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Resumo

A correta definição da melhor estratégia de produção para cada produto e o correto dimensiona-
mento dos lotes de produção são dois aspectos cruciais que as indústrias devem ter em consider-
ação para serem bem sucedidas.

A literatura enfatiza a importância da definição de estratégias de produção, fornecendo uma
abordagem de múltiplos critérios para determinar o ponto de dissociação ótimo. Destaca também
o papel dos modelos de sistemas de apoio à decisão na simulação de cenários de produção e
na facilitação da tomada de decisões informadas. Estes modelos baseiam-se predominantemente
em programação linear, visando maximizar ou minimizar uma função objetivo, respeitando um
conjunto de restrições. A obtenção destes resultados pode ser conseguida através da utilização de
softwares de otimização altamente eficazes disponíveis no mercado.

Este estudo foi realizado na Sonae Arauco, um produtor de painéis derivados de madeira,
com o objetivo de parametrizar e validar o modelo desenvolvido durante o projeto TURN para a
realidade industrial da empresa.

A abordagem proposta envolve um modelo de otimização concebido para determinar a es-
tratégia de produção óptima (MTS/MTO/FTO) para produtos individuais, juntamente com os cor-
respondentes tamanhos de lote e stocks de segurança para produtos MTS. As decisões do modelo
serão orientadas por compromissos de custo entre as estratégias MTS e MTO para cada compo-
nente, incluindo placas em bruto, papel decorativo e paineís decorativos. Embora uma estratégia
MTO ofereça vantagens em termos de custos de inventário mais baixos, resulta num aumento da
ocupação da linha e dos custos de preparação. Por outro lado, a adoção de uma estratégia MTS
implica custos de inventário mais elevados, mas oferece benefícios, como a redução dos custos de
preparação e a diminuição da variabilidade do tempo de produção.

Espera-se que a aplicação das metodologias desenvolvidas resulte em poupanças significati-
vas para a empresa. Os resultados da validação do modelo indicam que a estratégia de produção
proposta resulta num aumento de 5% no nível de MTS, indicando que o modelo favorece a pro-
dução de stock para reduzir os custos de inventário, aumentando os tamanhos de lote ideais para a
produção, levando a uma redução de custos mensais de 8%.

A validação deste modelo de sistema de apoio à decisão, juntamente com o seu alinhamento
aos princípios da Indústria 4.0, são de extrema importância para demonstrar a eficácia e o valor de
aproveitar tecnologias avançadas na tomada de decisões otimizadas em operações de produção.
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Abstract

The correct definition of the best production strategy for each product and the correct sizing of the
production lots are two crucial aspects that industrial companies must take into consideration to
be successful.

The literature emphasizes the significance of defining production strategies by providing a
multi-criteria approach to determine the optimal decoupling point. It also highlights the role
of decision support system models in simulating production scenarios and facilitating informed
decision-making. These models predominantly rely on linear programming, aiming to maximize
or minimize an objective function while adhering to a set of constraints. Obtaining these results
can be achieved through the utilization of highly powerful optimization software available in the
market.

This study was carried out at Sonae Arauco, a wood-based panels producer, with the purpose
of parameterising and validating the model developed during the TURN project for the industrial
reality of the company.

The proposed approach entails an optimization model designed to determine the optimal pro-
duction strategy (MTS/MTO/FTO) for individual products, along with corresponding lot sizes and
safety stocks for MTS products. The model’s decisions will be guided by cost trade-offs between
MTS and MTO strategies for each component, including raw boards, decorative paper, and dec-
orative panels. While an MTO strategy offers advantages in terms of lower inventory costs, it
results in increased line occupation and setup costs. Conversely, adopting an MTS strategy entails
higher inventory costs but offers benefits such as reduced setup costs and decreased variability in
production lead time.

It is expected that the application of the methodologies developed will result in significant
savings for the company. The results of the validation of the model indicate that the proposed
production strategy result in a 5% increase in the MTS level, indicating that the model favors stock
production to reduce inventory costs by increasing the optimal lot sizes for production, leading to
a 8% monthly costs saving.

The validation and proof of concept for this decision support system model, along with its in-
tegration with Industry 4.0 principles and utilization of real-time data, hold significant importance
in demonstrating the effectiveness and value of leveraging advanced technologies for optimized
decision-making in production operations.
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Chapter 1

Introduction

This introductory chapter aims to provide a framework for the dissertation, referring the context

and motivations that supported the proposition of the theme in section 1.1, presenting an overview

of the company in section 1.2 and the goals to be accomplished with this dissertation in section

1.3. In section 1.4, the methodology that was followed is described. Finally, in section 1.5 the

structure of this document will be provided.

1.1 Context and Motivation

The supply chain concept is theorized from the formation of a value chain network consisting of

individual functional entities committed to providing resources and information to achieve the ob-

jectives of efficient management of suppliers as well as the flow of parts [1]. An integrated supply

chain has a clear advantage on the competitiveness of the individual companies. Supply chain

management includes a set of approaches and practices to effectively integrate suppliers, manu-

facturers, distributors and customers for improving the long-term performance of the individual

firms and the supply chain as a whole in a cohesive and high-performing business model [2].

Production planning plays a critical role in supply chain management, by ensuring that the

proper amount of goods are produced at the right time and at the right cost. The value of optimized

production planning within the supply chain is clear to many managers, particularly when large

portions reside within one organization or the planning can be done in a coordinated way [3].

Companies must have strong production planning and forecasting techniques in place if they want

to optimize their production processes, save costs, improve productivity, and boost profitability.

Mathematical models are used to simulate production processes and forecast their results, enabling

businesses to test various hypotheses and find the best answers.

The innovative TURN project, by Sonae Arauco in collaboration with a consultancy team,

intends to provide a decision support system for production planning and forecasting in the wood-

based industrial sector. By collecting data of their current planning and forecast as well as their

previous production alignment and sales numbers, the project aims to develop models that opti-

mize the production strategy, finding the best MTO, MTS and FTO production mix. One of the

1



2 Introduction

important components of the decision support system is the Lot Sizing, which intends to calculate

the ideal lot size for each production order based on variables such as demand variability, lead

time, and setup costs.

With the rise of this project the need arises to perform an evaluation of the impact this system

could have on the company’s daily operations, realizing whether it is more advantageous than the

current methods of functioning.

1.2 Company Presentation

Founded in 1959, Sonae Indústria is a multinational wood-based panels company. From the north

of Portugal it has reached the entire world, developing products for the furniture, construction and

decoration industries that improve people’s lives. Using wood as the raw material for everything

it produces, Sonae Indústria has, from the outset, been committed to using natural resources in a

sustainable way and to reducing the environmental impact of its activities as much as possible.

Sonae Indústria and Inversiones Arauco Internacional formed the joint venture in 2017 to

create Sonae Arauco, which became one of the largest players in the world’s wood-based panel

market. These products are made from wood fibers that are mixed with resin and then pressed and

heat-treated to form a solid panel. Sonae Arauco’s base products are MDF, PB and OSB. These

products are mainly used in furniture and decoration, with the exception of OSB, which is also

used in the construction business and are presented in figure 1.1.

In the surfaced panels segment, Sonae Arauco primarily manufactures and distributes MFC

and MFMDF, which are MDF panels coated with a layer of melamine paper featuring a decorative

motif, providing the base panels with various finishes. The company offers more than 150 different

decorative varieties and more than thirty various finishes for these products.

Figure 1.1: Types of core products, PB, MDF and OSB, respectively

In addition to its core wood panel business, Sonae Arauco also produces and sells a range of

other products, including doors, flooring, and decorative laminates. The company is committed

to sustainability and is actively working to reduce its environmental impact through the use of

sustainable raw materials, energy-efficient production processes, and the implementation of waste

reduction and recycling initiatives. In this context, the figure 1.2 depict a side-by-side comparison,

with the offices of Sonae Arauco’s headquarters gracefully depicted on the left, juxtaposed with

the dynamic and vivid portrayal of the industrial reality of Oliveira do Hospital showcased on the

right.
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Figure 1.2: Sonae Arauco Facilities

Currently, Sonae Arauco has a commercial presence in more than 75 countries and has fac-

tories and distribution centers in Portugal, Germany, Spain, United Kingdom and South Africa.

Sonae Arauco is the industry leader in its sector, with 4,200 million m3 of annual manufacturing

capacity and about 3,000 employees worldwide [4].

1.3 Goals

This dissertation aims to assess the TURN project’s MTS/MTO/FTO production forecasting stat-

egy and Lot Sizes optimization model, analyzing the model developed and evaluating its effective-

ness and future impact of this new decision support system on the company’s production planning,

enabling the company to take more informed and accurate decisions.

Therefore, and in order to fulfill the main objective exposed, there is a set of intermediate

milestones to be met. This partial objectives are thus presented in the following list:

• Perform a literature review on the topic;

• Analyze and follow up the TURN project development;

• Perform a preliminary analysis on company’s current situation;

• Establish an appropriate set of performance indicators and metrics for comparison;

• Formulate the mathematical optimization model and implement the model in a suitable tool;

• Validate model results for Sonae Arauco’s production reality;

• Discuss implications of the model in the company production planning processes and future

directions.

The goals set forth in the introduction play a pivotal role in establishing the framework for

this study. The development of a comprehensive methodology to achieve these goals holds great

potential in not only bolstering the company’s competitiveness but also driving its overall success

in the face of a rapidly evolving business landscape. By successfully addressing the objectives
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outlined, the study aims to bring about tangible improvements in various aspects of the company’s

operations. These improvements may include optimizing production strategies, streamlining pro-

cesses, enhancing resource utilization, reducing costs, and ultimately improving the bottom line.

Additionally, the study’s outcomes may serve as valuable insights and best practices that can be

shared within the industry, contributing to the broader knowledge base and advancing the field of

business management.

1.4 Methodology

In order to achieve the goals described above, the different tasks to be carried out throughout the

project were identified and can be seen in sequential order in figure 1.3.

Figure 1.3: Plan of the project phases

The first phase of the project consisted in the integration into the company, obtaining general

knowledge about its operation and the follow-up of the daily tasks performed, especially the meet-

ings of the IT- Supply Chain Planning team and the TURN project. Throughout this phase, the

problem that serves as the basis for the thesis was also formulated and the work plan was drawn

up.

A Literature Review on pertinent topics within the project’s scope was done in a second phase

to address the proposed challenge.

In a third phase, relevant data on production decisions, including factors such as customer

demand, delivery times, and inventory costs, were collected, filtered, and processed in order to es-

tablish comparison metrics between the models. During phase 4 and 5, the follow up and analysis
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of the TURN project occurs, understanding how the model was created and the knowledge behind

it, followed by the validation of the data and result consistency.

The last two phases served to analyze and interpret the results, draw conclusions about the

relative effectiveness of the model and understand the impact of the new model on production,

ending up with the conclusion and the identification of potential areas for research or improvement.

1.5 Document Structure

This thesis is divided into six chapters, according to the sequence of the work developed through-

out the project.

This first chapter, introduces the context and motivation of the dissertation, alongside the a

company presentation and the objectives.

Following this, chapter 2 describes an essential theoretical background of the relevant topics

for the successful execution of the project.

In chapter 3, an analysis of the company’s current situation takes place, presenting all the

current processes.

In chapter 4, the methodology used is explained in detail, explaining the work performed.

In chapter 5, the results are illustrated, and an analysis and interpretation of the results is

presented.

Finally, chapter 6 presents the conclusions of the conducted work and difficulties encountered,

pointing out topics for future work.
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Chapter 2

Literature Review

This chapter exposes the theoretical concepts that support the development of the dissertation.

Various bibliographic sources were used in the literature review, with emphasis on scientific

articles, books, dissertations and web pages. The search engines used were ScienceDirect, Scopus,

IEEE Xplore, ResearchGate, Emerald Insight and Google Scholar.

The strategy followed for content selection consisted of reading the abstracts of scientific

articles, books, and dissertations so as to understand whether or not they were relevant. Whenever

possible, the most recent content was used in terms of publication date and scientific relevance.

Section 2.1 aims to provide a general review on production planning, introducing MTO and

MTS production strategies and combined production models in section 2.1.1, the lot sizing prob-

lems in section 2.1.2 and finally, in section 2.1.3, the strategy of block planning. The importance

of decision support systems in production planning, specially model-driven DSS, is underlined in

section 2.2, followed by an overview on analytic hierarchy process for decision making in section

2.2.1. Optimization techniques in section 2.3, presents mathematical tools able to solve complex

real-life problems widely used in production planning, giving greater prominence to linear pro-

gramming in section 2.3.1. The last topic, in section 2.3.2, focuses on software solutions available

as optimization solvers and some techniques to compare the performance of these algorithms. This

chapter finishes with section 2.4, with an overview of the importance and the main steps to choose

the correct performance indicators.

2.1 Production Planning

The industrial production has undergone significant changes in recent decades. The changes relate

to the scale and complexity of production and technologies used. Manufacturers to be competitive

must produce high-quality products at low cost while being flexible in meeting rapidly changing

customer needs [5]. Production planning turns out to be crucial in tackling this issue, entailing the

research and development of an effective plan to minimize waste and maximize rentability.

7



8 Literature Review

Production planning is almost exclusively seen in manufacturing environments; however, many

of the techniques employed in production planning can be and are used by many service ori-

ented businesses. Understanding the behavior of a process, finding bottlenecks, reducing work-

in-process inventories, developing optimal scheduling, forming optimal forecasting methods and

polishing inventory control methods are the main concerns of production planning [6].

However, production planning often proves itself to be a very complex task, mainly for the

following reasons:

• A manufacturing resource is utilized to manufacture various product types rather than being

totally dedicated to the creation of a single product.

• Customer service standards and reducing production and inventory costs are two competing

goals that must be balanced in production strategies.

• Production plans are not static and must be revised before the end of the planning horizon if

the actual situation deviates significantly from the plan.

Production planning is thus a difficult and recurring problem for industrial companies and there is

a strong need for decision support systems [7]. During the decision-making process of production

planning, there is an imbalance between two sorts of costs: setup and inventory storage costs.

Setup costs are the costs incurred when changing the resource configuration from one type of

products to another one. Inventory holding costs account for the opportunity costs of capital as

well as for the direct costs of storing goods [7].

2.1.1 Make-to-Stock and Make-to-Order Production Strategies

Product classification into MTS or MTO has a substantial impact on production planning. Each

product type necessitates a unique strategy to production scheduling, inventory management, and

consumer demand forecasting. The major difference between MTO and MTS is that MTS makes

standard products using a standardized process, which do not exist for MTO at the time of capacity

planning. Unlike in MTS, which hold finished goods in inventory as a buffer against variations in

customer demand, MTO operations hold capacity in reserve to meet customer demand [6].

Pure MTS and pure MTO products are defined by characteristics that indicate the best manu-

facturing plan for each product. Some of these characteristics include demand volatility, level of

customization and the ratio of manufacturing lead time to delivery lead time. For example, when

dealing with higher levels demand volatility, an MTO strategy may be the best option. This is

due to the fact that MTO production is tailored to market demand and real customer requirements,

rather than relying on possibly untrustworthy historical data. MTS strategy does not require pro-

duction to begin until orders are received, resulting on a higher ratio of manufacturing lead time

to delivery lead time. MTO production, on the other hand, begins production only after an order is

received, resulting in longer production wait times. Although, MTO production is better suited to

customized orders with a wide range of needs and preferences. To successfully handle a business’s

complex and diverse demands, requirements, and product types, combined systems that integrate
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multiple production strategies may be necessary. The solution needs to consider the trade-offs

between product-process characteristics and the demands from the market [8].

In supply chains using a combined system, holding inventory at some of the stages of the

chain and using an MTO strategy at other facilities might decrease the costs dramatically without

increasing the lead times. Because of this, companies are starting to employ a hybrid approach,

a ”push-pull” strategy (i.e. a combined MTO-MTS system), holding inventory at some of the

facilities in their supply chain and producing to order in other [9].

The point at which the switch from MTS to MTO production steps occurs is called the cus-

tomer order decoupling point (CODP). The CODP defines the stage in the manufacturing process

where a product is linked to a customer order. When both MTS and MTO production steps can be

used insequence, a decision must be made where to place the CODP [10]. In essence, as shown in

the next figure 2.1 the decoupling point is the point that indicates how deeply the customer order

penetrates into the goods flow [11].

Figure 2.1: The Decoupling Point between MTS and MTO [12]

The decoupling point is important for a number of reasons, as it separates the order-driven

activities from the forecast-driven activities, it is the main stock point from which delivery to

customers are made and the amount of stock should be sufficient to satisfy demand in a certain

period and the upstream activities can be optimized in some ways, as they are based on forecasts

and are more or less independent from irregular demands in the market [11].

2.1.1.1 ABC Analysis

Nowadays many projects show the same 80/20 distribution of yield vs. costs. This is often at-

tributed to Pareto’s observation and is called Pareto’s 80/20-law or the law of the trivial many and

the critical few. ABC-analysis means to classify subprojects into three classes A, B, and C. Sub-

projects are ordered in decreasing order of yield. Typical proposals for the limits of yield in class

A range from 5% to 33%. Proposals for class B range from 15% to 33%, for class C from 25% to

50% [13].

The first studies on hybrid MTS-MTO systems, focus on the definition of production strategy

for each product. Considering the demand and lead times, the first step is to perform a pareto

(ABC) analysis to the product portfolio. The items classified as A, high demand items, are clas-

sified as pure MTS and in contrast the items classified as C, corresponding to low demand, are
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classified as MTO. The remaining part, B items, are subjected to a decision-making process. The

objective is to identify the boundary, the CODP, between the two policies in ascending demand

order, taking into account a variety of factors, such as holding costs, setup costs and stockout costs

[14].

2.1.1.2 Hierarchical Multiple Criteria Approach

More recently, another study proposes a hierarchical decision-making model as a reasonable ap-

proach to solve the issues involved. This framework combines a three-level decision model with

contributions from MTO–MTS literature that can be observed in figure 2.2.

Figure 2.2: Hierarchical approach to MTO–MTS problem [8]

It is possible to conclude that the framework is a valuable contribution to both the descrip-

tion of the MTO– MTS production situation and possibly to the managerial decision-making in

organizations [8]. At the first level, there are decisions that relate to determining which products

to manufacture to order and which products to manufacture to stock. The information needed

for locating the decoupling point will be used to decide on MTO/MTS partitioning [11][8]. At

the second level, the decision for allocation of production orders for both MTO and MTS prod-

ucts to planning periods is made based on factors such as orders on hand and forecast, available

capacity and stocks, realized efficiency in previous periods, and feedback about plan realization,

when demand and supply are balanced. Finally, in the last level, the daily operations decisions on

scheduling and control are taken.



2.1 Production Planning 11

2.1.2 Lot Sizing Models

The scheduling of production lots, as well as their sizing, is an area of increasing research attention

within the wider field of production planning and scheduling [15]. Lot-sizing problems aim to find

the optimal timing and level of production of each product to minimize the sum of these two costs

[16]. There is a debate about whether or not lot sizing as a trade-off between setups and stocks

is still an issue. Nonetheless, a high number of production processes are characterised by strong

fluctuations of seasonal demand (with not enough capacity in some periods to process all the or-

ders), by significant setup times and costs and by the economical advantage of holding stock rather

than maintaining a capacity surplus [15]. The advances observed in mathematical programming

in recent years combined with the increase in computational power (hardware) and in the quality

of general purpose mixed-integer programming commercial solvers (software) allowed sequence

independent Lot-Sizing problems to be solved efficiently using exact methods for reasonable size

instances [17].

Upon initial examination, is possible to divide this issue in continuous lot sizing problems

and dynamic lot sizing problems. Dynamic lot sizing problems assume a discrete time scale,

deterministic dynamic demand and a finite time horizon [18]. In contrast, continuous lot sizing

problems assume a continuous and infinite time scale, not divided into discrete periods/buckets

[19]. Small bucket lot sizing models consider very small time periods, on which only one prod-

uct can be produced per period. Given the problem company’s complex production setting of

sequence-dependency, numerous non-identical machines, a longer time horizon, and a large num-

ber of products, these models are inapplicable and will not be addressed further.

The famous Economic Order Quantity model as been defined as the ordering quantity which

minimizes the balance of cost between inventory holding cost and reorder cost. The basic model

assumes a continuous time scale, constant demand rate and infinite time horizon [20].

Figure 2.3: The Economic Order Quantity optimal value [20]
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The extension to multiple items and constant production rates is known as the Economic Lot

Scheduling Problem [18]. The goal is to determine the optimal production plan that minimizes

total production and inventory costs while meeting customer demand and not exceeding machine

capacity. Although, these problems frequently include non-identical parallel machines, sequence-

dependent setups or stochastic demand, making extremely challenging to find an optimal solution.

The Capacitated Lot Sizing Problem is a widely recognized topic associated with big bucket

modeling. Initially, the issue was defined as determining the best production plan for a single

machine with multiple items while taking capacity limitations and sequence-independent setup

costs into account. Setup times, on the other hand, were added afterward to improve the model’s

accuracy. Of course, companies do not have an unlimited capacity and usually they make more

than one product. Any realistic model has to take this into account [18]. The problem has evolved

over time to include more complex and realistic production settings. Multiple machines, multiple

products, multiple stages of output, and various constraints such as backlog, safety stocks, and

lead times are among these extensions.

2.1.3 Block Planning

Block planning is a strategy for production planning that includes categorizing products into fam-

ilies based on their setup dependencies. A natural sequence of producing products often occurs

in process industries, which can be integrated into a product family and scheduled as a single

block. This eliminates the need for major setups between blocks and instead needs only minor se-

tups between individual products within a block, providing a higher degree of flexibility regarding

the time-phasing and sequencing of production orders compared to classical dynamic lot sizing

models [21].

Block planning can be divided into two categories: rigid and flexible. The length of an entire

block is variable in the flexible method, whereas it corresponds to the length of a period, such as a

week, in the rigid approach. Mixed integer linear programming formulations, whose definition will

be discussed in more depth in the following sections, are frequently used to model these problems

[22]. As a result, it is a promising method for modeling complicated real-world situations while

still finding optimal solutions in short computational times.

2.2 Decision Support Systems

Decision support systems (DSS) are computer technology solutions that can be used to support

complex decision making and problem solving [23]. Production planning, as mentioned previ-

ously, is a complicated and recurring challenge for industrial organizations since it entails manag-

ing many constraints and restrictions relating to materials and resources. To tackle this problem,

there is an immense need for decision support systems that can give effective solutions and opti-

mize production processes, assuring resource efficiency and meeting client requests.

The DSS role is to facilitate an efficient analysis of various decision alternatives as well as

to analyze manufacturing performance in production system [24]. Typically, this systems are
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designed so a user can manipulate model parameters to examine the sensitivity of outputs or to

conduct a more ad hoc "what if?" analysis [25].

Model-driven DSS include computerized systems that use accounting and financial models,

representational models, and/or optimization models to assist in decision-making. Model-driven

DSS use data and parameters provided by decision-makers to help in analyzing a situation, but

such systems are not data intensive [25]. The usual cycle of this decision making process in a DSS

is expressed visually in figure 2.4.

Figure 2.4: The DSS decision-making process [23]

Typically, the phases overlap and blend together, with frequent looping back to earlier stages

as more is learned about the problem, as solutions fail, and so forth [23].

Models in a model-driven DSS should provide a simplified representation of a situation that is

understandable to a decision maker. In the manufacturing sector, this systems can help planners to

make more informed decisions, improve planning accuracy, and ultimately improve overall oper-

ational performance. A study conducted in the Kellogg Company, proved that using an optimiza-

tion and financial model-based planning system can reduce production, inventory, and distribution

costs, in this case, multi-million dollar savings [26].

An emerging supply chain application for model- driven DSS is termed demand optimization

or demand chain management. The idea is to employ optimization models that incorporate un-

certainty, product relationships, and stock levels to decide prices for thousands of products that

a retailer may have. Some software vendors have developed model-driven DSS that may include

stochastic programming, integer programming, and modeling language interfaces to enable rapid

model modification, and large-scale data integration capabilities [25].

Two main difficulties arise in developing the decision making system: the uncertainty and

inaccuracy of the data (quantities and composition of raw material, time for delivery, etc.) [27].

As companies become more capable of utilizing huge databases, high bandwidth networking to
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convey data in real time, and faster processors to provide solutions for very large models, the

use of artificial intelligence can significantly improve the decision-making process, making it less

subjective and less time-consuming. Model management systems and knowledge-based decision

support systems have used techniques from artificial intelligence and expert systems to provide

smarter support for the decision-maker [23].

2.2.1 Analytic Hierarchy Process

Analytic Hierarchy Process (AHP) is a multiple criteria decision-making tool. AHP helps to in-

corporate a group consensus. Generally this consists of a questionnaire for comparison of each

element and geometric mean to arrive at a final solution [28]. It is used to derive ratio scales from

both discrete and continuous paired comparisons [29].

In supply chain system, AHP is used to evaluate and compare different suppliers, production

facilities, and transportation options, and to determine the most appropriate choices based on

the organization’s priorities. It can also be used to assess the potential risks and uncertainties

associated with different production scenarios, and to develop contingency plans to mitigate those

risks.

2.3 Optimization techniques

Optimization techniques are effective mathematical tools that use the power of math to find the

best possible solution to a complex, real-life problem, determining the optimum solution to a

problem given a set of constraints. These techniques entail developing a mathematical model that

reflects the problem and then employing algorithms to calculate the optimal set of decisions [30].

Naturally, increasing realism turns the mathematical models larger and more complex. This

added complexity, and the need to increase the size of instances solvable to near-optimality, re-

quires the integration of existing methods with novel and efficient optimisation algorithms, along

with the development of tighter models and stronger valid inequalities based on the model poly-

hedral structures. Moreover, there is a continuing need to trade off the complexity of reality in

planning models with mathematical and computational tractability [15].

85% of the world’s leading companies use mathematical optimization to make optimal busi-

ness decisions. For example, Air France uses it to build the most efficient schedule for its entire

fleet, in order to save on fuel and operational costs, while reducing delay propagation [30].

This mathematical optimization techniques can be divided into several categories such as linear

or nonlinear, depending on the objective function. Within the linear side, there is also a split in

continuous or discrete. Continuous optimization problems involve variables that can take on any

real value, whereas discrete optimization problems can only assume integer values for its variables.

Another classification concerns on the the values of the input parameters. Some of the parameters

may not be known values, due to uncertainty, increasing the level of difficulty of the model. This

problems are called stochastic problems. On the other side in deterministic problems, all the

parameters values are given.
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An optimization process begins by carefully observing and formulating the problem, including

gathering all relevant data. The next step is to construct a scientific (typically mathematical) model

that represents the problem under study. It is then hypothesized that this model is a sufficiently

precise representation of the essential features of the situation that the conclusions (solutions) ob-

tained from the model are also valid for the real problem. Next, suitable experiments are conducted

to test this hypothesis, "modify it as needed, and eventually verify some form of the hypothesis.

(This step is frequently referred to as model validation.) Finally, implement the model [31].

2.3.1 Linear Programming

Linear programming studies the optimization of a linear function over a feasible set defined by

linear inequalities, hence a polyhedron. The problem is in some sense trivial, since it is only

necessary to examine a finite number of vertices (and possibly edges) [32]. When all variables

are discrete (belonging to the set of integers) integers) we are faced with an Integer Linear Pro-

gramming (ILP) problem. If some decision variables are not discrete, the problem is known as

a mixed-integer programming problem (MILP). These problems are typically NP-hard, meaning

that there are no efficient algorithms that solve it in polynomial time.

MILP, because of its rigorousness, flexibility and extensive modeling capability, has become

one of the most widely explored methods for process scheduling problems. Applications of MILP

based scheduling methods range from the simplest single-stage single-unit multiproduct processes

to the most general multipurpose processes [33].

The simplex algorithm, firstly developed by George Dantzig in 1947, is the most commonly

used method for solving LP problems. The inequalities are first transformed into equations by

adding slack variables, and then the optimum, if any, can be found by obtaining new bases and

writing the variables as a function of those in the new base [32].

A linear program can take many different forms. First, we have a minimization or a maxi-

mization problem depending on whether the objective function is to be minimized or maximized.

The constraints can either be inequalities or equalities. Some variables might be unrestricted in

sign, while others might be restricted to be non-negative. A general linear program in the decision

variables x1, ...,xn is therefore of the following form [34]:

Maximize or Minimize z = c0 + c1x+ · · ·+ cnxn

subject to:

ai1x1 +ai2x2 + · · ·+ainxn

≤
≥
=

i = 1, . . . ,m

x j

{
≥
≷

j = 1, . . . ,n.
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2.3.2 Optimization Solvers

Optimization solvers help improve decision-making around planning, allocating and scheduling

scarce resources. They embed powerful algorithms that can solve mathematical programming

models, constraint programming and constraint-based scheduling models [35]. Some examples of

the most popular and well-known commercial solvers are:

• IBM ILOG CPLEX Optimization Studio: can find answers for linear programming,

mixed integer programming, quadratic programming and quadratically constrained pro-

gramming problems [35].

• Gurobi Optimizer: is a powerful optimizer which is designed from scratch to run in multi

core with capability of running in parallel mode [36]

Although there are other free and commercial software solutions in the market, this two are

known to be the ones that provide the best competitive results on real life problems [36].

The design and development of these solvers depends upon the nature of particular problem to

be handled. Only one optimization solver is unable to solve all types of real-life problems. Hence,

there is a need to study the performance of optimization solvers [36]. In general, performance

measures fall into three categories: efficiency, reliability, and quality of algorithmic output [37].

The following table illustrates the the criteria used to evaluate each category.

Table 2.1: Comparative metrics to measure performance of optimization algorithms

Performance category Example criteria
Efficiency 1. Number of fundamental evaluations

2. Running time
3. Memory usage

Reliability 1. Success rate
2. Number of constraint violations
3. Percentage of global solutions found

Quality of solution 1. Fixed-cost solution result
2. Fixed-target solve time
3. Computational accuracy

The efficiency refers to the computational effort required to run the model, where the number

of fundamental evaluations, concerning the objective function value and the running time are the

main measures. For the comparison between solvers that will be done in this paper, the efficiency is

the most important aspect. Reliability relies on the ability of the model to be successful, depending

if the model is deterministic or non-deterministic. Last but not least, the quality of the solution

may also be taken into account, understanding if the solution given is accurate. Although, in real-

world applications, is not possible to know the real solution, becoming it difficult to evaluate. In

this situation is possible to use the as-is situation to compare with the new solution.
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2.4 Key Performance Indicators Selection

A performance measurement system is important. It consists of a set of procedures and indicators

that precisely and constantly measure the performance of activities, process-es and the organi-

zation as a whole, and is a vital aspect in regard to the management of companies KPI systems

have been developed to support business management at the highest levels of business. In the last

decade, indicators on the process and production level of management are being implemented. Op-

timal operation of the management systems can be achieved by automatically collecting process

data and mapping these data into KPIs [38].

The improvement in performance comes from efficient definition and selection of appropriate

measurement. Before the KPIs are selected, it is necessary to identify and to clarify the criteria

which are going to influence the choice of these indicators. The choice makes a difference. If the

wrong KPI is measured, or if it is measured in the wrong way, the information may be misleading

and the quality of decisions could be affected [39].

The selection of a set of key performance indicators is directly associated with the organi-

zational strategic goal and vision. Identify the criteria that are relevant to evaluate and measure

progress towards the objectives as well as creating a hierarchical structure that represents the re-

lationships between objectives and criteria are the following definitional steps, respectively [40].

The significance of the objectives and criteria is then compared against one another at each level

using pairwise comparisons, assigning weights to each objective and criteria. These weights are

essential for combining the findings and determining the most important performance evaluation

criteria.

The modern digital transition and the utilization of Industry 4.0 technologies offer companies

significant opportunities to establish and operationalize sustainability initiatives by effectively cor-

relating production processes with relevant metrics. The digital transition enables companies to

collect real-time data from various sources within the production environment, facilitating the

measurement and analysis of sustainability-related metrics. KPIs can be established to track re-

source consumption, energy efficiency, waste generation, and carbon emissions. This data-driven

approach allows organizations to identify inefficiencies, set targets for improvement, and make

informed decisions to optimize sustainability performance.
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Chapter 3

Current Situation Analysis

This chapter describes how the company is currently working. It begins by describing all the

current processes of the company in section 3.1, from the manufacturing processes, through the

current modes of planning. The chapter ends with a preliminary analysis of these practices in

section 3.2.

3.1 Characterization of the Company’s Production Process

As a multinational company with businesses all over the world, Sonae Arauco has production

and distribution units in several countries and is divided internally into three regions: SWE, NEE

and SAF. Adding all the regions mentioned, Sonae Arauco has ten industrial plants producing

wood-based panels.

The scope of this project will focus only on the NEE region, more specifically on the germany

production units of Beeskow, Nettgau and Kaisersesh. Each of these plants, has different charac-

teristics, with a specific process map. Beeskow and Nettgau are the main units in this region and

are responsible for the production of the core products of Sonae Arauco’s portfolio in this region„

with a production capacity of approximately 860 000 cubic meters and 1 000 000 cubic meters

per year, respectively, while Kaisersesch is a smaller unit that produces only impregnated paper,

which serves as an overlay for the rawboards. In the following table it is possible to verify what

products are produced in each of the factories.

Table 3.1: Product distribution between the plants of Nettgau and Beeskow

Plant PB MFC MFMDF MDF OSB
Beeskow x x x x
Nettgau x x x x

Based on this information, we realize that the main difference between these two plants is in

the production of MDF and OSB.

19
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Each of the company’s SKUs corresponds to a unique material with a particular type, shape,

length, width and thickness. This SKU’s are represented by a code that follows a specific config-

uration for identification and tracking purposes. Each code contains information about the group,

family, and type of material of the product. Besides the group, family, type, the product "recipe"

is completed by the set of 15 characteristics that defines it. The first letter of an SKU represents

the product group, such as A for raw boards, while the next two characters represent the product

family, for example B0 corresponds to the family SONAEPAN, and the following two characters

denote the material type, like S1 for SUPERLAC. The remaining five numbers of the SKU code

differentiate a specific product from others within the same group, family, and material type. The

set of numbers is unique to that specific product and helps to track sales data, and restock products

as needed. As this stands, one possible example of a SKU is AB0S104027.

3.1.1 Production Environment and Process Mapping

The process of creating a wood-based panel depends on what finish good we want to achieve. In

some cases, raw boards may be considered as finish good product and are directly sold in this

format. Other times, these panels go through other extra processes such as cut to size, where

panels are cut to the desired dimensions. The edges may also be trimmed or machined to create

a smooth finished edge, and the surface may be sanded. Another fairly common approach is to

apply an extra layer. In this case the panels move to another line where the impregnated paper is

laminated to the board and then coated with a layer of melamine. This lines are internally called

as melamine lines.

In general, the process of creating a raw board starts with the preparation of raw materials,

which depends on what product is expected to be produced. For MDF products, the wood fibers

are prepared, in the case of PB and OSB the particles are prepared. This involves shredding and

refining logs or waste wood materials that are then dried to reduce their moisture content and are

screened to remove any oversized or undersized particles.

Once the wood fibers or particles are prepared, they are mixed with a binder material, typically

a synthetic resin. After being spread out thinly on a forming machine, the resin-coated wood fibers

or particles are compacted into a surface of the required thickness and density. The conveyor is

transported to a hot press, where heat and pressure is applied, bonding the fibers or particles

together into a solid panel. The temperature and pressure are carefully controlled to ensure that

the panel has the desired properties and characteristics.

As already stated, the process map of each plant is quite different among them. Each plant has

an associated code in the system and a specific set of production lines, thus creating a process map

specific to each plant, so there are SKUs that can be produced in any plant and others that can only

be produced in a specific plant due to its constraints.

Another very important aspect of the production process is that the same product can be made

in different production lines. At the same time, the same production line, can make several differ-

ent products. This fact, combined with the existence of intermediate products that can originate
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more than one final product, make this production environment a multi-resource and multi-level

problem.

3.1.1.1 Beeskow Plant

Beeskow refers to the P542 plant and the core production in this plant is PB and MDF, each one

containing specific production lines associated. This plant also contains a cut to size line and

melamine line. In terms of storage, there are two intermediate storage points for raw boards prior

to the sanding line, one for PB and one for MDF, one storage for raw boards going to melamine

lines and for finished goods, such as MFC and MFMDF. There is also one last storage for cut to

size products and finished goods also. The complete production process in Beeskow is represented

in the following figure 3.1.

Figure 3.1: Process Map of Beeskow Plant

The processes in this plant are easy to understand, noting only that moving boards from

melamine crane storage to cut to size and finished goods storage rarely happens, only when a

board that has left the melamine line needs to go to the cut to size line.

3.1.1.2 Nettgau Plant

P661 corresponds to the plant of Nettgau. In contrast to Beeskow, this plant produces OSB panels

but does not produce MDF. However, this plant receives MDF boards from other plants, from the

Oliveira do Hospital facility, for example. These boards are semi-finished products, which are

stored in this plant, to be later finished. P661 is made up of a PB line, OSB line and a sanding

line that serves both types of materials. There are also two melamine lines and two Cut to Size

lines, a Tongue & groove area, where OSB boards are attached and a packing line. Regarding

storage, there is a paper storage serving the melamine lines, a crane storage and a final storage

that allocates all finished goods from PB, OSB and MFC and also semi-finished boards used in
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Sanding and Cut to size. In figure 3.2, it is possible to observe all the processes that take place in

this plant.

Figure 3.2: Process Map of Nettgau Plant

Noteworthy that, due to the complexity in this plant, a legend was included at the top of the

figure with the colors that correspond to each type of board formed, understanding in this way

which alternatives they can pursue. In addition, despite the fact that the end storage appears more

than once mentioned in the scheme, they all represent the same space, the mentions were only

used to simplify the scheme. It should also be mentioned that products leaving the cut to size line

can either go directly to final storage or go through the packing process first, depending on their

shape.

3.1.1.3 ImPaper Plant

In Kaisersesch, the ImPaper Plant, P551, presented in figure 3.3 consists in a set of 3 production

lines of impregnated paper production, where the raw-paper is processed to serve as finishing

layer. This plant contains a Raw-paper storage and a finished goods storage.

Figure 3.3: Process Map of ImPaper Plant
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3.1.2 Current Planning Approach

The present business processes were mapped as part of the diagnosis project making it possible to

understand all the steps and the thinking behind each decision. The corporation currently relies

largely on a commercial definition to set the production strategy for each product.

The commercial department, based on its experience and on a sales analysis, defines the main

products, establishing a lead time that cannot be compromised. These products are then consid-

ered as MTS and an MPQ is defined. After this classification, for the remaining products a risk

analysis is performed, taking into account the number of historical customers for each product,

as well as the percentage that each customer has in the sales of each product. Other scenarios

are also evaluated, such as assessing which customers only buy materials at a pallet level or what

percentage of sales is lost when a material changes from MTS to MTO and vice-versa. After this

analysis these materials are also classified as MTS or MTO and the MPQ for MTS materials is

also defined, as well as the MOQ for MTO materials.

The S&OP cycle at Sonae Arauco, displayed in figure 3.4, as well as the production strategy

definition, also starts from the commercial department side, that collects, analyzes and validates

the historical sales data, generating a three month statistical forecast with a one month interval.

This means that with M being the current month, planning is done for M+2, M+3 and M+4. The

current month and the month immediately following (M+1) are analyzed and planned in a process

parallel to S&OP, in a more operational context and with a different type of granularity.

Figure 3.4: S&OP Process at Sonae Arauco

After collecting comments and forecasts from sales people and commercial directors, an unre-

stricted sales forecast is generated, which is reviewed and analyzed in the Demand Review meet-

ing. After the first phase and having already the sales quantity forecast for the following months,

it is necessary to adjust these same numbers to the reality of the company’s supply chain.

In this context, the supply chain team prepares a rough cut capacity plan, which is a supply

plan guided by the sales forecast numbers resulting from the previous phase of the process. This

plan takes into account the desired stock levels in each of the industrial and distribution units, and

adjusts the forecasted productivity and production capacity values for the defined time horizon.

As a result, a plan is produced whose objective is to allocate the previously forecasted demand

volumes to productive or logistical resources. All this analysis is done at the aggregate level of

product, customer, and resource. This is followed by two business review meetings to discuss
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details at the business level, identify and solve allocation problems by studying different scenarios

and thereby adjusting the final plan to be presented in the last step of the process, the Executive

review, where performance indicators and gaps are analyzed, and the best plan is approved for the

planning horizon.

3.2 Preliminary Analysis

In this section a preliminary analysis to the current planning approach took place, in order to better

understand the company current performance, identify demand patterns and service levels, relating

them with the MTO/MTS strategy.

Starting by analyzing the demand patterns, an ABC analysis was performed with historical

demand data from the last year. This analysis had under study a set of 4231 SKUs whose demand

data from the last year as well as their current classification were available. With this analysis it

was possible to notice that the range of products under study suffers from a quite strong pareto

effect, with very different demand patterns. The following figure 3.5 that results from the analysis,

relates the volume of products with the volume of demand, confirming the accentuated difference

in demand patterns as it can be seen that it follows a Pareto pattern with 80% of the demand

corresponding to only 5% of the products.

Figure 3.5: Pareto ABC analysis
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To better estimate service rates and safety stock targets, we need to add another dimension.

The XYZ dimension introduces the level of uncertainty, classifying products according to the

variability of their demand.

Products with a very steady demand every month are represented by the X axis, while products

with a highly volatile demand are represented by the Z axis. Between these two extremes we have

the intermediate products represented by Y. For this study the Coefficient of variation is used as a

term of comparison. The relation made was products with CV < 0.7 correspond to X, 0.7 < CV <

1.5 correspond to Y and the remaining ones, with CV > 1.5 correspond to Z.

The following figure 3.6a shows a 9 categories matrix that combines the ABC and XYZ anal-

yses, in terms of %demand and %products. It can be seen from this figure that 59% of the demand

corresponding to 2% of the materials is in the zone with the lowest volatility, and the opposite is

also true. 68% of the products responsible for only 4% of the demand are in the zone with higher

uncertainty.

Figure 3.6b shows where the materials classified by the company as MTS/MTO are located in

the previously formulated matrix. It is therefore possible to observe the percentage of MTS and

MTO materials in each of the categories. Of greater relevance is the fact that MTS materials are

mostly distributed in opposite categories, with 26% being in the low demand and high volatility

category, when in theory this category should focus only on MTO materials. As we can also see

from the figure, MTO materials are mostly concentrated in this category.

(a) %Demand vs. %Products (b) MTS vs. MTO

Figure 3.6: ABC-XYZ analysis

Following the ABC-XYZ classification, the focus of this analysis turns to service levels. In

order for this metric to be improved, it makes sense to observe the company’s current lead times,

which is the difference between the requested date and the date the order is created, being one of

the factors that most affects the service level. The higher the lead time, the more likely it is to

deliver an order on time and in full. The shorter the order lead time of a given product, the more

likely the company will have to keep it in stock to be able to respond on time to the demand.
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The figure 3.7 presents the orders lead times per week for the current MTS/MTO classification.

It can be observed that MTS materials present on average a lower lead time, with the average for

these materials being 2.5 weeks, while for MTO materials this value is 4.2 weeks.

Figure 3.7: Orders lead time: MTS vs. MTO

It can also be seen that unlike MTO products that have a wider distribution, MTS products are

mostly concentrated in a 2 to 3-week lead time, since these products are already in stock ready to

be shipped, whereas MTO products depend on the availability of materials and production lines at

the time of the purchase order and the complexity of the finished goods ordered.

Based on the preliminary analysis of the company’s processes, it was possible to get a more

concrete perspective of the company’s processes, thus identifying which areas can be improved to

increase efficiency and improve results and quantifying the company’s current performance.



Chapter 4

Methodology

This chapter elaborates on the development of the methodology used during the research, describ-

ing the work performed.

Starting by section 4.1, this topic describes how the data used throughout the methodology was

collected, and how it was treated for further study of the model. Next, section 4.2 presents the key

performance indicators defined for evaluating the model’s outputs and subsequent comparisons.

Finally, in section 4.3, it is possible to observe the outline of how the model was integrated into

the company’s existing systems, showing its mathematical formulation, including the algorithms

used, the parameters involved, the constraints and objectives considered in section 4.3.1 and the

process behind the final adjustments of strategy definition in section 4.3.2.

4.1 Data Collection

For the data selection process of this study and in order to carry it out as accurately as possible, it

became necessary to use several sources of information, namely, software information, interviews

document analysis, and direct observation.

In a preliminary phase, to support the development of the TURN project, the IT-Supply Chain

and IT-Data Analytics teams created a database exclusively for the project, in order to facilitate

data processing. This database is located in a Azure Data Lake cloud, and the preparation and

treatment of these is done via Databricks and SQL Server.

As stated initially, the data in this database for production, marketing, supply chain and other

relevant stakeholders were collected from different sources. The following table that outlines the

input data used in this study, along with their respective sources. Table 4.1 serves as a comprehen-

sive reference for understanding the origin and characteristics of the data utilized in our analysis.

The first column lists the specific variables or data elements included in the analysis. These

variables represent the key factors or parameters under investigation. The second column specifies

the source of each data element. This includes the origin or provider of the data. Clearly docu-

menting the source of each data element ensures transparency and allows for future verification or

replication of the study.

27
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Table 4.1: Input Data updated to Azure Data Lake and SQL Server

Data Source
Catalogue SAP
Product Portolio (MOQs/Lead time) Sharepoint - Portfolio NEE
Master material SAP
Material description SAP
Design Group SAP
Master Customer SAP
Sales/Orders analyticspwesa02-container01
MTS-MTO-FTO Current Classification SAP
Demand Forecast SAP
Downtime SAP
Production Orders SAP
OEE analyticspwesa02-container01
Stock Excel File
Safety Stock analyticspwesa02-container01
Routing SAP
Holding Costs Excel File
Storage Costs Excel File
Production Costs SAP
Setup Costs Excel File
Product Margin analyticspwesa02-container01
Transportation Costs SAP
Block Definition Excel File
Block Lot Frequencies Excel File

Based on this table, it can be identified that most of the data was obtained from the SAP ERP,

however, in some cases, the data was collected directly from calculation files used in production

planning in the factories by the master planners.

The identification of resources, activities, cost objects and cost drivers were carried out by

cross-referencing different accounting statements associated with each of the projects, as well as

based on the interviews.

4.2 Performance Indicators and Comparison Metrics

In order to understand the value of the optimization model in the planning strategy, a series of per-

formance metrics for later comparison and evaluation is established in this section. These metrics

provide quantifiable measures that enable to evaluate with accuracy the performance, efficiency,

feasibility, and cost savings associated with the project. The careful selection of performance indi-

cators and comparison metrics ensures a comprehensive evaluation framework that addresses the

research objectives of the study.

Therefore, the following set of key metrics have been identified in order to evaluate the TURN

project and assess the impact on the company’s planning processes.
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• Objective Function Value: The objective function value serves as a primary performance

indicator that measures the value achieved by the optimization models. This metric provides

insights into the overall performance and success of the optimization models in achieving

the desired objectives.

• Computational Time: Computational time is a critical metric that measures the time re-

quired by each model to solve the optimization problem. This metric reflects the efficiency

and practicality of the models in providing timely solutions assessing their suitability for

real-time decision-making.

• Cost Savings: Cost savings metrics quantify the potential cost savings achieved through

the implementation of the TURN project. By comparing the cost savings between different

models, we can evaluate the impact of the optimization approaches on cost reduction and

financial performance.

• Lead time: Measures the time it takes for a process or product to move through a system

from start to finish. It helps assess the efficiency and effectiveness of operations and iden-

tifies bottlenecks or areas for improvement. Monitoring lead time allows organizations to

optimize workflows, reduce cycle times, and enhance customer satisfaction by delivering

products or services more quickly.

• Average production lot sizes: This metric calculates the average quantity of items pro-

duced or ordered per cycle, by evaluating how well the models proposes production lots and

comparing it with company’s last 1º trimester 2023, indicating the variability and dispersion

of lot sizes.

The selected performance indicators and comparative measures are in line with study goals

and offer insightful information about the effectiveness, efficacy, viability, and cost savings of the

optimization models. A comprehensive evaluation framework can be presented using these metrics

that supports evidence-based decision-making, improves to the body of knowledge in optimization

modeling, and has practical applications.

4.3 Production Strategy Optimization Model

This section presents an optimization model based on a linear mixed-inter programming formula-

tion that optimizes the production strategy in order to improve efficiency and/or service level. The

model operates under a SKU + Pack Type + Boards per Pack + Plant granularity level and was

developed during the TURN project, adapted and parameterized to Sonae Arauco’s production

conditions.

The final output of the production strategy definition module is a list with the production strat-

egy for each of the company’s SKU under scope. The output should contain the MTS/MTO/FTO

strategy definition, production lot sizes and safety stocks for the MTS items, as well as indicating

the service level and lead time accomplished.
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Model decisions will be based on the cost trade-off between MTS and MTO strategies for each

component (raw board, paper, MFC finished good). An MTO strategy results in lower inventory

costs but higher line occupation and setup costs. On the other hand, the MTS strategy leads to

higher inventory costs, but lower setup costs and reduced variability in the production lead time.

The production strategy output optimizes the next 12-month strategy using a rolling horizon

approach, considering historical data from the previous 12 months. The S&OP forecast will be

used to estimate the demand for a one-year period at the GFT level. The forecast is disaggregated

to the product and region levels based on material codes and customers’ weights from previous

year sales. Products without a forecasted demand will be automatically classified as MTO, indi-

cating no expected demand. This can occur when the GFT forecast is zero or when a product had

no sales in the previous year.

The model incorporates the consideration of non-bottleneck operations, bottleneck operations,

and limitations in storage capacity. Non-bottleneck operations are represented by calculating the

anticipated production time and setup time based on the demand for products. On the other hand,

bottleneck operations are modeled with more intricate details, taking into account the production

time, queue time, and corresponding variance, considering the production mix and projected work-

load. Additionally, the expected total production time for non-bottleneck operations is computed

in accordance with the anticipated demand.

The determination of bottleneck lines is based on their occupancy during the last year of 2022.

Lines with an occupancy rate exceeding 95% are considered bottleneck lines. Occupation is cal-

culated at the production line level and represents the portion of time that is utilized for manufac-

turing activities. It reflects the actual utilization of the production line, taking into account factors

such as production time, downtime, and maintenance stops. Occupation provides insights into

the efficiency and utilization of the production line, indicating how effectively it is being used for

production purposes. Equation 4.1 represents how this value is obtained.

Ocupation=
(Total Capacity−Yearly Maintenance)− (Total Planned Downtime−Yearly Maintenance)

(Total Capacity−Yearly Maintenance)
(4.1)

The identified bottleneck operations in both the Beeskow and Nettgau plants are the Sanding

Lines. Conversely, in Impaper, no production bottlenecks have been identified. This is attributed

to its single-stage continuous production process, which involves operations at lines 605, 606, and

607, setting it apart from the Beeskow and Nettgau plants.

Regarding storage operations, the capacity of the storage facilities plays a crucial role in ac-

commodating finished and intermediate goods, depending on the strategy employed for MTS,

MTO and FTO products. In the Nettgau plant, the storage operations of crane storage and finished

goods storage are taken into account. In the Beeskow plant, the storage operations encompasses

raw and finished boards storage, cut-to-size and finished goods storage, as well as melamine crane

storage. These storage facilities are crucial in effectively managing and organizing the inventory

and ensuring a smooth flow of materials within the production process.
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The setups associated with the production strategy selection are specifically related to the

changeovers required for the bottleneck operations. It is important to note that the setup consid-

erations also account for the unique characteristics of the production system, where production

is planned in blocks. This implies that there are both inter-block and intra-block setups, which

need to be taken into consideration when determining the production strategy and optimizing the

production process.

4.3.1 Model Formulation

Formulating the problem as a mathematical model makes it amenable to various optimization

techniques, simulation methods, or analytical approaches. The formulation serves as a bridge

between the real-world problem and the mathematical representation, providing a systematic and

structured framework for analyzing and solving the problem.

The mathematical model used in this study encompasses various indexes, sets, parameters and

decision variables that are crucial for defining and solving the optimization problem. To provide

a comprehensive overview, Table 4.2 presents the indexes and sets employed in the mathematical

model.

Table 4.2: Indexes and Sets for the production strategy problem formulation

Indexes
p Product
u Utilization
e Production strategy
l Line
j Preceding product
s Storage unit
b Block

Sets
L Set of production lines

Lbn Set of bottleneck production lines
Lnbn Set of not bottleneck production lines

P Set of Products
Pbn Set of products whose preferred line is a bottleneck
T Type of products
PT Set of products from type T
Ul Set of possible utilizations in line l
Pl Set of products produced in line l
Ep Production strategies allowed for product p
Dp Set of products derived from product p
S Set of all storage units
Ps Set of products that can be stored in storage unit s
Sp Set of storage units where product p can be stored
B Set of all Blocks
Pb Set of products produced in block b



32 Methodology

Each entry in the table represents a unique index or set that captures a specific aspect of the

problem. These indexes and sets act as reference points for defining and constraining the decision

variables, constraints, and objective function. These components provide a systematic way to

categorize and reference the entities under consideration. Parameters play a significant role in

the mathematical model used in this study, as they serve as inputs that influence the behavior

and outcomes of the model. In Table 4.3, an overview of the parameters employed in the model is

provided. Each parameter is meticulously defined and assigned specific values, which are carefully

determined based on the characteristics and requirements of the problem under investigation.

Table 4.3: Parameters for the production strategy problem formulation

Parameters
λp,u,e Number of setups for product p, using line u and production strategy e

αp Setup time for product p
βp Processing Ratio for product p

qp,u,e Quantity produced, per unit of time, of product p with the utilization u in
strategy e

dp,u,e Quantity delivered for product p in strategy e using u (pieces)
scp,u,e Cycle stock for product p in strategy e using u (pieces)
ssp,u,e Safety stock for product p in strategy e using u (pieces)

csp Setup cost for product p
cpp Production cost for product p (per unit produced)
cis Inventory cost of storage unit s (per unit in stock)

clmsp Cost of losing margin on the trade by switching from MTS to MTO for product
p

csbb Setup cost for block b
γb Setup time for block b

lbu,l Lower Bound of utilization u in line l
ubu,l Upper Bound of utilization u in line l
smt Maximum stock quantity for products of type T
al availability in line l

rp, j Constant between 0 and 1 that regulates the intensity of the relationship be-
tween product p and its precedent j

ad Total average monthly demand
fb frequency for block b

In addition to the parameters, Table 4.4 includes the decision variables of the model. These

variables represent the key choices and decisions that must be made to optimize the objective

function while satisfying the given constraints.

The decision variables are the values that the model seeks to determine in order to achieve the

desired outcome. They are typically represented as unknowns in the mathematical formulation and

are subject to optimization or decision-making processes. The values of these decision variables

directly impact the behavior and outcomes of the model. By adjusting the values of the decision

variables, the model can explore different scenarios and determine the optimal or near-optimal

solution that maximizes the objective function while adhering to the constraints.
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Table 4.4: Decision Variables for the production strategy problem formulation

Decision Variables
Yl,u 1 if the utilization of line l is u, otherwise 0

Xp,u,e 1 if product p is produced with the utilization u and the strategy e, oth-
erwise 0

Tl Time produced on the line l
Gl Gap in line availability l

CProd Production Cost
CSetup Setup Cost
CStock Stock Cost
Clms Cost of lost margin on trade for lost strategy

Q Quantity delivered
Nbins Number of bins used
ss fp Final safety stock of product p

ss f cp Corrected final safety stock of product p .It differs from the previous one
by not allowing negative SS.

Bp Auxiliary binary variable for the restriction that sets ss f cp to be
Max(0,ss fp)

alocp,s Percentage allocation of the stock of product p to the storage unit s
alocbp,s Quantity of product p stock to allocate to storage s for bins management
alocxp,s 1 if the aloc of product p for storage s is greater than 0, otherwise 0

NbinsLp,s Number of large bins used by product p in storage s
NbinsSp,s Number of small bins used by product p in storage s

Bss Auxiliary binary variable that is 1 if storage s is used, otherwise 0
Blb, f 1 if block b is produce with frequency f

Gstocks Stock gap in units for storage unit s
GstockBs Stock gap in number of bins for storage unit s
GstockLs Stock gap in number of large bins for storage unit s
GstockSs Stock gap in number of small bins for storage unit s

Goti f Gap in the OTIF

4.3.1.1 Objective Function

In this mathematical formulation, the primary choice for the company is to maximize operational

efficiency, which can be translated as minimizing total production costs while ensuring a minimum

OTIF rate.

Minimize the total production costs comprises various components such as setup costs, stock

costs, and the cost of lost margin on trade resulting from a lost strategy. However, it is necessary

to penalize the model for the gaps found in stock, line capacity, and OTIF, with penalty values

calibrated by the company. For this, the objective function comprises two parts: minimizing

all gaps (Equation 4.2 to Equation 4.6) and minimizing total costs (Equation 4.7), with the final

objective being to minimize these two values (Equation 4.8).

Minimize X1 = ∑
l

Gl ∗20 (4.2)
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Minimize X2 = ∑
s

Gstocks ∗2000 (4.3)

Minimize X3 = ∑
s

GstockBs ∗1000 (4.4)

Minimize X4 = ∑
s

GstockLs ∗1000 (4.5)

Minimize X5 = ∑
s

Goti f ∗50000 (4.6)

Minimize X6 = ∑CSetup + CStock + Clms (4.7)

Minimize X = X1+X2+X3+X4+X5+X6 (4.8)

By minimizing these cost factors, we strive to optimize the efficiency and profitability of the

production process.

4.3.1.2 Model Restrictions

Once the objective function has been determined, we can move on to the formulation of the prob-

lem’s restrictions. In this section, all the relevant restrictions included in the model are presented.

The first fundamental restriction imposed by the model is the inherent constraint of having only

a single utilization option for each bottleneck line (Equation 4.9). This restriction acknowledges

the limited capacity and resource allocation within the system. By enforcing this constraint, the

model ensures that each bottleneck line is dedicated to a specific utilization purpose, minimizing

the potential for conflicts or inefficient resource allocation.

∑
u

Yl,u = 1, ∀l ∈ Lbn (4.9)

Next, the model entails the imposition of a restriction wherein each product that has a bot-

tleneck line in its routing, is associated with a singular strategy, and the chosen strategy aligns

precisely with the utilization of the respective production line (Equation 4.10). However, if a

product does not go through a bottleneck line, the line where it is made must have the same usage

for all products (Equation 4.11).

∑
e∈Ep

Xp,u,e = Yl,u, ∀l ∈ Lbn,u ∈Ul, p ∈ Pl (4.10)

∑
e∈Ep

Xp,u,e = 1, ∀l ∈ Lnbn,u ∈Ul, p ∈ Pl (4.11)
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An auxiliary restriction is defined below to calculate the time used in production per line

(Equation 4.12).

∑
p∈Pl ,u∈Ul ,e∈Ep

Xp,u,e ∗ [λp,u,e ∗αp +
qp,u,e

βp
] = Tl, ∀l ∈ L (4.12)

In order to ensure the fulfillment of capacity for Non-Bottleneck lines, a constraint is imposed

in equation 4.13.

Tl ≤ al, ∀l ∈ Lnbn (4.13)

In this context, it is necessary to position the utilized time within the bounds of utilization,

considering two distinct restrictions: one for lower bounds (Equation 4.14) and another for upper

bounds (Equation 4.15). These restrictions ensure that the time utilized falls within the specified

limits, thereby providing a framework for effective resource allocation and capacity management.

Tl ≥ (1−Yl,u)∗ (−M)∗ lbul ∗al, ∀l ∈ Lbn,u ∈Ul (4.14)

Tl ≤ (1−Yl,u)∗M ∗ lbul ∗al, ∀l ∈ Lbn,u ∈Ul (4.15)

A restriction on the maximum stock per storage unit is enforced in the model (Equation 4.16).

This constraint ensures that the quantity of items stored in each storage unit does not exceed a

predetermined maximum limit.

∑
p∈Ps,u∈Ul ,e∈Ep

[Xp,u,e ∗
scp,u,e

2
∗alocp,s]+ ∑

p∈Ps

[ss f c ∗alocp,s]≤ smt , ∀s ∈ S (4.16)

The allocation of stock for each product must not exceed 100%. This constraint ensures that

the total allocated stock for any given product remains within the bounds of its available quantity

(Equation 4.17).

∑
s∈Sp

alocp,s = 1, ∀p ∈ P (4.17)

In addition, there are a set of restrictions aimed at costing the solution generated by the model.

In equation 4.18, the restriction imposed pertains to costing the production solution, while in

equation 4.19, the restriction relates to costing the stock solution. Equation 4.20 presents the

restriction that defines the cost of lost margin on the trade, due to the change of strategy from

MTS to MTO. Lastly, equation 4.21 refers to the costing of total setups solution, being the sum of

changeovers setup costs and blocks setup costs.

∑
p,u∈Ul ,e∈Ep

Xp,u,e ∗ [λp,u,e ∗αp ∗ csp +
qp,u,e

βp
∗ cpp] =Cprod (4.18)
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∑
s∈S

[ ∑
p∈Ps,u∈Ul ,e∈Ep

Xp,u,e ∗
scp,u,e

2
+ ∑

p∈Ps

ss f cp]∗ cis =CStock (4.19)

∑
p,u∈Ul ,e∈Ep

Xp,u,e ∗ clmsp =Clms, ∀p ∈ PT∈[FINISHEDGOODS] (4.20)

∑
p,u∈Ul ,e∈Ep

Xp,u,e ∗ [λp,u,e ∗αp ∗ csp]+ ∑
b∈B

Blb, f ∗ [ fb ∗ γb ∗ csbb] =CSetup (4.21)

Similarly to the previous restriction, the following restriction serves to calculate the delivered

quantity.

∑
p,u∈Ul ,e∈Ep

Xp,u,e ∗dp,u,e = Q (4.22)

Following this categorization, there exists a constraint that relates the strategy of a product to

the strategy of its predecessor, which can be visualized through equation 4.23.

∑
p∈Ps,u∈Ul ,e∈Ep

ssp,u,e ∗Xp,u,e − ∑
p∈Ps,u∈Ul ,e∈Ep

ssp,u,e ∗Xp,u,e ∗ rp, j = ss fp, ∀p ∈ Pt (4.23)

The next restriction ensures that each block is assigned exactly one frequency by setting the

summation of frequencies for each block equal to 1 (Equation 4.24).

∑
b

fb ∗Blb, f = 1, ∀b ∈ B (4.24)

The following set of constraints ensures that the allocation of stock for a product does not

exceed the total quantity of that same stock.

ss f cp ≥ ss fp, ∀p ∈ P (4.25)

ss f cp ≥ 0,∀p ∈ P (4.26)

ss f cp ≤ ss fp +M ∗b, ∀p ∈ P (4.27)

ss f cp ≤ 0+M(1−b),∀p ∈ P (4.28)

Finally, the following restriction ensures a minimum global OTIF value, which is parameter-

ized.
Q
ad

≤ MinOT IF (4.29)

After defining and incorporating these restrictions into the mathematical model, it is possible

to solve the production optimization problem, leading to improved operational efficiency.
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4.3.2 Additional Adjustments in Production Strategy

A comprehensive approach also involves modeling the influence of the production strategy for a

specific product on other products manufactured within the same production line. To accomplish

this, a waiting queue is modeled at the bottleneck of each production stream. The mean waiting

time and its variance are directly affected by the utilization of the production line and the mix of

production strategies employed. When there are more MTO products in the system, congestion

effects on a particular line increase, leading to longer production lead times. These lead times are

determined by the waiting time, as well as the production and setup times. Figure 4.1 presents

a diagram that can provide an overview of the production strategy is selected based on a cost

analysis and aims to fulfill lead time and service level objectives, considering an average demand

profile and industrial utilization.

Figure 4.1: Production strategy selection process based on a comprehensive cost analysis

When it comes to finished goods, their classification can also change as they can be classified

as FTO. This classification is determined based on the routing of the product, which includes the

intermediate products it may utilize. If one of its preceding products, such as rawboard or paper,

is classified as MTS, then the finished good will be classified as FTO.

This classification decision considers the dependencies and relationships between the various

components involved in the production process. If any of the intermediate products have an MTS

classification, it indicates that they are produced and stocked in advance, ready for use in the

production of other products. In such cases, the finished goods that rely on these intermediate

products would then be classified as FTO.
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Chapter 5

Results and Analysis

This chapter presents the experimental results obtained through the application of the proposed

methodology. The results obtained from the experiments are presented and analyzed in detail.

The performance metrics, such as solution quality, computational time, and convergence behavior,

were evaluated to assess the effectiveness of the methodology. In section 5.1 the computational

results of the parameterized scenario executed in the chosen software are presented. In section 5.2

an analysis is made of the output generated from the production strategy for each product. Finally,

in section 5.3 the model’s impact on the company’s processes is evaluated to find out whether it

optimizes operational efficiency and minimizes costs.

5.1 Computational Results

The TURN project, conducted within the framework of Microsoft Azure, involved the imple-

mentation of an optimization model using Python, specifically utilizing the PuLP library. The

presented instance was solved using the commercial solver Gurobi, version 10.0.0.

Table 5.1 displays the specific instance that was employed for comprehensive analysis, tailored

to the scenario parameters of Sonae Arauco. The objective was to attain a service level of 90% for

MTS products, while ensuring a minimum production OTIF threshold of 80%. The overarching

aim was to maximize overall efficiency. The table outlines the dimensions of the original instance

as well as the resulting dimensions of the MIP problem. The dataset utilized encompassed 4321

products, leading to a total of 125158 variables and 78933 constraints.

Table 5.1: MIP Problem Dimensions

Constrains Continuous Variables Integer Variables
78933 33817 91341

The execution results of the model are presented in Table 5.2. The optimizer iterated through

30517 simplex iterations before converging to the optimal solution. The MIP gap indicates that the

current solution obtained by the optimization algorithm is very close to the optimal solution. The

computational time required for the execution was 3196 seconds, indicating that the model can be

39
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seamlessly incorporated into production decision makers routine activities for scenario simulation.

These findings contribute valuable insights for the practical applicability and efficiency of the

proposed model in real-world planning scenarios.

Table 5.2: Solution Results

Solution Time Objective Function Value Iterations MIP Gap
3196 sec 2515870.90785 30517 0.0829

These computational results hold significance as they shed light on the performance and out-

comes of the implemented model.

5.2 Production Strategy Definition Results

By implementing the proposed approach, a comprehensive list of production strategies was gener-

ated for each item in the company’s product assortment. The model returns an optimal production

strategy (MTS/MTO/FTO) for each product, as well as the lot sizes and safety stocks of MTS

Products. Model decisions are based on the cost trade-off between MTS and MTO strategies for

each component (raw board, paper, MFC finished good). An MTO strategy results in lower inven-

tory costs but higher line occupation and setup costs. On the other hand, the MTS strategy leads to

higher inventory costs, but lower setup costs and reduced variability in the production lead time.

Preliminary results indicate that a significant portion of demand is concentrated within a very

small percentage of the product range. However, the production strategy does not fully align with

this effect. It is expected that increasing the number of MTS products would enhance overall

efficiency. Figure 5.1 provides a comparison between the current strategy definition and the opti-

mized solution, demonstrating that the model successfully addresses this issue by showcasing an

increased number of MTS products.

Figure 5.1: Comparison of the Production Strategy between Current Situation and Model Solution
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When comparing the production strategies recommended by the model to the strategies cur-

rently employed by the company, a 5% increase in the number of MTS items was observed. It is

noteworthy to mention that 5% of the previously categorized MTS products had their production

strategies modified to MTO or FTO in the optimized solution. Conversely, a proportion equivalent

to 10% of the initial quantity of MTS items shifted their production strategies from MTO to MTS.

These values can be consulted and corroborated in figure A.1.

Another crucial aspect of production strategy optimization is the evaluation and improvement

of lead times, which play a significant role in meeting customer expectations. Figure 5.2 illustrates

a comparison between the lead times proposed by the model and the lead times associated with

the current solution.

Figure 5.2: Comparison of current lead times and model lead times

The findings depicted in the figure indicate that the lead times suggested by the model outper-

form the lead times of the current solution, leading to an overall decrease of 44%.

5.3 Evaluation of Model Impact

As part of the impact assessment of the model, an analysis is conducted to evaluate the effect

of the new solution on lot sizing and inventory levels. A key objective of this analysis is to

determine whether the proposed solution is more efficient than the current one by assessing if

the combined costs of setup and inventory are lower. The evaluation focuses on 2197 SKUs, as

data on block frequency were unavailable for the remaining products. This evaluation is crucial to

understanding the potential benefits and cost savings associated with implementing the optimized

solution compared to the current approach. By considering lot sizing and inventory levels, this

analysis provides valuable insights into the efficiency and effectiveness of the proposed model and

its potential impact on overall operational costs.

The findings from this analysis are documented in Annexes A.2 and A.3, providing a founda-

tion for subsequent analyses. It is important to note that the results presented in these annexes have
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been altered to ensure confidentiality of business-sensitive information. As a result, the absolute

values have been masked, but the relative results have been preserved. This approach allows for

the exploration and interpretation of the data while safeguarding proprietary information.

Regarding the lot sizes, the model calculates lot sizes for MTO items as a recommendation

based on the minimum cost-effective production quantity. However, it is important to note that

the model does not consider factors such as selling price, the size and dispersion of sales orders,

and the ability to accurately predict them. Consequently, only the lot sizes for MTS items are

considered in the analysis.

In Figure 5.3, the comparison of lot size calculations for MTS items in each Plant per Type

is presented. These lot sizes are determined by establishing an inverse proportion between the

average monthly demand and the production frequency. By considering the relationship between

demand and production frequency, the model aims to determine optimal lot sizes that strike a

balance between minimizing production costs and meeting customer demand efficiently.

Figure 5.3: Comparison between Current Lot Sizes and Model Lot Sizes for MTS Products in
Beeskow and Nettgau per type

The visualization of this figure provides insights into how the lot sizes for MTS items vary

across different Plants and Types and the comparison as well as comparing the current strategy

with the proposed one. It is important to highlight that the model’s recommendations for MTS

products result in an anticipated increase in overall lot sizes of 46%. This increase is attributed

to the model’s emphasis on maintaining higher stock levels, which in turn reduces line stoppages

and allows for larger production batches. Consequently, this leads to a reduction in setup times, as

fewer changeovers are required. By optimizing the lot sizes, the model aims to strike a balance be-

tween minimizing setup costs and maximizing production efficiency, ultimately enhancing overall

operational performance.
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Notably, the most significant increase in lot sizes is observed in the PB category in Nettgau

plant. Intriguingly, certain products within this category, despite already being classified as MTS,

exhibit even larger lot sizes. This strategic decision by the model aims to further minimize setup

times by allowing for more extended production runs. The optimization of setup times resulted in

a reduction of 34%, which is equivalent to 1.15 FTE.

The primary objective of this analysis is to ascertain whether the implementation of the new

model results in cost savings for the company. Figure 5.4 provides a comprehensive cost compar-

ison between the optimized plans and the plans based on historical practices.

Figure 5.4: Cost comparison between the historical practices and optimized plan

The cost comparison considers various cost components, such as setup costs, inventory costs

and holding costs. The setup costs encompass the aggregation of expenses within and between

SKU’s and blocks, while the inventory costs embody the product of the average monthly stock

and the monthly storage cost. In contrast, the holding costs are calculated by dividing the costs

associated with possession by the capital costs. It is important to note that all of these costs are

expressed on a monthly basis.

Based on the presented graphic, it can be confidently concluded that the results of the model

demonstrate a reduction in total costs. This outcome can be primarily attributed to the increased

emphasis on production to stock strategies. Figure A.3 displays a comprehensive overview of the

cost results, including both intermediate values, categorized according to final strategy, plant, and

type. This visual representation facilitates a detailed analysis of the cost breakdown at each level,

enabling a clear comprehension of the findings. Notably, the reduction in setup times plays a

pivotal role in achieving cost savings, resulting in a significant decrease of 8% in the total monthly

cost of the plan.
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Chapter 6

Conclusions

This chapter provides the final conclusions drawn from the study conducted. Section 6.1 presents

the key findings and considerations derived from the study. Section 6.2 outline the future steps

that should be considered for the ongoing enhancement of the model and its implementation.

6.1 Main Considerations

In conclusion, the main objective of the dissertation, which aimed to assess the TURN project’s

MTO/MTS/FTO production forecasting strategy and Lot Sizing optimization model, has been

successfully achieved. Through a comprehensive analysis of the developed model and its imple-

mentation, it has been possible to evaluate its effectiveness and gauge the future impact of this

new decision support system on the company’s production planning.

Throughout the research process, several intermediate milestones that contributed to the ful-

fillment of the main objective were accomplished. A thorough literature review provided a solid

foundation for understanding the theoretical underpinnings of the topic. By continuously follow-

up the development of the TURN project, a comprehensive understanding of its scope and potential

implications has been ensured. The study delved into the underlying mechanisms and variables

utilized by the model.

Additionally, a preliminary analysis of the company’s current situation was conducted, en-

abling to contextualize and evaluate the effectiveness of the proposed model. By establishing a

set of appropriate performance indicators and metrics for comparison, it was possible to mea-

sure and assess the impact of the model accurately. The formulation and implementation of the

mathematical optimization model in a suitable tool was successfully accomplished. However, it is

important to acknowledge that further refinement and fine-tuning could have been beneficial. For

instance, conducting tests and implementing the model in different optimization solvers would

have allowed for benchmarking and comparison. Unfortunately, bureaucratic obstacles hindered

the opportunity to explore these possibilities, and the model ended up being implemented solely

on the most robust solver available in the market.
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Validating the model results against the production reality of Sonae Arauco further bolstered

the credibility and applicability of the model. The results of these evaluations demonstrated a 10%

increase in the MTS level, indicating that the model favors stock production to reduce inventory

costs by increasing the optimal lot sizes for production. This change proves to be crucial, as, on

average, the production lot sizes for MTS increase by 46%, reaching up to 100% in some cases

for PB materials. As a result, there is a monthly cost reduction of 8% in overall production.

One of the challenges encountered was understanding all the wood panel formation processes

and the functioning of the company’s production. Furthermore, comprehending the underlying

key concepts posed an additional difficulty. To overcome these challenges, several integration

meetings were conducted. These meetings served as invaluable opportunities to clarify doubts and

discuss operational intricacies. Additionally, a site visit to one of the company’s factories was

arranged, providing a firsthand experience of the production environment.

This study faced limitations that may impact the results. The collection and systematization

of information were time-consuming and complex due to data dispersion. Manual input of block

frequencies and the lack of well-defined production strategies in the current MRP system added

to the challenges. These limitations raise concerns about data accuracy and the reliability of the

findings. Efforts were made to mitigate these limitations through rigorous data validation and

expert consultations. However, these factors should be considered when interpreting the study’s

results.

Although adjustments were made along the way, these modifications have been approached

with care and deliberation. Any changes to the methodology or analysis were implemented to en-

hance the quality and reliability of the research, while still remaining true to the original research

objectives. This flexibility in adapting the research plan demonstrated the commitment in pro-

ducing rigorous and meaningful results. Furthermore, throughout the thesis, critical thinking and

analytical skills were consistently applied to interpret the data and draw meaningful conclusions.

The analysis and discussion sections were structured to address the research objectives directly,

providing a clear connection between the collected data and the intended outcomes.

The concepts and tools acquired throughout the course have played a pivotal role in the devel-

opment of my dissertation. Operational research has served as a cornerstone of my dissertation,

providing a systematic and analytical approach to problem-solving. This discipline equipped me

with a range of modeling techniques, optimization methods, and decision-making frameworks

that proved invaluable in addressing real-world industrial challenges. By applying mathemati-

cal modeling and simulation techniques, alongside the proficiency in various programming lan-

guages, such as Python and SQL, it was possible to analyze the development and functioning of

the model as well as analyze and manipulate large datasets. The knowledge gained in industrial

management, with a specific focus on lean manufacturing principles and operations management,

provided a solid foundation for understanding the intricacies of production processes and supply

chain management.

The dissertation has contributed to the company in many ways. Firstly, it provided a clear

understanding of the current production strategies. Secondly, it examined and comprehended the
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model’s outputs, essential for future expansion considerations. Lastly, the validation of the results

instilled trust in the supply chain team, enabling the implementation of new production strate-

gies within the ERP system. These contributions enhance decision-making, improve operational

practices, and bridge the gap between theory and application in the company’s production envi-

ronment. It facilitates scenario simulation and what-if analysis, enabling Supply Chain planners

to assess the viability and potential benefits of implementing a stock-focused production policy

for various materials or segments. By leveraging the model’s capabilities, planners can explore

alternative strategies, and gain insights into the feasibility and impact of adopting a stock-oriented

approach.

However, although the validation shows a strong correlation between the model recommen-

dations and the actual results observed in Sonae Arauco’s production operations, Supply Chain

Planners should always consider the realities of the production environment and approach the re-

sults with critical thinking. In order for the model to yield viable and accurate results, it is essential

that the data used to feed the model are up-to-date. Planners must ensure that the input data ac-

curately reflects the current state of the production operations, including factors such as material

availability, lead times, and production capacities. It is through this balanced consideration of the

DSS outputs and real-world production dynamics that planners can make informed decisions to

optimize production strategies effectively.

6.2 Future Work

As observed, the model exhibits a high sensitivity to the quality and accuracy of the setup and

stock data used as input. Therefore, ensuring the availability of up-to-date and precise data is im-

perative to achieve favorable outcomes. To improve the reliability and effectiveness of the model,

further emphasis should be placed on integrating industry 4.0 technologies into the implemen-

tation process. By doing so, real-time data on setup times can be automatically and accurately

captured, eliminating the reliance on approximate manual calculations. The utilization of such

advanced technologies would enable the model to be fed with more precise and reliable data, sub-

sequently leading to enhanced output and decision-making capabilities. This approach aligns with

the principles of industry 4.0, emphasizing the importance of leveraging technology advancements

to optimize processes and improve overall performance.

Ensuring the reliability of input data, there are several areas for improvement and expansion

of the model. Firstly, the model can be extended to operate at the granular level of planning,

specifically S&OE stage. By incorporating S&OE capabilities, the model would be able to gen-

erate a production wheel that effectively serves demand fluctuations. This would enable a more

agile and responsive production planning process, accommodating real-time changes in demand

and optimizing resource allocation.

Secondly, the model can be enhanced to provide suggestions for more efficient alternatives

in terms of new production blocks. By analyzing historical data and considering various factors
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such as production capacities, lead times, and material availability, the model can offer recom-

mendations for optimizing production block configurations. This capability would assist Supply

Chain Planners in making informed decisions regarding the introduction of new production blocks,

considering factors such as cost-effectiveness, resource utilization, and production efficiency.

Another aspect to consider is the expansion of the model to encompass other production re-

gions, such as SWE and SAF, while adapting it to the unique production realities of those regions.

By extending the model’s applicability to multiple regions, the organization can benefit from a

standardized and consistent approach to production planning across different locations.

The findings of this study contribute to the academic and industrial understanding of produc-

tion strategy optimization. The validation and thorough analysis of the model’s structure and out-

put provide empirical evidence of its accuracy and efficacy. The insights gained from this research

are not only valuable for Sonae Arauco but also have broader implications for similar companies

seeking to improve their production operations through data-driven approaches.



Appendix A

Results obtained from the validation

Figure A.1: Results from Current Strategy and Final Strategy Comparison
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