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Abstract: Over the years, production planning problems have widely studied in the literature both for their multiple 
applications and to adapt them to the development of new technologies. Nowadays, globalization requires companies 
to achieve high levels of production efficiency in order to compete advantageously on both domestic and international 
markets. In this paper, we consider an Italian company operating in the food sector, which produces multiple products 
and some of them are highly perishable. The production is usually planned using a short-term view, the production 
line can be re-equipped according to the product to be manufactured and set-up times are sequence-dependent. The 
limited production capacity of the industrial plant and some organizational inefficiencies determine significant effects 
on customer orders, which are often rejected. The contribution concerns a mathematical framework to support the 
scheduling of the production activities at operational level. In fact, the limited company budget does not allow strategic 
investments. The developed decision-making approach acquires a set of customer orders as input and outputs a 
production plan which mainly answers the following questions: what to produce, how much to produce and in what 
period of time to produce, in order to maximize conflicting objectives. Starting from some theoretical assumptions, 
our approach is validated using real data. The results show an overall improvement in three key performance indicators, 
appropriately defined.    
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1.Introduction 

One of the most challenging problems of modern 
companies concerns the scheduling of production activities 
in an efficient way. In the food context, the problem of lot 
sizing and scheduling is more complex than in other areas 
because of some additional constraints, which have to be 
taken into account: first of all, the perishability of raw 
materials, semi-finished and finished products, quality and 
safety standards, strong variability of demand and prices. 
Furthermore, over the years, food product complexity has 
considerably increased because of the growth of 
globalization. Nowadays, competition among companies is 
very high and products are more customized than in the 
past, to better meet the needs of final consumer: different 
flavours, ingredients, packaging (Claassen et al., 2016).  

According to Méndez et al., (2006), scheduling is crucial for 
increasing production performance. It is a decision-making 
process, which assigns available resources to tasks, with the 
aim of optimizing one or more objectives. Note that, 
despite recent technological advances, many companies 
determine manually the production plan and this leads to 
many inefficiencies.  

This paper addresses production activities of an Italian 
food company, which produces vegetables preserved in oil. 
Currently, customer orders are collected and scheduled on 
a weekly base. The production scheduling is performed 
manually and without well-defined rules. This implies many 

inefficiencies. In this context, the main problem is the very 
limited production rate of the available industrial plant. For 
this reason, many customer orders are rejected, with 
significant revenue losses.  The financial resources of the 
company are quite limited, then strategic-tactical 
investments are not allowed in this period. Therefore, the 
contribution of this paper is to propose a framework, based 
on an optimization model, which acquires a set of orders as 
input and outputs a production plan, which mainly answers 
the following questions: what to produce, how much to 
produce and in what period to produce, in order to 
maximize the benefits for the considered company. 
Different strategies are considered and the goodness of 
each of them is assessed through the use of some 
appropriately defined Key Performance Indicators (KPIs). 
The proposed model takes into account some of the recent 
research opportunities, highlighted by Clark et al., (2011): 
product perishability, synchronization of resources, needs 
for computational results on real instances.  

Mathematical models are developed in the food industry, in 
order to increase productivity, reduce costs and delivery 
times, achieve reliability in service, and search most 
efficient use of limited resources. Although there are 
several papers addressing food production planning, 
specific applications related to make-to-order (MTO) and 
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vegetables industry have not been addressed in the food 
engineering literature. 

The paper is organized as follows: Section 2 presents a 
relevant literature review about the production planning 
problems in the food context. Section 3 introduces the case 
study and discusses it. Section 4 and Section 5 show the 
proposed framework and the computational results, 
respectively. Conclusions and possible future 
developments are reported in Section 6. Finally, Appendix 
reports the proposed optimization model.  

2.Literature review 

In this section, we review some recent contributions in the 
literature about the production scheduling approaches in 
the food sector. 

As discussed by Doganis and Sarimveis (2007), there are 
several restrictions that complicate food scheduling 
problems (e.g., available machine time, man hours, 
accomplishment of the production targets). In addition, 
products are often perishable and production should not 
exceed demand at the risk of generating stocks and exceed 
the shelf life of products.  
Mixed integer linear programming (MILP) models have 
often been formulated for optimization problems in the 
food processing industry. Doganis and Sarimveis (2008) 
develop a MILP model for a yogurt processing facility with 
constraints for daily production limit, machine/product 
assignment, process time window, and sequence dependent 
processing. Five cost objective functions (setup, storage, 
machine utilization, labor overtime, freshness of products) 
are minimised. Entrup and Günther (2005) present three 
MILP models for weekly scheduling and planning 
problems in yoghurt packaging lines. Shelf life issues and 
intermediate product storage capacities are included. 
However, the models lack details on changeovers and their 
costs.  

Some papers integrate production lot sizing and scheduling 
problems, consider different objective functions, and 
reduce the gap between practice and theory in the area of 
short-term scheduling: Kopanos and Puigjaner (2010) 
present a MILP model for the simultaneous lot sizing and 
scheduling problem in yoghurt packing lines that includes 
sequence-dependent changeover times and costs. Baldo et 
al. (2014) study a production lot sizing and scheduling 
problem in the brewery industry. The most important 
planning challenge is to synchronize the two identified 
stages. Their MILP integrates the two stages and minimizes 
the final inventory, demand backlogging, and a term 
depending on the number of item changeovers. Bilgen and 
Dogan (2015), formulate a MILP to maximize profits in the 
dairy industry. They consider a production-planning 
problem in a multi-stage production system with shelf life 
requirements, intermediate storage, limitations on 
minimum and maximum lot size, setups. Boonmee and 
Sethanan (2016) address a multi-level capacitated lot-sizing 
and scheduling problem in hen egg production planning 
and minimize total costs over a planning horizon. More 
complex is the MILP of Niaki et al., (2017), because lot 
sizing problem is integrated with scheduling problem, 
referring to a dairy industry. Operational cost and 

completion time are minimised and their approach is tested 
on a real yogurt production. Recently, Copil et al. (2017) 
review some interesting papers that address simultaneous 
lot-sizing and scheduling problems for industrial 
applications, such as food engineering.  

Touil et al. (2016) analyse production scheduling problems 
in multistage, multiproduct milk processing, and consider 
some important features such as sequence-dependent 
changeover times. They propose a MILP model that 
minimises makespan and used real data from a dairy plant, 
located in Morocco, to test the model. 

Chatavithee et al., (2015) study the air blast freezing 
process, which is specific for the frozen food industry. It is 
a single-machine scheduling problem, in which the machine 
can simultaneously process multiple jobs. Interrupting 
costs take place whenever each job enters or leaves the 
machine. The authors propose a MILP model for 
scheduling the activities, minimizing the total costs.  

Rocco and Morabito, (2014) highlight that operational 
decisions related to production systems, are often taken 
based on practical experience of people involved. 
Therefore, they propose a decision support tool, based on 
optimization techniques, which is validated on a case study 
in a large Brazilian tomato processing company. Polon et 
al. (2018) address the production programming in a sausage 
industry, where most products do not has an exclusive line. 
There is then a competition for equipment and 
intermediate states. The applied MILP to a real plant 
increases the total production of 20%.   

Although there is a large body of literature on food 
production processing and inventory management for 
perishable products, only a few papers tackle MTO 
processing and scheduling problems. The main 
performance criteria of MTO systems include average 
response time, average order delay, delivery lead-time, due-
date adherence (Soman et al. 2004). Soman et al. (2007) 
implement a production planning and scheduling 
framework for the combined MTO-make-to-stock 
production situation in food processing industries and test 
its applicability. Their proposed hierarchical framework 
lacks analytical decisions and the orders list is sorted on the 
due-date in ascending order. 

Here, we formulate a planning and scheduling model with 
three objective functions for a multiple-stage processing of 
vegetables products based on MTO. To the best of our 
knowledge, no paper has addressed explicitly a problem 
similar to that one here tackled in the food processing 
industry. The customer orders are selected and scheduled. 
We discuss how the production plan and the defined KPIs 
change, by varying the objective (i.e., the strategy).   

3.Problem description 

The Italian food company of the case study is a make-to-
order company. It has five customers that are even its 
suppliers, as the raw material is sent to the company that 
transforms it, and packages and sends back the finished 
products. In this section, we describe the main production 
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phases per each family of products, the production system, 
and how the company manages customers’ orders. 

The products are grouped into three families, considering 
the different processing steps they need, as showed in 
Figure 1.  

 
Figure 1: production steps for each family of product 

The company produces eight types of products, whose 
main characteristics are showed in Table 1. 

Table 1: Catalogue of the products 

ID 
Product 

Vegetables Size 

Family 1 

P1 Chili pepper Jar (200 g) 
P2 Chili pepper Jar (400 g) 
P3 Chili pepper Jar (800 g) 

Family 2 
P4 Artichoke Jar (800 g) 
P5 Artichoke  Jar (1500 g) 
P6 Artichoke  Jar (2000 g) 

Family 3 
P7 Zucchini Bowl 
P8 Eggplant Bowl 

 

3.1 Products of the first family 

Before the start of the production process, chili peppers are 
stored in special containers with substances useful for 
preserving their quality and organoleptic properties. The 
main steps of the production process are described below. 

Desalination: chili peppers, which were salted for proper 
storage, are firstly introduced into the desalination machine 
for about 6-8 hours. The production rate of the 
desalination represents a bottleneck for the overall 
production system because it can desalinate a quantity of 
chili pepper not greater than the contents of 8000 units of 
the small size jars.   

Semi-finished product storage: after the desalination phase, chili 
peppers are placed inside tanks with liquid substances. In 
fact, for quality reasons, they need about further 12-24 
hours before being processed. 

Centrifugation: an operator takes care of removing chili 
peppers from the tanks and placing them inside a machine 
for centrifuge, useful for removing water and other 
substances.  

Chili filling: Six operators, simultaneously, manually fill chili 
peppers with tuna or anchovies. 

Jar filling: Five operators, simultaneously, place manually 
chili peppers inside jars. About 40-60 chili peppers are 
placed inside the largest jars (i.e., 800 g). Proportionally, a 
smaller number of chili peppers are placed in small jars (i.e., 
200 g) and medium jars (i.e., 400 g).  

Jar capping: each jar is capped using an appropriate 
machinery.  

Pasteurization: this is one of the most critical phases of the 
production system. In fact, the pasteurizer has a very 
limited capacity in terms of both space and time: the 
number of jars simultaneously contained inside it, as well as 
the time necessary to complete this step (40-50 minutes) 
depends on the jar size.  

Labelling: at the end, a labelling machine labels each jar.  

3.2 Products of the second family 

Artichokes before being inserted into the production cycle, 
are stored in appropriate containers with other substances, 
useful for a proper preservation. The phases of the 
production process are described below. 

Container emptying and flavouring: one operator empties each 
container of artichokes on a table. Another operator, 
instead, flavour them. No machinery is used to perform this 
step.  

Jar filling: Three operators manually place artichokes inside 
jars.  

Jar capping, pasteurization, labelling: these phases are similar to 
those described for the first family of products. About 50-
60 minutes, depending on the jar size, are necessary to 
complete the pasteurization phase. 

3.3 Products of the third family 

The products of the third family (i.e., zucchini and 
eggplant) need only to be pasteurized and labelled. The 
pasteurizer has the same criticalities as for the products of 
the other two families.  
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3.4 Production system  

The company has only one production line, which can be 
set for one product at a time. For each changeover, specific 
sequence-dependent set up times have to be considered. 
They depend on the following operations: 

Capping machine set-up: it is necessary to change the size of 
the jar caps, used by the machine. This operation is always 
necessary for the first six products of the catalogue because 
they have different size. 

Production line sterilization: the production line has to be 
sterilized to avoid contamination effects between products 
of different families.  

Change of the pasteurizer operating parameters: the operation of 
the pasteurizer depends on the product to be processed. In 
particular, two main parameters have to be set: temperature 
and conveyor belt speed. Each product has different 

requirements. For the sake of clarity, Figure 2 shows the 
layout of the production area and the material flow, divided 
by family of product. The production rate depends on the 
product being processed and it is strongly affected by the 
pasteurization phase, which for quality and safety reasons, 
is particularly slow. Since currently, the production line can 
be set for one product at a time, it can be considered as a 
single machine with different operations.  In this context, 
two product-dependent parameters are defined: the 
processing time, which is the time needed to process each unit 
of product; and the interval time between two finished 
products at the labelling machine. The interval time per unit 
is here considered as production rate. 

3.5 Customer orders  

The company has five customers who are even suppliers 
because they supply most of the raw materials. The 
company collects the received customer orders and plans 
the production activities on a weekly basis. For each 
customer order, one of the following decisions is taken: 

- Acceptance: the order is accepted and processed 
on the current week; 

- Refusal: the order is rejected. 

Currently the production activities are manually planned 
and without a well-defined criterion. Consequently, a very 
high number of orders is rejected.  

The orders referring to the third family of products strongly 
affect the planning production: if they are accepted, they 
have to be mandatorily processed within a strict time-
window because the company receives semi-finished 
products with high perishability and they have to be 
pasteurized within a well-defined time window.  

4. Proposed framework 

We propose a framework based on a management tool that 
collects orders and select and optimize the production 
processes in order to reach company goals. The framework 
architecture is showed in Figure 3. A MILP model, whose 
details are in Appendix, receives as input a set of customer 
orders, all the information about the main characteristics of 
the plant, and a strategy. In case the demand is greater than 

the capacity of the industrial plant, it is able to choose 
which orders it is convenient to accept and to reject over 
the planning horizon. Furthermore, it outputs the 
production plan, according to three alternative strategies: 
revenue maximization, number of accepted orders 
maximization, overall production time maximization.  

5. Computational experiments and results 

In this section, we describe the validation of the proposed 
framework, on real-world instances.  

5.1 Testing environment 

We collected real data of the company over 16 weeks, from 
February 2019 to May 2019.  These data refer to: number 
of received orders, number of accepted orders, and 
production plan (i.e., which product was produced and on 
which day, the number of products). The planning horizon 
is one week (i.e., five days from Monday to Friday). Each 
working day lasts 8 hours.  

We tested Model (2)-(15) with the three objective functions 
(one objective function at a time) on the collected data. 
Each objective function is a possible company’s strategy 
that influences decisions about: which orders to accept and 
how to plan the weekly production with the goals to 

Figure 2: Layout and material flow 
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maximize revenue, maximize the amount of accepted 
orders, and maximize the overall production time.  

In the following, we refer to the three models as: 

Mod1: Constraints (2)-(15) and objective function (1a) 

Mod2: Constraints (2)-(15) and objective function (1b) 

Mod3: Constraints (2)-(15) and objective function (1c) 

 
Figure 3: Framework architecture 

5.2 Data  

Tables 2-4 report the real data. Table 2 shows the mean 
values of the sequence-dependent set up times. 

As you can observe, the matrix of the sequence-dependent 
set-up times is symmetric. Table 3 is very useful for 
understanding the meaning of the values in Table 2. For 
example, the changeover from P1 to P5, and vice versa, is 
quite slow (i.e., 40 minutes) because three kinds of 
changeover operation are necessary. Instead, the 
changeover regarding the third family products is faster 
(i.e., 10 minutes) because only the pasteurizer has to be set.  

For each product, production time, production rate, and 
revenue are showed in Table 4. 

Processing time and production rate have been evaluated 
through observations of the production line on different 
working days. The revenue values reported are realistic 
values because their real values cannot be published for 
privacy reasons. Observe that the products of the third 
family (i.e., P7 and P8) have the lowest revenue as they 
require only the pasteurization and labelling phases.  

Table 2: Sequence-dependent set up times (in minutes) 

 P1 P2 P3 P4 P5 P6 P7 P8 

P1 0 15 15 40 40 40 10 10 

P2 15 0 15 40 40 40 10 10 

P3 15 15 0 40 40 40 10 10 

P4 40 40 40 0 15 15 10 10 

P5 40 40 40 15 0 15 10 10 

P6 40 40 40 15 15 0 10 10 

P7 10 10 10 10 10 10 0 10 

P8 10 10 10 10 10 10 10 0 

 

Table 3: Description of the different set-ups 

Changeover operation Involved products 

Capping machine set up: 
change in the size of the jar 
caps 

P1/P2, P1/P3, P1/P4, 
P1/P5, P1/P6 
P2/P3, P2/P4, P2/P5, 
P2/P6, P2/P6 
P3/P5, P3/P6 
P4/P5, P4/P6 
P5/P6 

Sterilization of the 
production line 
 

P1/P4, P1/P5, P1/P6 
P2/P4, P2/P5, P2/P6 
P3/P4, P3/P5, P3/P6 

Change of the pasteurizer 
operating parameters (e.g., 
temperature, conveyor belt 
speed) 

All the combinations 

 

Table 4: Production time, production rate, and revenue 

  Production 

time (min) 

Production 

rate (min) 

Revenue 

(euro) 

P1 55 0.06 1.00 

P2 55 0.10 1.50 

P3 55 0.27 2.00 

P4 65 0.14 0.80 

P5 65 0.34 1.20 

P6 65 0.48 1.60 

P7 45 0.15 0.50 

P8 45 0.17 0.50 

 

5.3 Results and discussion 

We conducted the computational experiments on a Server 
running Windows server R2 2012 with Intel Xeon E5-
2695v3 14 CORE/64GB. We run Mod1, Mod2, and Mod3 
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on 16 instances. Each MILP model was solved by CPLEX 
12.7.1, Academic License and the mean computational time 
was 45 seconds.  

To evaluate the goodness of the proposed approach, we 
defined and computed three KPIs: 
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+,-.+*+	&'(')*' 

!"#0 =
)*+1'&	23	,44'56'7	2&7'&8
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In Figures 4-6, we compare the three KPIs on the 16 weeks, 
belonging to the period February 2019-May 2019, after the 
application of our framework. 

As expected, Mod1, Mod2, and Mod3 maximize the KPI1, 
KPI2 and KPI3, respectively. None of the proposed 
strategies can simultaneously maximize all the KPIs, but on 
average the company’s performance is strongly improved. 

First strategy – Mod1: maximizing revenue means accepting 
the customer orders, which have the highest economic 
value and rejecting the remaining ones. Overall, this 
strategy leads to a significant improvement in the mean 
value of the KPI1, from 0.69 to 0.85, as shown in Table 5. 
However, observe that this strategy can lead to not using 
fully the plant's production capacity and this is the reason, 
for example, behind the low value of the KPI3 on the 12th 
week; 

 
Figure 4: Results for KPI1 

 
Figure 5: Results for KPI2 

 
Figure 6: Results for KPI3 

to overcome this problem, the company could propose to 
some customers, to satisfy only a part of their orders rather 
than reject them, in order to: (1) increase their satisfaction 
and (2) completely saturate the available production 
capacity. About the KPI2, in some cases it is not high 
because many “low-value” customer orders could be 
rejected; note that frequently refusing the orders of the 
same customers could lead to losing them in the medium 
term, then the company should be very careful in case it 
decides to apply this strategy for many consecutive weeks.  

Second strategy – Mod2: maximizing the number of accepted 
customer orders means preferring those that require the 
least use of time resources, neglecting their economic value. 
On the considered time horizon of 16 weeks, the company 
has accepted 61, out of 103 customer orders; Mod2 
increases this number up to 87. However, this strategy is 
probably the weakest among the proposed ones because 
leads to the lowest mean value of KPI1 and KPI3, as 
showed in Table 5.  Then, in general it is not recommended 
for the company, but anyway it could be used sporadically, 
in order to avoid systematically rejecting the orders of the 
same customers, preserving the relationship with them. 
Observe that, also in this case, as stated for the first 
strategy, any unused production capacity could be exploited 
to partially satisfy further customer orders. 

Third strategy – Mod3: maximizing the time of use of the 
machines means minimizing idle time and then exploiting 
the available resources as much as possible. As showed in 
Figures 4 and 5, the impact of this strategy on the KPI1 and 
KPI2 is quite irregular because it depends on the 
characteristics of the received orders, week by week. In 
some cases, the revenue and/or the number of accepted 
orders can be quite low because the only objective of Mod3 
is to fill the resource time as much as possible. For example, 
on the 16th week, three very time-consuming customer 
orders are accepted, out of 6, because they are enough for 
filling the use of resource; this choice implies the rejection 
of some customer orders of higher economic value and this 
is the reason for the low value of the KPI1 and KPI2. 

In general, we can say that the first strategy is the strongest 
because it pushes revenue maximization, more than the 
others, and the problem of any unused resource can be 
easily solved. Observe that, during the lifespan of the 
company, there may be some time periods, in which the 
production capacity is sufficient to completely satisfy the 
demand. In this case, KPI1 and KPI2, are clearly equal to 
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one because all the customer orders can be accepted. 
Therefore, in this case, the use of Mod3 is strongly 
recommended in order to optimize KPI3.  

Table 5: Mean value of the KPIs, according to the different 
strategies 

 Mod 1 Mod 2 Mod 3 Company’s 
strategy 

KPI1 0.85 0.72 0.77 0.69 

KPI2 0.73 0.84 0.66 0.59 

KPI3 0.93 0.85 0.97 0.67 

Mean 0.84 0.80 0.80 0.65 

6. Conclusion 

In this paper, we have considered a real case study about an 
Italian company that produces vegetables preserved in oil. 
In particular, we have proposed a framework to support the 
decision-making about the scheduling of the production 
activities. The framework is mainly based on a MILP 
model, which is able, according to a chosen strategy: (1) to 
choose which customer’s orders are convenient to accept 
and (2) to determine an optimal production plan, based on 
the available resources.  

The obtained results confirm the goodness and usefulness 
of the framework, which allows an improvement in the 
three defined KPIs, on average. Furthermore, the 
formulation proposed for the MILP model includes very 
common and challenging aspects in the food production 
context, such as sequence-dependent set up times and 
product perishability; therefore, it could be also reused by 
multiple food companies for planning their production 
activities.  

Future developments include an extension of the 
framework, which could consist of an integrated approach, 
in order to take into consideration also the distribution 
activities. 
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Appendix 

In this Appendix, we detail the MILP model. 

Sets 

	": set of products; 

";<= ⊆ "	: set of products requiring desalination; 

?: set of days of a planning horizon; 

@: set of customers. 

Parameters 

8'6AAB ≥ 0	, ∀	5, 5̅ 	 ∈ ":		5	 ≠ 5̅	,	sequence dependent set up 
time of changeover from  5  to 5̅; 

7'+AK ≥ 0	, ∀	5 ∈ ", 4	 ∈ @ amount of product p demanded 
by customer c; 

M; ≥ 0 available time on day d; 

+:N ≥ 0	, ∀	5 ∈ "	 minimum daily lot-size for product 5, if 
manufactured; 

O,NP , 1NPQ, ,NP , 1NP ∈ ?, 5 ∈ {5S, 5T}, a time interval in which 
product 5 of customer c must be finished; 

V;;<= ≥ 0 daily production capacity of desalination machine; 

7.+N
;<= ≥ 0 dimensional conversion factor for products 

5 ∈ ";<=	. 
For each unit of product 5: 

56N ≥ 0	, ∀	5 ∈ " production time;  

36N ≥ 0	, ∀	5 ∈ " production rate; 

&N ≥ 0	, ∀	5 ∈ " revenue;  

M: sufficiently high constant. 

Decision variables 

WN;P ≥ 0 amount of product 5 produced on day 7 for 
customer 4; 

86N; ≥ 0 start time of production of 5 on day 7; 

46N; ≥ 0 completion time of production of 5 on day 7;  

XNP = 1, if customer’ order of product 5 is accepted; 0 
otherwise; 

ZN; = 1, if 5 is produced on day 7; 0 otherwise; 

[NN̅; = 1, if a changeover is performed from product 5 to 
product 5̅ on day 7; 0 otherwise. 

Objective functions 

Maximization of the overall revenue: 

max___&NWN;P
P∈` 	;∈aN∈b

																																																					(1a)	

  

Maximization of the accepted orders: 

+,-__XNP																																																																		(1b)	
P∈`N∈b

 

Maximization of the overall production time over the planning 
horizon: 

+,-___36NWN;P +__56NZN;
;∈aN∈b

	
P∈`;	∈aN∈b

															(1c) 

Constraints 

Two products 5, 5̅	cannot be processed in parallel and their 
start time is given by the following equations: 

86N; ≥ 46N̅; + 8'6N̅N − i[NN̅; −ij2 − ZN; − ZN̅;l			 

																																																∀	5, 5̅ ∈ ": 5 < 5̅, 7 ∈ ?		(2) 
 	
86N̅; ≥ 46N; + 8'6NN̅ − ij1 − [NN̅;l −ij2 − ZN; − ZN̅;l 

																																											∀	5, 5̅ ∈ ": 5 < 5̅, 7 ∈ ?						(3)        
 

The completion time of each product is linked to its related 
start time that cannot be greater than the available daily work 
time: 

46N; = 86N; + 56N +_36NWN;P
P∈`

				∀	5 ∈ ", 7 ∈ ?	(4) 

46N; 	≤ M;																														∀	5 ∈ ", 7	 ∈ ?														(5)			   
Some products have to be produced in the required time 
window: 

WN;P = 0																					5 ∈ {7,8}, 7 ∉ O,NP , 1NPQ, 4 ∈ @						(6)     

If a customer’s order is accepted, the demanded quantity has 
to be produced over the planning horizon: 

XNP ≤ 7'+N
P 																																							∀	5 ∈ ", c ∈ @				(7)	   

_WN;P
;∈a

= XNP	7'+N
P 																									∀	5 ∈ ", 4 ∈ @			(8) 

WN;P ≤ 7'+N
P 	ZN;																								∀	5 ∈ ", 7 ∈ ?, c ∈ @			(9)	     

ZN; ≤ _WN;P
P	∈`

																														∀	5 ∈ ", 7 ∈ ?									(10) 

The production of some products and their scheduling are 
affected by the desalination machine capacity: 

_ _7.+N
;<=WN;P

P	∈`

≤ 	V;;<=												∀	7	 ∈ ?							(11)
N	∈	bwxy

 

A minimum daily lot-size is imposed for each product, in 
case it is manufactured: 

_WN;P ≥ +:N	ZN;												∀	5	 ∈ ", 7 ∈ ?					(12)
P	∈`

 

Integrity constraints on the decision variables: 
WN;P , 86N;, 46N; ≥ 0 														∀	5 ∈ ", 7 ∈ ?, 4 ∈ @	(13)			 

ZN; 	∈ {0,1} 																										∀	5 ∈ ", 7 ∈ ?												(14)				 

[AABz 	∈ {0,1}																										∀	5, 5̅ ∈ ", 7 ∈ ?								(15)      
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