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Abstract 

In the last few years, the trends of the Portuguese ice-cream industry have changed. Indeed, the 

industry has grown, a number of players entered the market and consumer’s quality requirements 

increased. Hence, an efficient production process enabling high customer satisfaction and improving 

performance, through processing time and costs minimization, is now more important than ever.  

This study focuses on the production process of a well know Portuguese artisanal ice-cream 

company. An analysis of the company’s situation was developed considering its production process, the 

analysis of its current planning and scheduling and the analysis of processing times and capacities.  

It was also performed a state-of-the-art review regarding planning and scheduling in the food 

industry, giving special emphasis to the dairy industry’s characteristics and to the inventory models for 

perishable products. Through this analysis a methodology was developed and followed along the study 

and, in particular, in the model’ development. The scheduling model developed integrate the main 

aspects of the industry, notably changeover tasks and multiple deliveries, giving primary emphasis to 

the inventory control of raw materials’ shelf-life.  

Through this model was possible to evaluate the impact of different supply contracts at the 

scheduling level and to evaluate the impact of each contract on raw materials’ procurement and 

inventory management.  

Finally, it is presented the analysis of results regarding the optimal scheduling of production for the 

high and low demand having in account the different contracts, moreover it was performed a sensitivity 

analysis to evaluate the robustness of the solution obtained.  

Keywords: optimization of the production, scheduling, perishable products, inventory control of raw materials 

and supply contracts. 
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Resumo 

Nos últimos anos, as tendências na indústria Portuguesa dos gelados alteraram-se. De facto, 

a indústria cresceu, alguns operadores entraram no mercado e a exigência dos consumidores 

aumentou. Assim, é hoje mais importante do que nunca um processo produtivo que permita maximizar 

a satisfação dos consumidores e melhorar a performance através de tempos de processamento e da 

minimização de custos.  

Este estudo debruça-se sobre o processo produtivo de uma conhecida empresa Portuguesa 

de gelados artesanais. Foi elaborada uma análise da situação da empresa tendo por base o seu 

processo produtivo, a análise do seu atual planeamento e escalonamento de produção e a análise dos 

tempos de processamento e capacidades.  

Foi também desenvolvida uma revisão do Estado-de-Arte sobre planeamento e escalonamento 

na indústria alimentar, dando especial ênfase à indústria dos lácteos e aos modelos de inventário para 

produtos perecíveis. Através desta análise foi desenvolvida uma metodologia aplicada ao estudo e, em 

particular, no desenvolvimento do modelo. O modelo de escalonamento integra os principais aspetos 

da indústria, nomeadamente, as tarefas de limpeza, multiple-deliveries, e, especialmente, a shelf-life 

das matérias-primas.  

O modelo permite avaliar o impacto de diferentes contratos de fornecimento no escalonamento 

e avaliar o impacto de cada contrato na contratação de matérias-primas e na gestão de inventário.  

Por fim, é ainda apresentada uma análise dos resultados obtidos ao nível do escalonamento 

ótimo da produção para a época alta e baixa tendo em conta dois tipos contratos, bem como, uma 

análise de sensibilidade é desenvolvida para verifica a robustez da solução obtida. 

Palavras-Chave: otimização do processo produtivo, escalonamento, produtos perecíveis, controlo de inventário 

de matérias-primas e contractos com fornecedores. 
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1. Introduction 

1.1. Problem contextualization 

The trends in the Ice-Cream Industry have been changing in the last years, mainly due customers’ 

behavior, triggered by the period of consumption of these products. Nowadays, the consumption of ice-

creams is no longer associated only with the summer season and, the consumer behavior became more 

exigent in the demand of flavors and ice-creams specifications/properties. Thus, this factors combined 

have contributed to the continuous growth of this market. 

In 2013, the European ice cream market achieved total revenues of $24,836.9 million, representing 

a compound annual growth rate (CAGR) of 3.3% between 2009 and 2013, being achieved a total 

consumption of ice-creams of 4,623.8 million of litters in 2013 (Marketline, 2014). 

 The European Ice-Cream Association (E.I.C.A.) refers that, the production of sold ice-creams in 

2011 in the European Union members was 3,039,487,00 litters. This value represents an increase of 

2.7% compared with 2010, showing the increasing development of this industry in Europe (Statistical 

Report Edible Ices, 2013). 

In the Table 1 are listed the seven countries within the 27 European Union members-states (which 

are Belgium, England, France, Germany, Italy, Poland and Spain) with the highest values registered, in 

terms of volume produced and revenues of sold ice-creams in 2011. A more extensive information 

related with the period 2009 – 2011, is shown in Appendix A. 

 

Table 1 - The seven countries of European Union that present the highest values in terms of volume and revenue 

of sold ice-creams in 2011, (Statistical Report Edible Ices, 2013). 

 

 

 

 

 

 

The Portuguese market follows the same trend as the rest of the European market. According to 

the report of Estatísticas de Produção (2013) from Instituto Nacional de Estatística (INE), the values for 

the Portuguese market in terms of ice-creams/sorbets sold from 2009 till 2013 have increased from 

18,626,286€, in 2009, to 21,800,601€, in 2013. This growth can be also seen by the great positive values 

Countries Volume (in liters) Revenue (€) 

Belgium 159,182,000 254,184,000 

England 428,912,000 648,586,000 

France 446,124,000 904,748,000 

Germany 589,472,000 1,086,635,000 

Italy 431,172,000 1,287,735,000 

Poland 183,320,000 227,384,000 

Spain 350,872,000 685,351,000 
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(in terms of variation of volume of sales) achieved in the last years. In contrast, in 2012 it was registered 

a negative variation in terms of volume of sales (as it is possible to observe in Table 2). However, such 

variation was overcame in 2013 by a positive variation of 0.32%  

 

 Table 2 - Portuguese Market sales volume between 2009 and 2013 (adapted from Estatísticas de Produção 

Industrial, 2013). 

Year Volume of Sales (€) Variation (%) 

2013 21 800 601 0.32% 

2012 21 731 604 -2.05% 

2011 22 185 307 14.12% 

2010 19 439 930 4.37% 

2009 18 626 286 --- 

 

It is important to clarify that, in the ice-cream industry the production process of ice-creams and 

sorbets is divided in two types of processes: the industrial and artisanal/traditional. The latter due to its 

own features it is characterized by being very dependent of the manpower because of the secret recipe 

of these products. As regards the market, the ice-cream market can be classified into four categories: 

impulse ice-cream, take-home ice-cream, frozen yogurt and artisanal ice-cream. Due to its importance, 

for the present study, the artisanal ice-cream segment is the one explored in more detail. 

In Europe the global market share in terms of monetary value of the artisanal segment of the 

Ice-cream market increased by 1% between 2006 – 2010 (see Appendix B) and the artisanal ice-creams 

segment represented 42.6% of the market in terms of monetary value in 2011 (see Appendix C), 

(Euromonitor,2014).   

This is the framework under which the present case study is considered. The object of the study is 

a Portuguese artisanal ice-cream producer company with a well-established position in the market, 

being its planning and scheduling of production process the aim under study. 
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1.2. Methodology 
In this section it will be presented the methodology adopted in the Master dissertation. This 

methodology considers six steps (Figure1) which will be detailed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 1- Problem Characterization  

In the first step the problem is characterized and its contextualization is presented in detail. In order to 

define the current situation of the company under study were identified, the company’s production 

process main problems, but also the main potential bottlenecks of the process. 

Step 2- State of the Art 

In the second step is presented the State of the Art regarding the main concepts related to the planning 

and scheduling process in the food industry special emphasis is given to the dairy industry 

characteristics, the scheduling and inventory models and solutions approaches obtained in these 

subjects by researchers. That will allow to combine the specifications of the present production process 

Step 1- Problem Characterization 

Step 2- State-of-Art

Step 3- Data Collection

Step 4- Models Conception 
and Development 

Step 5- Model Validation

Step 6- Results and Critical, 
Conclusions and Future Work

Figure 1 - Methodology adopted for the Master's dissertation. 
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with the aim of identify the methodology or methodologies in the literature that will support the resolution 

of the case study.  

Step 3 - Data Collection 

This step includes the collection of the relevant data and also the identification of the limitations existing 

in the current production process of the company. In order to have all the required data to feed the model 

development, it was spent a period in the company to collect the data in loco. Furthermore, the 

assumptions to taking in account in the model conceptualization and development, are identified.  

Step 4 - Model Conception and Development  

In the fourth step, are developed the mathematical formulations of the models used to optimize the 

scheduling of production of the ice-cream/sorbets based in two different supply contract types integrated 

in the scheduling level. In order to do so, it is developed a framework which integrates all the relevant 

aspects of the dairy industry, and in particular of the ice-cream industry, which must be implemented in 

the models formulation. After that, the models developed are implemented with the support of an 

appropriate software.   

Step 5 - Model Validation 

During this step the models are validated in order to ensure that its solutions are according with the 

restrictions and objectives determined. Furthermore, the models results are analyzed and compared 

with the company data to verify their consistency, being validated with the support of the decision-maker 

of the company. 

Step 6 - Results interpretation, Conclusions and Future Work  

Moreover, in the sixth step is presented a critical analysis of the results. This analysis will focus not only 

in the quantitative solutions of the model but also, in the qualitative aspects that may not be considered 

in the model in order to fully help the company in its decision-making process. Finally a summary of the 

main conclusions is presented, as well as, the future directions for this study are also provided. 

 

1.3. Dissertation Objectives  
This study has the following objectives:  

 Problem’s motivation, background identification and its contextualization;  

 Description of the problem, emphasizing the dairy industry characteristics, the constraints of the 

current production process (focusing on the raw materials’ shelf-life and its availability);  

 Definition the limitations of the current production process of ice-creams/sorbets as well as, the 

main aspects related to it. 

 Review of literature regarding the dairy industry characteristics, and the typical 

phases/characteristics considered in the production process of the ice-creams/sorbets; 
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 Presentation of the review of the State of the Art regarding the scheduling models in the 

processing industry (emphasizing the works in the food industry) and the inventory models for 

perishable products and the solution approaches more frequently adopted in published works, 

as well as, the types of supply contracts which can be applied to the type of production process 

under study;  

 Development of the mathematical models to represent the problem based on the specifications 

of the production process and in two different supply contractual forms, to be studied in the 

present Master’s dissertation;  

 Analysis of the results achieved with the different supply contracts, and identification of the main 

conclusions and future research for this work. 

 

1.4. Dissertation Outline 

The structure of this Master dissertation is the following: 

- In the first chapter is described the problem background and contextualization. Furthermore, it is 

presented the methodology to follow in this study and the objectives of the Master dissertation.   

- The second chapter describes in detail the problem under study including an overview to all aspects 

related with the production process, such as: current production planning, current method for forecasting 

the demand and a study of the resources capacities and material flows. 

- In the third chapter the State of the Art is presented where the main concepts and works developed in 

the food industry are considered. 

- During the fourth chapter the mathematical formulations of the models are developed. This chapter 

also includes a description of all variables, parameters and equations used for the mathematical 

formulations. 

- The fifth chapter characterizes the case study results. It comprises the data analysis and its 

interpretation for the different supply contracts.  

 

- Finally, in the sixth chapter, the conclusions achieved and the future directions are identified.  
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2. Case Study Presentation 

2.1. Introduction to the company  
The company under study is one of the most well-known traditional Portuguese ice-cream 

producers in the market, with a well-established brand in the gourmet ice-cream market. For 

confidentially reasons, hereinafter, the company under study will be named as XWZ.  

The XWZ has more than 50 years of history, has started its business by providing high quality 

ice-creams in only one store in Portugal. Being so successful, ever since, the company had the 

opportunity of expanding its business in order to reach more consumers. 

In 2012, the company increased its physical barriers for has better satisfy the market needs by 

changing their production to a new plant with more production capacity. Nowadays XWZ accounts with 

five stores in different cities of the country, a new plant that replenishes all of them and more than 70 

collaborators along of its supply chain. Even though, its core business is the production of artisanal ice-

creams, the company also provides other services like, the participation in events and deliver their 

products in gourmet restaurants. 

The increase of production capacity allowed the company not only to reinforce and to increase 

its position in the market, without losing their main goal, which is to provide high quality gourmet ice-

creams.   

As the company itself refers “the brand is well established and it has a huge potential for growing 

that the specialists consider extremely powerful which can allow to deliver the spirit of the brand in other 

markets ”(Site company XWZ). 

The company’s strategy, is based on a secret recipes of its products, which allows them to have 

a unique product with extremely high quality standards. 

  

2.2. Problem Description 
 Since the study is focused on the production process of the company, it’s important to 

characterize and understand in detail all the relevant aspects of it. Hence, in the next section will be 

presented the plant characteristics, products characterization and quality requirements, the production 

process and the current process of planning and scheduling of production. However, is important to note 

that in order to comply with confidentiality requirements the data presented are fictitious. 
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2.2.1 Plant Characteristics 
To contextualize the problem it is important to consider the plant features, such as: plant 

location, distribution process and daily production capacity. 

 Regarding the plant location, the company chose to locate in the midway of all it stores. This 

strategic location enables to have an efficient distribution of final products, in the sense that, it minimizes 

the transit time of products which are extremely perishable, having to fulfil high standards of quality to 

be consumed.  

Lastly, it is relevant to refer the daily production of the plant, as we are leading with seasonal 

products, the total production will depend with the season of the year. In the Table 3 it is presented the 

range quantities produced per day for the low and high seasons, respectively. This production is reached 

with 20 employees, through 8h shifts. It is important to note that, the average quantities presented are 

the required to fulfil the demand of all the store as this is the only plant of the company. 

 

Table 3 - Range of the daily quantity produced according to each season of the year. 

 

 

 

2.2.2 Ice-Cream Production Process 
Before being described in detail the production process of ice-creams and sorbets, it is relevant 

to characterize the products considered in this study due to its specifications in terms of production and 

quality standards.  

The ice-creams can be defined as the type of food obtained by freezing, remains in a solid state 

till the moment of consumption, which can be composed by all the ingredients and additives under the 

legislation in force. Its classification for the market consumption are defined accordingly four categories: 

cream ice-cream, milk/vanilla ice-cream, water ice-cream, and sorbet (Norma Portuguesa 3293, 2008) 

Considering the previous classification, in our case study three ice-creams categories are distinguished:  

 Cream ice-cream with the main ingredients milk, cream and sugar; 

 Vanilla ice-cream, which its main ingredients are based on milk and/or cream, eggs, sugar and 

vanilla; 

 Sorbet where the ice-creams are based on a percentage of fruit greater or equal to 50% and 

sugar.  

Recalling the company situation, in terms of quality requirements, it is relevant to refer that the 

facility under study is multiproduct and all the materials are perishable. Thus they require a high quality 

Daily Production In litters 

Low Season 600 – 800 

High Season 2000 – 2600 
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control to fulfill the rules and norms of hygiene and food safety. To guarantee that the high standards 

are fulfilled, the XWZ has implemented the Hazard Analysis and Critical Control Point (HACCP).   

This control process is an international method adapted for the production of food products which 

allows to identify the risks associated with the handling of food. The HACCP applies the utilization of 

control measures with the aim of managing the risk and preventing it. The application of this method 

requires a questionnaire for “the identification, valorization, and control of dangers of biological, chemical 

and physical types during the production, processing, manipulation, preparation and utilization of food 

products in order to ensure that are safety in the moment of consumption”. (XWZ, 2014).  

Thus, in the particular case of the ice-cream production process, the quality requirements will 

have a direct impact on the production process.  

To a better understand it will be described in detail a generic production process of ice-

creams/sorbets adapted from K. A. Schmidt (2004).  

As mentioned above, the present production process is based on an artisanal process 

characterized by the following process stages: Raw Materials reception, Preparation, Blending, 

Pasteurization/Homogenization, Intermediate Cooling Storage, Solidification, Packaging and Frozen 

Storage.  

The production process is mainly divided in two categories: sorbets and other types of ice-

creams production. Both categories are subject to freezing and packaging phases differing in the set of 

tasks performed in previous phases from the freezing one. For confidentiality reasons it is presented a 

generic flow diagram in shown in Figure 2. 

  

 

 

 

 

 

 

 

 

 

 
Figure 2 - Generic Ice-Cream Production Process. 
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Raw Materials reception: The production process begins with the reception of all raw materials. 

The quality of the final products is deeply related with the quality of the raw materials used, so this phase 

is critical for determining the success of the final products. Thus, in this phase is done a control of quality 

of the raw materials: the macroscopic characteristics, the transport temperature and all the information 

related to the raw materials. In case these aspects are not according to the reference values the raw 

materials are rejected.  

Preparation: In the artisanal production, the preparation phase considers all tasks needed to 

prepare the raw materials for the Blending phase. In this operation different type of tasks can be 

performed according each type of raw material and recipe. This is in this phase where the production 

differentiation starts among sorbets and other ice-creams. Different type of equipment are used in order 

to be prepared for the blending phase. It is important to note that the performance of the Preparation 

phase reflects the manpower skills, resulting in different processing time accordingly, and the raw 

materials characteristics to be processed.   

Blending: The blending phase comprises the mix of products according to the recipe for ice-cream 

or sorbet. The aim of the blending phase is to produce a homogeneous product which ensures that all 

the ingredients are fully incorporated into the final product. However, it is work-intensive in terms of time 

consumed and manpower, it is in this phase that is used the secret recipe for producing each type of 

final product. 

Pasteurization/Homogenization: During pasteurization all the pathogens agents are removed. 

This task must be performed in a pre-defined temperature and duration. It is important to refer that this 

phase is one of the most time consuming of the process. It is also during this phase that the product is 

homogenized, and that particles are diminished in order to create a uniform product with the desired 

consistency.  

 

Intermediate Cooling storage: Before going through the previous phases intermediate products 

can be stored with controlled temperature (bellow 0º) while they wait to go for the freezing phase, 

however this phase can be optional according to the production volume. 

Solidification: In the solidification phase the product is in a liquid state is transformed into a 

mousse. According to K. A. Schmidt (2004) freezing in the ice cream industry refers to the process in 

which the temperature decreases significantly with simultaneous air incorporation, in a piece of 

equipment known as the freezer. In this equipment, liquid mix is subjected to vigorous agitation and cold 

temperatures because of the refrigerant liquid that is in the walls of the freezer which maintains a very 

cold temperature at the interior barrel wall. Usually the quicker this process is, the smaller are the ice 

crystals size and the smoother is the texture of the final products. 

 

Packaging: The ice-cream is packaged in specific tubes to guarantee the safety, integrity and 

quality of the final product. Usually the tubes are made of inox to avoid properties changing  
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Frozen Storage: After performed all the aforementioned phases, the ice-creams are stored in 

a very cold environment to maximize the products quality. Usually in these frozen storage rooms there 

is some air movement, where ice cream is maintained at the coldest temperatures possible since the 

colder is the temperature in this type of storage the better are the finally quality conditions of the final 

products. 

Following the description of the production process, is now relevant to make a few remarks. 

One important aspect of this process are the cleaning tasks, which are activated each time that a 

different family of products (or product) is produced. Where a family product can be defined as a set of 

products that have a similar criteria (in terms of color or flavor). Each time that a product differs from this 

criteria it is necessary to proceed to the changeover tasks. The processing time of these tasks will 

depend on the type of equipment to be clean and it can vary from 5 to 20 min.  

Regarding the manpower, it is important to note that, the period that the collaborators are 

allocated to tasks during the production process is the processing time of the task considered. Besides 

not being a limiting resource it is important to consider their allocation to the process since some of the 

tasks depend on the skills and knowledge of collaborators.  

Finally, it is important to refer that one important characteristic of this production process is the 

equipment resources availability and its capacity. This aspect is crucial since we are dealing with a multi-

purpose, multiproduct batch process, meaning that the equipment is shared for the production of 

different products and its capacity defines the batch size upper bound.  

 

2.2.3. Demand and Production Planning  
Regarding the products’ nature one can state that, there is a high uncertainty associated when 

considering the planning of production, since there are many external factors which affect the forecast 

of demand such as: the meteorological conditions and seasonality of the products, the different ice-

cream flavors consumption throughout the year and the availability of raw materials. 

Regarding the meteorological conditions, it is important to notice that, the ice-creams 

consumption in Portugal are continuously driven by the weather conditions. The consumption increase 

when the weather warmed up, being a greater impact factor on sales. This factor explains the 

seasonality of these products. In fact, along the year there is still a strong seasonality in the ice-cream 

sales curve, being translated by different profiles of demand within the year, as it is shown in Figure 3. 
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The generic profile of demand of ice-creams and sorbets can be defined by having three 

different profiles: high demand, low demand and a transition period between both. Regarding the high 

demand, we can see from the Figure 3 that this period occurs in the summer season from April to 

September, where the consumption of ice-creams and sorbets reaches its peak.  

It seems important to characterize the high season in terms of production, since this is the period 

when the company can achieve a peak in terms of production capacity and also, in terms of their 

equipment resources capacity. Indeed, the daily production in the high season, in terms of number of 

different products is in average 20 flavors. From these flavors there are six identified which correspond 

in average to almost of 50% of production. Thus, since these comprise the highest portion of the total 

production of the company and are those that are always produced continuously during this season, 

their production planning and scheduling for this period should be determined in order to identify the 

quantities to be produced, for satisfying the demand.   

 

 As concerns, the low demand profile, this period can be defined by the period of the year 

between November and February, where the demand of ice-creams and sorbets hits its low. Finally, the 

remaining months are considered months of transition between the two aforementioned seasons. 

Hence, according to the weather felt in each year, the consumption of ice-creams changes. Meaning 

that, the previous barriers established are not fixed. 

Additionally, another factor is the consumption of different ice-cream flavors based on different 

seasons of the year. Meaning that, not only the quantities of ice-cream consumed varies along the year 

but also, the type of flavors consumed.  

Figure 3 - Generic Profile of Ice-creams Demand. 
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Finally, the availability of raw materials is a crucial factor that has also an impact on the planning 

of production. Some of raw materials used in the production process are also seasonal (which is the 

case of fruits) that means that, not only its availability is not constant but also, their price suffers from a 

volatility along the year. Consequently, this aspect will have an impact in the planning and scheduling 

levels in terms of raw materials costs and production scheduling.  

 Whereby, all these factors contribute to the uncertainty in the moment of doing the planning of 

production.  

In order to develop the weekly production planning, the company XWZ considers mainly three 

factors: the demand record of the previous week, the meteorological forecast for the desired period and 

the availability of raw materials. 

The company’s process of forecasting demand plays an important role in the moment of 

planning the production. In order to reduce the demand uncertainty, the company keeps a record of the 

quantities consumed in previous periods for minimizing the inaccuracy of this process and consequently, 

to have a more reliable production planning.      

The process of forecasting of demand is done by keeping a record of the quantities of each ice-

cream that are in its own stores in an intranet. In this intranet is done the register of the quantities in 

tubes consumed by each flavor of ice-cream per day, week, month and year. This enables XWZ to have 

a record of demand for the quantities consumed for each flavor per store in each period of the year.  

Based on the information from the intranet, the production can follow two types of production 

strategies: a Make-To-Order (MTO) or a Make-to-Stock (MTS). In the most of the cases the policy 

followed is a MTO strategy due to, the nature of these product they are usually produced after known 

the order for a certain period. However, for the traditional flavors and with higher sales shares, the 

strategy followed is MTS, to overcome the uncertainty and to guarantee a 100 % service level. Based 

on this information is developed the planning of production of the company.  

Apart from the strategy of production followed, it important to notice that, the storage period of 

the final products is reduced because of the perishable nature of them. In Table 4 is expressed the 

maximum storage period allowed for each type of final products.  

 

Table 4 - Maximum period of final storage for the different products. 

Type of Product Allowed Time in Final Inventory (in months) 

Sorbet 2 

Ice-creams 6 

Ice-creams with special features 1 
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2.3. Conclusions 
The present case-study aims to determine an optimal scheduling of production for the artisanal ice-

cream company. At the same time that the utilization resources is optimized as well as, the impact of 

shelf-life of raw materials is evaluated. After being characterized the main aspects of the current 

production process, it is relevant to understand which are the main problems and limitations of the 

current production process. Hence, the following aspects can be identified in Figure 4. 

 

 

 

 

As it is observed from Figure 4, there are three categories identified which represent the main 

aspects and limitations to consider in the present study those are: the Production Process limitations, 

the Demand Forecast and the Scheduling Process.  

In what concerns to the production process limitations were identified the following aspects:  

 The limited capacity of equipment resources must be taken into account as it determines the 

batch size upper bound.  

 Other important aspect is related to the artisanal character of this process which makes it more 

dependent of the manpower availability. 

 The perishability of products and their reduced shelf-life in the different stages of the production 

process have a great impact on the duration of planning horizon and in the production process 

itself; 

 Lastly, the availability and procurement policies of raw materials and their control of quality has 

a high impact in productivity. Most of the raw materials used have a short shelf-life, and their 

quality standard affects directly the quality desired of the final products.  

 

Considering the second category identified, Product Seasonality, it is important to stress that, 

although we are dealing with seasonal products which are characterized by having a high variability 

Production Process 
Limitations

Equipments capacity

Artisanal aspects of the 
production

Inventory Control of 
Raw materials

Products Perishability

Products

Products Seasonality

Meteorological 
conditions

Availability of  raw 
materials

Scheduling Process

There is no efective 
sheduling process for 

the production  

Figure 4 - Scheme with the main problems identified in the current production environment of the company. 
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along the season year. It is clear that, it is in the high season that the company reaches its peak of 

quantity of final products produced as consequence, it will also be in this period that the company can 

achieve their maximum production capacity.   

 

Lastly, regarding the scheduling of production category, there is no effective/formal process to do it. 

Thus, there is no prior scheduling of production for a determined time window, neither in terms of 

quantities nor in terms of sequence of production. According to the existing and consumed quantities in 

each store it is projected the production. It can be stated that, XWZ does not have a production 

scheduling, neither for the products sequence, nor in terms of quantities.   

 

Given the limitations presented, the main goal of this Master’s dissertation is to optimize the 

current production process. Due, the limitations identified, it is in the high season that the company 

achieves its peak of production. So it is in this environment that the study will be considered. 

Furthermore, due to the extensive range of products produced in this season, it was identified the set of 

products that represents half of the production and sales in this period. Thus, it will be development an 

optimized scheduling of production to this set of products in order to fulfil the demand in high season 

period. 

 

The next chapter provides a review of some of the works published in this field of research. This 

review enables to understand the developments accomplished in prior studies and their relation and 

potential adaptability to the present scheduling of the production problem. 
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3. State of the Art 
In this chapter is explored the state-of-the-art research for the problem area considered. This 

chapter will account firstly with a review of the main concepts and characteristics of the dairy industry. 

Secondly, regarding the special characteristics of this type of industry, it will be explored the scheduling 

methods applied in the food industry as well as in multi-tasks batch processes. It will be also explored 

the main works that address the inventory control models for the perishable products in order to integrate 

this feature in the model to be developed. Finally, due to the importance of the relationship between 

suppliers and companies in the dairy industry the main contractual forms which can be applied in the 

present study will be presented. 

 

3.1. Dairy Industry: Characteristics 

 The dairy industry is part of the processing industry. In this type of industry companies change 

their raw materials into final products by doing a set of operations such as: mixing, separation, forming 

and chemical reactions. As result of that, they create value for the final customer (Akkerman & Van Donk 

2008).  

The dairy industry is part of the food industry, where the perishability phenomenon is the major 

characteristic and affects all steps of the production, from raw materials to final products as 

consequence, the products’ shelf-life must be considered in the planning horizon. 

The shelf-life concept can be defined as the period of time during which a product is in condition 

to be processed or consumed as it holds the satisfactory quality and saleable conditions. The customers 

of these products are aware of the intense perishability to which they are subject to, and to, evaluate 

freshness, customers rely on visual cues which may differ among the broad class of perishable products 

(Amorim et al. 2012) 

 Nahmias (1982) proposed a division for deteriorating goods in two categories according to their 

shelf-life: 

 Fixed lifetime: items’ lifetime is pre-specified and therefore the impact of the deteriorating factors 

is taken into account when fixing it; 

 Random lifetime: there is no specified lifetime for these items. The lifetime for these items is 

assumed as a random variable, and its probability distribution may take on various forms. 

Besides the aforementioned fact has gained an increasing importance as regards the production 

scheduling in the food industry, other aspects must also be considered, such as: procurement policies 

for raw materials and different supply contractual forms, level of final products inventory and inventory 

control of raw materials.  
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When considering the procurement policies of raw materials and the different forms of supply 

contracts, it is important to consider the nature of raw materials. In fact, in the case of volatility on price 

and availability of raw materials along the year, these aspects play an important role in the production 

processes of the dairy industry. Indeed, they can diminish the impact on seasonality of raw materials 

and their costs in the production process.  

Another aspect that one shall bear in mind is the level of inventory of final products. Such level 

is quite limited due to the products’ perishability and to the limitation in facilities ‘capacity. Moreover, the 

level of final products’ inventory is also constrained by the type of production system adopted: Make-to-

Stock (MTS) or Make-to-Order (MTO). The main difference between these two systems is the moment 

when the order is placed. While in the MTO strategy the production is only initiated when the orders are 

received, in the MTS system the production is already finalized by the time the order is placed and hence 

the orders are fulfilled by the stock (Kingsman et al. 1996). The MTO systems offers a wide range of 

customer specific products, requiring a more flexible facility, its production planning is focused on orders 

execution and, usually it is more expensive than MTS systems. The MTS systems offer a low variety of 

customer specific products, moreover, the main focus of the MTS production planning is to produce for 

stock. 

Finally, the inventory control of raw materials must also be considered in this type of production 

process. As we know, the shelf-life of raw materials is very reduced which will cause not only constraints 

in the production process due to the short period that raw materials are available for production, but 

also, their quality will have a direct impact on the quality of final products. 

The dairy industry has very particular features which must be considered simultaneously with 

the production scheduling. In the next sections it is presented a generic review of scheduling 

formulations and it is identified what has been done in the food industry.  

 

3.2. Scheduling 
Due to the increase of competiveness, companies have to continuously optimize their 

operations. In this sense the scheduling of production became an important tool, because it allows to 

determine when, where and how a set of products can be produced by considering a certain set of 

operational characteristics. Additionally, it plays an important role in improving the production 

performance, and matches products supply with demand through the correct allocation of company 

resources while triggering the maximization of the customer service level. 

According to Li & Ierapetritou (2008), the scheduling aims to optimally allocate the resources to 

the processing tasks during the planning horizon considered, that will define an optimal sequence of 

production. That is to say, it allows the assignment of activities to the available resources in a specific 

sequence during the period of time considered, defining in this way the batch size. In the cases where 

there is competition of resources (e.g. equipment and manpower), this aspect assumes a special 
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relevance. The authors summarize the main objectives of scheduling decisions as: determine the 

optimal sequence of tasks and the amount of material being processed each time.  

Considering now the scheduling models of batch processes, there are some aspects to take 

into account when developing this type of models such as: time representation, materials balance, event 

representation and objective function. The approach chosen for integrating this set of aspects influences 

the manner a scheduling problem is considered, and directly influences the computational performance, 

the capacity and the limitations of the model implemented. 

  Méndez et al. (2006) presented in their study a structure for considering the different aspects 

for developing a scheduling model for batch process (Figure 5): 

 

 

The time representation is considered as one of the main features in the development of a 

scheduling model. The time can be represented through two distinct approaches: discrete and 

continuous. The first refers to the division of time in periods of the same duration in which an event can 

occur between the boundaries of the interval. Therefore, scheduling constraints have only to be 

controlled and monitored at the specific time points known in advance, allowing the reduction of the 
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Figure 5 - Main aspects to develop a scheduling formulation (adapted from Méndez et al., 2006). 
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problem’s complexity and simplifying the model. However, with the increase of the number of time 

intervals, the complexity and dimension of the model increase as well (Castro et al. 2004). The second 

approach considers the time as a continuous period in which the size of each period is unknown. Hence, 

time is described by a set of continuous variables which define the exact moment in which an event will 

occur. This representation allows to significantly reduce the number of variables and to generate more 

flexible solutions in terms of time. Nonetheless, there are some disadvantages connected to the 

utilization of this type of representation. In fact, the modeling of variable processing times, resource and 

inventory limitations usually needs the definition of more complex constraints which will consequently 

increase the complexity of the model (Méndez et al. 2006).  

 

Other relevant aspect to consider is the events representation since these are directly dependent 

of the time representation. According to Méndez et al. (2006) there are five ways to characterize the 

events representation: i) global time intervals, ii) global time points, iii) unit specific time events, iv) time 

slots and v) immediate or general precedence-based. The author points out that, when considering the 

discrete time representation, the global time intervals is the only option to consider for general networks 

and sequential processes. 

Regarding the material balance, there are two types of optimization models categories: i) the 

monolithic approaches which are more generic by dealing with arbitrary network processes involving 

complex product recipe and, ii) the models that assume that the number of each batch size is known in 

advance and therefore are more rigid in terms of representation.  

Recalling the present production process characteristics, we are dealing with a multi-task and multi-

product batch process where the allocation of resources, the optimal set of batch (in terms of size and 

number) and the sequence of production must be determined. This means that the monolithic approach, 

due to its flexibility in terms of process representation, is more suitable to present problem.  

The studies in the literature provide two main types of methodologies that can be applied to this type 

of models: the State-Task- Network (STN) introduced by Kondili et al. (1993) and the Resource-Task-

Network (RTN) proposed by Pantelides (1994). The main difference between the two is the way of 

representing the network process. The STN framework represents only the process and does not 

contain any information regarding the available resources. The RTN method uses a more generic and 

simpler uniform representation of resources when compared to the STN method and therefore it can be 

adapted to each particular process. RTN’s main characteristic is to provide an entirely uniform 

description and characterization of the available resources with no distinction between them. For a better 

understanding of these two types of representation Pinto et al. (2008) present the main characteristics, 

limitations and the rules to apply them to a scheduling process. 

Hence, the RTN framework is considered the most suitable approach to use in the present case. As 

by providing a generic and simple representation it enables to integrate the special features of the 

present production process. 
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Lastly, the objective function allows measuring the performance of pre-defined criteria. There are 

different criteria that can be applied in a scheduling problem, according to Méndez et al. (2006), the 

criteria are: minimization of make span, start time/finish time, inventory, costs and the maximization of 

profit.  

 After the characterization of the main aspects for the formulation of a scheduling problem, it is 

necessary to present which techniques can be used.  

There are several techniques that have been used for the scheduling problem formulation, these 

techniques can be classified in two main categories: i) the exact methods or optimization methods, which 

are those that allow to determine the optimal solution and ii) the heuristic methods that allow to determine 

a good solution (Appiequist et al. 1997).  

The exact methods have been widely studied in the literature given their interest in the application 

of scheduling problems which enables to achieve an optimal solution. The models more commonly used 

are Linear Programming (LP), Mixed-Integer Programming (MIP), Mixed–Integer Linear Programming 

(MILP) and Mixed-Integer Non-Linear Programming (MINLP). The latter, the heuristics methods, are 

also used for solving scheduling problems, however due to the non-optimal solution achieved with these 

models they represent a risk for the decision making process. 

In the next section it will be presented the main studies of the scheduling of production for perishable 

products as it is of major importance for the present study.   

 

3.3.  Scheduling of Perishable Products   

 When considering the production scheduling in the food industry it is important to bear in mind 

that this industry has special characteristics that must be accounted and that increase the complexity of 

these problems. These include the perishability phenomenon and the inventory control of raw materials.  

A wide range of methodologies and techniques are used to deal with the planning and 

scheduling of production. Since the ice-cream industry is a very specific segment of the dairy fresh food 

industry, the literature on scheduling of perishable products in the ice-cream industry is very scarce. 

Therefore, the studies conducted for the food and processing industries in general will be considered as 

a basis for the problem under analysis.  

 
In this sense, Entrup et al. (2005) developed three MILP models that integrate the shelf-life 

aspect in the planning and scheduling production process in the yoghurt industry, more specifically in 

the packaging phase. In this work the freshness of products is integrated in the model as a linear 

function, where the retailers can pay the difference between the different stages of deterioration of 

products. These models were developed considering continuous and discrete time representations by 

applying the approach of block planning. For a better understanding, it is relevant to mention that the 

approach used (block planning) is mainly related to the scheduling in blocks. Thus, it refer to the 
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integration of several aspects of a product type or recipe into a “block”, where the sequence of production 

into a block is given by a criteria/tendency which normally exists (e.g. from the darkest color to the 

lighter). 

 In the same year, Dupuy et al.(2005) introduced in their work the concept of batch dispersion 

applied in the sausages production process. According to the authors, this concept can be defined as 

the sum of the raw materials’ downward dispersion plus the final products upward dispersion. Where 

the raw materials’ downward dispersion is the sum of the final products batches that use a certain raw 

material and the final products upward dispersion is defined as the sum of the raw materials batches 

used in the production of those final products. The MILP model proposed in this study aims at minimizing 

the quantity of product recall1. Doganis & Sarimveis (2007) developed a MILP model in the yogurt 

industry that takes into account some relevant aspects such as production sequence limitations, 

sequence dependent changeover time and costs, with the aim of minimizing the main sources of costs 

such as, changeover, labor and inventory costs. In this study the manpower utilization and the inventory 

limitations are also included in the production scheduling. 

 

 In the seafood products segment, Cai et al. (2008) proposed a model and an algorithm that 

takes into account the perishability of raw materials. The authors stressed the importance for the 

manufacturer to determine three decisions: i) the type of products to be produced, ii) the processing 

time of resources to be allocated to each type of product, and iii) the sequence of production of the 

defined products. The authors further point out that this model can be applied to any system with 

limitations in terms of raw materials and uncertainty in the delivery dates. 

 

Grunow et al. (2008) developed a MILP model for the production and distribution planning where 

the cost minimization is made simultaneously with aspects relate with products safety. The concept of 

batch dispersion was also considered to deal with the products’ traceability. The authors also take into 

account the products’ quality aspects and hence, in their model they used an approach where the quality 

of products is described as a discrete scale with different levels/degrees of quality. 

Wang et al. (2009) proposed an integrated model that optimizes the batch size by applying the 

policy of batch dispersion. This model was applied to the production process of cooked meat and it 

integrated the operational and the traceability objectives by incorporating risk factors and costs in order 

to coordinate the operation and traceability activities in one optimized system. That is to say, the model 

integrates the operational costs accounting also with an additional cost associated to the traceability 

system.  

                                                           
1 Product recall can be defined as the process of removing a product (batch) from the market due to safety and 

quality problems in order to correct the identified problems. This concept is usually applied to the food industry 
normally used by the producer in order to guarantee the safety of a product.   
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As above others authors, Bilgen & Günther (2009) have also explored the block planning 

approach in their study. They developed a MILP model for the scheduling of production and distribution 

by applying the block planning concept.  

Kopanos et al. (2010) explored the lot sizing and scheduling problems in the yogurt production 

line of a multinational company in Greece, where the main problems identified were in the packaging 

phase. To deal with that, a MILP model and a hybrid genetic algorithm were developed with the objective 

of minimizing the total costs. 

Moreover, Kopanos et al. (2011) proposed an approach that combines the planning and scheduling of 

single-stage continuous processes that produce a high level of final products, which can be grouped in 

families. The authors took into consideration product families, which can be defined by grouping 

products in sets based on a number of characteristics such as, similarities between them, similarities in 

the manner they processed, or aspects related to changeover. The mathematical formulation proposed 

considers the integration of three different approaches in a single MIP model. In the first approach, for 

the production planning is considered the discrete time representation for calculating the inventory costs 

and backlog. In the second approach, it is considered the continuous time representation for the 

scheduling of the products families. Lastly, in the third approach, is applied a lot-sizing type for capacity 

restrictions in order to obtain an optimal scheduling of production.  

Amorim et al. (2011) proposed a multi-objective MILP model, with two scenarios: one where the 

products follow a pure MTO strategy and other where the products follow a hybrid strategy, a MTO-MTS 

approach. For each scenario was developed a hybrid genetic algorithm for solving the models proposed. 

The objective functions minimize the production costs and maximize the freshness of products, 

respectively. The authors concluded that these two objectives are conflicting since for having products 

with a high level of freshness it is necessary to incur in higher costs.    

 Pahl et al. (2011) explore two relevant restrictions for the food industry: deterioration and 

perishability. In this study two models were developed to take into account the batches dimensioning 

and scheduling of production. Additionally, it was also considered in the model the set-ups sequence 

dependent times and costs.  

  

 As for the ice-cream industry, Kopanos et al. (2012) consider the scheduling problem in a semi-

continuous multistage process applying two MIP scheduling models. The authors had developed a MIP-

R with the continuous time representation relying on the integrated modeling of the all process stages 

and the inclusion of a set of tightening constraints. The authors also developed a MIP-based model in 

order to consider the large scale-production scheduling problems.  

 

 Amorim et al. (2012) presented a study focused on the highly perishable products where the 

batch-size and scheduling are integrated. To do so, they considered the family grouping, the set-ups 

times and costs in multiple distinct productions lines. The authors developed a multi-objective integer 

model integrated and dissociated for considering two scenarios. In the first scenario, they considered a 
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fixed shelf-life of products, while on the second, they considered a random shelf-life. Their purpose was 

to assess the benefits of each scenario. The objectives of these models were to minimize the total costs 

while maximizing the freshness of products which arrive at the distribution centers, with the ultimate aim 

of maximizing the cost that the customer is willing to pay.  

 Moniz et al. (2013) proposed a MILP model for optimizing the production scheduling of a batch 

process of a well-known pharmaceutical company. Event though it is applied to the pharmaceutical 

industry, this work is of the utmost interest for our study due to the features integrated in it. In fact, the 

main features explored in pharmaceutical industry are similar to the ones of the food industry. In this 

study the authors developed a scheduling model based on the RTN approach where they explored 

some important aspects, such as: the blending and traceability of batches, temporary storage of 

intermediate products, changeover tasks and multiple deliveries, with the aim of maximizing the 

company’s profit.    

 As it was shown, there is a number of studies about the planning and scheduling of production 

in the food industry. However, there is a gap in the literature when considering the integration of raw 

materials shelf-life in this type of models. The majority of the cases presented, does not consider the 

raw materials’ shelf-life simultaneously with the planning and scheduling. Such consideration would be 

necessary to only allow the production, in cases where the raw material shelf-life is not achieved. 

Instead, in general, the shelf-life concept considered on the literature is modeled for achieving a certain 

level of final products freshness or quality. 

 Due to the importance of raw materials’ inventory control in the present study, in the next section 

will be reviewed the main studies in the literature regarding the inventory models for perishable products 

at the planning and scheduling levels. 

 

3.4. Inventory Methods for perishable products 
 For a better understanding of the impact of products’ shelf-life in the planning and production 

scheduling is important to consider the inventory models applied to perishable products.  

 

 The perishability, and consequently the deterioration of products, are extremely important in 

inventory systems where the rate of deterioration is significant and hence it cannot be ignored. Thus, its 

integration must be considered due to its impact on the modeling. According to Goyal (2001) the 

inventoried products can be classified in three types of categories: 

 Obsolete: Refers to goods that lose their value during time due to the technology evolution or 

the entrance of new products in the market. 

 Deterioration: Which refer to deteriorated and spoilage products. These products are those 

which have a maximum usable life time which are defined by their shelf-lives. After achieving 

their shelf-lives, these products can no longer be consumed as they have lost their safety and 

quality properties. 

 No obsolete/deterioration. 
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 As regards the deterioration products category, there are several studies in the literature 

concerning the inventory systems that have considered this problematic. The models can be also divided 

in three types according to the shelf-life of the products considered: models for inventory of fixed shelf-

life, models for inventory of random shelf-life and models for inventory which decays corresponding to 

the proportional inventory decrease in terms of its utility or quantity (Goyal 2001). 

 As the present case-study deals with products that have a fixed shelf-life, it will be present the 

main studies in what concerns to the inventory the models for fixed shelf-life products.  

 Saker & Babu (1993) deal with products shelf-life in the planning and scheduling through the 

use of an Economic Lot Size Problem (ELSP) method. In their study a fixed shelf-life is assigned to all 

the products that have to be produced in each cycle of production. The authors conclude that the choice 

between reducing the cycle time and the production rate is, among other factors, related to the products’ 

shelf-life. Additionally, Goyal (1994) extended this study by considering that each product can be 

produced more than once in the cycle. 

 

 Soman et al. (2004) developed the approach presented on the previous paragraph based on an 

ELSP problem considering products’ shelf-life. The aim was to generate a scheduling of the cycle for a 

set of products based in a constant demand rate. The study presented is an extension of Silver’s (1989) 

work. The latter author considered in his study a reduction in the production rate in order not to infringe 

the shelf-life of products. However, Soman et al. (2004) stated that in the food industry a reduction in 

the production rate means a reduction in quality, hence they considered in their work a constant 

production rate.  

 To conclude, the works on the literature regarding the inventory models for perishable products 

with fixed shelf-life are still very scarce, being the most relevant contributes the studies that consider the 

application of the ELSP problem. However, the integration of products’ shelf-life can be considered 

unrealistic when integrated in the ELSP problem. In fact, the ELSP problems consider a constant 

demand rate which is not realistic for dairy fresh food industries with seasonal products. Additionally, 

the ELSP models aims at generating a production cycle that repeats itself in certain time intervals that 

cannot exceed the shortest product shelf-life (Entrup et al. 2005). So, in the case of raw materials, that 

have different shelf-lives the ones with a higher expiring date will be restricted for the one with the 

shortest shelf-life since in this models is assumed that the production cycle is limited by the shortest 

product’ shelf-life. This triggers higher levels of inventory and, higher inventory costs. Also, the fact that 

all raw materials are being limited by the one that has the shortest shelf-life results in an inefficiency of 

the utilization of material resources. 

 In this sense, the present study aims at overcoming these limitations by integrating the inventory 

control of raw materials with fixed shelf-life in the scheduling of production. 



24 
 

 Considering the importance of raw materials’ suppliers to the present production process, in the 

next section it will be considered the review on different forms of supply contracts for the specific 

environment of the dairy industry. 

 

3.5. Supply Contracts  
In the dairy industry, raw materials’ procurement and inventory control play an important role. Hence, 

the relationship between companies and their suppliers becomes a crucial aspect to integrate in the 

planning and scheduling of production. This occurs manly because of two aspects that characterize this 

industry: the fluctuations on quality and price of raw materials delivered. 

Regarding the quality aspects faced by some industries, where the products are perishable, 

improvement of quality problems becomes imperative. Not only for performance enhancement but also, 

for the company achieve a sustainable position in the market (Lee et al. 2013). The suppliers can be a 

source of quality problems if the products delivered do not fulfill a certain pattern of quality. Indeed, the 

defective raw materials delivered compromise the production. This triggers the importance of a good 

relationship between buyer and supplier. 

Raw materials’ price is another relevant aspect, the supply contract selection plays a major impact, 

especially in cases where the purchasing costs represent a significant portion of the operating costs 

(Hammami et al. 2014). The selection among different supply contracts has a high impact in the raw 

material procurement and in inventory policy. For that reason must be considered at the selection step. 

This became especially relevant in cases where the prices of raw materials are very volatile. Reiner et 

al. (2014) stated that the volatility of raw materials’ price is a specific form of supply uncertainty which 

can be overcome by a risk-hedging strategy. Usually the effects from these strategies are driven from 

different contractual forms and inventory management or an optimal combination of both.  

Thus, the use of contracts by supply chain parties enables to align their different goals with the aim 

to maximize their profits (Lu & Wu 2015).   

Therefore, the relationship between suppliers and companies has a major impact in the food 

industry and, consequently, in the dairy industry production processes as well. Thus, in the moment of 

chose the suitable supply contract there are in general three factors that comprises this choice: i) the 

pricing and quantity discounts, ii) delivery lead times, iii) product quality and product return policies.  

In the literature, different supply contracts forms are extensively studied, being the most relevant 

contract types, inter alia, the following: quantity discount, long commitment contracts, revenue sharing, 

quantity flexibility contracts, price-only contracts, spot market contracts, portfolio contracts.  

In the present case study, the main problems regarding the supply contract form can be identified 

by: i) the price volatility and ii) level of quality of raw materials. It will be presented the supply contracts 

types that are considered more suitable for the problem specifications of this work, which are: Fixed 

Commitment Contract, and Spot Market Contract.  
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The Fixed Commitment Contract (FCC) is a long term contract where the contracting parties define 

two aspects a priori: i) the quantity supplied and ii) the price of raw materials. As for the first aspect 

mentioned, the quantities of raw materials delivered in the period during which the contract is in force 

are set in advance. As a consequence, in industries where demand is uncertain (as it is the case of the 

ice-cream industry), manufacturers may take a significant risk as regards inventory management. 

Indeed, as they are unable to forecast the exact demand for their products at a given moment (and thus 

the amount of raw materials needed), a contract with these characteristics may represent a risk in an 

industry of this kind as the buyer cannot adjust the ordered quantities to the specific demand in a given 

moment (Syllabus of Supply Chain Management subject, 2013/2014). 

The second aspect refers to the price of raw materials and it translates in the fact that in the FCC 

this price is negotiated by both parties and remains the same for the entire duration of the contract. 

Thus, in this contract the buyer will not benefit from the fluctuations of raw materials’ price which may 

occur in the spot market. However, it is important to stress that, in this case, the purchase price of raw 

materials established is lower than the average spot market price. Other benefits can arise from a long 

term commitment, Minner, S. (2003) points out the following: larger quantities purchased often imply 

quantity discounts and more favorable terms of payment and delivery, quality improvements and 

learning curves effects by the decrease of the production costs when cumulative production increases. 

The Spot Market Contract (SMC) can be characterized by: i) allowing the buyer to benefit from the 

fluctuations on raw materials’ price, ii) the flexibility of moving from one supplier to another without 

having to make any investment, and iii) reduce disruption risks through less dependence on key 

suppliers (Reiner, G. et al, 2014). Moreover, in this contract the quantities of raw materials purchased 

vary according to the buyer’s needs as it is applied a Just-in-Time strategy, which will decrease the risk 

on its inventory management. It is important to stress that even though one can benefit from the 

variations on price, in this type of contract the company pays the spot market price which is in general 

higher than the one negotiated with a long term contract. Moreover, there is a higher risk associated 

with the availability of raw materials. 

The analysis of results will be based on the two different supply contracts scenarios presented 

in order to evaluate different raw materials’ procurement policies at the scheduling level and to assess 

which type of supply contract is the most suitable for the company’s situation.  

In the next section it will be presented the methodology developed for this study, which 

summarizes the most relevant aspects of the state of the art chapter regarding the dairy industry 

characteristics to consider in the models development. 
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3.6. Conclusions 

During this chapter the main concepts related to the planning and scheduling processes in the food 

industry. Special emphasis was given to the dairy industry’s characteristics, to raw material inventory 

control, and to supply contracts. 

The majority of the scheduling models for the food industry does not formally account raw materials’ 

shelf-life integration, as the same time, in the inventory models for perishable products existing on the 

literature are not suitable for the case where we have different raw materials ‘shelf-life. By that reason 

this work proposes the integration of both aspects through the methodology developed.   

In the majority of the scheduling models developed for the food industry shelf-life of products is 

applied as a maximization of a certain level of freshness/quality of final products. Indeed, the concept 

of shelf-life is not applied to raw materials, and thus, it is not used to assess the impact that a raw 

material with a short shelf-life may have on the scheduling of production. Moreover, the presented 

inventory models for perishable products with a fixed shelf-life are not suitable for cases where raw 

materials have different (fixed) shelf-lives. As a consequence, the studies analyzed limit the production 

rate according to the due date of the raw material with the shortest shelf-life. That implies higher levels 

of raw material’s inventory and an inefficient utilization of resources. Furthermore, in none of the models 

was integrated a combination of the scheduling of production and inventory control of raw materials.  

For those reasons, those studies are not suitable for the present case where the raw materials’ 

shelf-life must be considered as a constraint for the production process and where the aim is to minimize 

the inventory level of spoilage of raw materials.  

Therefore, to fill in the gap on the literature, the optimization scheduling model present in the context 

of this study will be based on two supply contracts scenarios, the model will be developed in order to 

introduce the main aspects of the ice-cream industry namely the several raw materials shelf-life, their 

inventory control, multiple deliveries during the planning horizon and changeover tasks.  

Due to the specific characteristics of the present production process and as we are dealing with a 

multi-purpose and multiproduct batch process, it will be considered the discrete time representation in 

the development of the models. 

Lastly, in order to evaluate the raw materials’ procurement strategies, it will be considered a cost 

analysis on both supply contracts and the benefits of each one will be assessed.  
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4.  Mathematical Formulation 
In order to optimize the current production process, a scheduling Mixed-Integer Linear 

Programming (MILP) model will be developed. 

Considering the multipurpose characteristics of the present production process, a detailed 

characterization is needed, which is fulfilled by the RTN formulation presented by Pantelides (1994). 

The application of this framework enables to integrate the particular features of the dairy industry in 

order to fill in the existing gap on the literature.   

 

4.1. Introduction 
As previously said, the proposed scheduling formulations are based on the Resource-Task 

Network (RTN) framework proposed by Pantelides (1994). The model framework is extended to 

integrate some important features that characterize this specific type of industry, such as: raw materials 

shelf-life and inventory control, changeover tasks between different productions and multiple 

deliveries during the planning horizon. 

The Resource-Task Network representation is characterized by two types of entities: tasks and 

resources. A task can be defined as an abstract operation that consumes and/or produces a specific 

set of resources including, for instance, materials and utilities. The task starts and finishes at a time 

interval boundary having a fixed pre-defined duration,𝜏𝑘.The resources are all different entities involved 

in the process which are produced /consumed at discrete time, and can be defined as “renewable” or 

“non-renewable” according to their availability. If a resource is restored to the original state after being 

used by a task is renewable otherwise, is non-renewable. Thus, the non-renewable resources are the 

set of all raw materials, intermediates products and utilities and, the renewable resources all types of 

equipment such as storage and processing.  

The formulation developed by Pantelides (1994) uses two types of decision variables. The 

assignment of tasks to resources, expressed by a binary variable 𝑁𝑘𝑡 which takes the value 1 if task 𝑘 

starts at time 𝑡 and 0 otherwise, and the batch size, which is represented by 𝜉
𝑘,𝑡−𝜃

, which expresses the 

amount of material being produced in task k, at each period t. The interaction between these two 

variables defines the amount of resource 𝑟 consumed and produced at each time which is expressed 

by the integer and continuous part of constraints (𝜇𝑘𝑟𝜃𝑁𝑘𝑡−𝜃 + 𝜈𝑘𝑟𝜃𝜉𝑘𝑡−𝜃) where the parameters 𝜇
𝑘𝑟𝜃

 and 

𝜈𝑘𝑟𝜃 represent the fixed and variable resources consumption/production, respectively. 

 

The structure of the present chapter is the following: in section 4.2. an overview of the model is 

presented; section 4.3 contains a characterization of the relevant data and the definition of the 

assumptions made to define and characterize the problem; in section 4.4. the mathematical formulation 

is developed; finally, in section 4.5, the main conclusion of this chapter are presented. 
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4.2. Model Overview    
In this section an overview of the mathematical model and its characteristics are presented. 

Beyond that, the analysis of the impact of different supply contracts is evaluated in terms of scheduling, 

raw material cost and quality of final products. 

As the set of tasks for producing an ice-cream/sorbet changes, depending on the type of ice-

cream to produce, this study considers the two main types of ice-cream products: sorbets and ice-

creams. The models developed have to consider simultaneously the production of ice-creams and 

sorbets and the allocation of the available resources to both, in terms of costs and utilization of 

resources.  

The dairy industry, and in particular the artisanal ice-cream industry has its own features, namely: 

changeover tasks between productions, multiple deliveries, shelf-life of products, and procurement and 

inventory control of raw materials. All these features must be integrated in the scheduling process in 

order to make it as close as possible to the reality. However, due to such a specific set of characteristics 

(for instance, the shelf-life of products) the scheduling of production becomes more complex in as 

concerns the development of the scheduling model. Moreover, due to the importance of the procurement 

and inventory control methods, it will be considered the integration, at the scheduling level, of the two 

different supply contracts scenarios: i) the Fixed Commitment Contract and, ii) the Spot Market Contract. 

 

For a better comprehension of the integration of the aforementioned aspects in the scheduling, 

Figure 6, shows the framework to follow in the next chapters of this work.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 - Framework of the present case study. 
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As said before, the case study focus on an artisanal production process, its features were 

included in order to consider the daily reality of a company of this type. In order to allow a deeper 

understanding, a detailed characterization of the aforementioned features, applied to our study, is 

presented: 

 

1. Changeover Tasks: the changeover tasks are activated every time the production of a new 

product starts. This task has a high impact on scheduling as the equipment, during cleaning 

periods, is not available for production.  

 

2. Multiple Deliveries: The integration of multiple deliveries within the planning horizon plays an 

important role in the dairy industry, increasing costumers’ satisfaction and, minimizing the 

storage of final products. In this study, the changeover and multiple deliveries formulation is 

based on Samuel et al. (2013).  

 

3. Raw materials Procurement and Inventory Control: Considering the price fluctuation and the 

reduced shelf-life of this type of raw materials it becomes evident the importance of exploring 

the raw materials procurement policies and inventory control. Furthermore, the integration of 

the inventory control of raw materials enables to guarantee the quality of the final products (since 

the latter are directly dependent of the former) and at the same time, it enables to quantify the 

deteriorated raw materials. Raw material inventory control is especially important in an industry 

where the perishability of raw materials has such an important role to play. Having a strict raw 

material inventory control system in place can reduce significantly the quantity of raw materials 

wasted, and consequently diminish production costs. In this regard, it is necessary to track the 

remaining shelf-life of raw materials, not only before but also during production. In fact, the raw 

materials must be discarded after the expiry of its due date. In Figure 7, it is explored in detail 

how the shelf-life control of raw materials’ is integrated in the model to be developed.  

 

 

Figure 7 - Schematic representation of raw materials’ shelf-life accountability. 
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Figure 8 - Schematic representation of raw materials’ shelf-life accountability. 
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The raw materials’ shelf-life must be quantified from the beginning of the planning horizon until 

the actual production instant. If the production instant overpasses the raw materials’ shelf-life, 

they will not be used for the production and will be discarded at the end of the planning horizon.  

Thus, considering the instant t, as the moment when a raw material is required for production 

and, 𝑆𝐿𝑟 its shelf-life. If t ≤ 𝑆𝐿𝑟, then the raw material’s shelf-life is greater than the production 

date and hence, it has the safety and quality properties to be consumed and processed. 

However, in periods in which the production instant t is greater than the raw material’s shelf-life 

(t > 𝑆𝐿𝑟), the raw material will not fulfil the safety and quality requirements being send for 

disposal. Thus, all the remaining quantity of raw materials, the shelf-life of which has already 

past, is deteriorated and will not be used in production being penalized with a disposal cost at 

the end of the planning horizon and consider it in the objective function.  

 

In this sense, when considering the different supply contracts, this feature also plays an 

important role, as according to the characteristics of each type of contract, the inventory control 

of raw materials and their spoilage will be accounted not only in terms of quantity but also in 

terms of costs as they may have an impact on the production and therefore, the mathematical 

formulation for each case must be considered. Hence, in the decision making process on the 

choice of the suitable supply contract this will be one of the aspects to take into account. 

 

In brief, the problem seeks an optimal solution for the production process of a dairy food company 

where a mixed integer linear programming (MILP) is developed for two supply contracts scenarios, 

considering as novelty aspect the simultaneous application of the raw materials’ shelf-life control and of 

the operation scheduling through the RTN approach. The aim of the model is to maximize the 

operational result where, depending on the type of supply contract considered, it will be included the 

associated raw materials costs. For confidentiality issues, the economic profit evaluation will be focused 

on the impact of raw materials costs, considering the economic indicator an operational result 

maximization. 

 

4.3. Problem Statement  

All the data presented regarding the company under study is approximated because of 

confidentiality reasons. Despite that, the problem characterization remains realistic and a general 

formulation is developed in order to be applied to any company in the dairy industry.  

In most dairy industries, the quantity of final products to be produced is known at the beginning 

of the planning horizon, as a result of the make-to-order production policies. Some assumptions are 

considered, to develop the mathematical formulations, such as: 
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 All raw materials used in the process are received at the beginning of the planning horizon. 

 The quantity of raw materials received will fulfill the weekly production.  

 The raw materials have different due dates (shelf-life). 

 The raw materials are available for production until they reach their shelf-life (t ≤ 𝑆𝑙𝑟).   

The optimal scheduling can be obtained by solving the following problem:  

Given:   

 Process description, through a Resource Tasks Network representation; 

 The maximum amount of each type of resource available; 

 Resource characteristics and capacities; 

 Time horizon of planning; 

 Task and resources operating data;  

 Raw materials’ shelf-life; 

 The spoilage, purchase and storage costs of raw materials; 

 Quantities contracted of raw material supplies;  

 Selling price of ice-creams and sorbets; 

 The production requirements and delivery dates along the planning horizon. 

 

Determine:  

 The amount of each resource used;  

 The task-unit assignment and respective batch size; 

 The optimal scheduling satisfying not only the multiple-deliveries along the horizon, but also, 

the demand at the final horizon;  

 Raw materials profile for the time horizon.  

 The final quantity of raw materials discarded at the end of the planning horizon for not respecting 

the shelf-life restriction. 

  

The aim is to determine the optimal weekly scheduling of production based on two supply contracts 

strategies, satisfying not only the multiple-deliveries along the horizon, but also, the demand at the end 

of the horizon, at the same time that is determined the resource allocation as well as the raw materials 

planning for the time horizon.  

 

4.4. Model Formulation  

In this section is presented the model’ formulation which will be applied for two supply contracts 

scenarios: the Fixed Commitment Contract and the Spot Market Contract. It will also be given, the 

description of the indexes, sets, parameters, variables used and the definition the objective function. 
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4.4.1. Scheduling Model 

Sets 

In order to be able to define the sets it is necessary to establish in advance the following indexes: 

d Deliveries 

k  Tasks 

r  Resources   

t  Time  

θ Relative time to define the start of a task 

 

The sets play a crucial role for defining how the production process operates, so it is necessary 

for the model to define the following sets: 

Cr = {rϵR: set of all material resources, such as: raw materials, intermediate products and final products} 

Dr = {rϵR: set of all equipment and human resources} 

Dchg= {rϵDr: the equipment resources used for the changeover tasks} 

K = {k: Set of all tasks} 

Kproc= {kϵK, rϵDr: set of all processing tasks, k, operating in an equipment resource, r} 

Kchg= {kϵK: set of all changeover tasks, k, to be performed in an equipment resource, r}  

R={r: set of all resources} 

Rp = {rϵCr: set of final products} 

Rrm = {rϵCr: set of raw materials}  

Sr= {rϵCr: set of material resources with storage} 

Τhr= {kϵK,rϵDr: set of all tasks, k, that uses operators teams as resources} 

 

 

Parameters 

𝐶𝑠𝑝𝑜𝑖𝑙𝑎𝑔𝑒  Spoilage cost of deteriorating raw materials. 

H   Planning horizon; 

𝑃𝑟𝑖𝑐𝑒𝑟
𝑓𝑝

  Selling price of final products;  

𝑃𝑟𝑖𝑐𝑒𝑟
𝑟𝑚  Acquisition cost of raw materials;  

Qrd
min Qrd

max Minimum /Maximum amount of resource r Rp , to deliver in instant d.  

Rr
demand  Demand of final resource r; 

R0r  Resource, rϵR, available initially; 

𝑆𝐿𝑟  Shelf-life of raw materials; 

Ted
rd Tld

rd The earliest/latest time to deliver, r Rp, in instant d. 
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Vkr
min Vkr

max Minimum/Maximum allowed capacity of resource r to perform task k; 

𝜏𝑘 𝜏𝑘

𝑐ℎ𝑔
  Processing time for task k/Processing time for changeover task k; 

μchg
krθ  Resource (processing unit) r consumed at the start/end of the changeover task kchg and at time 

relative θ; 

μkrθ    Resource produced or consumed of task k at the start/ end of time relative θ; 

νkrθ   Resource produced or consumed of task k at the start/ end of time relative θ; 

 

Variables 

In the model it is necessary to considered both binary and continuous variables, as presented 

below.  

Binary Variables 

Nkt Binary variable that takes the value 1 if task k starts at time t, otherwise is 0; 

Nchg
kt Binary variable that takes the value 1 if changeover task k starts at time t, otherwise is 0;  

 

Continuous Variables 

Invrm Raw materials inventory level 

ξkt Quantity of material undergoing task k at the beginning of instant t; 

Rrt Quantifies the amount of available resource r at the instant t; 

∏rt Total amount of final product, r, delivered at instant t. 

IDisposalr Quantity of raw material r that has to be discarded for not respecting the shelf-life restriction 

Z Quantifies the profit 

 

Mathematical Formulation 

After being defined all the indexes, sets, parameters and variables, the mathematical 

formulation is developed to be applied to the case study comprising the following constraints: 

 

Objective Function 

𝑀𝑎𝑥 𝑍 = ∑ ∑ (∏  
𝑟𝑡

 ×  Pricer
fp

)

 

𝑡

  

 

𝑟∈𝑅𝑝

– [ ∑ ∑(R0r  × Pricer
rm)

 

𝑡

 +  ∑ (𝐼𝐷𝑖𝑠𝑝𝑜𝑠𝑎𝑙𝑟 × CSpoilage)

 

𝑟∈𝑅𝑟𝑚

 

𝑟∈𝑅𝑟𝑚

 [1] 

                   

 

 

 

 

Subject to: 
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Rrt = Rro|t=1 + Rrt−1|t>2 + ∑ ∑(μ
krθ

Nkt−θ)

τk

θ=0

 

k

+ ∑ ∑(μ
krθ

chg
 Nkt−θ

chg
)

τk
chg

θ=0

 

kϵ kchg

∀r ∈ DR, t ∈ H                                     [2] 

 

Rrt = R0r + Rrt−1 + ∑ ∑(νkrθξkt−θ
)

τk

θ=0

 

k∈Kr
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Equation (1) defines the objective function which reflects maximization of the operational result of 

the company. As aforementioned, the maximization of the profit only accounts with the impact of raw 

materials costs for confidentiality reasons, thus henceforth it is denominated by operational result. The 

objective function can be characterized by the revenue, which reflects the quantity of ice-creams/sorbets 

sold in the first equation term, followed by all costs associated with the raw materials. The costs 

characterization its divided in two terms: i) the purchasing cost of raw materials, ii) the raw materials 

spoilage costs. The first term characterizes the purchase cost of raw materials which is expressed by 𝑅0𝑟 ×

𝑃𝑟𝑖𝑐𝑒𝑟
𝑟𝑚. The second term defined by the spoilage costs accounts with the disposal and storage costs of 

the deteriorated raw materials, which is defined as the quantity of raw materials that must be discarded at 

the end of the planning horizon, representing a lost opportunity cost. In this way we ensure that, only raw 

materials that fulfil the shelf-life restriction are considered for production.  

The constraints that must be satisfied are explored in detail as following: 

 Materials Balance Constraints:  

For representing the excess resources balance which in general can be expressed by the 

amount of resource available from one time interval to the next one, several constraints were 

defined. Typically the material balance constraints are multi-period material balance 

expressions in which the amount of resource available at time period t is equal to the amount of 

resource at the previous time period t-1 adjusted by the amount of resource 

produced/consumed by all tasks starting or ending at t.  

Thus, the constraint [2] defines the renewable resources balance, for processing and 

changeover tasks. Where the occurrence of the changeover tasks are defined as 

follows(𝜇
𝑘𝑟𝜃

𝑐ℎ𝑔
 𝑁𝑘𝑡−𝜃

𝑐ℎ𝑔
), where kϵ𝑘𝑐ℎ𝑔represents the changeover tasks, the parameter 𝜇𝑐ℎ𝑔 defines 

the changeover times between productions and 𝑁𝑐ℎ𝑔 is a binary variable that takes the value 1 

if the task k starts at period 𝑡, and 0 otherwise. 

Due to raw materials’ shelf-life restriction, it is necessary to characterize the non-renewable 

material balance constraints in three situations. The first one, defined by constraint [3], 

characterizes the raw material balance having a self-life shorter than t. In this case, only raw 

materials with a shelf-life lower or equal than the period being observed will be considered for 

production (where the accountability of raw materials’ shelf-life is considered as explained in 

section 3.7). The constraint [4], characterizes the resource balance for the remaining resources. 

The second term of constraint [4], expressed by: 

 

 ∑ ∑(νkrθξkt−θ
)

τk

θ=0

 

k∈Kr=Sto1k

│𝑡 ≤ 𝑆𝐿𝑟 

avoids any production using raw materials without enough quality for production, along the 

production horizon. Based on the assumption that all the raw materials are available, this term 

controls only the storage quality of raw materials. Only the raw materials that respect the shelf-

life restriction will be considered for production. In the production periods for t ≤ SLr , raw 
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materials will have a good level of quality and are considered for production. However, if the 

period under analysis is a period 𝑡 > 𝑆𝐿𝑟, the raw materials storage will not fulfil the quality 

standards and consequently, the quantity of raw materials required will not be used for 

production and will be discarded. 

The resource multiple deliveries along the planning horizon is characterized by the negative 

variable ∏    
𝑟𝑡 as it is shown in constraint [4], which expresses the amount of final product r 

delivered at time t. 

 

 

 Raw Materials Disposal Constraint:  

The inventory raw materials control is one of the most important aspects of this production 

process because of products’ perishability. This aspect is critical to this industry because final 

products’ quality is directly related with the quality of the perishable raw materials. Hence, it is 

necessary to track the remaining shelf-life of raw materials before they are processed and during 

the production. As constraint [5] states, the quantity of raw materials that is discarded is 

expressed by the variable  𝐼𝐷𝑖𝑠𝑝𝑜𝑠𝑎𝑙
𝑟
 and it is equal to the value of the variable 𝑅𝑟,𝑡 for the 

instant 𝑡 = 𝑆𝐿𝑟 − 1, which is immediately the previous instant before raw materials had achieved 

their shelf-life. So the remaining quantity held in 𝑅𝑟,𝑡 that was not used for production, is disposed 

at the end of the planning horizon and penalized in the objective function by having an 

associated cost called disposal cost of raw materials (𝐶𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑙).  

 

 Capacity Constraints: The batch size is limited to the equipment resource maximum and 

minimum capacities, in constraint [6]. For each tasks k, the amount of materials processed must 

always be limited by upper and lower bounds, 𝑉𝑘𝑟
𝑚𝑖𝑛 and 𝑉𝑘𝑟

𝑚𝑎𝑥, respectively.  

 

 Production Requirements: The production requirements are defined by constraint [7], which 

 quantifies the total amount of each final product to be delivered along the production 

 horizon, through the multiple deliveries the consumer’s requirements (demand) will be 

fulfilled in instant t,  ∏𝑟𝑡. It is assumed that all the quantity produced is delivered and 

consequently is sold.  

 

 

 Multiple-Deliveries Constraints: The constraints [8] till [11] characterize the multiple delivers. 

The multiple delivers are defined based on time windows. Each time window is characterized 

by the lower and upper resource quantity that must be delivered of each product, defined by 

Qrd
min and Qrd

max, respectively, as shown in constraint [8].Constraints [9] and [10] set the deliveries 

variables to zero for periods out of the delivery window, similarly the equation [11] set the 

delivery variable to zero for products other than final products.  
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 Operational Constraints: The constraint [12] is used to reinforce the model robustness 

meaning that, it is used to establish that it is not allowed storage of final products in the final of 

the planning horizon.  

 

4.5. Conclusions 
In this chapter was presented the overview and the mathematical formulation of the scheduling 

model considered in this study.  The mathematical formulation was presented in order to further evaluate 

the performance of the two different supply contracts, the Fixed Commitment Contract and the Spot 

Market Contract.   

In the model, it were introduced some additional features that represents the reality of this type 

of production process such as: the changeover tasks and multiple deliveries. These aspects allow to 

consider i) the time while no production takes place because of the cleaning tasks, and ii) the moment, 

within the planning horizon, when final products are available for delivery. In this way, the models 

developed can properly represent the processing time during the planning horizon in order to maximize 

the utilization of resources.  

Moreover, in order to accurately translate the reality of the present production process it was 

necessary to integrate additional constraints related to the impact of raw materials’ shelf-life and 

inventory control.  In this sense, it was necessary to introduce in the model the raw materials’ inventory 

control. Hence, the major contribution of the model developed is to combine under one single model all 

the aforementioned aspects and, by doing so, to align the result of the model with the reality of a type 

of production process which, by its artisanal nature, has several constraints.  

   In the next chapter, will be collected all the relevant data used as an input for the model. 

Additionally, it will be analyzed the results for the two supply contracts scenarios, in order to consider 

all the possible solutions for the resolution of the case study. Lastly, it will be presented the main 

conclusions and proposed the future steps of this study. 
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5. Case Study Resolution 

5.1. Introduction   

Following the description of the problem under study and the presentation of the State-

of-the-Art of the scheduling and inventory models for perishable products, in the next step the 

MILP formulation is applied to company XWZ.  

The main objective of this formulations is to define an optimal scheduling for the main 

flavor produced by the company. 

This chapter is structured in the following manner: in section 5.2 are presented the data 

necessary to develop the model; Section 5.3 contains the analysis of the results collected from 

the model; finally, in Section 5.4 this chapter’s main conclusions are presented. 

 

5.2. Data Collection and Analysis 

To solve the problem considered, it was necessary to collect and analyze the relevant 

data required for the models and their assumptions. It was necessary to visit the company’s 

facilities both in order to understand the production process and to assess the specific data 

needed to perform this study. As a remark, it is important to state, that some of the data are 

confidential, by that reason the data used in the formulation are approximations to the reality.   

The production process was already described above and hence this section aims solely 

at presenting the relevant data for the development of the models. Such data is divided into four 

groups, i) Tasks, ii) Equipment resources, iii) Material Resources and iv) Costs. 

 

Tasks 

As the concrete set of tasks to perform depends on the desired final product, to develop 

the planning and scheduling of the production process it must be consider the two types of 

productions for: sorbets and other ice-creams and its tasks characterization, as shown in Table 

5.  
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Table 5 – Average duration of each task according to the capacity used. 

Tasks Equipment Resources Processing Time (in min) 

Washing R1 20 

Preparation 
R2 20 

R9 20 

Extraction 
R3 – R4 10 

R5 20 

Blending R6 10 

Pasteurization R10 45 

Solidification 
R7 15 

R8 10 

Changeover tasks - Washing R1x 10 

Changeover tasks- Blending R6x 10 

  

However some assumptions were considered:   

 The processing time of each task is defined as an average value, resulting from the 

artisanal processes characteristic (e.g. depend from manpower expertise); 

 After each processing task which requires cleaning, the changeover task is immediately 

performed; 

 To guarantee a smooth process flow and minimize the storage time, for the intermediate 

storage it is considered the minimum duration possible (1 time slot). 

The resources required for the process can be classified in two main groups: equipment, 

and material resources, which will be explained in the following section.  

 

Equipment Resources 

 

The multipurpose characteristic of the facility allows the use of the same equipment and 

manpower to process different tasks, giving flexibility to the process.  

The manpower teams are denominated by Hr1 till Hr3 and their characterization is shown 

in Table 6.The equipment capacity characterization in terms of capacities and the number of each 

equipment resource is shown in Table 7. 
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Product 

Allocation of the manpower/Equipment (in min) 

HR1 HR2 HR3 

Task min Task min Task min 

A Ext_A 10 - - Sol_A 15 

B Pre_B 10 - - Sol_B 10 

C Ext_C 20 - - Sol_C 15 

D - - Prep_D 20 Sol_D 10 

E - - Prep_E 20 Sol_E 10 

F - - Prep_F 20 Sol_F 10 

 

Table 7 – Equipment Resources (maximum) capacity in liters. 

Tasks  Resources  Capacity (liters) Total Available 

Washing R1 70 1 

Preparation 
R2 50 1 

R9 40 1 

Extraction 
R3 – R4 50 1 

R5 50 1 

Blending R6 30 5 

Pasteurization R10 60 3 

Solidification 
R7 20 6 

R8 10 4 

Storage R11 -14 5 4 

 

Material Resources  

In the raw material characterization, confidentiality reasons should be guaranteed. 

Resulting from that, it is considered an aggregate set of specific raw materials to produce each 

final product. For instance, Amp, Bmp, Cmp, Dmp, Emp, Fmp define the set of raw materials used 

to produce A, B, C, D, and F, respectively. 

As one of the main characteristics of this process is the raw materials high perishability. 

In fact, the raw materials’ quality dictates the quality of final products. Thus, the shelf-life of raw 

materials is considered, according to its characterization presented in Table 8.  

 

 

 

Table 6 – Manpower allocation. 
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Table 8 – Raw Material’s shelf-life. 

Raw Materials Shelf - Life ( days) 

Amp 3 

Bmp 4 

Cmp < 5 

Dmp < 5 

Emp 3 

Fmp < 5 

 

Moreover for the Fixed Commitment Contract scenario the buyer will contract with the 

supplier higher quantities of raw materials than the ones required for satisfying the demand. In 

Table 9 are presented the contracted quantities of raw materials assumed in the high and low 

seasons, respectively.  

 

Table 9 – Quantity of raw materials contracted in the Fixed Commitment Contract. 

Raw Materials Quantity Contracted for 
 high season (L) 

Quantity Contracted for 
 low season (L) 

Amp 2385 739 

Bmp 945 293 

Cmp 845 262 

Dmp 755 233 

Emp 1905 591 

Fmp 780 241 

 

For the raw materials with a shelf-life shorter than the time horizon in analysis (Amp, Bmp 

and Emp), it was considered an increase of 25% of the quantities required to satisfy the demand. 

This increase is justified by the fact that after they achieve their shelf-lives, these raw materials 

will not be of any value for the buyer. Hence this is a direct consequence of the risk inventory 

management that the buyer will take. For the remaining raw materials, it was considered an 

increase of 10%, since, it is assumed a lower risk in terms of inventory management as in this 

case the shelf-life of raw materials is longer.  

For final products, the weekly demand for the highest products consumption in high and 

low seasons are defined in Table 10, the values given are approximated because of confidentially 

issues.  
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Table 10 –Average of weekly quantities to be produces in litters by product. 

Product Type Demand High Season (L) Demand Low Season (L) 

A Sorbet 1908 591 

B Sorbet 756 234 

C Sorbet 768 238 

D Ice-cream 684 212 

E Ice-cream 1524 472 

F Ice-cream 708 219 

 

Finally, another important aspect which is integrated in the model is the multiple-deliveries 

during the planning horizon. Hence, in order to represent this feature five time windows were 

assumed for the deliveries of the final products (see Table 11). The deliveries for all products are 

made on a daily basis. Since the products are highly perishable we want to deliver them along 

the week, instead of waiting until the end of the planning horizon. 

 

Table 11 – Time Windows for deliveries (in minutes). 

Delivery Windows Earliest Time Latest Time 

D1 10 96 

D2 97 192 

D3 193 288 

D4 289 384 

D5 385 480 

 

Notice that, the delivery windows are defined in minutes to match with the time slots 

division applied in the model. Where the model considers single time slots, so to match the 5min 

division 96 slots were considered to represent the 480 minutes (5 days) horizon. 

Figure 9 – Delivered Windows considered in the model according to the time slots division. 
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Costs 

For the cost analysis to be performed it is important to describe all costs associated with 

each supply contract type. In Table 12 is presented the structure of costs used for both supply 

contracts. 

Table 12 – Structure of costs for both contracts. 

Description Cost FCC SMC 

Selling Price of Ice-creams/Sorbets 22.7 € 22.7 € 

Acquisition Cost of Raw Materials 10.7 € 11.26 € 

Disposal Costa 7.7  

Storage Cost of Raw Materials 4.5 € - 

Spoilage Cost of Raw Materials 3.2 € - 

 

As we can observe from Table 12, the selling price charged for ice-creams/sorbets 

assumed is the current selling price per liter of ice-cream or sorbet charged by Company XWZ. 

This price is applied to both contracts. In this study, the acquisition cost of raw materials is 

11.26€/L which represents the average of the prices for the set of raw materials considered as 

observed in the spot market (see Appendix G). Due to the application of a Just-in-Time production 

strategy, it will not be considered neither the disposal costs of deteriorated raw materials which 

composed by the storage cost of raw materials and the lost opportunity cost (spoilage cost of raw 

materials).   

In the Fixed Commitment Contract, due to its characteristics, a lower acquisition price of 

raw materials is considered and other additional costs must be included. For the acquisition cost 

of raw materials, a discount of 5% on the spot market price (11.2 €/L) is applied, resulting in an 

acquisition cost of 10.7€/L. Due to the restrictions on raw materials’ shelf-life and the higher 

quantities contracted with the supplier in the FCC, it will be necessary to account with the disposal 

costs of raw materials not used in the production process. Thus, as the disposal costs are defined 

by two terms: the spoilage and storage costs of deteriorated raw materials. It is defined a total a 

total disposal costs of 7.7€/L, where the spoilage cost considered is 30% of the acquisition cost 

of raw materials as a penalization of the risky inventory management of raw materials. Similarly, 

the storage cost is a percentage of 20% of the selling price of the final products. It is important to 

note that the disposal cost vary according to the quantities of raw materials discarded and stored 

during the planning horizon considered. For confidentiality requirements these costs were 

estimated.  
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5.3.1. Results 

In this section the critical analysis of results is performed based on two supply contracts: 

the Fixed Commitment Contract and the Spot Market Contract. To a better understanding of the 

results structure section, Figure 10 was developed.  

 

 

For both supply contracts under analysis it will be characterized the optimal scheduling 

of production for the high and low demands. Additionally, it will also be evaluated the impact in 

raw material costs, giving special emphasis to the raw materials procurement and inventory level 

of deteriorated raw materials for the two seasons.  

Finally, it will be performed a sensitivity analysis for the Fixed Commitment Contract 

where it will be considered the variation of some parameters such as quantity of raw materials 

contracted and their acquisition price. 

 

5.3.1.1. Optimal Scheduling of Production 

In this section it is considered and analyzed the optimal scheduling of production of a set 

of final products in order to fulfil the demand during the high and low seasons. Such analysis is 

performed under each one of the two types of supply contracts considered. 

Figure 10 - Structure of the Analysis of Results. 

Analisys of Results

Optimal Scheduling

High Demand

Low Demand

Cost Analisys

High Demand

Low Demand

Sensitivity Analisys: Fixed 
Commitment Contract
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The mathematical formulations presented in section 4.4 are applied for both contracts 

where according to the characteristics of each type contract some parameters can take different 

values.  

 

High Demand 

For the high demand period, it is characterized in Appendix E, the scheduling for the Fixed 

Commitment Contract, followed by the scheduling for the Spot Market Contract in Appendix F.  

Due to the high complexity associated to the problem and without losing generality, the 

representations are defined only for one day of the weekly production horizon implemented. For 

simplicity, the changeover tasks are omitted from the scheduling representations, despite its 

processing.    

Moreover, the scheduling is characterized based in final product production, rather than 

equipment usage because of confidentiality requirements which must be guaranteed. 

As we can observe from Appendix E, for the FCC, the production starts with the products 

which require raw materials with a shorter shelf-life, notably: B and E. Furthermore, if we consider 

the three products (A, B and E) with shelf-life restrictions, by looking at the sequence of production 

it is possible to observe that, despite the fact that product B has a shorter raw material shelf-life 

than products A and E, the quantity needed of product B is significantly lower than the necessary 

quantities of products A and E. For this reason, the scheduling obtained will firstly consider the 

production for A and E.  

When compared to the SMC (see Appendix F) the scheduling in this case, will not be 

restricted by the shelf-life of raw materials. In fact, the company is producing through a JIT 

production policy, where the raw materials will be purchased as they are required for the 

production process. Thus, the Spot Market Contract model gives an optimal scheduling of 

production where all the products have the same priority on being produced. 

In fact, if we observe the sequence of production presented in Figures 11 and 12 for the 

two contracts analyzed, it can be concluded that in the Fixed Commitment Contract, the shelf-life 

of raw materials have a great impact on the sequence of production obtained. As we can observe 

for the first day of production presented, the products with lower shelf-life (highlighted in orange 

in Figure 11) are those firstly produced. In contrast, in the SCC sequence of production (see 

Figure 12) we can observe that there is no restriction on the type of product produced, being the 

production of the day shared by all products almost in a similar manner. 



46 
 

 

 

 

 

 

 

Figure 11 – Sequence of production under FCC. 

 

Figure 12 – Sequence of production under SMC. 

 

Moreover in both cases it can be verified that, the sequence of production has some 

similarities. In fact it can be seen from Figures 11 and 12 that, in both cases, the production starts 

with product B being followed by E. Additionally, and having in mind that products A, B and C 

represent sorbets and products D, E and F represent ice-creams (other than sorbets), we can 

observe that for the FCC and SMC scheduling of productions (see Appendixes E and F), the 

production of a sorbet is in the majority of the cases followed by the production of others ice-

creams. For instance in Figure XX for the FCC scenario the sequence starts with the production 

of B(sorbet)E(ice-cream)A(sorbet)E(ice-cream), in the same way of SMC sequence of 

production’ (see Figure xx), which starts with B(sorbet)E(ice-cream)B(sorbet)F(ice-cream). 

This can be justified by the difference that exists in the initial tasks to be performed for the 

production of a sorbet and other ice-creams, as shown in section 2.2.2..Where for these two types 

of ice-creams there is no competitiveness in terms of equipment resources until the pasteurization 

phase is reached.   

Taking into account these results we verify that the entire plan of 6348L is accomplished 

by both supply contracts, within the time line. In Table 13 the total quantities produced for each 

supply contract are presented. By comparing the results one can conclude that in the Fixed 

Commitment Contract the total quantity produced for the planning horizon is 8.7% higher when 

compared to the required quantity of demand. In the Spot Market Contract only the quantity 

demanded is produced. 
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Table 13 – Comparison of total quantities produced. 

Contracts FCC SMC 

Demand to be fulfilled (L) 6348 6348 

Total quantity Produced (L) 6900 6348 

Variation (%) 8.7 % 0% 

 

This increase obtained under the FCC can be explained by the fact that in this type of 

contract the quantity of raw materials available is higher than the one required. Thus, the model 

will maximize the quantity of final products produced, considering not only the maximization of 

the utilization of the equipment capacity but also the shelf-life restriction for raw materials. 

However, we must recognize that we are considering a perfect operation, where process 

variability is not considered.  

In Table 14 is presented the distribution of the quantities produced for the first day of 

production previously presented for each final product for the two supply contracts.  

 

Table 14 - Quantities produced per final product for the first day of production 

Final Products FCC SMC 

A 550 100 

B 40 240 

C 50 200 

D 80 120 

E 480 120 

F 40 320 

 

In Table 15 is presented in detail the percentages of the increase in production of each 

final product under the FCC.  

Table 15 – Percentage of increase of quantity produced of final products. 

Final Products A B C D E F 

Quantity produced (L) 1950 760 800 755 1905 780 

Quantity required to fulfil the demand (L) 1908 756 768 684 1524 708 

Variation in quantity (L) 42 4 32 71 381 72 

Variation (%) 2% 1% 4% 10% 25% 10% 

 

As we can observe, the increase of 8.7% is divided by an increase of production in all 

final products, being the must representative the increase on production of E with a percentage 

of 25%. However there are some products that the increase in production it’s of minor 
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significance. In fact for product A the increase in production is only of 2% since this is one of the 

products with highest demand to be fulfilled and its respective raw material has only 3 days of 

shelf-life. When considering the product B, it can be said that this product is the one that has the 

highest processing time and in the same way of A, its raw materials also has a reduced shelf-life 

so it is only achieved an increase of 1% in production.  For the cases of final products C, D and 

F it is achieved an increase in production of 4%, 10% and 10% respectively. These increases can 

be explained by the fact that for the raw materials of these three products there is no restriction 

in terms of shelf-life so it will be achieved a higher increase on production. 

On the other hand, when comparing the percentage of utilization of raw materials, the 

Spot Market Contract has 100% of usage of raw materials (see Table 16), meaning that all the 

quantity available for production is entirely used, in contrast, the Fixed Commitment Contract has 

a utilization of only 89.6%. 

Table 16 – Utilization of raw materials. 

Contracts FCC SMC 

Total quantity of raw materials contracted (L) 7615 6348 

Total quantity used of raw materials (L) 6900 6348 

% of Raw Materials Utilization 89,60% 100% 

 

Considering the percentage of usage of raw materials in the Fixed Commitment Contract, 

it can be observed from Table 16, that it includes not only the quantity of spoilage of raw materials 

but also, the quantity of the excess of raw materials that can be utilized in the next production 

(while they do not exceed their shelf-life period). In Table 17 is a summary of these quantities. 

 

 

Table 17 – Structure of the distribution of the quantities of final products in the planning horizon for 

FCC. 

Final Products A B C D E F 

Quantity of Raw Materials Contracted (L) 2385 945 845 755 1905 780 

Total quantity delivered/produced (L) 1950 760 800 705 1905 780 

Level of Disposal Inventory of raw materials  435 185 0 0 0 0 

Variation (in quantity) 0 0 45 50 0 0 

 

Despite the fact that during the production the proportion of final products which are made 

from raw material with shorter shelf-life were maximized, at the end of the horizon some of the 

raw materials were spoiled, 435 L and 185 L respectively, for A and B final products.    

For products C and D were left over 45 l and 50 l of raw materials, respectively. This 

quantity remaining of these raw materials is not deteriorated since their shelf-lives are greater 

than the planning horizon. Thus, this quantity is an excess of raw materials that could not be used 



49 
 

in the production process during the period considered, due to production capacity restrictions. 

Thus the percentage of 89.6% of usage of raw material,s under the FCC, results from the 

combination of the aspects previous refered. Thus, if we do not penalize this last quantity in the 

percentage of usage of raw materials (as it can be used in future productions) the percentage of 

utilization of raw materials increases in the Fixed Commitment Contract for 91.1%. Nonetheless, 

that value continues to be lower than the percentage obtained with the Spot Market Contract. 

In the Spot Market Contract an excessive quantity of raw materials is not verified due to 

the JIT production policy applied, which enables the company to contract only the quantity that it 

is strictly required. For that reason there is neither spoilage nor an excess of quantity of raw 

materials.   

In order to analyze in-depth the optimal scheduling of production and the total quantity 

achieved with both contracts, it is important to explore the delivered quantity of final products. The 

six final products deliveries were characterized through 5 time windows during the planning 

horizon, as is shown in Figure 13.  

 

 

The deliveries will have an impact on the sequence of production since in the 

development of the scheduling of deliveries it is considered that all final products must be 

delivered on a daily basis with a quantity to satisfy demand. In fact by observing Figure 11, one 

can conclude that even though in some cases the quantity delivered of each product is the 

minimum batch size, all products have a quantity available for delivery in each day of the planning 

horizon.  

Figure 13 – Deliveries for the Fixed Commitment Contract vs Spot Market Contract. 
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Additonally, it can be stated that, the total quantities delivered in each delivery window 

increase along the time line in both cases. In fact, the produced quantity may differ from the 

quantity delivered in each time window as the models provide the optimal quantity delivered for 

each day. For that reason, in some cases the model will aggregate a quantity of the final products 

manufactured in order to achieve a good flow of distribution. 

In Table 18 is summarized the quantities delivered per delivery window for each contract.  

Table 18 – Quantities delivered (in liters) for the Fixed Commitment Contract vs. Spot Market Contract. 

 

Analizing the results, it can be concluded that the profiles for both supply contracts are 

quite different. In the Fixed Commitment Contract more quantity of products A and E is delivered. 

In fact, in the first day, the product that has a greater impact on the quantity delivered is A, with 

450 L delivered, as for the second day, product E comprises 53% of the total quantity delivered. 

This fact can be explained by wo reasons. The first is the short shelf-life of these two products’ 

raw materials, which forces the model to produce them in first place. Secondly, these two products 

are the ones with the highest demand and, hence, the ones that must be produced in higher 

quantity. 

 In contrast, in the Spot Market Contract the quantites delivered of each product are more 

distributed throughout each time window. By observing the results it can be concluded that all the 

products have a similar distribution in terms of quantities delivered, within each delivery, exception 

made to products A and E. Due to the higher demand for these two products, higher quantities of 

them will have to be delivered.  

 

Low Season 

In Figures 14 and 15 are presented the sequence of production for the FCC and SMC 

respectively, to satisfy demand during low season (see Table 10).  

Deliveries Delivery 1 Delivery 2 Delivery 3 Delivery 4 Delivery 5 

Type of 
contract 

SMP FCC SMP FCC SMP FCC SMP FCC SMP FCC 

A 50 450 358 350 500 50 500 600 500 500 

B 40 40 136 40 40 40 40 200 500 440 

C 50 50 200 150 50 50 50 50 418 500 

D 40 40 40 40 320 120 40 465 244 40 

E 40 40 435 720 49 40 500 605 500 500 

F 40 40 400 40 40 40 188 200 40 460 
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In both cases, it can be said that the quantities needed to satisfy demand during the low 

season are achieved within the planning horizon considered.  

If we observe in detail the sequence of production under the FCC, it can be concluded 

that the shelf-life of raw materials continues to have an impact on the sequence of production 

obtained. Indeed, the majority of the products produced during the first day are those obtained 

from the raw materials with shorter shelf-life (highlighted in orange Figure 14). However, in this 

case this impact is not as significant as it is during high season. That is the case because the 

quantities to produce (within an equal planning horizon) are substantially lower. Hence the risk of 

raw material spoilage is significantly reduced, even in the case of the raw materials with a shelf-

life shorter than the planning horizon (Amp, Bmp, Cmp). For that reason, during low season shelf 

life of raw materials is not such a significant limitation for production as it is during high season. 

Hence the determination of the sequence of production is not as influenced by it as it is during 

high season.  

Moreover, when observing the FCC sequence of production in detail it can be verified 

that, in general the production of a sorbet is not necessarily followed by the production of an ice-

cream, or vice-versa. For instance, the sequence starts with the production of E (ice-

cream)A(sorbet)C(sorbet), it then later goes on for the production of B(sorbet)E(ice-

cream)E(ice-cream)A(sorbet)A (sorbet). 

In the SMC the sequence of production (see Figure 15), is not restricted by the shelf-life 

of raw materials. Since it is assumed a JIT production policy, where all the products have the 

same production priority.  

Figure 14 – Sequence of 1ºday of production for the SMC. 

Figure 15 - Sequence of 1ºday of production for the FCC. 

 



52 
 

Also in this case one can observe that in general the production sequence does not 

always alternate between the production of a sorbet and of an ice-cream, or vice-versa. Indeed, 

the production sequence clearly shows the production of four sorbets in a row (BAAC).  

By comparing the results, one can conclude that in the FCC the total quantity produced 

for the planning horizon is 20% higher when compared to the required quantity of demand (see 

Table 19). In the SMC only the quantity demanded is produced. 

Table 19 - Comparison of total quantities produced. 

Contracts FCC SMC 

Demand to be fulfilled (L) 1966 1966 

Total quantity Produced (L) 2359 1966 

Variation (%) 20% 0% 

 

In the FCC, the quantity produced is 20% higher than demand because in this type of 

contract the quantity of raw materials available is higher than the one required.  

As regards this surplus it is relevant to compare it with the surplus obtained during high 

demand. In this case, it solely represents the usage of a larger amount of raw materials than the 

one required to satisfy demand. Indeed, during low demand the production capacity, in a given 

planning horizon, is nowhere near to be reached, and hence it does not limit the production. On 

the contrary, limitation of that kind do occur during high season. Thus, the surplus achieved during 

high season does in fact represent a more efficient usage of the production resources.  

In Table 20 are presented the quantities produced for each final product for the FCC in 

order to better understand this increase on production. As one may observe, the entire quantity 

contracted with the supplier is used for production.   

 Table 20 – Quantities produced of final products under the FCC. 

Final Products A B C D E F 

Quantity produced (L) 739 293 262 233 591 241 

Quantity required to fulfil the demand (L) 591 234 238 212 472 219 

Quantity produced (L) 739 293 262 233 591 241 

Variation in quantity (L) 148 59 24 21 119 22 

Variation (%) 25% 25% 10% 10% 25% 10% 

 

Considering the assumption made in section 5.2., by which for raw materials with a shelf-

life shorter than the time horizon considered (Amp, Bmp and Emp), was defined an increase of 

25% of the quantities required to satisfy the demand and for the remaining raw materials an 

increase of 10%. The purpose of such assumption is to incorporate the different risks that exist in 

the inventory management of raw materials with the FCC. One can verify that, even though the 
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quantity of raw materials contracted is higher than required, it is in any case lower than the 

production capacity for the planning period considered. Thus, all the quantity is used in production 

reflecting no risk in terms of inventory management of deteriorated raw materials. 

In contrast, for the SMC scenario the quantity produced does not increase for the planning 

horizon considered because, equally to what occurs in high demand, in this contract only the 

quantities of raw materials strictly required are acquired.  

As mentioned above, the scheduling of deliveries is also an important aspect to consider 

in order to understand the quantities delivered for both contracts. Thus, in Figure 16 are 

represented the quantities of final products delivered per delivery window for each contract. 

 

One may observe that during the low demand period it is also required that all the 

products are delivered in each time window considered since daily deliveries for the six products 

are also necessary. 

When analyzing the quantities delivered one can conclude that all quantity produced in 

each contract is delivered. This consideration on deliveries, reflects that for the FCC it was 

assumed that the products produced over the quantity of demand foreseen will also be sold.  

Moreover for both scenarios it can be verified that the quantity delivered increases along 

the planning horizon considered. That is a consequence of the fact that at a later stage of the 

production, the quantity available for delivery is higher. 

As for the deliveries under the SMC scenario, unlike what occurs for high demand, it was 

not possible to limit the minimum quantities delivered by the minimum batch size of each product 

because during low demand the quantities required are very low. That means that, in some cases, 
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it would not be possible to constraint the model to deliver the minimum batch size in each delivery 

as the sum of all those quantities delivered would be higher than the total demand. Considering 

the case of product C, where the demand is 238L and the minimum batch size is 50L, if we 

consider the minimum batch size for each delivery, the total quantity to be delivered of C would 

be 250L which is higher than the quantity produced to satisfy demand. Accordingly, it was 

considered that for the SMC the minimum quantities to be delivered are limited by the size of the 

tube where the products are packaged (unit of packaging), as we can see on delivery 1.  

 

5.3.1.2. Cost Analysis 

For the current cost analysis it is worth mentioning that for both cases of high and low 

demand the costs considered are the ones presented in Table 12 in section 5.2. 

High Demand 

For the high demand scenario it is provided in Table 21 a summary of the operational 

results and costs obtained for each supply contract. From a comparison of the two supply contract 

types, in terms of operational results and costs, it can be said that the relatives profit obtained 

through the SMC is 1.56% higher than the one obtained through the FCC. 

Table 21 – Comparison of Costs results in high demand. 

Costs Fixed Commitment Contract Spot Market Contract Variation 

Total Operational Result (€) 71, 485.7 € 72 621,12 € 1.56% 

Spoilage Cost(€) 4,798.80 € - -4,798.80 € 

 

Although in the FCC the buyer benefits from a lower acquisition price of raw materials, 

the costs associated with storage and spoilage of raw materials penalize the operational result of 

the company. As a consequence, under the FCC, the result achieved in terms of profit is worst.  

In fact, if we consider the utilization of raw material above presented for the Fixed 

Commitment Contract, we can understand the structure of costs obtained for these two additional 

costs: the disposal and storage costs of raw materials. Table 22 presents the result of the 

utilization of raw materials for the FCC. 

 

Table 22 – Deteriorated Raw Material quantification for the FCC. 

Raw Materials Quantity of spoilage 
Raw materials (L) 

Disposal Cost (€) Storage Cost (€) 

Amp 435 1392 1974.9 

Bmp 185 592 839.9 

Emp 0 0 0 
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As we know, the quantity produced under the FCC is 6900 L, which represents a gap of 

715 L between the quantities of raw materials contracted and the total quantity produced. This 

variation results from: i) the excess of raw materials Cmp and Dmp, already explained, which 

combined represents a total of 95 L (for these products there is no penalization associated neither 

in terms of disposal cost nor in terms of storage cost, as they comply with the shelf-life restriction) 

and, ii) the quantity of spoilage of raw materials which totals 620 L. In this quantity it is necessary 

to consider the costs associated with the raw materials’ deterioration. Thus, this quantity is 

penalized with a spoilage cost of 4,798.80 €, which is composed by 1,984€ of disposal cost and 

by a storage cost of 2814.8€, since it represents a lost opportunity cost for the company in the 

sense that it has paid for the raw materials but it did not process them.  

For the Spot Market Contract these costs will not be accounted because of the JIT 

production policy adopted which, in terms of costs, results in an efficient utilization of raw 

materials. In fact, as a benefit of this contract type, the maximization of quality and freshness of 

raw materials is implicitly considered as a result of the raw materials’ procurement and the 

production policy used. 

 

Low Demand 

For the low demand period the operational results obtained are expressed in Table 23. 

Table 23 - Comparison of Costs results in low demand 

Contracts FCC SMC Variation 

Total Operational Result (€) 28,308.00 € 22,491.04 € -26% 

Spoilage Cost(€) - - - 

 

As we can observe, through the FCC the company can achieve an operational result 26% 

higher as compared to the one obtained for the SMC. In fact, this operational result of 28,308.00 

€ can be explained by two factors.  

Firstly, there are no raw materials spoilage costs neither in terms of disposal costs nor in 

terms of storage costs. Indeed, as stated above, all the quantity contracted in the FCC is used for 

production meaning that there are no raw material deteriorated.  

Secondly, since the acquisition price (of 10.6 €) is lower than the spot market price, and 

considering that all the raw materials acquired were used for production (unlike in the high season, 

here there are no spoilage costs), the operational  result is maximized enable in this case to 

maximize the operational result for the company. 

Finally, it is assumed that the increase quantity produced of finally products is sold. 



56 
 

Thus, even if one considers that this increase of production of a total of 393L is not sold 

and that there is no storage cost associated with this quantity for the company, the operational 

cost achieved is 24,142 €. Which, as expected, is still higher than the 22,491.04 € obtained 

through the SMC, due to the lower acquisition price applied in FCC. 

Hence, one may conclude that for the low season demand the FCC has a better 

operational result as it does not lead to disposal and storage costs of deteriorated raw materials 

and, at the same time, through this type of contract the company is benefiting from a lower 

acquisition price of raw materials when compared to the SMC.  

 

5.3.1.3. Sensitivity Analysis  
Following the analysis of different possible scenarios, it is also of interest to perform a 

sensitivity analysis in order to evaluate the robustness of the solutions and to observe which 

changes affect the final results. Amongst the different contracts and seasons analyzed, the FCC 

for the high demand period is the one with higher raw materials’ deterioration costs.  

Hence a more in-depth analysis of the impact that varying the quantity and price of raw 

materials contracted under FCC can have on savings and raw materials utilization will be 

presented. 

Considering that, in the FCC the quantities and price of raw materials are pre-defined by 

the supplier and the buyer for a specific period. It is relevant to understand the impact of changing 

the quantity of raw materials contracted and consequently, the acquisition price (since, due to 

economies of scale, it may decrease if a larger quantity is acquired).  

Thus, in Tables 24 and 25 are presented the deviations of quantities and prices 

contracted of raw materials, respectively, for the three scenarios. 

 

Table 24 – Structure of the contracted quantities of raw materials for each scenario. 

Raw Materials Initial Quantity of Raw 
Materials Contracted (L) 

Deviation Parameter (%) on 
quantities contracted 

-2,5% -5% -7% 

Amp 2385 2325 2266 2218 

Bmp 945 921 898 879 

Cmp 845 824 803 786 

Dmp 755 736 717 702 

Emp 1905 1857 1810 1772 

Fmp 780 761 741 725 
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Table 25 - Structure of costs. 

  

 As it can be observed, it is assessed in each scenario a variation of a pair of parameters: 

the quantity and the acquisition price contracted for raw materials. Thus, for a lower quantity of 

raw materials contracted the purchasing cost is higher, since we are losing the benefit of 

economies of scale. Moreover, the spoilage cost of raw materials will also change as one of its 

terms (the disposal cost) is variable with the acquisition price applied. 

 In Figure 17 are shown the operational results achieved versus the total quantities 

produced for each one of three scenarios.  

 

 

 

  

 

 

 

 

 

 When comparing the operational results of each scenario (see Table 26), one can 

conclude that in Scenario 1 is achieved the best operational result of 70,705.04 €, followed by 

Scenario 2 which the variation is less 133.50 €. Finally, in Scenario 3 is achieved an operational 

result of -0.86% when compared to Scenario 1. 

Table 26 – Summary of the costs and quantities obtained for the three scenarios. 

Scenarios Scenario 1 Scenario 2 Scenario 3 

Operational Result (€) 70,705.04 70,571.54 70,104.28 

Total quantity Produced (L) 6,864 6,778 6,695 

Spoilage Cost (€) 4,941.72 3,541.2 3,034.08 

Spoilage Quantity (L) 536 454 387 

Deviation parameter (%) Initial Costs (€/L) -3,50% -2,50% -1,50% 

Acquisition price of 
Raw Materials (€/L) 

11.26 10.90 11.02 11.13 

Spoilage Cost  (€/L) 7.7 7.77 7.8 7.84 

Disposal Cost (€/L) 3.2 3.27 3.3 3.34 

Storage Cost (€/L) 4.5 4.5 4.5 4.5 
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Figure 17 – Operational Results versus Total quantity produced for each scenario. 
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 Furthermore, it can be said that the total quantity produced in each scenario decreases 

with the decrease of the contracted quantities of raw materials, and consequently the spoilage 

quantities of raw materials also decrease (see Table 26). This is caused by the decrease on the 

available quantity of raw materials and consequently, by the increase of their acquisition price 

and spoilage cost, as we are losing the benefit from the economies of scale. 

 In Scenario 3 is considered a contracted quantity of raw materials closer to the quantity 

required to fulfill the demand, consequently the spoilage quantity of raw materials is smaller than 

in the other two scenarios (see Table 27). Nonetheless, the operational result obtained through 

the Scenario 3 will be the lowest of the three scenarios. This can be explained by the fact that the 

benefit of economies of scale is lost. Thus, on one hand the total quantity produced will be more 

in line with the demand. On the other hand, the acquisition price and spoilage cost of raw materials 

are higher, which means a higher cost for the company. It can be concluded that, this type of 

contract is useful when the production can be maximized until a quantity where the costs related 

to raw materials are minimized by an increase of sold ice-creams.  

 
 

Table 27 – Spoilage quantities of Raw Materials. 

Scenarios Scenario 1 Scenario 2 Scenario 3 

Amp  375 316 268 

Bmp 161 138 119 

Total Spoilage Quantity (L) 536 454 387 

 

 However, if we observe in detail Figures 18, 19 and 20, the rate of utilization of raw 

materials versus the total quantity produced of each final product, it can be verified that the 

utilization of raw materials is more efficient as compared to the initial situation. 
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Figure 19 - the % of utilization of raw materials versus the total 
quantity produced for Scenario 2. 

Figure 18 - the % of utilization of raw materials versus the 
total quantity produced for Scenario 1. 
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 If fact, one can conclude that in Scenario 1 the raw materials which have a utilization of 

less than 100% are Amp, Bmp and Cmp. The percentage of raw materials Amp and Bmp are of 

84% and 83% respectively, which can be explained by the spoilage quantities achieved in the 

end of the planning horizon for these two raw materials (see Table 27), which restricts the total 

utilization of the available quantity of Amp and Bmp. In the case of Cmp where the utilization 

achieves 97%, this can be justified by the fact that for this raw material there is an excess of 24L 

which is not used in the production process.  However, this quantity is not deteriorated as this raw 

material has a shelf-life longer than the planning horizon, thus it is not penalized in terms of costs 

since it can be reutilized in future productions.   

 A similar situation occurs in Scenario 2, however the percentage of utilization of raw 

materials Amp, Bmp and Cmp, is higher being 86%, 85% and 99,6% respectively. In fact in 

Scenario 2, it is contracted a lower initial quantity for each raw material which will result in less 

deteriorated raw materials. 

 Finally for Scenario 3, it can be stated that there are only two raw materials that cannot 

achieve the 100% of utilization which are Amp and Bmp. In the same way as the other scenarios 

the shelf-lives of these two products will restrict their utilization in the process. However, this is 

the Scenario where the best rate of usage of Amp and Bmp are obtained, being 88% and 86% 

respectively.   

In Table 28, are summarized the overall percentages of utilization of raw materials 

achieved. Comparing the results the Scenario having a better utilization of raw materials is 

Scenario 3 with 96%, as expected. That occurs because in this case the quantity available of raw 

materials is closer to the demand of each final product. Thus, the risk in the inventory 

management of raw materials is lower when compared to the other two Scenarios. 
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Figure 20 - The % of utilization of raw materials versus the total 

quantity produced for Scenario 3. 
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Table 28 – Summary on the percentage of raw materials utilization per scenario. 

Total % of Utilization of raw materials 

Scenario 1 94% 

Scenario 2 95% 

Scenario 3 96% 

 

Bearing in mind the analysis performed, one can conclude that the FCC is more suitable 

for cases where the company can truly benefit from economies of scale and, consequently, obtain 

a higher operational result from the extra quantity of final products. On the contrary, in cases 

where the acquisition price is close to the spot market price and the quantities contracted are 

lower (than the initial situation), the costs with spoilage and acquisition of raw materials will have 

a greater impact since the total quantity produced (and sold) will not be sufficient to minimize the 

impact of these costs. 
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5.3.1.4. Computational Results 

A compilation of the computational results obtained in the two supply contracts 

considered in the high demand analysis is provided in Table 29. 

Table 29 – Computational Results for both contracts. 

Computational Results Fixed Term Commitment Contract Spot Market Contract 

# Discrete Variables 18,759 18,759 

# Single Variables 88,024 88,024 

# Nodes 72,115 490 

# Iterations 12,026,319 446.719 

# Equations 131.327 131,807 

Relative Gap 0.39% 0,00% 

Objective Function Value  71,485.7 € 72,621.12 € 

CPU Time (s) 3600.3 372.375 

 

For the Spot Market Contract was obtained a CPU Time of 372.375s, such time is faster 

than the one obtained with the Fixed Commitment Contract. In fact, in the latter the time limit of 

3600s used as a stop criteria was exceed.  

As it may be observed in Table 29 the Fixed Commitment contract achieved the optimal 

solution with a relative gap of 0.39%. This result is worse than the one achieved with the SMC 

where the relative gap was 0%. However, the relative gap obtained for the FCC is significantly 

reduced, showing that there is little room for improvement of the solution at hand. 

It is important to note that typically the computational results comprise the column for the 

values obtained in the Objective Function, this fact can be seen by the absolute gap of 278.12 

obtained for the FCC. 

 

5.4. Conclusions 
In this chapter was presented the data necessary to solve the question addressed by this 

case study. Moreover it was performed the optimal scheduling of production characterization and 

the costs analysis, based on two different supply contracts. Finally a sensitivity analysis during 

the high season was performed for the Fixed Commitment Contract in order to evaluate the 

robustness of the solution.  

As identified above, the main aim of this study is to provide the company with an optimal 

scheduling of production for a weekly horizon for the high and low demands periods, as until the 

moment the company did not have one. With the development of the scheduling model it was 
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possible to consider a weekly production scheduling for a set of products selected based on their 

impact on the production process during the high season.  

Moreover, it was explored and identified the importance of the raw materials’ shelf-life in 

the present production process. For the Fixed Commitment Contract, it is possible to evaluate 

this impact on the scheduling presented in Figures 10 and 14. In fact, it can be seen that for the 

high and low seasons the scheduling of production is highly dependent on the shelf-life of the raw 

materials used, since the products with a shorter shelf-life will be produced in the first place. 

Additionally, it was performed a costs analysis for both supply contracts types and their 

comparison, in order to evaluate which contract is the most suitable for the company’s current 

situation during the high and low seasons. Hence it can be concluded that for the high demand, 

on one hand the Spot Market Contract is more profitable for the company, where a rate of 100% 

of raw materials’ utilization is achieved. Moreover, it was also proven that the Fixed Commitment 

Contract, due to its specifications in terms of raw materials acquisition, enables the company to 

maximize the quantity produced. The difference on total profits between both supply contracts 

amounts to 1.56%. In the case of the Fixed Commitment Contract, even though the production 

capacity is maximized, the result in terms of value continues to be lower as compared to the Spot 

Market Contract’s results. In fact, the total profit achieved for the Spot Market Contract is mainly 

driven from the fact that in this type of contract, due to the JIT production strategy applied, raw 

materials’ storage and spoilage costs are not considered. Furthermore, despite the fact that a 

higher price is paid for raw materials’, the total profit continues to be higher as compared to the 

Fixed Commitment Contract. Moreover, it is possible to conclude that due to the qualitative 

characteristics of the Spot Market Contract, it will maximize the freshness of raw materials and 

consequently, of final products. In fact, with this type of contract the quantity of raw materials 

required to satisfy the demand for a certain period will be purchased in the moment that it is 

needed for production. Hence, the maximization of raw materials’ shelf-life is implicitly obtained 

through this contract. One can state that as it is considered in the present case study, the Spot 

Market Contract will be more flexible in terms of scheduling of production during the high season. 

Indeed, as said in the previous paragraph, due to the characteristics of this procurement policy, 

it was not necessary to take into account explicitly the raw material’s shelf-life restriction in the 

formulation of Spot Market Contract model. Hence, the adoption of the SMC would make it easier 

for the company to respond to its customers’ needs in case of an unforeseen increase in demand.  

For the low demand period, it was shown that the Fixed Commitment Contract as not only 

a better operational result when compared to the Spot Market Contract but also an increase of 

the quantity produced is verified. In fact since in this case the quantity required to produce of final 

products is lower (than the one required for the high season), the available quantity of raw 

materials will be entirely used in the process. Thus in this case, the company will pay a lower 

price for the raw materials than the spot market and at the same time will be not charged by the 

deteriorated raw materials as in this case, there is no spoilage quantity of raw materials. However 
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it can be said that, this increase is considered in the assumption that it will be demand for the 

extra quantity of final products produced.   

Finally, the sensitivity analysis performed for the high demand period under the Fixed 

Commitment Contract enables to understand the robustness of the solution previously obtained 

for the comparison of the two contracts during the high demand. In fact, it as shown that, even if 

we consider to contract a quantity of raw materials closer to demand, the operational result 

obtained under the FCC will be worse (than the one obtained in the initial situation). Thus, this 

can be explained by that fact that we are losing the benefit of economies of scale and also, in the 

discount on the price of raw materials contracted with the supplier. Consequently, the costs 

associated with the deteriorated raw materials will be higher, and the total quantity of final 

products produced will not be higher enough to minimize this higher impact of the raw materials 

costs. 

To conclude, it can be stated that the Spot Market Contract is the most suitable choice 

for the company’s production reality during the high demand periods. Indeed, not only the 

quantitative results obtained by the model, both in terms of total profit and of utilization of raw 

materials, are better than the ones obtained for the FCC, but also the qualitative aspects too are 

more suitable for a production process involving high perishable products. 

In the following Chapter will be presented the main conclusions of the present work, as 

well as the future directions to consider in the context of this study. 
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6. Conclusions and Future Research 
The competitive environment of the artisanal ice-cream industry in Portugal as well as the 

specifications of this type of production process – which is mainly limited by the shelf-life of its 

products - lead to the study of the scheduling of production in an artisanal ice-cream company. In 

fact, the application of scheduling systems in the dairy industry is increasing since as it was 

shown, they can provide relevant information for the decision making process.  

In the case of company XWZ it was identified that in order to properly consider the 

development of a scheduling model it would be necessary to identify first the current main 

limitations of the production process. Those limitations were divided into three categories: 

production process limitations, product seasonality and scheduling process. It was concluded that 

because of these specifications the current production process was constrained by: i) the artisanal 

character of the process, ii) equipment capacity limitations, iii) the perishability of products, and 

iv) the availability and volatility on price of raw materials. Moreover, it was also identified that the 

company does not have an effective scheduling process meaning that it does not consider the 

planning of production neither in terms of optimal sequence of production nor in terms of 

quantities. 

In the State of the Art chapter the main contributions on this research topic in the literature 

were presented to study their similarity and potential adaptability to the case study of XWZ. In this 

research were also explored the main concepts regarding the planning and scheduling process 

in the food industry. In that regard, special emphasis was given to: the dairy industry 

characteristics, the scheduling and inventory models for perishable products, and different supply 

contract types. One of the main conclusions achieved through the State of the Art review is that 

in the majority of the scheduling models developed for the food industry, the concept of shelf-life 

is not applied to raw materials, and thus, it is not used to assess the impact that a raw material 

with a short shelf-life may have on the scheduling of production. Moreover, inventory models for 

perishable products with a fixed shelf-life are not suitable for cases where raw materials have 

different (fixed) shelf-lives. Furthermore, in the literature it had not been integrated a combination 

of the scheduling of production and inventory control of raw materials.  

Hence, to fill in this gap in the literature, it was developed a methodology the main objective 

of which is to integrate all the relevant aspects of the dairy industry, in order to proper consider 

the present problem. This methodology was followed along the study and in particular, in the 

model’ development.  

Thus, with this in mind, the construction of the mathematical model to optimize scheduling 

of production of XWZ and to illustrate as clearly as possible the real problem of the company 

appeared as the most appropriate approach to concretize the resolution of the case study. In this 

sense, based on the RTN approach, it was developed a MILP model based on two different supply 

contracts, integrating the main features of this industry, such as: different raw materials’ shelf-
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lives, their inventory control, multiple-deliveries during the planning horizon, changeover tasks 

and different procurement policies of raw materials through the integration of two supply contracts 

at the scheduling level.  

Therefore, this model provides the company with an optimal sequence of production 

according to the supply contract followed, and simultaneously maximize the utilization of 

resources. Furthermore, due to the integration of the inventory control of raw materials it was also 

assessed the impact of the raw materials’ shelf-life in the production process.  

Given the scheduling model developed, the two supply contracts were explored, the Fixed 

Commitment and for the Spot Market contracts, in terms of optimal scheduling of production and 

costs for the high and low demand periods. 

As regards the analysis performed, it was concluded that through any of the two contracts 

is possible to achieve an optimal scheduling of production for the set of products considered for 

both seasons. Additionally, the costs associated with each supply contract type were also 

evaluated. It has concluded that in the high season demand the Spot Market Contract enables 

the company to achieve a better operation result as it maximizes the freshness of raw materials. 

Additionally, it is also a more flexible contract as in this case the company do not pre-defines a 

quantity of raw materials with the suppliers. Finally, in terms of utilization of resources this contract 

enables to achieve the 100% of utilization of resources due to the JIT policy applied.  Considering 

the low season, it as shown that, the Fixed Commitment Contract enables the company to achieve 

a better operation result as in this case, the quantity of raw materials contracted is entirely used 

and consequently, there is no cost associated with the spoilage of raw materials.  

In fact, with the sensitivity analysis it has possible to conclude that, the previous solution 

obtained for the highs season is better to the company reality. The conclusion reached is that the 

Fixed Commitment Contract is only suitable for a situation that the company truly benefits form 

economies of scale (and, consequently it benefits from a lower acquisition price of raw materials).  

Thus, the Spot Market Contract is the most suitable type of contract to apply in the present case 

for the high demand period. However, it is relevant to mention that in both supply contract types 

some qualitative characteristics could not be measured. Thus, in the decision making process, 

the decision-makers must take this remark into consideration. 

As for the future directions of research based on this study it can be highlighted the 

following: 

 As first step on the future work would be interesting to include in the models’ formulations 

the shelf-life control of final products. With this implementation it could be evaluated the 

maximization of the freshness and due dates of final products to customers; 
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 Moreover, since raw materials and their shelf-life play an important rule for this type of 

production process, it should be evaluated the lead times of raw materials from the 

supplier to the buyer. In fact, this feature will not only have an impact on costs but also, 

in the case of a higher lead time (than the one contracted with suppliers) it will have also 

an impact on the buyer’s production planning and scheduling as in this situation the buyer 

will not have the raw materials needed for production. In this sense, this feature should 

be integrated in the models in order to track the raw materials’ shelf-life from the moment 

that an order is placed by the buyer till the moment that it is delivered by the supplier. 

Therefore, in this case the evaluation of raw materials’ shelf-life would be made in two 

periods: i) the transit time spent in the delivery of raw materials, and ii) the remaining 

shelf-life that the buyer has to use the raw materials’ quantity on production. 
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Appendixes 
 

Appendix A – Top seven EU member states in terms Volume of sold Ice-cream 

Production in liters and in Euros 

 

 

 

Source: Euromonitor, 2013 
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Appendix B – Percentage of global market share per segment of the ice-cream 

market 
 

 

 

 

Source: Euromonitor, 2011 

 

Appendix C - Percentage of regional market share per segment of the ice-cream 

market 

 

Source: Euromitor, 2011 
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Appendix D – Summary on the main studies of the Scheduling models in the processing industry 

Authors Method Industry Traceability Shelf-life integration Main Aspects 

Silver (1989) ELSP Perishable Products  X 
Generation of a cyclic scheduling for several products considering 
that the cycle time cannot be longer than the shelf-life of products. 

Saker & Babu 
(1993) 

ELSP Perishable Products  X 

Developed a study based on Silver (1989) study where they 
integrate the production time related costs having concluded that 

the choice between the minimization of the cycle time or the 
production rate depends several factors, such as, shelf life of the 

products, machine and product set-up times, and unit costs 

Goyal (1994) ELSP Perishable Products  X 
Considered the study of Silver (1989) and developed that idea of 

producing a product more than once in a cycle. 

Soman et al. (2004) ELSP Perishable Products  X 

Soman et al. (2004) presented a ELSP problem with a constant 
production rate, which cannot be reduced. They argue that, in the 

food industry where the capacity utilization of equipment is high the 
production rate cannot be reduced due to quality problems can 

occur if the production rate is changed. 

Entrup et al. (2005) MILP Yoghurt  X 
Developed three MILP models that integrate the freshness of 
products in the planning and scheduling of production having 

applied the block planning approach. 

Dupuy et al. (2005) MILP 
Sausages 
Production 

X  
Dupuy et al. (2005) developed a MILP model having introduced the 

concept of batch dispersion in order to consider the batch 
traceability. 

Kallrath (2005) MILP Processing Industry  X 
Considers in his study the integration of shelf-life of products in 

MILP models. 

Doganis & 
Sarimveis (2007) 

MILP Yoghurt   

Developed a MILP model for considering the scheduling of 
production in a single yoghurt production line integrating some 

aspects such as, the imitations in production sequencing, 
sequence-dependent changeover times and costs with the aim of 

minimizing the total costs. 
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Cai et al. (2008) 

Model formulation that 
considers the 

relationship between 
stochastic scheduling 

and knapsack 
stochastic. 

Seafood  X 

Developed a model that integrates the perishability of raw materials 
in the seafood industry by considering three decisions that have to 

be determined by the producer: (i) the product types to be 
produced; (ii) the equipment time to be allocated for each product 

type; and (iii) the sequence of production. 

Grunow et al. (2008) MILP Food Industry X  
MILP model that includes the traceability of batches by applying the 

concept of batch dispersion proposed by Dupuy et al. (2005). 

Wang et al. (2009) MILP 
Cooked meat 
manufacturing 

X X 

Wang et al. (2009) developed an optimization model that integrates 
the operational objectives with the traceability objectives by 
considering a risk rates and the associated costs, in order to 

achieve the desired product quality and minimum impact of product 
recall in an economic manner. 

Kopanos et al. 
(2010) 

MILP Yoghurt  X 

Developed a MILP model considering a discrete time 
representation because of the variations in demand and shelf-life of 

products in the planning horizon. The model do not account with 
product storage because of perishability aspects. 

Bilgen & Günther 
(2010) 

MILP 
Fast Moving 

Consumer Goods 
(FMCG) 

  
Bilgen & Günther (2010) presented a MILP model that minimizes 
the distribution and production costs by implementing the block 

planning approach. 

Amorim et. al. 
(2011) 

MILP: MTO e MTO-MTS Perishable Products  X 
The authors developed a MIP model where explore two scenarios: 
i) the scenario where the products follow a pure MTO strategy and 
ii) the case where the products follow a hybrid MTO-MTS strategy. 

Pahl et al. (2011) 
Scheduling model and 

lot-sizing 
Food Industry  X 

In this model the sequence-dependent set-up times and costs are 
included as well as, the product spoilage constraints. 

Kopanos et al. 
(2011) 

MIP Not Specified   

Kopanos et al. (2011) proposed an approach that combines the 
planning and scheduling of production in continuous parallels 

processing units that produces a high level of final products that 
can be grouped in families. 

Amorim et al. (2012) MIP Perishable Products  X 
Formulation of a multi-objective framework where two models were 
developed for two types of perishable products: with fixed shelf-life 

and with loose shelf-life. 

Kopanos et al. 
(2012) 

MILP Ice-creams  X 
The main objective of the model is to minimize the make span. The 

shelf-life of products is introduced as a constraint. 

Moniz et al. (2013) MILP Pharmaceutical X  
Moniz et al. (2013 a) proposed a MILP based on the STN approach 
where the blending of batches and its traceability are accounted as 

constraints. 
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Appendix E - Optimal Scheduling of Production for Fixed Commitment Contract 
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Appendix F - Optimal Scheduling of Production for Spot Market Contract 
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Appendix G – Calculus of the Raw Material’s Spot Market Price 

 

Raw materials kg kg/m3 kg/dm3 L Cost (€) Cost per 
liter (€/L) 

A 1 705 0.705 1.4 2.98 2.10 

B 1 1068 1.068 0.9 2.99 3.19 

C 1 641 0.641 1.6 1.39 0.89 

D 1 - 1.058 0.9 42.5 44.97 

E 1 1308 1.308 0.8 3.95 5.17 

F 1 561 0.561 1.8 20 11.22 

Average of Acquisition Price 11.2 €/L 

 


