 urics 2104347 Water Siil 4352500 m
T A P P el | imH T EREE
5303555 o P5303665 | P5I03E...PEIIETT HET7 i P5303573 P5303574 | | P5304312 PEIIETS
LN 104592 A, $307 units 2102759 Nest,, 3015 unit,., 5307 unis 2102758 Neste Pure Life 56l 261
H T 1] H i
PB303604 PE303605_PE303606 5303607 PEI036DE g
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Off-peak Week 1:

Infor Advanced Scheduling

File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help
Planning Board 1: 03 Clover waters
& 20 July 2016, 01:16
E
2016/08/01 2016/08/02 | 2015708103 2016/06/04 | 201608705 | 2016/08108
20/22| 00| 02| 04| 06|08 10 12| 14| 16/ 18| 20|22 |00 | 02| 04| 06| 08 | 10| 12| 14 16| 18| 20| 22| 00| 02| 04| 06| 08| 10 12| 14 16 | 18] 20| 22| 00| 02| 04| 06| 08 10| 12| 14 16 18| 20| 22| 00| 62| 04| 06| 08| 10 12| 14| 16 18| 20| 22| 00 | 02 | 04| 06 08 10 12 14] 16 | 1§
- n €6.., 22473 h...21204 T gs{) fire Nestle P.., | 27752 e Nes.., 61938 lire Neste Pure ., 66876 e Nestle Pure Life Siil Neste Pure L., | 37656 five Nesil.. 47304 fire Adquartz Miner.., 50244 five Aduariz Mineral Sill Aguartz Mineral Scll
e 8 i 8
b, PSI0405655304064 | PEaDES: BIIMOE | LPoIDaOTE 5308075 Boaba0ss| | psInios Brani0s
M - Line 1 CLW €318 ive Aquartz .. 18... 43163 Ii... 26064 fire Marh GIT... 50544 ii.., 35748 ...3999 fitre Manh G/Te:
L1 s § H
Ps303349 P5,.. PE303966 PE30IS70 PE303679 | PE303... PI0ISE0
QLW Miing Tank 1 arz .. N 064 lme anh .| | i i 57.. 999 ire Manh 4 ST Manh G/Tea RB/GF/ ST
= I o 00 e S uim L i B
s, : 5. TEI0ISEE
- HE R ! 0. nh GTes Ri
QLW Mbing Tank 2 o
= e o s i
2 2
LNEL 457 ,,, 1767 U5 10, 365 units 210147, 2758,,.5051 .., 3236 units 210288, 4204 u,., 4444 urits 2102830 MAN GITEA REJGF/ST 6xt 5L
S P, psjaa7 PSH03454 PSNIED PS303457 _PS3034.,.PS303A55 :
uNE? 5573 units 2102756 Nestle Pure Life Sl 46, 5573 units 2102756 Nestle Pure Lfe S6ll 4:655.., 3138 unts 2103170 Nestie Pure Life Sl 212x,,.3152 units ... 4187 units 2104347 Aquariz Minesal Water Stil 6500 mi
aml s 1 ETETEEEETE ] |
Po303481 P5303456 i P303487 H H P5303488 | PE303450
LUNEZ 4455 units 2104592 Aquartz Minerals 759 Nestle Pure Life Stil 2:5h | 445 urits 2104592 Aquartz Minerels Weter Sti. 6831 units 2102755 Nestle Pure Life Stil 2:5k
PE303ET ipranzsae H H PE303537 H s303538 H H

Off-peak Week 2:

Infor Advanced Scheduling
File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help
Planning Board 1: 03 Clover waters
& 20 July 2016, 01:16
)
| 2016008108 | 026108110 | 201600811 | 2026708113
18[20]22| 00[ 02 04| 06 08| 10] 18]20]22| 00[ 02| 04 5[ 08| 10] 12] 10[1214] 16] 18] 20] 22| 00| 02 04 05 08[ 10| 12[ 14[ 16 18
Ry st 27752 e Nes... 61538 live \quartz Min, ., | 37656 fire Nestl.. 47304 ffve Adquartz Miner... 50244 itre Aquartz Mineral Stil Aquariz Mineral Stil
B B 8
95304108 516 P5304126 1 [T T P53
M- Line 1 CLW 50 92 lire Manh G, 12492 lize Manh White 1/Tes Exatic Fruit Manh ¥ e Froit
B:0 00 H H H
PS.. P5304000 P5304007 P5304012
— £744 e Aguar Sparking ... 1772 lre Ao 1000 ve Manh Whita 1/Tes Euetc Fru Manh W
QLW Miing Tank 1 ; ; -l ;
303997 g 5., TEID4006 TEAOL
W Mg Tank 2 56596 e Aguanz Sparking L. 1000D e Aguanz Sparking 2452 = Mank, Wihiz 1/Tes Bsotc Frot Manh Evee Frue
ToaEes TE303005 8 TEIa011 8
uNEL 2497 i, 1767 urits,, 1010 unies 2102778 ...; 21570, 56..,830 urits - 561 ... 1475 uni., 491 uns 2105133 ... 1041 unies 3108375 Manharan White 1/Tea Bt Frut £x6:500m!
1T i H
P5303507 PS303508 ; P5303509, P530., P5...P5303516 P530... P5303521 P5303522 P5303523 H
LNE2 5573 writs 2102756 Nestle Pure Life Sl 45%... 3788 unis 21 s...5573 units 2102756 Neste Pure Life St 46:5... 3138 unics 2103170 Nestle Pure Life Sl 152 urits Aguartz Mineral Water Scll 6500 mi
P5303524 P5303526 ¢ £ i P5303525 = P5303530 | PE303E3L
LN 4455 units 2104582 Aguartz Minerals Water ., 6831 unts 2102759 Neste Pure Life Still 26ft | 4455 units J104552 Aquariz Minera €831 units 2102759 Nestle Pure L= St
PE303540 P55 | g PE303541 ¢ P5303547
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Off-peak Week 3:

Infor Advanced Scheduling

File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help
Planning Board 1: 03 Clever waters
& 20 July 2016, 01:16
=
2016/08/15 | 2016008116 | 2016708117 2016/08/18 | 20160089 | 2016/08120
00/ 02| 04| 06| 08| 10 12| 14| 16| 18] 20] 22| 00| 02| 04 06 | 88| 10] 12 | 14 16| 18| 20| 22 | 00| 02| 04 06| 0| 10 12| 14| 16| 18] 20| 22| 00| 02| 04| 06 08 10 12 14| 16 18] 20| 22| 00| 02| 04| 06| 08| 10| 12 | 14 16| 18] 20| 22 | 00| 02| 04 | 06 | 08| 10 12| 14] 16 18| 20
P, £68,22473 24304 lre . 15160 ltve Nestle,., | 27752 live Nes.., 61938 e izt:ie Pure L., 66876 lire Nestle Pure Life Siil Nesce Pure Uf.. | 37656 ive Nestl.. 47304 e Aquartz Miner., 50244 five Acuariz Mineral Stl Acuartz Mineral Stil
E i E i
B P5304.. P304144 | pe3gatde 5304148 Baans iy P504164 praies | PSNT
M - Line 1 CLW 4408 ire ... 31512 I 35172 \rt"e Clov Manh I[Tes Blackoument Clov... 28512 ltre Clov Man}
PE30l | | PEIDIE SIS PE30%028 PEa04033
W Mising Tank 1 4408 ive,., | 1512 live Clov Manh ] i 10000 fire $512 fire Cioy Manh I{Tes Pinespple Cioy Msnh
TSN | TEI0NEE H -5174029 TSOMEL | H
QW Mbing Tank 2 10000 fir...; 10000 iire Clov Ma 5172 e nt Cl... 10000 lime Clow Manh [/Tes Pineapple
TS30s016 | TSI iRy TS50
LNEL 2457 uni, 1767 unics.., 1 2101... 2034 units .., 2789 units 2104483 G 2531 units 2102153 Clover ., 2376 units 2103154 Clover Manharian I
PS303461 P5303462 | P53...PE303454 P5303455 | PS303456 {Ps303470 © P5303471 :
uNE? 5573 units 2102756 Nestie Pure Lie S e.,5573 urits 2102756 Nestle Pure Life 56l 4:6:5.., 138 units 2103170 Nestle Pure Lfe S 3152 units ., 4187 urits 2104347 Aguartz Mineral Water Stil 46500 ml
P503491 P5303435 ¢ H g i i prasdss - 503457 |
LUNEZ 4455 units 2104552 Aquartz Minesels 759, Neste Pure Life Stll 261 | 4455 units 2104552 Aquariz Minesels Wates St 6831 urits 2102759 Nestle Pure Life St 215
PE303Ea3 H H H PE303545 ¢ H ! i L pmans

Off-peak Week 4:

Infor Advanced Scheduling
File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help
Planning Board 1: 03 Clover waters
& 20 July 2016, 01:16
=
201608722 | 201610823 | 2016708724 | 2016708126 | 201610827
00]02]04[ 06 08[ 10[ 12]14] 18] |0 02| 04| 05 [ 08 [ 10[ 12 14] 16] 18] 20] 22| o0 02 04 [ 06 08 | 10| 10[12] 14] 16[ 18] 20] 22| 00 [ 02 04| 06 [ 08[ 10 12] 14] 16 18 20[22 | 00 02| 04 05 [ 08 [ 10 12] 14[ 16 18 20
Warer . 6., 122473 .. 31204 fire Nest.,., | 27752 lire Nes... 61938 five Neste Pure L.., 65876 live Nestle Pure Life St 150244 v Aquartz Minesal Stil Aguartz Mineral Stil
o f: 8
B PRIMIT4 P5304182 | ppatsd PSI04166 | | PolpéISt Po304197 B 04000 PEaI20T [T
M- Line 1 CLW 14304...27792 e Clgv Manh I/Tes Peach L. 31020 itre Clov Mant v Man,.. 43032 itre Clov Manh ITea Peach Clov Manh [/Tes Pesch
) H H 8 g g g
P530.. PEICAD PE304054
AW Mg Tank 1 3032 five Clov Manh I/Tes Pesch Clov Manh /Tea Pead
75364051
W Mg Tank 2 F i 1F - on Clow 10000 lie Clov Manh 1/Tea Peach Clov Manh I/Tes
H T5304050
uNEL 2457 un.. 1767 unins ., 1010 units 2002778 ... 1182 ., 2316 urits 210224 2000 irits 210215 Clover M.,.3586 units 2103196 Cloves Manhaa lce Tea Péach GxxS0dml
P5303477 5303473 | p303474 P5303. . P5303477 ¢ 504314 P5303450 H
nE2 5573 units 2102756 Nestie Pure Lie Sul 4%.., 788 units 2 5573 units 2102756 Nestie Purs Life 56l 4:6:5.., 3138 units 2103170 Neste Pure Life Stll 2x12x,,3152 unis Aguarcz Minesal Water il 406500 ml
PE303459 P5303500 P5303503 ¢ HI i opswme ¢ : P533505
LN 4485 units 2104592 Aguartz Minesals Water ., 6831 units 2102759 Nestle Pure ife Still 2451t | 4455 units 2104582, Acartz Minerals Wter 6., 6831 units 2102759 Neste Pure Life Stil 2alt
PE313548 P5303547 H H P5303550 | P5303545 g
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Continuous Week 1:

Infor Advanced Scheduling

File Edit Integration Automation Factory Products Batches Schedule Inventory Seitings Window Help

Planning Board 1: 03 Clover waters

& 07 September 2016, 17:25
s
2016/09/05 | 2016/03108. | 2016109107 | 2016109108 | 201605709 | 2016/03120
0002| 04|06 08| 1012141618/ 20| 22| 00| 02 04| 06 | 08| 10[ 12| 14 16 18|20 22 | 00| 02 | 04 06 | 08| 10| 12| 14 16 18| 20| 22| 00 | 02 | 04| 06| 08 | 10 12 | 14 16| 18] 2022 |00 | 02 | 04| 06| 08 10 12| 14 16] 18| 20| 22| 00| 02 | 04 | 05| 08| 10 12 14 16 18 20
Water Borchoke estle Pure L. 59, , 30001 five N e Pure L Sal Nestie Pure L. jeste Pure Life .., 71658 1z Mineral Stil Aquartz Minersl Stl
pSAEESt-E7 : : \ paos :
M - Line 1 CLW 21933 five Momd M.. 54324 ltre... 67032 ire Manh [/Tea Peach Ma... 48424 Ii... 48483 ... 32175 lire Manh G/Tes kil
0 § 6 g 5
PEI04337  PEIDA3AE PE3D4351 PEIMIE7] PEIDAZED
. 10.. 100, | 10000 fvs Math /e Kif
QLW Miing Tank 1 W
[OmT i e 2 Jmm m o] g 5
. 5304344 i
Errr =t £7.. 10000 e M 10. 2175 e Marh G/Tea
T5.. 75304228 TS, TEI
LNEL 3488 unics ...: 2405 unics 2102777 Nestle 2437 s 2102841 ..6036 unis .. 7448 units 2102887 MAN I/TEA ... 4536 ur uni,.. 3575 units 2102851 EA KIPEA LTE 5. 5lc
[ ] 8 B
P5304223 P5304221 | PoI0A200T £ P5304204 PLIbAII5 PEIDa2c6
uNE? 6550 urits 2102756 Nestle Pure Lfs St 415, 1677 .. 4633 unis 2102758 .. 6590 units 2102756 Nestle Pure Life Stil 44615, 4625 unts 2103170 Nestle ... 3981 ords 210447 Aguara M) Vster S5l 500 ml
| R |
] ' PE30AET N ¥ PE30AzEL PE304%6s | paipadee
LUNEZ 5132 units 2104592 Aquartz Minerais 9959 units 2100759 Nestie Purs Lifs Stil 5132 units 2104592 Aguartz Mi tl...9959 units 2102759 Nestie Pure Life St
PE30AIEL i H00 PE304ET PE304ZEL i H

Continuous Week 2:

Infor Advanced Scheduling

File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help
Planning Board 1: 03 Clover waters
& 13 September 2016, 14:54
Jorsiosisa | 2016082 | 2016008114 | 2016108115 | 2018708116 | 20160827
14[16] 18] 20[ 22| 00 02[ 04 06| 08 | 10] 12[ 14] 16] 18] 20| 22| 00| 02 [ 04 | 06 08] 10] 12[ 14 ] 16 18] 20 22| 00 02 |0+ [ 06 [ 08 10| 08 10] 12] 14[16] 18] 20[ 22| 00[ 02 04 05 [ 08| 10] 12] 14] 16 18] 20
Water Borchoke st Pu 79080 lire Nestle Pure Life St Nestie Pute L., 55,,, 23916 e Aquanz Min. 71655 fire Agus iz Mineral Stl Aguartz Mineral St
5., Po304464 $P53I4473 P5304476
M- Line 1 CLW ire Aquartz Sperkiing Cran...304... 16776 five Manh Whi  Exoic Fruit Marh
24 H i psi.pPEIMIs H
LW Mising Tank 1 lire, Aquantz 5 9048 ..6776 lire Marh W anh
i 8 M 11 i
QW Msing Tank 2 : 3 itre Aquartz i i Frut Manh
uNEL 3488 units .,.:2409 unis 2102777 Nestle Pur.., 1685 ...3385 un... 873 1,572 .o BD ... 58... 1084 uries 21 1593 urits .., 754,., 1398 unis 3105375 Manharizn Whie /Tes
PS30427 PaIAI 530, po30aza P53... P530.. P53, . BE...P5304738 {PS30a055 | pos.. po3oazar H H
LNE2 550 units 2102756 Nestle Pure Lfe Sill 4:6... 3788 units 21... 1677 .. 530 wnics 3103756 Nestle Pure Life Sl 4625... 4625 units 2103170 Nestle s 21
EETETEEE ]
PE304767 = PE30ATTT N [ = T Bsi04073 | peapaid
LN 5123 s 2104592 Aguartz Minerals Water ., 9959 units 2102759 Nestle Pure e SEil 26k | 5173 units 2104592 Aguartz 9959 units 2102759 Nestle Pure Life Stil 26k
[ g [ g PE304T5T £ e H
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Continuous Week 3:

Infor Advanced Scheduling

File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help
Planning Board 1: 03 Clover waters
& 23 September 2016, 03:25
)
2016/09/19 | 201609720 | 2018109121 | 201610922 | 20160723 | 201610924
22| 00| 02| 04| 06| 08| 10| 12| 14| 16 18/ 20|22 |00 | 02| 04| 06| 08| 10 12| 14 16| 18] 20| 22| 00| 02 | 04 | 06| 08| 10| 12| 14| 16| 18| 20| 22| 00| 02 04| 06| 08| 10 12| 14 16| 18| 20| 22 | 00| 02| 04| 06| 08| 10 12| 14| 16 18] 20[ 22| 00| 02| 04| 06 | 68| 10 12| 14| 16 18
P, ] e Pure L. 30001 fere Ne... 30 83354 ftre Nestle Pure Lfe S5l Neste Pure - 5 jeste Pure Life 5 o . el St el Sl
e pa0as14 g g g g
M - Line 1 CLW 33912 e 24496 lrre Clov Clov Manh... 18035 lire O T with Cov B/GF/ST with Ginko Bil
PE304481 : : PE304487. PE304495
e 10000 s Clov .| i 4496 e Chov v, g03c e Clow Man.. | 20 I Ok 5036 Ime il Clov T with Ginks B
T T TsI4AEE L
W Mg Tank 2 { 3912 e Clow M 10000 ftve Clov..10000 five Claw Manh Giniko Bi Clow Marh with Ginks B
To30ss
LNEL ur, 3708 unis 2103153 C. its 2104483 .., 3810 urits 2109134 Cl.. 1503 unis 2104483 Cloves Mnshattan loz Tea Ruby i jth Ginko
u| : &
P5304247 ST T Bsaeos0
LNE2 6590 units 2102756 Nestle Pure Lie Stil 456, 65D units 2102756 Nestle Pure Life Stil 4465.., 3981 units 210...4625 units 2103170 Nestie ... 6440 units 21
| B T
[ § [N = s [T
LUNEZ 5123 urnifs 2104592 Aquartz Minerals Wetsr ‘5173 urits 2104592 Aguartz Minersls Water Sti.,9959 units 2102759 Nestle Pure e Stil 2k
PE304355 PE304300 | i {paane0t
[ C

Continuous Week 4:

Infor Advanced Scheduling

File Edit Integration Automation Factory Products Batches Schedule Inventory Settings Window Help

Planning Board 1: 03 Clover waters

5 g 27 September 2015, 01,05
Viesks 3
Days | 201605727 | 2016709128 | 201605729 | 2016108130 | 201610001
o= 2022 o0 02| o« 06 08 10] 12] 14 6] 5 20] 2 00 o2 o] o8] 10 2] 1 1] 15 18] 20 22| 00] 02 0a 06 02 [10] 12 1] 1] 120 2 o0 2] ] e 0] 1214 1] 12 0]
e . = Nestl Pure L. 50.., 63354 I Nestia P... 79080 lirs Nests Purs Lfa Stil Nests Purs L., 55500 e Nestis Purs Lfa .. 71658 fie Aqus,..77260 ive Aquariz Mineral St Acuartz Miness 51
= : 5 ; ;
PS040 | s, PAIMS P5304551 | P5304558 : 5304604 | P5304507
[P 18732 bve Clov Manl Lemo..77952 five Clov Manh 1/Tea Peach Clov Manh... 36852 fve Clov ... 39636 fire Ciov Manh I/Tea Lemon Clov Manh I/Tea Lemon
PS304546 Ps30assE i peaesen Poieses | | i :
QW Moing Tark 1 fou M Lem... | | i 10000 five Clov Manh /Tga Peach... | 10000 e Glo.. | 10000 live Gov Manh I/Tea Lemon Clov Manh I on
s TS30R563
QLW Miing Tank 2 v Manl temon ., 17952 live Clay Maph /Tez Pesch .. 3636 lrre Clow Manh I/Te Lemen Clov Manh IfTea Leman!
5304554 | 75304554 a

e 448 Unts .. 2409 units 2102777 Nestls Pur... 1685 .. _{ 1561 urts 2107155 Civer Manks... 6436 units 2102196 Clovar Manhatts Tce Tes ... 3071 units 210224...3303 units 210325 Clover Manhstan Ics Tea

Po304051 po0arsy PE30as [ I PE30ar56 ]
= 590 units 2102756 Hasts Pure .| 6590 units 2102756 Nestla Purs Lz Stil 456551, 4635 nits 2103170 Nestle P..,3981 urits 2104, inessl Wster Sril 464500 ml

| e T

(=] Pe30aze7 | T T | pewbesss T PE303289
LNE3 5123 units 2104582 Aquarez Minesaks i # 5123 units 2104552 Aquarcz Minessls Water Stil.. 5959 units 2102759 Neste Bure Life St 28k
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