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Abstract - The Dairy Sector, one of the most significant segments in the Food Supply Chain, has benefited from 

sensor controlling equipment due to the fact that the high volumes of milk flow require precise temperature 

control, right levels of pressure, and transmitters sending signals to a central control in order to guarantee a 

reliable process. However, there is still a lack of communication between operational plant activities and the 

daily decision-making processes. In the context of Industry 4.0 where Cyber-Physical Systems (CPS) manage 

interconnected systems between equipment and software applications, the expansion of accurate data acquisition 

manufacturing activities would improve not only the inbound activities but also the entire Supply Chain 

reliability process since real-time information shared among companies reduces the uncertainty and unforeseen 

events therefore enhancing the quality of information for decision makers. Self-organising activities between 
chains is a promising area and could enhance the supply of raw material among manufacturers. This state-of-

the-art technology is currently visible in high-level automated manufacturing products such as the automotive 

sector. Following a specific case study in the Dairy Sector, this paper presents a prototype for simulation model 

highlighting the benefits and important features in Industry 4.0 from the Dairy Supply Chain perspective. 
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I. INTRODUCTION 

 
The dairy sector is, in many countries, a foremost 

contributor to the manufacturing capacity of the food 

sector, and as more components of milk are utilised in 
processed foods, the dependency on dairy products 

steadily increases. According to [1] an increase in 

mechanization of dairy operations gradually replaces 

manual labour by machines and also reduces the risk 

of errors caused by fatigue. Therefore, automation 

applied to each stage of the Dairy Supply Chain from 

milking the raw material to storing final products into 

smart warehouses supports the reduction of labour 

requirements and increases the reliability of the entire 

process.  

The integration between physical processing products 
and data collected from computing is the first step to 

understanding the benefits proposed by Industry 4.0 

concepts. In the context of Industry 4.0 where Cyber-

Physical Systems (CPS) [2] manage interconnected 

systems between equipment and software 

applications, smart machines are capable of self-share 

information and self-control.  

 

The expansion from the manufacturing environment 

to supply chain activities such as inventory and 

transportation is a promising area and the benefits 

provided by this integration have the potential to 
reduce losses by increasing the accuracy and 

precision in the production line, increasing the 

flexibility by optimising time and flow in order to 

achieve the best combination of product mix and 

reducing the energy and other natural resource 

required, since the flow became more efficient. The 

structure of the control system of a dairy process line 

is presented in Figure 1, incorporating the three 

decision levels: 1 business planning, 2 management 

control and 3 operational control.  

 

 
Figure 1- Schematic control system layout for a complete dairy 

process line [1] 

 
Sensors in each piece of equipment provide the 

required information in a Manufacturing Execution 

System (MES) and are further processed by 

algorithms in order to turn raw data into valuable 

strategic information. The drawback in this structure 

is the feedback from equipment performance its 

response to the strategy defined by the decision 

maker. To overcome this challenge, capital 

investment isrequired for dairy processors to acquire 

the compatible equipment for the manufacturing 

plant. Shedding light upon this disadvantage, there is 
an enormous opportunity for software development 
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supplierswho are willing to follow this trend by 

adaptingsensors in the production line to 
capturereliable information.  

This research explores the concept of a self-managing 

system in the Dairy Supply Manufacturing process 

which differs from other sectors such as assembly 

lines. Dairy is a continuous process involvinga 

chemical reaction sequence where one main raw 

material is required and different final products are 

produced according to the process flow and milk 

composition.  

This research explores the latest trends in Industry 4.0 

and the benefits of interconnected systems. This 

paper is structured as follows: Section 2 presents the 
literature review and the background information 

regarding Industry 4.0 and current automation in the 

Dairy Sector. Section 3 describes the common 

process in the Dairy Industry Environment and a 

future state process introducing the self-separation 

process. Sections 4 and 5 compare both systems 

presenting the potential results through a simulation 

model. Section 6 concludes the paper and provides 

insights for a future work.  

 

II. INDUSTRY 4.0 - LITERATURE REVIEW  

 
The concept of Industry 4.0 combining the Internet of 

Things Service (IoTS) was presented in Germany [2] 

through a structured recommendation document 

where not only were smart factories described but a 

smart network in the entire society was proposed. 

According to [2], businesses are able to establish 
global networks that incorporate their machinery, 

warehousing systems and production facilities in the 

shape of Cyber-Physical Systems (CPS). 

CPS is defined as an integration between computation 

and physical processes through embedded 

components in a closed loop interaction [3], [4] and 

an integration of embedded computing systems 

[5].Many sectors have been benefiting from 

EmbeddedComputing Systems (ECSs). However, the 

main characteristic of ECSs is dedicated application 

of a specific product or process as defined by [3].  
A literature review proposed by [6] classifies Industry 

4.0 into three main concepts: Intelligent 

manufacturing, IOT-enabled manufacturing and 

Cloud manufacturing and presents the application of 

each area of interest. An extension of the application 

discussed in academic and industry areas identified 

that the majority of the research found in the 

literature is concentrated on assembly lines such as: 

integration of automating orders processing parts [7], 

Energy Consumption Modelling [8] manufactured, 

optimising scheduling tools and  Genetic-Algorithm 

[9], [10],  supporting maintenance as examples. 
In the food sector interesting approaches were found 

regarding packaging [11] which highlight 

manufacturers emphasis on packaging rather 

products. In addition, the literature explore concepts 

of Logistics 4.0 referred to as modern logistics in the 

supply chain, including mutual data exchange, 

digitization and cloud computing.Also for the food 
sector, the implementation of U.S. Food and Drug 

Administration (FDA) quality standards and the Good 

Automation Manufacturing Process (GAMP4) 

regulations must cope with corresponding European 

standards are highlighted on[12]. 

From the farm side, advances in sensing technology 

and agricultural software allow farmers to create 

individual and demographic profiles for the dairy 

herd and also for identifying levels of milk which are 

indicators of the presence of infections[13]. The 

benefits of developing a proper algorithm supported 

by sensors to minimise energy consumption and costs 
by trading off with delay were performed by [14]. In 

addition, electronically monitoring cattle temperature 

and implement appropriate measures to reduce the 

Heat Stress was explored and developed by [15] and 

[16]. 

Considering the raw material quality and supply, [17] 

proposes a system to allow the measurement of 

quantitative (volume) and qualitative parameters such 

as pH, for example, supported by the IoT.In the 

manufacturing side, a simulation model for a dairy 

company was found in [18], however the main 
purpose of the research was to simulate a multi-

criteria decision making methodology applied to mass 

customization using industry 4.0 standards. 

Simulation is defined by [19] as a model created to 

represent a system at a specific moment according to 

the objectives of a given study in order to interact in 

an indirect and simplified way simulating the 

operations process in the real world through a 

computer.  

In addition, another simulation model is proposed by 

[20] for detecting any potential stock-out situation 

through a Digital Twin concept where  with the 
increase of knowledge and the information created in 

every stage of the product life cycle is available for 

development phases. 

In [3]important challenges were described regarding 

system robustness and reliability in exchanging 

information emphasising the importance of applied 

research to this subject understanding specific issues 

found in different sectors. 

 

III. THE DAIRY CASE STUDY 

 
In Dairy Manufacturing, the raw milk received can be 

divided into many end products and in order to 

achieve high levels of quality the main characteristic 

relies on the milk composition, which is composed of 

vitamins, minerals, fat and mainly by proteins 

classified according to chemical or physical 

properties. Regarding market strategy the milk can be 
classified as: (i) dairy commodities which are more 

income sensitive than bulk markets and compete with 

local processors or multinationals, and (ii) 

commodities which compete in price and quality with 

low-cost exporters [21]. 
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Through Figure 2 an overview of the processes in a 

Dairy Supply Chain is depicted where the products 
processed are exported in high volumes to other food 

processors. The final products do not directly achieve 

final consumers in the Dairy Supply Chain for this 
specific case study.  

 

Whole Milk 
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Figure 2 – Dairy Supply Chain and Processing Flow 

 
In this process, the milk inspection provides 

information regarding the raw material composition. 

In the separation process the flow is standardized in 

order to reach common levels of fat, for example. The 

next process is to concentrate the fat for the Product 1 

plant and the remaining fluid to the Product 2 plant. 

Part of the raw material is also sent to the Product 3 

plant where combining with acids, the proteins are 

released and concentrated, the remaining fluid in this 

process is a by-product and is sent to the Product 4 

plant. Product 2, 3 and 4 require evaporating and 

drying processes in order to reduce the product 
volume and extend the shelf-life-cycle. The 

advantage of the drying process is the reduction in 

volume to be stored and transported which 

dramatically decreases logistics costs. However, the 

cost of evaporating/drying represents the majority of 

the total costs in the production process. Even 

supported by a robust Enterprise Resource Planning 

(ERP)system, the process of analysing and optimising 

or any improvement is made based on records 

collected either manually or automatically. The 

continuous improvement process is normally defined 
considering historical data and after the 

implementation, new information is created and 

stored in a database for future and comparative 

analysis. Through this cycle, decisions such as 

increasing or decreasing product mix for example can 

be made. The manufacturing planning is limited by 

the production capacity and contracts previously 

defined. According to [22], some specific alternatives 

are applied to avoid drastic changes in the production 

line such as : (i) Varying the number of shifts, (ii) 

Varying the number of days per week, (iii) Varying 

the number of hours per day, (iv) Varying staffing 

levels, (v) Using outside vendors. These strategies are 

applied to increase the capacity smoothing the WIP 

and production flow. However, the majority of these 

strategies are already being applied. The plant 

operates 24 hours per day seven days per week. 

Cleaning-in-place (CIP) time processes are carefully 

planned and predicted and maintenance stopsare 

performed every year due to the lack of appropriate 

raw material for production. 

 

IV. SIMULATION MODEL EXPERIMENTS 

 
An initial model was developed by [23]. However, in 

this case study, the purpose was to identify a 

specificarea where a by-product production restricts 

the main production flow.The model developed for 
this research is focused on the supply side. The 

ExtendSimpackage was used to reproduce the same 

operation in the Dairy Company where the raw 

material is supplied hourly during the peak season 

and during the off-season the frequency is reduced. 

Additionally, after the transformation all products are 

packaged and posteriorly stored to be delivered. The 

model which represents the current process is shown 

in Figure 3. Disruptionsmay stopa specific area of the 

production plantand immediate actionsare difficult to 

effectively take due to lack of connectivity between 

systemsand managers. In order to have a better 
understanding of the model, no uncertainty was 

incorporated such as unplanned breakdowns 

orcleaning process longer than planned. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 8, Issue-2, Feb.-2020, http://iraj.in 

Industry 4.0 and the Future for Dairy Supply Chains 

 

10 

 
Figure 3 –Model from the current process 

 

A statistical analysis conducted by SPSS in the 

current WIP flow demonstrates a histogram and a 
Normal QQ-Plot graphsa small period of peak season 

production through Figures 4 and 5.  

 

Even though QQ-Plot is widely used to compare two 

samples coming from the same population or  

common distribution, the application of QQ-Plot is 

also valuable to identify the normality of the current 

flow and its distribution. In both graphs it is possible 

to observe the skewness of the material processed and 

the lack of normality in the distribution.  

 

The frequency of processing is heavily concentrated 
on the maximum capacity (1 sd) part of the flow is 

operated below the mean. Through the graph it is 

possible to observe the variability in the milk flow 

designed to produce the current product mix. The 

records are standardized in order to maintain the data 

confidentiality.  

 

 
Figure 4 – Histogram - current production 

 
Figure 5 – Q-Q plot - current production 

 

The variability found in the data provided impacts the 

final product to be supplied to other companies and to 

explore this impact, simulation was performed 

according to the data collected and model validation, 

where90 scenarios were simulated in order to 

evaluate the current flow. The total raw material 

supplied was treated as different lot sizes and the total 

volume processed for the products was standardized 

in order to maintain the confidentiality of the real 

information.  
In Figure 6, the graph depicts the total produced 

according to the lot size supplied and the flow 

proportion. The flow proportion is the volume of milk 

distributed into two production plants.In the y axis, 

the total volume processed for the four products was 

totalized while the x axis shows the proportion of the 

production flow. It is possible to observe that for all 

lot sizes a balanced proportion increases the total 

produced. Furthermore, an increase in the volume 

supply such as lot sizes 46 and 50 has a positive 
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effect on the total produced. However, the total 

volume is slightly superior to one standard deviation 
for lot sizes higher than 53. In the separation process, 

a proportion is defined according to the production 

line capacity combined with the demand contracts. 

The graph presented in Figure 6 shows that in ideal 

conditions a balanced flow provides higher 

performance for the total volume produced. 
Moreover, the production decreases for unbalanced 

conditions showing that the final product produced is 

dictated not by the flow of raw material, but by 

different bottlenecks throughout the production plant. 

 
Figure 6 – Volume production according to the proportion 

 

Utilisationmetrics were also evaluated for the two 

main bottlenecks in this process as presented in 

Table 1. Through this table it is possible to observe 

the total volume suppliedsuch as 53, 56 and 60 that 

have a slight impact on the total volumes produced 

similar to information presented in Figure 6.  

In conclusion, increasing the input volume in the 

system does not reflect the same increase response, 

but how the flow is balanced. In addition, cleaning 

scheduling and planned shutdown reduce the total 

capacity of processing. 
The flow is controlled to avoiddisruptions caused by 

batching processes and Work In Progress (WIP) 

levels. Buffer tanks are used to store the product 

before being sent to the main bottleneck. The 

utilisation time for the two main processes are 

presentedin the table. 

 

 
Table 1– Total Produced in the production plant according to 

the proportion 

 

Observing Table 1 it is possible to visualise that a 

well-balanced flow is the ideal scenario reaching 

better results.  However, the level of complexity to 

reschedule different products manually and flows 

from different production plants require a flexible 

structure and a level of automation. Especially, due 

to the fact that the real process many sources of 

variability are found such as supply volume per hour 

or supply disruptions, and CIP times could take 

longer than planned. Shutdowns in any branch cause 

an unbalanced situation that require time to evaluate 

the best decision. 

 

4.1 Improvements in the current process 

 

The objective is to maximize the total products 

produced subject to capacity as described in table 2.   
 

Notation Description 

i Product where 1 ≤ i ≤ 4 

t Period of Time 

TPt
i Total Produced per period and period 

dmint: 
The minimum demand quantity per 

product 

dmaxt: 
The maximum demand quantity per 

product 

It
i : The inventory per product and period 

ct
i: The capacity per product and period 

  

Maximize          TPt
i t

t=1  
(1-1) 

 

Subject to: 

dmint
i  ≤   TPt

i   ≤ dmaxt
i  

(1-2) 

TPt
i   ≤ ct

i (1-3) 

St
i    ≤ ct

i (1-4) 

WIPt
i   ≤ WIPIt−1

i  +   TPt
i 

(1-5) 

 
WIPIt

i  , TPt
i ≥ 0 

 

(1-6) 

 
Table 2 - Notation used by the model 

Supply Prop Util_P1 Util_P2 Total Produced

56 0.6 0.95              0.93             1.69                  

60 0.55 0.99              0.99             1.68                  

56 0.65 0.95              0.93             1.66                  

56 0.55 0.95              0.93             1.66                  

53 0.6 0.94              0.86             1.66                  

53 0.55 0.94              0.86             1.65                  

50 0.6 0.93              0.81             1.62                  

60 0.65 0.99              0.99             1.60                  

53 0.65 0.94              0.86             1.56                  

60 0.6 0.99              0.99             1.55                  
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In this notation, the objective function (1-1) 

computes the total produced in the period.  
Constraint (1-2) limits the production according to 

the demand while (1-3) limits the production to the 

capacity at the bottleneck.  

 

The supply is also limited by its capacity (1-4).  The 

constraint (1-5) considers the remaining inventory in 

the previous period adding the production in the 

current period. Ultimately, constraint (1-6) 

guarantees that no quantity will be 

negative.Important criteria must be considered by the 

model developed:  

 Contract fulfilment: The model might be able to 
evaluate whether the demand is capacity-

feasible according to the constraint  𝑑𝑚𝑖𝑛𝑡
𝑖 ≤

𝑇𝑃𝑡𝑖   ≤ 𝑑𝑚𝑎𝑥𝑡𝑖 

 Bottleneck management: A piece of equipment 
showing a high level of utilisation requires 
special attention in the production line. 
According to [24] an hour lost at the bottleneck 
is an hour lost for the entire system. 

 Best Production Mix: Considering the fact that 
the maximum demand is not feasible, the 
model must consider decreasing the yield 
according to the current capacity.  

In a self-managed system supported by CPS 

architecture the structure follows the steps: 

1. Production starts according to the planned 

schedule 

2. A signal is sent by any bottleneck process such 

as dryers, evaporators or even by silos with 

restricted capacity. These levels are also 

monitored by PLC machines in operator’s rooms 

and replied to the application server. 

3. The signal received communicates with the 
separation process. 

4. The application supports the decision regarding 

production flow dynamically according to the 

policy defined for the scheduled short-term plan. 

5. The quantities processed by each plant would be 

dynamically changed by the system with respect 

to the WIP levels and the Maximisation 

Function. 

6. In this case, a signal authorises the fluid supply 

to the first line to reschedule the proportion in 

the separation process. This process would 
reduce the risk of spoiled milk in the 

intermediate process caused by excess of WIP, 

especially when any variability occurs.  

7. The equipment sends signals and relevant 

information is recorded in a structured database. 

This tracking system would be available for real 

time analysis and for further evaluation. 

8. Abnormal situation out of the defined limits will 

immediately inform the decision makers.  

9. Figure 7 depicts the structure proposed the 

algorithm where the separation schedule. 

 

Supply Scheduled

Supply < 
Capacity

Reschedule 
Separator

Separation Process

WIP > Critical 
Level 

Process WIP

NO

NO

YES

Data 
Analysis

YES

WIP<CapYES

NO

 
Figure 7 – Separation Flow – Self-optimised 

 

V. RESULTS 

 
The results gained through a dynamic and self-

optimisation separation of WIPwere simulated and 

compared through the current process. It is possible 

to observe that the Optimised volume has increased 
when compared to the current schedule. In order to 

verify if this difference is significant a paired t-test 

was performed in SPSS as shown in Figure 8. 

 

 
Figure 8 – Paired Sample Test – Optimised and Manual 

 

VI. CONCLUSION AND FUTURE WORK 

 
Even though the Dairy Supply schedule is partially 
dictated by long term contracts which will define the 

production flow, there is availability for changes in 

short-term period such as daily or hourly production 

mainly due to the variability of the process flow.The 

main advantage of a connected system is the real 

time access to avoid any disruption to the production 

flow, supporting operational decisions in a self-

optimisation production line. 

This initial analysis was necessary in order to 

understand the benefits proposed by a self-

management system for a simplified operation. It is 
also important to highlight that the contribution for 

practical purposes in the manufacturer pointed to a 

different approach providing different insights into a 

potential change in the current flow considering any 

capital investment made in the future.   

A further analysis combining important decision 

variables such as profitability and bottleneck to reach 

the best production mix can be expanded using 
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solvers where multi-objective optimisation criteria 

algorithms combine maximisation and minimisation 
responses. Other metrics such as utilisation, waste 

and costs would define a different product mix. To 

enhance profitability results, financial information 

such as market price isalso important to define the 

production mix since the quantity is not a sufficient 

criterion to determine the most appropriate product 

mix.  

The experiments conducted in this research explored 

the raw material volume supplied and a Dairy 

Processor; however, an extension of this self-

organising process to other suppliers in the entire 

supplyaiming dynamically reschedule the raw 
material supplied would be valuable to measure the 

costs involved in the current operation and the 

benefits provided by a self-scheduling global plan.  

A potential improvement considering the 

collaboration between other dairy processorsin 

Ireland would enhance the dairy network by sharing 

capacities among plants, for example. Transportation 

and storage would create a win-win environment for 

all the stakeholders where the raw material could be 

processed by a plant with extra capacity. Finally, 

exploring economic influences from Brexit and its 
impact on Irish Dairy Supply Chain could also lead 

to changes in the current strategy. 
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