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Executive Summary  

 

This deliverable summarises the effort offered and the results obtained within Task 1.1: 

“Manufacturing cases elucidation, Market Analysis”. As described in the DoA, this task specifies the 

use-case scenarios and the corresponding requirements that DISRUPT will address, while also 

performing a market analysis to define competitors, existing solutions and the project’s added value. 

These scenarios guide the technical team to understand the use-cases and discover the technical 

challenges to be addressed within DISRUPT. In that regard, the role of each module or tool to be 

employed within DISRUPT can be shaped in slightly more detail, hence anticipating the outcomes of 

all other tasks in Work Package 1: “Definition of DISRUPTive Manufacturing Cases and Models”. 

 

All partners have assumed a distinct role in the effort presented here, as implied by their 

complementary expertise. That is, each partner’s perspective, apart from the two end users’, is critical 

for clarifying the technical challenges raised by the manufacturing business cases, the subsequent 

expected developments per module or tool that move beyond existing solutions and, overall, the 

added value to be offered by DISRUPT. This distribution of roles is also reflected in the structure of 

this deliverable which can be seen as a series of partner-specific viewpoints on DISRUPT that are 

gradually binding together. Their effective combination is one of DISRUPT’s main themes and the 

importance of such a combination is highlighted already by the user scenarios narrated here but is to 

be solidly established by the use-cases and goals presented in Deliverable D1.3, i.e., the outcome of 

the Task 1.2: “Consolidation of use-cases, manufacturing goals and user-oriented KPIs”. 

 

The main advances presented in this deliverable arise on one hand from the clarification of the 

business cases and on the other from an elucidation of the tools or modules; the latter need not only 

to address DISRUPT’s business cases but also foresee a clear advance beyond existing academic or 

commercial state-of-the-art. The business cases examined here, namely (i) managing disruptions in 

inbound logistics (FCA), (ii) managing disruptions in production (FCA) and (iii) ensuring efficient 

manufacturing (ARCELIK, with several sub-cases), all enjoy a strong Industrie 4.0 flavor and can 

benefit from the technologies deployed by the DISRUPT partners and, mostly, by their integration and 

pilot use. Moreover, each manufacturer offers a broader market analysis of their sector to motivate 

the need for fulfilling DISRUPT’s aims and objectives. 

 

The tools and modules whose interplay will address such business cases are Data analytics (SAG), 

Complex event processing (SAG), Meta-modelling (BOC), Simulation (SIMPLAN), Optimisation (AUEB), 

DISRUPT’s Decision Support Toolkit (AUEB, BOC, SIMPLAN), Cyber Physical Operations (CNR) and 

Controller/CloudBoard (ATC). We devote one section per such tool or module in order to relate it in 

more detail with the DISRUPT context, discuss the challenges arising from the DISRUPT business 

cases and provide a market analysis regarding relevant tools. 
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1 Introduction  

1.1 Purpose and Scope  

This deliverable is based on the work carried out for Task 1.1 of the Work Package 1 of the DISRUPT 

project. The role of WP1 is crucial because it delivers input to all the subsequent WPs. Its main 

objective is to establish the industrial and commercial backdrop against which the DISRUPT 

technologies will be developed in order to meet business expectations for both end-user industries 

(i.e., manufacturers) and technology providers (i.e., ICT vendors). More specifically, the objectives of 

Task 1.1 are: 

 to get a better understanding of the characteristics and challenges of the home appliances 

and manufacturing industry and highlight the trends in consumers’ behaviour and in 

production manufacturers face plus their expectations from Industrie 4.0   

 to identify potential DISRUPT scenarios derived by the general industry needs and the 

specific DISTRUPT users high-level requirements 

 to address the role of Data Analytics and Complex Event Processing, Meta-Modelling, 

Simulation, Optimisation Tools, CPS and Integration and platforms in the context of DISRUPT 

and 

 to perform market analysis to define competitors, existing solutions and the project's added 

value in the Data Analytics and Complex Event Processing, Meta-Modelling, Simulation, 

Optimisation Tools and CPS market 

In this deliverable, a series of insights about the aforementioned points were provided. Initially, the 

state of the art and the specificities of the two industries are presented. Then, we elaborated more on 

the manufacturing sector of these industries and enriched the overall industry insights with the users' 

perception from the two participating manufacturing companies of Fiat Chrysler Automobiles (FCA) 

and ARÇELIK about current challenges and trends in order to conclude in a set of user scenarios. We 

concluded the deliverable by discussing the role of specific technologies in order to address the needs 

listed in the previous sections and perform a market analysis in order to provide a first empirical 

evidence about the potential impact of the project. These results will be the basis of building the 

more specific user and system requirements in the following Tasks of WP1.  

 

1.2  Relation to other Work Packages  

1.2.1 Relation to other WP1 Tasks 

Table 1: Tasks involved in WP1 

Work 

Package 
Task Subtask Description 

WP1   Definition of DISRUPTive Manufacturing Cases and Models 

 T1.1  Manufacturing cases elucidation, Market Analysis 

  T1.1.1 Provide ToC for D1.2 

  T1.1.2 Provide narrative description of the use-case scenarios 

  T1.1.3 Market analysis 
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  T1.1.4 Define business requirements that will address manufacturing objectives 

  T1.1.5 Define business requirements that will address ICT objectives 

  T1.1.6 Conclusion 

 T1.2  Consolidation of use-cases, manufacturing goals and user-
oriented KPIs 

  T1.2.1 Provide ToC for D1.3 

  T1.2.2 Define in detail the business goals and their causal relationships 

  T1.2.3 Identify KPIs related to user goals 

  T1.2.4 Describe existing production processes 

  T1.2.5 Revise AS-IS models 

  T1.2.6 Define business change model indicating ‘points of DISRUPTION’ 

 T1.3  End-user requirements, business task analysis and data 
analysis 

  T1.3.1 Provide ToC for D1.4 

  T1.3.2 Identify correspondence between business requirements and DISRUPT 
system components 

  T1.3.3 Identify new capabilities, information and functioning of the DISRUPT 
components" 

  T1.3.4 Define functional and non-functional requirements for the DISRUPT platform  

  T1.3.5 Define functional and non-functional requirements for CPSs and control 
systems 

  T1.3.6 Define overall system architecture 

 T1.4  Asymmetric business models 

  T1.4.1 Provide ToC for D1.5 

  T1.4.2 Define the notion of asymmetric business models w.r.t. DIRUPT 

  T1.4.3 Analyse the business models of the use cases (from T1.2) 

  T1.4.4 Analyse the models of DISRUPT system architectures (from T1.3 and T2.1) 

  T1.4.5 Generalise the models 

  T1.4.6 Define the asymmetric business models 

 

The current deliverable “Manufacturing cases elucidation and market analysis” reflects the output of 

“T1.1 Manufacturing cases elucidation, Market Analysis”, which is one of the first three tasks of “WP1: 

Definition of DISRUPTive Manufacturing Cases and Models”. Table 1 provides an overview of the 

completed WP1 tasks, as well as of the subtasks involved in each task. Table 1, further details the 

activities involved in the 3 tasks, in terms of their duration, their dependencies, and the participants 

involved. As can be seen in this Figure, there is a correlation between the 3 tasks. In particular, the 

output of subtask ‘T1.1.2: Provide narrative description of the use-case scenarios’ feeds into ‘T1.2.2: 

Define in detail the business goals and their causal relationships’, which in turn feeds into subtask 

‘T1.3.3: Identify new capabilities, information and functioning of the DISRUPT components’.  

Furthermore, D.1.2 and in particular the market analysis will be considered when developing the 

general reference model over and above the DISRUPT project in the final task of WP1, namely ‘Task 

1.4: Asymmetric business models’. Moreover, the role of the various tools on addressing the 

requirements raised in the context of the two user scenarios will feed the work that will be done in 

T1.3.  
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Figure 1: Details of subtasks completed in WP1 and their dependencies 

 

1.2.2 Relation to WP2 

There is a relationship between the tasks in WP1 and WP2 in the sense that in WP1 the requirement 

and specifications are at a business level whereas in WP2 these are mapped onto formal 

specifications for the DISRUPT system. 

 

1.3 Structure of the Document   

This deliverable starts with executive summary part and then outlines its contents. After the 

introduction part the purpose of the document is given and the scope is defined and the relation to 

the other work packages is explained.   

Later, it provides market analysis for automotive and home appliance sectors covered by DISRUPT 

and describes the both use-case scenarios. It then summarizes market for Data Analytics and 

Complex Event Processing, Meta-Modelling, Simulation, Integration and Platforms, Optimisation Tools 

and CPS Tools.      

It provides concluding remarks in final section and summarizes the scenarios, tools and modules in 

DISRUPT. It highlights the technical challenges in DISRUPT and the potential outcomes are 

competitive and move beyond existing solutions. Finally, it describes DISRUPT’s added value in 

market terms and provides Annexes.   

 

 

1.4 Contribution to the scientific and business objectives 

This deliverable initiates the research and innovation effort in this project hence implicitly contributing 

to all its objectives. It justifies the importance of DISRUPT's business cases that represent critical 
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aspects in important manufacturing sectors, it anticipates the means by which the DISRUPT 

technologies and research can contribute towards these business cases and also examines the 

relevant market regarding both manufacturing and technologies. Therefore, this deliverable is mostly 

related to DISRUPT's aims for  

(i) establishing a solid advantage for manufacturers by offering a multi-sided platform that 

allows large corporations and SMEs to reduce time, costs or resource consumption and 

respond to unexpected events, fluctuations in consumer demand, massively customised 

products and global competition and 

(ii) materialising ICT-enabled innovation in manufacturing by vertically unifying the 

automation hierarchy of production systems from advanced analytics tools to production 

schedulers and capacity planners, all under a seamless data-intensive modelling approach. 

We may also mention that this deliverable steps up to a considerable extent the positioning of all 

partners within this project hence contributing to the reference implementation of a mutli-sided 

market ecosystem for manufacturing.  
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2 Home appliances industry  

In this section we provide a detailed description of the home appliances industry, the trends in 

consumers’ behaviour, the trends in production and its characteristics and the current challenges 

manufacturers face plus their expectations from Industrie 4.0. The more detailed industry analysis 

can be found in CECED1 reports Home Appliance Europe 2015/2016 and The Economic Impact of the 

Domestic Appliances Industry in Europe. 

2.1 Home appliances industry 

2.1.1 Sector and supply chain definition 

The home or domestic appliances industry is defined broadly as the manufacture of machines used in 

the home. There are a number of uses, but the most common are: 

 Cleaning clothes, dishes and other items, 

 Preparing and cooking food and preparing drinks, 

 Controlling the home environment, in terms of temperature and humidity. 

Therefore this industry includes the manufacture of a range of goods, including: 

 Major appliances, often integrated into and sold as a part of new homes, such as washing 

machines and dryers, dishwashers, refrigerators, freezers, ovens, and extractor fans 

 Small appliances, generally free-standing, such as fans, humidifiers, kettles, vacuum cleaners, 

food processors, coffee machines, blenders, irons, juicers, toasters, shavers, and hair clippers. 

While the sector itself is primarily understood as the manufacture of home appliances, and most 

official statistics for the sector are focused upon that activity, there is a range of other economic 

activities implied by their manufacture and sale. The wider value chain includes a range of firms, such 

as: 

 Firms that supply the domestic appliance sector. These would include components manufacturers 

and other electrical equipment manufacturers. 

 Firms that distribute domestic appliances. This includes three categories of firms: 

o Wholesale and retail distributors of domestic appliances. 
o Construction firms and others which integrated domestic appliances into the goods they 

produce. 
o Cleaning contractors, public sector bodies and other organisations that use domestic 

appliances in the delivery of commercial services. 

 Providers of after-sales services including warranties and repairs. 

 Firms involved in the disposal of electrical equipment, including collection, recycling and recovery 

of scarce raw materials. 

2.1.2 Number of enterprises and workers 

2.1.2.1 Enterprises  

There were over 3.600 enterprises involved with manufacturing of home appliances in the EU and 

neighbouring countries in 2012 based on Eurostat figures. This included large original equipment 

                                                

1 CECED: The European Committee of Domestic Equipment Manufacturers, http://www.ceced.eu/site-ceced/about-us.html  

http://www.ceced.eu/site-ceced/about-us.html
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manufacturers (OEMs) such as Electrolux AB, BSH Hausgeräte GmbH, Indesit SpA and Arçelik A.S.  

However it also includes a much larger number of smaller firms working in the sector. 

Table 2 shows the total number of firms and the number of firms per €1m of value added in the EU28 

and several neighbouring economies. The general pattern appears to be that the larger firms operate 

in the EU15 economies – such as Italy, Germany and the United Kingdom – whereas the number of 

firms per million euros of value added is higher in less developed economies such as the Czech 

Republic. 

This may reflect that larger OEMs with international brands are more likely to be based in the more 

developed economies, whereas activity in less developed member states is more likely to be focused 

upon a large number of smaller firms, supplying smaller markets. The number of firms per million 

euros of value added is particularly high in some smaller economies, notably Latvia, which may well 

reflect there being no substantial domestic appliance industry in those countries, and the firms active 

in the sector are only locating very small parts of the overall value chain there. 

There are fewer firms per €1m value added in the manufacturing sector than in the wider business 

economy; fewer firms per €1m value added in the electrical equipment sector than in the wider 

manufacturing sector; and fewer firms per €1m value added in the domestic appliance sector than in 

the wider electrical equipment sector. This could reflect the capital intensity of the manufacturing 

sector, and the complexity of manufacturing devices, which makes a certain scale necessary. Or it 

could reflect consolidation in the face of very competitive market conditions. 

 

Table 2: Number of Enterprises, by sector 

 

Number of 
enterprises 

Value added 
Number of firms 

per €1m 

Manufacture of domestic appliances 3.500 11.300 0,31 

Manufacture of electrical equipment  51.000 86.600 0,59 

Manufacturing  2.100.000 1.650.000 1,27 

Total business economy, except financial 
and insurance activities 

22.098.000 6.192.200 3,57 

Source: Eurostat and Europe Economics calculations. 
 

 

At least over the period for which data is available (2008-), the share of the industry accounted for by 

SMEs has been steady at around 20 per cent with around 80 per cent accounted for by firms with 250 

or more employees. It should be noted, however, that this does not preclude a trend to consolidation 

among the large firms which account for most of the value added in the sector. 

Again the share of larger firms is higher than the wider business economy (where the share of large 

firms is around 44 per cent) and the wider manufacturing sector (where the share of large firms is 

around 61 per cent). However it is less than in other advanced manufacturing sectors to which the 

domestic appliances sector might be compared, with SMEs accounting for 19 per cent of turnover in 
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the domestic appliances sector against 18 per cent in the consumer electronics sector and less than 1 

per cent in the motor vehicles sector. 

2.1.2.2 Employment  

The number of direct employees in the domestic appliances sector in the EU28 was some 209,500 in 

2013, down from around 231,000 in in 2009. The sector is considerably larger than – for example – 

the consumer electronics sector, which had around 66,000 direct employees across the EU28 in 2012. 

Table 3: Number of employees by country, 20132 

The country where the most 

people are directly employed 

in the manufacture of 

domestic appliances was 

Germany, at nearly 50,000. 

Of the major manufacturers, 

domestic appliances 

represented a greater share 

of total employment in Italy 

and – outside the EU – 

Turkey, reflecting the 

presence of major OEMs 

such as Indesit SpA in Italy 

and Arcelik A.S. in Turkey. 

There are other, smaller 

economies, where the 

number of employees as a 

share of total employment is 

larger, particularly Slovenia 

and Hungary.  

 

Despite the challenges facing European manufacturers in an internationally competitive market, the 

domestic appliances industry employs substantial numbers of people both directly and indirectly, in 

the wider value chain.  

 

 

 

 

 

 

Table 4: EU Home Appliances Manufacturing Direct and Indirect Employment 

                                                

2
 Source: Eurostat /CECED Report HA2025 
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 2010 2011 2012 2013 2014 

Manufacturing direct 230.474 223.400 214.900 209.500 207.814 

Manufacturing direct & indirect 1.014.086 982.960 945.560 921.800 914.382 

% change -1,87% -3,07% -3,80% -2,51% -0,80% 

Source: Eurostat 

     
 

 

The direct and indirect employment in home appliance industry from 2010 through 2014 can be seen 

in Table 4 above. EU employment in the manufacturing sector is 29,7 million people which makes 

14% of EU total employment which is around 217,7 million people in 2013. The home appliance 

industry employs directly and indirectly around 921,800 people which is over 3% of EU manufacturing 

employment.   

Wages and salaries in the sector are, at €29,239 per employee in 2013, considerably higher than 

wider economy and comparable sectors such as consumer electronics which is around €25,200 per 

employee. 

2.1.3 Sales 

The distribution of the number of large appliances sold in each country, which will include imports but 

not domestic production exported to other countries, is shown in Figure 2. Sales broadly match the 

sizes of the different economies concerned. 

 

 

Figure 2: Sales, large appliances, selected countries and country groups, 20143 

 

                                                

3 Source: CECED 
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The price at which domestic appliances have been sold has been steadily declining since the start of 

the series in 1996, by around 4 per cent since 2005, while the broader price level has increased by 

over 20 per cent since 2005. This is likely to reflect international competition and increases in 

productivity. The relative affordability of domestic appliances has broadly been increasing.  

2.1.4 Turnover  

Statistics collected by CECED suggest that factories in the EU28 and Turkey combined produced 

around 121 million appliances in 2013, of which 72 million were large appliances, 47 million were 

small appliances and 1.8 million were heating, ventilation and air conditioning (HVAC) appliances. 

This will include appliances produced both to supply domestic markets and for export. 

 

Total turnover in the manufacture of domestic appliances across the EU28, which will include 

production both to supply domestic markets and for export, was €48bn in 2013 and up from around 

€45bn in 2011. Turnover was highest in Germany and substantial in Italy and – to a lesser extent, 

Poland, France and the United Kingdom (and in Turkey outside the EU). The pattern is very similar to 

the pattern in total employment, with minimal differences. The only difference in the top ten is that 

Romania is in the top ten by employment, but Austria is in the top ten by turnover, which reflects 

higher labour productivity in Austria. Again in Hungary and Slovenia, while those economies are small 

producers of domestic appliances relative to Germany, Italy or Turkey, domestic appliance turnover is 

substantial relative to GDP. 

 

 

Figure 3 : Turnover, domestic appliances, selected countries, 20134
 

The evolution of demand over time will partly reflect changes in incomes, as spending on purchases 

of appliances is “strongly correlated to average national income levels”, with consumers in poorer 

                                                

4 Notes: Italy, Poland, Netherlands, Greece and Bulgaria data relates to 2012; Latvia data relates to 2011; Turkey data relates 

to 2009. Source: Eurostat; Europe Economics calculations. 
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countries spending less per item. There are substantial differences unrelated to income levels with 

respect to some kinds of appliance, however, such as coffee machines (Ecorys, 2011).  

 

Figure 4 shows turnover in domestic appliances for the EU28 from 2008-2013. As can be seen from 

the chart, turnover fell both in absolute terms and as a share of national income from 2008 to 2012. 

This can probably be attributed to overall weaknesses in European economies, leading to lower levels 

of income and greater uncertainty over future incomes, potentially causing consumers to delay 

purchases of appliances and attempt to use older products for longer before replacing them. While 

there are various estimates of the normal life-cycle for domestic appliances, it can clearly vary 

depending on the individual consumer’s circumstances to some degree. 

Figure 4: Turnover, Domestic appliances, 2008-2013, EU285 

 

In terms of the pattern between countries, the biggest outlier is Lithuania, where total turnover has 

increased substantially, but that increase is from a relatively small base. All of the major 

manufacturers in the EU28 have seen declines in production, though the declines in Germany and 

Poland have been smaller and those economies are therefore responsible for a rising share of overall 

domestic appliance production. That might be explained by Germany’s macroeconomic performance 

being less bad since 2010 than elsewhere in the Eurozone and in Poland’s case by its relatively low 

unit labour costs. 

2.1.5 Value Added to GDP  

The direct and indirect value added of the home appliance sector from 2009 to 2013 were presented 

in  

. Calculations for the direct and indirect value added are based on the 2015 report on the Economic 

Impact of the Home Appliances Industry in Europe. The direct and indirect value added of the home 

appliance sector were €10,4bn and €48.7bn respectively.  

Table 5: Value Added to EU GDP, in 2009-20136 

                                                

5
 Source: Eurostat and Europe Economics calculations. 
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 Direct value added  Direct + indirect value added 

2009 €11.017M €51.967M 

2010 €11.507M €54.280M 

2011 €11.300M €53.300M 

2012 €10.750M €50.707M 

2013 €10.329M €48.721M 

 

The direct and indirect contribution to wages was around €11.5bn, whereas the direct, indirect and 

induced contribution was around €22.4bn. 

The total contribution to tax revenues, including the direct, indirect and induced contributions, was 

around €14bn across the EU27. The tax revenues were dominated by the induced effect, the effect of 

those working – directly or indirectly – in the domestic appliances sector spending their incomes in 

the wider economy. 

2.1.6 Units Traded  

Europe is the 2nd largest market in the world for large home appliances after China. The number of 

units traded globally in 2014-2015 can be seen in Figure 5 below.  

 

 

Figure 5: Units Traded Globally; Large Home Appliances, in 2014-20157 

The large home appliances market growth in 2014-2015 was 2.74% globally.  However, the small 

home appliances market growth was negative with 2% in Europe in the same period. The number of 

small appliances traded in Europe can be seen in Table 6 below: 

                                                                                                                                                  

6
 Source: Eurostat 

7
 Source: International Roundtable of Household Appliance Manufacturer Associations (IRHMA) NOTE: Units are in thousands 
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Table 6: Units Traded in Europe; Small Home Appliances, in 2014-20158 

 

   

2.1.7 Research and Innovation  

The home appliance industry is a forward-thinking sector that is continuously investing in Research & 

Development to find innovative ways to respond to the challenge of designing connected, smart and 

state-of-the-art appliances that will make European homes more comfortable and sustainable. The 

home appliance industry in Europe encourages the development of a regulatory environment that 

stimulates R&D in Europe, and helps companies maintain their global competitiveness. 

The total R&D expenditure in home appliance manufacturing in the EU in 2014 was around €1,4bn. 

The European domestic appliances industry is making increasing use of patents over time, protecting 

the results of the sector’s research and development activity. Thus, in recent years more and more 

patents are deposited, to protect the results of fruitful R&D activities. Total patent applications in EU 

in 2013, across all sectors were 147.869. The number of patents deposited for the home appliance 

sector was 11.562 which made nearly 8% of all patents deposited in 2013 in the EU.   

 

Table 7: Patents Deposited for Home Appliances in Europe9 

Year  2006 2007 2008 2009 2010 2011 2012 2013 

Patents 

deposited 
 

9.808 9.976 9.595 10.078 10.881 10.631 10.214 11.562 

 

 

2.1.8 Indirect impacts in energy efficiency and time saving 

Improvements in energy efficiency of household appliances over time reduce consumer costs and 

greenhouse gas emissions in the energy sector. 

                                                

8 Source: CECED Membership, NOTE: Countries that are included in the calculations are EU28 + Albania, Bosnia, Serbia, 

Montenegro, Ukraine, Russia, Turkey and Norway. 
9 Source: CECED Membership, European Patent Office 
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There have been considerable efforts to minimise the environmental impact of the production and use 

of domestic appliances. Those efforts have included regulations and voluntary measures such as 

energy efficiency labels. There are signs that consumers are responding to that information, and that 

manufacturers are responding, and “the vast majority of refrigerators and washing machines sold 

across the EU belong to the A or A+ categories of energy efficiency” (Ecorys, 2011). This appears to 

be particularly the case in Germany, Italy and the new EU Member States.  

The use of domestic appliances can generally be expected to save time. When consumers first gain 

access to domestic appliances and substitute, for example, using a dishwasher for manually washing 

dishes they save time. They may then save further time with, for example, a more effective vacuum 

cleaner or a more reliable washing machine which requires less attention from the user. The time 

saved can then either mean increased labour or increased leisure and either could have 

macroeconomic consequences, as the technology-augmentation of leisure time can affect a 

conventional growth model. 

2.1.9 Market overview  

The global market for household appliances can be split into two parts. In mature markets (Western 

Europe, North America, Japan and Australia/New Zealand), population growth is low and sales are 

dominated by replacement products. However, emerging markets (Africa, the Middle East, Eastern 

Europe, Latin America, Southeast Asia and China) are characterized by rapidly rising standards of 

living and a large number of new households being able to invest in appliances and other household 

products. 

The global market is driven and changed by a number of macroeconomic factors that influence 

volumes and the types of products that are in demand. Emerging economies with strong economic 

growth lead to a rapidly expanding and affluent middle class. Changing life patterns lead, for 

example, to a trend in which households decrease in size, in terms of both living space and the 

number of individuals, and many consumers have less time for household chores. 

Urbanization is continuing and will lead to over 70% of the world’s population living in cities by 2050. 

While this opens opportunities for sustainable solutions, it also entails an increased burden on 

infrastructure and resources, primarily energy. 

Climate change and limited natural resources, together with increased awareness of the role 

households play in this development, mean that a growing number of consumers are demanding 

energy and resource-efficient products. Households currently account for 30% of all energy use and 

20% of all carbon dioxide emissions10. 

New technology and digitalization is being developed at a high pace and is rapidly being adopted 

globally. This allows the development of increasingly advanced products, such as connected products, 

and also leads to a significant rise in online sales as consumers are provided with easy ways to order 

goods and services via the internet. 

 

                                                

10 Source: OECD 
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2.2 Trends in consumer behavior 

The big picture presentation done by GfK for Arçelik at Arçelik leadership conference covers consumer 

behaviours and their findings are outlined and partly summarized below:   

 The connected consumer, smart home, retail offline/online/no-line, urbanization, energy 

efficiency and water consumption are some of the keywords from GfK survey which can be seen 
in Figure 6.  

 
The world is undergoing the largest wave of urban growth in history. More than half of the 

world’s population now lives in towns and cities, and by 2030 this number will swell to about 5 

billion. Much of this urbanization will unfold in Africa and Asia, bringing huge social, economic and 
environmental transformations. United Nations predict also that 70% of the world population will 

live in urbanised areas in 2050. Please see Figure 7 for details. 
 

 According to the OECD Development Centre the size of the middle class11 worldwide could 

increase from 1.8 billion people to 3.2 billion by 2020 and to 4.9 billion by 2030. This will create 

an explosion of the Middle Class in Asia. Please see Figure 8, Figure 9 and Figure 10 below for the 
global regional distribution of the Middle Class (all regions = 100%). 

 

 

 

 
Figure 6: Arcelik Leadership Conference – The big Picture Presentation12 -Keywords 

 

 

                                                

11 OECD, defines middle-class as those with daily expenditures between USD10 and USD100 per person in purchasing power 

parity terms 
12 Friedemann Stöckle, GfK, Sources (GfK2016): The Connected Consumer, Smart Home, Retail insights, Future Buy 
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Figure 7: World population 1950-205013 
 

 
Figure 8: Global regional distribution of the Middle Class - 2009 

 
 

 
 

                                                

13 Source: http://www.laenderdaten.de/bevoelkerung/urbanisierung.aspx  

http://www.laenderdaten.de/bevoelkerung/urbanisierung.aspx
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Figure 9: Global regional distribution of the Middle Class - 2020 
 

 

 

Figure 10: Global regional distribution of the Middle Class – 2030 

 
 As women work more, men are more involved in cooking and cleaning at home. Self-reported 

hours spent for cooking and cleaning per week among men vs. women at home has increased 

from 6% in 2007 to 8.1% in 2015. 
 

 The new connectivity means integrated and the movement from novelty to functionality will 

define needs and behaviors moving forward. 
 

 Mobile phones are already the number one item that younger smart - phone users bring on 

the go ahead of their wallets. 

 
 Consumers expressed strong interest in controlling devices through wearables. So, the 49% and 

47% of consumers interested in using smart watch as a remote control for Smart home and 

Automobile respectively. The 90% expect similar software between smart watches and smart 

phones.  
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 Consumers’ patience is fading fast. 54% of global consumers agree, “If a new technology product 

is not simple to use, I lose interest.” Up 8 pts from 201014. 

 
 Pervasive cultural Attention Deficit Disorder (ADD) is increasing: 5 minutes sustained attention 

span down from 12 minutes in 1998 and 8 seconds focused attention span down from 12 seconds 

in 200015. 
 

 The connected consumer is evolving from connectivity to complete and seamless integration 

with technology. Cultural and societal forces are increasing the acceleration felt in their 

everyday lives, and their expectations of business. It goes beyond personalization to 
humanization with integration. 

 

 GfK’s smart home study covered +7,000 consumers across 7 markets; Brazil, China, Germany, 

Japan, South Korea, UK, USA to show the market potential. The study results can be seen in 
Figures below: 

 
Figure 11: GfK’s smart home study results 

 

 
Figure 12: GfK’s smart home study results 

                                                

14 Source: GfK Consumer Life | Roper Reports® Worldwide, 2014 and 2010; mixed mode trend; core 20 countries 
15 Source: Statisticbrain.com 



 

Manufacturing cases elucidation and market analysis 
D1.2 

 
 

 

  

27 
 

  

 
 
 

Figure 13: GfK’s smart home study results 
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Figure 14: Shares of smart products are increasing (value based) 

 

 

 China currently the biggest market for Smart Home Appliances in absolute revenues,  

Australia and South Korea with highest penetration. So the countries with highest Value Share of 
Smart Connect Appliances are:  

1. Australia 

2. South Korea and  
3. China 

 
  

Figure 15: Smart Connect & Smart Prepared Appliances at the beginning 
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Figure 16: GfK’s smart home study results – Robotization – trend without limitations 

 

 
 

2.3 Trends and characteristics of production 

Megatrends16 and consumer behaviours effects the characteristics of production in household 

appliances sector. Rapid product lifecycles and mass customisation imply an increasing number of 

phases in product deployment and the involvement of actors along the value chain. Hence, it 

becomes even more important to consistently reconfigure production processes, to achieve reduced 

costs and time-to-market, smaller lot sizes and production volumes.  

The household appliance and electronics industry in Europe currently faces the challenge of placing 

within the European Market innovative appliances and devices that consume less energy and other 

resources (as for example water or detergent), thus replacing older resource-intensive appliances; 

hence, the imperative need for continuous innovation in the sector. The connected consumer at smart 

home requires also new customised products with seamless connectivity feature. Most of the big 

manufacturers offer a huge variety of appliances, most of which (e.g., TVs, fridges, washing 

machines) differentiate partly or significantly every few months to meet the massively customised 

needs of consumers.  

The production process also comprises a set of complicated procedures, where a large number of 

suppliers have to provide a variety of components in the most time- and cost-efficient way. The 

existence of effective communication channels and advanced procedures is essential to ensure that a 

manufacturer in that field can maintain or extend its market share.  

Home appliance manufacturers need to continuously change their production lines to address market 

needs, producing a portfolio of products with lower resource profile, that incorporates extensive 

customisation capabilities regarding characteristics such as size, weight, resource consumption etc. 

Such large-scale changes that affect the whole manufacturing chain normally require heavy 

                                                

16Source: Roland Berger strategy consultants based on World Bank, OECD, IMF, Unctad, EC, UNEP, Unesco statistics and 

others — also related to EU documents (EU2020, Lund declaration). 
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monetary, time and effort investment in planning and implementation and encompass high levels of 

risk. 

Additionally, the following approaches will characterise not only the home appliance industry but the 

European manufacturing sector:  

 Lowest resource consumption energy — lean, clean, green  

 Closed loops for products/production and scarce resources  

 Sustainability in material, production processes/workers  

 Manufacturing close to people (in cities/metropolitan areas)  

 Strive for highly competitive distributed manufacturing (flexible, responsive, high speed of 

change)  

 Integration of the product and process engineering — agile and demand driven Mastering the 

collaboration from simple to sophisticated products in the value chain  

 

2.4 Contemporary challenges and Industrie 4.0 

Megatrends have considerable impact and drive structural changes in nearly all manufacturing 

sectors. These megatrends can be identified as: 

 changing demographics (growing world population, ageing societies, increasing urbanisation); 

 globalisation and future markets (BRIC and beyond); 

 scarcity of resources (energy, water, other commodities); 

 the challenge of climate change (increasing CO2, global warming, ecosystem at risk); 

 dynamic technology and innovation (ICT and virtualisation, technology diffusion, the age of life 

science, ubiquitous connectivity, sensing and digitalisation); 

 global knowledge society (know-how base, gender gap, war for talent, multiplication of data and 

information); 

 mass customisation (personalised customisation); 

 sharing global responsibility (shift to global cooperation, growing power of NGOs, increasing 

philanthropy). 

The rise of transport costs, the need for higher efficiency and productivity, the customer and user 

demand for greener products, the higher instability of raw material and energy prices and the 

shortening of the lead-time for production will push for a more critical assessment of the 

delocalisation strategy towards low-cost countries. Service-led personalised products will require a 

new paradigm for western countries’ reindustrialisation (known as Globalisation 2.0), moving back 

manufacturing of selected products. 

The megatrends is shifting European manufacturing towards practices which lead to increased 

responsiveness to massively customised demand without abolishing the notion of production with 

respect to both cost and resource consumption. Also, enterprises should constantly monitor the 

continuous changes in markets, business models, manufacturing processes and other challenges 

across the value chain, as new opportunities and threats appear constantly in an increasingly 

interconnected world.  
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Manufacturing companies are adapting more and more digital technologies to network and transform 

their manufacturing processes. The “factory of the future” can be broadly defined as a future view of 

an interconnected manufacturing value chain, involving information and communications technology 

(ICT) and automation technologies. To that end, software will holistically interconnect and manage 

distributed factory assets, while embedded data collectors in processing centres will be linked to 

cross-functional enterprise systems, enabling real-time two-way data exchange and full production 

quality control. Such advances are driven by  

(i) the need to optimize consumption of resources through the use of energy and material efficient 

processes and machinery;  

(ii) the fact that increasing processing power of ICT and more sophisticated analytical software 
enables real-time performance analysis;  

(iii) the need for a significant boost in efficiency, safety and resource sustainability in production and 
logistics and  

(iv) the need for reduction of design errors and “time to market”; optimisation of production 

processes through digital factory modelling. 

Hence, we may conclude that DISRUPT’s vision is relevant to the above challenges thus offering a 

strong research and innovation potential for a manufacturer of this sector, i.e., ARCELIK. This will be 

further shown by the business cases illustrated in Section 4. 
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3 Automotive industry  

In this section we provide a description of the trends in the Automotive sector, from the point of view 

of the customer and how this has an impact on the industry processes. In particular we address how 

Industrie 4.0 can help the OEM in addressing those needs. 

 

3.1 Trends in consumer behaviour 

According to Frost and Sullivan (Automotive Industry IT Spending—CIO Focus, Trends, and Highest 

Growth Areas, August 2016), “digitization is transitioning the component driven automotive industry 

to a software and solutions-focused industry, coupled with the growing digital consumer lifestyle. 

Digitization is not about getting the auto industry to pump in more dollars into a vehicle, rather use it 

as tool to achieve business objectives that will yield more value from each user.” 

To achieve further growth in the Automotive saturated market, Frost and Sullivan identifies 5 key 

success factors for the Industry: 

- Connected Supply Chain 

- Industry 4.0 

- Connected and Autonomous car 

- Digital retailing and vehicle relationship management 

- Mobility as a service 

 

In the  future the trend is that car companies will adopt a new business model, shifting from the 

business of manufacturing and selling just cars, to fractional ownership; single journey type car 

sharing coupled with subscription based maintenance and connected service packages. 

Connected infotainment will extend to home and office: several OEMs (Ford, BMW) are already 

proposing smart home, office and connected car integration. Ford with Amazon Alexa is an example, 

eventually the car is becoming an integrated element of a connected living solution.  

The consequence will be that OEMs develop mobility as a service model. 

 

Having a look in more detail at the key factors identified, we try to understand which are them are 

more relevant to the production systems and to the tools developed in DISRUPT: 

 

Connected Supply Chain   

This is related to the component and product traceability in order to support inventory management. 

It is supported by a combination of IOT technologies, CPS and sensors and is enabled by techniques 

of analysis in real-time. Having those pre-requisites will enable to achieve real time visibility at the 

level of supply chain but will also sustain collaboration, visibility, business continuity and dynamic 

responsiveness (see Figure 21).   

For Frost and Sullivan, this investment is expected to yield a much as $1bn per OEM, by improving 

efficiencies, reducing costs, and increase collaboration and innovation, 
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Industrie 4.0 

In the search for supporting on one side ever-increasing complex and connected products, increased 

number of models and variants, mass-customisation and reduced leadtime and on the other side the 

need to maximise the use of resources and minimise the impact on the environment, Industrie 4.0 

represents one of the approaches to compete with companies in emerging economies with 

advantages in terms of cost of production, labour rates, etc. 

Technologies such as IoT, CPS, robotics, human-robot collaboration and 3D printing will support the 

Automobile OEMs in tacking the challenges to make existing production and logistics processes 

competitive with other OEMs. 

Key will be the integration between the partners‘ processes and the collaboration of all stakeholders, 

to ensure the adoption of these technologies. 

 

Connected and Autonomous car 

A key enabler for that is the 5G and broadband integrated in the vehicle. On top of these 

technologies, other services will be made available in accordance with the evolution towards the 

digital lifestyle. They will build on the vehicle technology and time made available during the trips by 

the vehicle autonomous drive. 

 

Digital retailing and VRM 

Several OEMS (for example FCA) are already proposing remote retailing experience to their customers 

through augmented reality and innovative interfaces. 

The engagement of the client during the lifecycle of the vehicle will continue with exchange of data to 

and from the vehicle to propose embedded connectivity and contextual services while integrating the 

vehicle with new ecosystem partners. 

Clients, OEM, dealers and service providers will be ever more interconnected in this value proposal, 

creating additional revenues opportunities from offering continuous customer and vehicle centric 

services. 

 

Mobility as a service 

Another key trend is the providing of mobility as a service, with multiple pricing options suited to 

individuals’ needs. Car as a service (CaaS) is expected to build on technologies such as automated 

driving, connected mobility and EV charging. 

Even more, the services will encompass the single trip and provide door-to-door, multi-modal travel 

with pre-trip, in-trip and post-trip services to improve journey experience to the Mobility User. 

 

The impact of these customer trends can be seen as the drivers for the transformation of the OEM, 

which is summarised in the Figure above. 
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Figure 17: Customer expectations and impact on the OEM 

 

As a consequence: 

- OEMs and Tier I suppliers are partnering with technology companies and other ecosystem 

participants to gain competitive advantage and improvise solution maturity. For example, in 

2016, Ford invested in Pivotal ($182.2 million) to enhance cloud-based services and Big Data 

analytics. 

- Cloud computing facilitates interoperability. Data exchange across demographics and 

dealerships is done via cloud. OEMs are investing to set up data centers. For example, 

General Motors has invested $130 million for data center development. 

- Sensitive data are vulnerable to external hackers. Supply chain security, cloud security, 

automotive retail security, and IoT security are the current OEMs’ focus areas. For example, 

in 2016, Tesla GM faced engagement with white hat hackers. 

- Digital elements are involved from vehicle design through aftermarket. Wearables are used in 

the production phase to ensure accuracy and in retail outlets for customer engagement 

activities. For example, in 2015, the Jaguar Land Rover- Edinburg showroom used AR 

technology and recorded 2500 advance booking orders of the New Discovery Sport vehicle. 

 

3.2 Trends and characteristics of production 

In order to address these trends, disruptions of existing business models will be needed: this will lead 

to a new focus on data, mobility, connectivity, and customer centricity. 

To sustain it, OEMs will increase investment in software- and technology-driven approaches and 

strategies for automotive use cases (e.g., IoT, connected cars, security). These are the top 5 insights 

identified by Frost and Sullivan: 



 

Manufacturing cases elucidation and market analysis 
D1.2 

 
 

 

  

35 
 

  

- In 2015, global IT spending across industry verticals was $2.54 trillion, with automotive and 

transportation industry IT spending accounting for $130.50 billion. 

- The automotive industry key focus areas—automotive industry 4.0 (I4.0), digital retailing, Big 

Data, connected living and IoT, security, and mobility—accounted for 51.6% of total 

automotive IT spending in 2015. 

- Automotive industry IT spend will increase at a CAGR of 16.1% from $37.90 billion in 2015 to 

$168.80 billion by 2025. 

- Digitization, automation, connectivity, cloud computing, tech savvy customers, cybersecurity, 

and industry convergence are the major factors driving automotive IT spending. 

- OEMs leverage their expertise to implement advanced technologies for automotive use cases 

by partnering with IT industry, software service providers, and other ecosystem participants 

(e.g., telecom companies for connectivity, finance and insurance companies). 

 

This is summarized in Figure 18 and Figure 19, representing respectively the IT spending in 2015 

and its evolution over the following decade. 

 

 

Figure 18: Automotive IT spending, 2015 
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Figure 19: Evolution of IT spending, 2015-2025 

 

Focussing on the Automotive Industrie 4.0, it is expected to revolutionize:  

- Manfacturing process, by proving Digital technologies such as 3D printing, IoT, analytics, and 

HMIs like cobots (collaborative robots), AR, and VR technology 

- Supply chain processes, through the digitization and connectivity to support the network 

activities by making data ubiquitously available 

- Business models, with service innovations, such as cloud-based service platforms 

- OEM structure, internal processes and boundaries, with the adoption of ideas, technologies 

and processes from IT/ operational technology/ Telecom 

- Business value chain, promoting newer ecosystem and business collaborations. 

 

This can be summarized into 4 threads, as in the Figure 20 below. 

 

 

Figure 20: Digitalisation in Manufacturing, 2015-2025 
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- Industrial Mobility entails external – cloud computing, covering the whole lifecycle of the 

product and processes: from CRM to sourcing, manufacturing, and forecasting – and internal 

services, such as contextual systems/CPPS (e.g. wearable technology) used in the plants to 

monitor and report on quality. 

- Digital data will enable for example complex event detection at the level of the company 

processes (logistics, manufacturing) or across the ecosystem (including social media) 

- Regarding security, the adoption of IoT and CPS will sustain the need to innovative 

approaches, such as the inclusion of new partners in the value chain, including hackers. 

- Digitization of the Factory may regard the 3D printing (Automotive industry is expected to 

account for 20% of the 3D printing market by 2025) and logistics, in particular related to 

track inventory and drastically reduce immobilized capital and material through the supply 

chain. 

 

3.3 Contemporary challenges and Industrie 4.0 

In the Automotive sector there is a consolidated use of automation, automated robot cells, modular/ 

reconfigurable adaptive handling technologies and high-speed machining tools. Automation hardware 

and software is in place, with extended use of fieldbuses, PLCs, automation software and systems, 

distributed control models for complex systems. There is a trend towards a vision of the business as a 

dynamic manufacturing network, where re-configurability and adaptability, applied at the lineside or 

at intra-companies level is enabled. The key enablers identified are: 

- constant monitoring and flexibility in the (extended to the shop floors both at supplier and 

OEM) supply chain 

- increased adaptability of the manufacturing network to cope with modifications in the 

demand scenarios 

- between-companies boundaries re-assessed towards enabling collaboration between 

suppliers, maintenance and distribution partners 

- connection of people to the right information, over the right device  

- big data transfer/ analysis, both locally and in the cloud, transforming the data into 

knowledge for specific people/ roles and enable suitable ranges of decisions 

- smart use of analytics based on many machines and devices providing large/ complete/ 

accurate/ small (or not) amounts of data 

- human-robot-collaboration for highly reconfigurable production cells adapted for an high 

variety of products 

- ergonomics and safety (possibly fence-free) in the human-robot-collaboration 

- full and detailed access to data such as equipment / line efficiency and visualization of data 

and alerts from any location at reduced costs. 

 

Still, the innovation should take into account major concerns about: 



 

Manufacturing cases elucidation and market analysis 
D1.2 

 
 

 

  

38 
 

  

- Security, in particular the hardware encryption and the network security for data in transit. In 

particular remote access to systems should be granted securely and networking solutions 

must also be engineered taking into account harsh use environmental conditions. 

- Identity and authentication of things, when decoupled from the human operator. 

- Analytics of big data: probably new big data storage/ processing/ analysis are needed for the 

real-time solving expected. 
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4 Manufacturing scenarios in home appliances industry  

This section presents some scenarios and expectations related to DISRUPT. These scenarios have 

been extracted via on-site visits and discussions at the ARCELIL Electronics Plant in Beylikduzu, 

Istanbul. This plant is producing TVs – electronic cards and cash carriers. In DISRUPT, we focus is on 

electronic cards.  Electronic cards processes are followed manually and this situation is getting harder 

the management on production lines (6 production lines). We have 3 main parts as follows: 

1) Manual Insertion: Operators put the related components on electronic board. Every operators 

have a screen about components and locations. We have any system about monitoring the 

manual insertion section. Just we scan the cards end of the manual insertion line (we have 

soldering process between manual insertion and Inspection). 

2) Inspection: We have 2 station for this process. First one is SAKI (name of the machine ). SAKI 

tries to track top components of electronic cards based on image processing. Last one is 

ARVISION (name of station). ARVISION tries to track bottom components of electronic cards. 

3) Test Side: we have two section in the test side. First one is ICT (component test). ICT tries to 

track which components electronic level is okay or not and checks the location of components 

(component on the related location or not). Last one is FT (Functional Test). Kind of simulation. 

FT sends an order like a real one and tracks the results (we have packaging station end of the 

test side). 

The formal analysis of these scenarios and the related goals appears in Deliverable D1.3. The 

language used also adopts and informal (or oral) style to visualise the ‘raw’ input received by the 

plant personnel. All use cases belong to electronic board section of this plant but can all be clustered 

under the term “Ensuring efficient manufacturing”. Each scenario is first presented via a sketch and 

then followed by a textual description. For the moment, the reader may just assume a series of 

production lines, each line having more than one machines or production steps in a sequence. 

4.1 User Scenarios  

4.1.1 Scenario 1: machine breakdown 
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Halit is the responsible person for the calculation of capacity and optimization plans on the EC Lines 

and works in Production Engineering Department.  The main problem is related to ‘data visibility and 

connectivity” summarised as follows actually: “we have no kind of opinion about the current status of 

the EC Lines, only if you are lucky you may see the problems when you are visiting the lines; if any 

machine stops, this will affect my daily goals directly and unfortunately affect production plan as well. 

Most of time, you hear the same kind of problems only after happening in the lines”. 

Halit has some clear yet strong expectations from DISRUPT: “If any machines stop or break down, 

DISRUPT should realize this situation, most likely using data that flow between machines and 

database; then the system will inform us which machine has a problem and the related line”. There is 

more to it: “DISRUCT should analyse and check the current status of EC (i.e., electronic circuit 

production) lines and machines after informing us of problem; then, it will detect automatically 

occupancy for all machines and find optimized recommendations for switching machines of jobs 

among different lines to achieve the plant’s daily goal. Such recommendations should be sent to 

Production Planning and Production Engineering department and if the suggested solution is 

acceptable for engineers it should be implemented in the production line.”  

 

4.1.2 Scenario 2: machine allocation and changes in customers’ orders 

 

Currently, there are no ‘live’ notifications from the EC lines, thus production capacity and machine 

allocation among lines is done on a monthly basis using cumulative data from the ‘local’ database of 

each machine plus some Excel spreadsheets. 

Caner is the person responsible of production plan and uses only excel as a supporting tool. He may 

spend most of his time for planning and normally he cannot manage all parameters on the lines. So 

he needs to update after every kind of machine problem or after any change of the demand from 

customers.  

Caner’ expectation from DISRUPT is as follows:  

“We wish to see the real demands automatically into the system (accounting for last-minute 

changes); when the demands are uploaded, the system will start to analyze and create fully 
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optimized allocation of machines to production lines; we need an allocation list of machines to 

lines and of customer orders to machines that takes into account the following constraints: 

 Capabilities or capacity of production lines 

 Deadlines of EC 

 Status of components 

 Any other optimization-related logic 

 
Then, the system will share the allocation list with Production planner and Production engineering 

person as well. The approval of allocation list will be completed by production planner. When the 

approval process is finished; list will directly send to person in charge of the production.” 

4.1.3 Scenario 3: production monitoring 

 

More quotes from the plant floor: 

“Current Status: unfortunately, we don’t have a chance for tracking our production lines efficiency 

or UPH (unit per hour) every moment. The important points are the answer of these questions. 

 Efficiency is enough or above the limit? 

 UPH is enough for achieving to daily goals? 

 Have any kind of defect? 

 How is my current status?” 

 

In ARCELIK, the ‘efficiency’ of production (as measured against specific KPIs) is monitored by the 

production engineering department whose people are responsible about creating a more efficient 

system and detecting problems in the production lines. What is expected from DISRUPT? 

“DISRUPT will continuously track the production lines and related KPIs (already defined into 

the system); if the system finds any kind of inefficient status or low UPH for achieving daily 

goals, it should analyse all production lines and machines and then try to find fully optimized 

solutions. Such solutions will be shared with the production engineering team and the 

production team also, for the approval process to start and then decide the approved 

solution’s implementation. Sometimes the system may not find any kind of solution for the 

problem, in which case the system should inform us for this.” 
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4.1.4 Scenario 4: production optimisation 

 

This is a typical production optimisation scenario, to be run as a routine procedure. The expectation 

from DISRUPT is to have an effective such system that incorporates all production characteristics, 

e.g., 

 Orders are updated bi-weekly by customers 

 The deadlines are different for every per EC 

 EC capacities are different 

 Every EC has different kind of components etc. 

 

The system should provide optimized recommendations for scheduling customer orders and allocation 

machines to production lines to maximise the plant’s throughput. 

 

4.1.5 Scenario 5: Urgent orders 

 

This case is related to Scenario 2, with certain differences. Caner, i.e., the person responsible for the 

production plan, describes this as follows: “We have agreed terms for certain customers that imply 

that we should accept any kind of urgent order (e.g., the customer is some other ARCELIK plant 

whose production will be delayed if the plant’s order is not accepted). Sometimes this order can be 

combined with an existing order for the same plant” 

 

Caner’s expectation from DISRUPT can be described as follows:  

“When the new order comes to the system, the production engineering and production team 

will take a notification about this. Also, the system will analyse the current production plan 



 

Manufacturing cases elucidation and market analysis 
D1.2 

 
 

 

  

43 
 

  

and try to create new optimized production plan that includes also the new/urgent order and 

send this plan to the production planner for approval. However, if the system suggests any 

kind changing on the layout (e.g., machine allocation) the production and the production 

engineering sides have to join this process and approve as well (this is why they are notified 

when the urgent order comes).  

Finally, production planner will check to plan and approve it or not; when everything is 

agreed by all teams, the system will update the production plan and connect production and 

production engineering side for any kind of changing on the layout.” 

 

4.1.6 Scenario 6: disruptions in the production 

 

This scenario and the relevant expectations from DISRUPT have been described as follows:  

“Production started perfectly but suddenly stopped. DISRUPT should realize that and try to find 

any kind of reason explaining this or the production team leader may enter the reason manually 

into the system. Then the system will connect with related people about this situation. The 

following questions should then be addressed: 

 Which products are reaching a critical level, e.g. regarding the deadline or the daily goal? 

 Which are the possible losses in terms of money, time, etc? 

 Which is the maximum time one can wait before re-starting the production if daily goals are 

not to be missed (system should provide this estimation)? 

 When production is re-started, a re-optimised schedule should be available, i.e., a schedule 

that achieves the daily production goals.” 



 

Manufacturing cases elucidation and market analysis 
D1.2 

 
 

 

  

44 
 

  

4.1.7 Scenario 7: plant layout 

 

Here is the informal description of this last scenario: 

“Sometimes the production team changes the location of machines on the production line and 

the so-called “Production Engineering’s Layout” is based on last version of existing status. 

Any kind of changing on the layout directly affects to our analyses and results, therefore, 

Production Engineering Team has to take a notification from the system (i.e., DISRUPT) if the 

layout changes. 

That is, the system may realize the changes in the production line based on the data flow: 

when the location of the machine is changed by someone, certain data sources will change 

hence the system will easily get it. Production Engineering team will talk with who performed 

these changes and control the result. As a final step, the Production Engineering side will 

update the layout to its new status.” 
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4.2 User Scenarios and the DISRUPT idea 

 

 

 

The perspective of Arcelik to DISRUPT system includes a lot of topics. We are planning to create a 

kind of control and management 'tower' with DISRUPT as shown above. The DISRUPT idea will show 

that we are not following some part of production processes in its current status and manage with 

real time data. The system will start to create optimized solutions and make more efficient production 

line.  

Also, DISRUPT will increase our production planning and order management side. It will automate a 

lot of currently manual processes: production planning will be directly connected with capacity and 

machine capabilities, because DISRUPT will follow machine capacity and lay out status. 

On the other hand, DISRUPT will havea prediction and alert system hence allowing us to improve our 

punctuality and pro-activity level. Using DISRUPT-enabled automation, the duration of problem 

solving will decrease. 
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5 Manufacturing scenarios in the automotive industry  

 

5.1 User Scenarios and their value 

The following subsections present the use case for FCA. There are described as user stories, from the 

point of view of the (real) persons involved in the plant. 

 

5.1.1 FCA Use case 1: Managing disruption in Inbound Logistics  

Alberto is the responsible person for the logistics (inbound and internal) of the plant and as such is 

responsible for ensuring the timely delivery of components to the lineside. His work is to update 

delivery plans (up to several times per day) in case of events occurring in: 

- Supplier production 

- Transportation 

- Internal logistics 

The non-availability of components is motivated by events related to: 

- Production: delay, quality issues, availability, quantity 

- Transportation: vehicle breakdown, delay, errors in delivery (wrong destination or dock, …) 

In the current situation, the material requirements plan is done by the SAP MRP, on a weekly basis 

and sent to the suppliers. All vehicles are Made-to-Order so the objective is to limit the component 

stock and wip to the minimum, with its consequences on the flow of inbound components for critical 

components and  the scheduling of the production. 

Exceptions can occurs when an event is detected manually by Alberto or colleagues from Logistics, 

Purchasing or Quality. An example could be the following: components from a supplier in Modena are 

scheduled for delivery every Tuesday at 10:00-11:00. Respecting the timeslot is essential for 

saturation of docks, operators and delivery to the lineside. In this example, the components are not 

able to cope with the expected timeslot, due to transportation issues. 

Based on his experience, Alberto selects from the potential recovery actions currently used: 

- Open special dock 

- Select another carrier 

- Rescheduling the production 

The criteria which have to be taken into account are: 

- Stability of production sequence, with quantified objectives at plant level over 3 weeks, one 

week and one day 

- Saturation of capacity 

- Saturation of resources 

- Maximisation of throughput (JPH – job per hour) 

- Minimisation of stock (e.g. in case of expensive, bulky items) 

- Minimisation of additional cost (e.g. in case of express transport for components, of added 

resources) 
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Once these hypotheses are formulated, they are discussed with the relevant colleagues  from 

Logistics, Manufacturing (Valentina for example) or to understand the feasibility (material, supplier 

order changes). 

Several interaction can be necessary until the recovery action is accepted, for example if the material 

requirements and supplier orders change are not feasible. 

 

5.1.2 FCA Use case 2: Production scheduling 

Valentina is the responsible person for the production scheduling of the plant. Her work is to re-plan 

(up to several times per day) the sequence of vehicles going through: 

- Body-in-white 

- Painting 

- Assembly 

Stamping, which is the first phase of the automotive processes, is out of her scope. 

The sequence break (”rottura sequenza”) is motivated by events related to: 

- Material: delay, quality issues, availability 

- Process events: machine breakdown, unscheduled maintenance, software problems, etc 

In the current situation, the slotting is computed in OSS (internal tool, on top of JDA), taking into 

account the MAKE (components to be built in-house) and BUY (sourced components) constraints. 

OSS stands for Order slotting and sequencing (focus on slotting).  The production capacity is inserted 

directly in OSS, with plant availability and capacity. 

Once defined, the slotting is sent automatically to another internal tool (RTM), where the BOM is 

residing. From RTM the sequence is forwarded to the Siemens MES  and to the SAP MRP for the 

material requirements planning and subsequent forwarding to the suppliers. The MRP currently runs 

once a week. 

Then the sequence is computed manually. 

The exceptions occurs when an event is detected manually by Valentina or colleagues from 

Manufacturing, Logistics, Quality or Maintenance. An example could be the following: the black paint 

from a specific supplier has quality issues, and a lot of black bodies has been discarded for low 

quality. All black cars are thus postponed by some days and as a consequence, other vehicles have to 

be anticipated in order to saturate the plant capacity. As all vehicles are Made-to-Order, Valentina 

must understand from the portfolio of orders which vehicles can be anticipated and substitute the slot 

for black vehicles.  

No “basic” or “modal” vehicle can be produced, if it is not connected to a specific client order. 

Based on her experience and the knowledge of the classes of components that are usually most 

critical (JIS components, class A component – expensive, bulky or many variants), Valentina prepares 

one or more hypotheses of new sequences. 

The criteria which have to be taken into account are: 

- Stability of production sequence, with quantified objectives at plant level over 3 weeks, one 

week and one day 
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- Saturation of capacity 

- Saturation of resources 

- Maximisation of throughput (JPH – job per hour) 

- Minimisation of stock (e.g. in case of expensive, bulky items) 

- Minimisation of cost (e.g. in case of express transport for components) 

Once these hypotheses are formulated, they are discussed with the relevant colleagues  from 

Logistics and Manufacturing to understand the feasibility (material, supplier order changes). 

Several interaction can be necessary until the new sequence is accepted, for example if the material 

requirements  and supplier orders change are not feasible. 

 

5.2 User Scenarios and the DISRUPT idea 

5.2.1 Contribution to the Business Continuity 

For FCA, the DISRUPT contributes to the business continuity objectives of the company. The 

DISURPT platform is expected to support the disruptive event identification, quantification and 

management of recovery plan, as summarized in the Figure below. 

 

 

Figure 21: The DISRUPT platform ad a Business continuity tool 

 

5.2.2 Detailed added value of the DISRUPT platform 

In the following we detail the contribution expected from DISRUPT to support the business processes 

and solve the issues identified above. 

Related the use case presented in 5.1.1 (resp. 5.1.2), Alberto (resp. Valentina) expects to be 

supported with as much of the following functionalities, represented in the table below: 
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Table 8: DISRUPT functionalities 

DISRUPT 

functionality 

Detailed functionality  Relevant to Use 

case 1  

Relevant to Use 

case 2 

Identification 

of incoming 

events 

An automated system to identify 

incoming events, connected to the 

SCADA and various CPSs in the plant 

X X 

Monitoring 

dashboard 

A dashboard to monitor inbound 

logistics in real-time and visualise 

incoming events 

X X 

Process 

simulation 

A simulator to evaluate the impact of 

the event on the logistics and plant 

KPIs, without changing production 

schedule and sequence 

X X 

Alternatives 

generation 

The hypotheses of alternative 

solutions (transportation/ sequences)  

are checked with respect to 

constraints and feasibility (link with 

WMS, MES, Scheduling system) 

X X 

Alternatives 

quantification 

The hypotheses of alternative 

networks are evaluated, taking into 

account the plant process Key 

Performance Indicators 

X X 

 

 

5.3 Process models 

This section presents a view of the selected processes, showing existing simulation models which may 

be used as starting point for the development in DISRUPT. 

 

In DISRUPT we focus on one of the Automotive processes, Assembly, which can be characterised by: 

- High number of part numbers (around 6000 for a normal vehicle and its variants) 

- High throughput and low cycle time: usually one product exits assembly line every minute (60 

job-per-hour) 

- High  number and heterogeneity of machines  

- High level of automation and ICT penetration: in particular all machines are connected to the 

plant intranet (Profinet network) through their PLC. 
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The current structure of the inbound logistics is represented in the Figure below. Typically an 

Automotive network is composed of  Tier 1 (first-level suppliers to FCA) and Tier 2 (suppliers of Tier 1 

suppliers). For management purposes only levels 1 and 2 are considered.  

The suppliers provide the components required (around 6000 for a normal vehicle and its variants) in 

quantity and time required by the OEM. 

Important to report is the variety of: 

- Distance from plant: suppliers can be local or remotely located, leading to 

- Leadtime: from minutes (local supplier) to days (e.g. overseas supply of engines) 

- Typology of transport: dedicated transport can be used, or milk-runs can be organised, with 

any type of transportation means 

- Quantity: from bulk containers to few items 

- Delivery type: the two ends of the spectrum are Just in Time (JIT) / Just in Sequence (JIS) 

and bulky delivery for consumables (e.g. screws). 

 

 

 

 

 

Once delivered to the plant entrance, the material is delivered to the docks and taken care of with the 

handling systems available: usually forklifts but also sometimes automated systems, such as 

Figure 22: Inbound logistics structure, adapted from TCI - Supply chain solutions 
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conveyors or Automated Guided Vehicles. The number of docks, the type of handling systems and 

their number is crucial to ensure the proper delivery to the warehouses. Simulation models are widely 

used to find the optimal dimension of the objects in this process (see Figure 23 below).  

 

 

Figure 23: Management of inbound logistics (docks, warehouses) 

 

In some cases the components are directly handled to the lineside, or to warehousing areas located 

closer to the lineside. In Figure 24 the structure of the internal logistics areas is reported. Flows from 

the docks to the different internal warehouses are usually modelled and simulated to understand the 

handling systems required (number, typology, frequency, etc). 
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Several sequences of prodution are simulated: for each of them the model evaluates the handling 

systems along several KPIs such as the total waiting time, the total delivery time, the flows in 

different aisles of the plant, 

As an example Figure 25 shows the waiting time for an hypothesis of configurtation of handling 

systems: with 16 forklifts, the total waiting time over a shift in area G1A is 311 minutes. 

By comparing the simluation results on different plausible scenarios or sequences, the logistics 

manager can decide whether the handling sytems is correctly dimensioned. 

Figure 24: Inbound logistics – overview of plant layout 
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Figure 25: Output of simulation models - handling systems 

 

Finally the model below shows the Assembly process for an Automotive plant in Italy, where the 

machines are usually represented as black boxes. In this case the model does not enter into the 

details of the specific machine but to a series of machines. 
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The level of details of the processes modelled and simulated is shown in Figure 27 below. 

Figure 26: Overview of Assembly process 
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Figure 27: Simplified view of the flows in the plant 

 

In Figure 27 above, the flow is linear from bottom left to top right: 

- A sequence of painting bodies is produced 

- The painted bodies follow the linear path until the door unmounts. A this point 

o Doors follow a specific path (in red in the diagram) for the door assembly 

o Bodies undergo different macro-processes (trima 1, trim2… until the assembly of 

seats 

- Bodies and door are reassembled for the final operations and testing of the finished vehicles. 

 

Several sequences of prodution are simulated: for each of them the model evaluates the assembly 

process along several KPIs such as the JPH, number of handling devices (skids for example), 

downtimes, quantities in buffers. By comparing the simluation results on different plausible scenarios 

or sequences, the production manager can decide whether the assembly process is correctly 

designed. 

 

5.4 Anticipated changes and improvements 

This section gives an overview of the flow of actions for the two use cases. The Figure 28 below 

summarises the flow of actions supported by the DISRUPT platform for the management of inbound 

logistics, as described in the section 5.2. 
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Figure 28: Diagram of  DISRUPT platform for use case 1 

 

The Figure 29 below summarises the flow of actions supported by the DISRUPT platform for the 

management of production scheduling, as described in the section 5.2. 

 

 

Figure 29: Diagram of  DISRUPT platform for Use case 2 

 

This is summarised in the Table 9 below, which shows the anticipated changes and their impact on 

the current processes. 
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Table 9: DISUPT functionalities and added value - impact on processes 

DISRUPT 

functionality 

Detailed functionality

  

Added value  Relevant 

to Use 

case 1  

Relevant 

to Use 

case 2 

Identification 

of incoming 

events 

 

An automated system to 

identify incoming events, 

connected to the SCADA 

and CPSs in the plant 

Automatic identification, 

anticipated with respect to 

the current modus operandi. 

 

X X 

Monitoring 

dashboard 

A dashboard to monitor 

inbound logistics in real-

time and visualise 

incoming events 

Implement visual 

management of processes, 

which is one of the objectives 

of the WCM. 

Enable to understand some 

characteristics of the event: 

localization, extension, 

partners involved, etc 

X X 

Process 

simulation 

A simulator to evaluate 

the impact of the event on 

the logistics and plant 

KPIs, without changing 

production schedule and 

sequence 

 

Implement visual 

management of processes, in 

line with the WCM principles,  

and represent the whole 

structure and give a 

simplified and powerful view 

of the processes (inbound 

logistics +manufacturing) 

x X 

Alternatives 

generation 

The hypotheses of 

alternative solutions 

(transportation/ 

sequences)  are checked 

with respect to constraints 

and feasibility (link with 

WMS, MES, Scheduling 

system) 

Provide only feasible 

alternatives 

Decrease the time for 

identification of alternatives 

X X 

Alternatives 

quantification 

The hypotheses of 

alternative networks are 

evaluated, taking into 

account the plant Key 

Performance Indicators 

Decrease the time for 

quantification of  alternatives 

Use the plant and logistics 

KPIs, implemented in the 

simulation model 

X X 
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6 Market for Data Analytics and Complex Event Processing  

 

In this section we provide (i) a brief presentation of the Data Analytics and CEP tools and modules to 

be developed within DISRUPT at their current form, (ii) their relation and role in addressing the user 

scenarios in the two manufacturing sectors, (iii) a market analysis of competitors and existing 

solutions in manufacturing, (iv) the expected TO-BE functionalities of such tools as part of the 

DISRUPT effort and (v) a preliminary exploitation plan of these new functionalities. 

6.1 The Data Analytics and CEP module within DISRUPT 

This section contains the development of the data streaming analytics component. Starting from a 

generic IoT-driven architecture – inspired by concepts from the Lambda-Architecture17– the data 

analytics and complex event processing module is designed. 

 The following figure gives a most complete architectural description of the solution provided. 

Maintaining the multi-layered view a clear distinction is made which allows clustering of the solution 

into replaceable modules as such to comply with future development and changes that cannot be 

foreseen as of today. 

 

Figure 30: Generic IoT Platform using Lambda Architecture 

 

                                                

17 Mars, Nathan; Warren, James. Big Data: Principles and best practices of scalable real-time data systems. Manning 

Publications, 2013. 
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The whole IoT architecture is organized into six layers which are Event/Source Layer, 

Connection/intermediate Layer, Analytics Layer consisting of Fast- and Slow Track, Service Layer and 

Presentation layer which displays information to the end user. All layers contain different functions, 

information, data and events that provide them for the layer above or below.  

At the bottom of the architecture is the source layer where Event Sources of sensors and IoT devices 

are collected. IoT events can be machinery data, sensor value readings (temperature, pressure, 

torsion, etc.) but could further include social media activities, weather information or data of vehicles 

and companies. Every Event of the event source is passed on to the Speed Layer and the Batch Layer 

via the intermediate connection layer. The Connect Layer is represented by a messaging bus 

(messaging broker) taking care for message handling and possibly cloud adapters. The Message Bus 

is responsible for communication between services following the paradigm of an event driven 

architecture (EDA) approach. It hereby forwards messages and persists data in a way that no 

transmitted data is lost. The data of the Event Sources are duplicated and sent to both, the speed 

layer and a Batch layer for an in-depth analysis. The difference between the Batch Layer and the 

Speed Layer is on the one hand tracking and speed. On the Batch Layer a Predictive models are 

executed on collected historic data using in-depth machine learning algorithms and neuronal 

networks. As this is a decoupled process it is not executed in real-time but requires deep analysis of 

the collected data by data scientists.  

The purpose of Predictive Analytics is to detect pattern which can be more subtle and complex as 

Probabilistic models and neural networks can be used. It also supports unstructured data such as 

images, videos, and music files. In addition, there are slower reaction times due to complex 

prediction models. Within the Batch Layer is a data store placed in terms of an Event Store or HDFS 

(Hadoop Distributed File System) designed for storing very large amounts of data on the file systems 

of possibly several machines. The data inside the Event store is compliant to the messaging format 

and might contains a timestamp, information about the event and other information.  

The events inside the event store are analysed through the Batch Analytics using software programs 

such as WEKA, SPSS, or KNIME in order to obtain the Predictive Modeling Machine Learning (PMML) 

models. 

In contrary Streaming Analytics runs within the speed layer and monitors real-time data streams for 

specific pattern using complex event processing (CEP) technology. It is therefore rule based 

(deterministic). 

As high-level events are generated using the Streaming and Batch Analytics these are transferred 

directly to the Service Layer where they can be further processed in Data-Analytics graphs, Root-

cause Analysis, etc. End users can access the platform using the presentation layer using direct 

access, API calls, etc. 

 

6.2 The role of Data Analytics and CEP in addressing user scenarios 

From a starting point both of the scenarios are very similar in terms that they will collect sensor, 

tracking, simulation, or any kind of information. Due to the very generic set-up of the data analytics 
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components they are connected using the same link – which is the messaging broker handling 

messages – into the analytics module.  

The complexity of data analytics and complex event processing however lies in the data mining 

approach which requires knowledge about the processes, the current system behaviour as well as 

characteristics of production and challenges (c.f. Section 4 and 5).  

 

6.3 Market analysis of current solutions in manufacturing 

This section illustrates and presents the current market and available solutions in the manufacturing 

domain. The analysis starts by divided the market into Competitive rivalry, Threat of substitutes, 

Buyers’ bargaining power, Supplier power and Threat of new entrants and entry barriers. These 

sections are the so-called Porters five forces, which are described in the following text parts. 

Technically, CEP is a component of Streaming Analytics. For this reason, only the term Streaming 

Analytics is used in the following text parts and subchapters. 

The first part of this subchapter contains the Competitive rivalry. The points the evolution of 

Streaming Analytics, Regional markers of Streaming Analytics, Segments in Streaming Analytics, 

Services of Streaming Analytics and Forrester Wave for Streaming Analytics are examined and 

described. In addition to the general streaming analytics market, especially the manufacturing 

division is being investigated. The following figure inside this chapter highlights the market 

segmentation. 

 

Figure 31: Streaming Analytics: Market segmentation 
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The overall market of Streaming Analytics is divided into types, verticals, professional services and 

regions. The types differ between Detection-Oriented, Operation-Oriented and Hybrid. The verticals 

are split into nine groups. These groups are BFSI, Transportation and Logistics, Healthcare, 

Manufacturing, IT and Telecommunication, Retail, Government, Defence and Aerospace, Energy and 

Utilities and Others. Furthermore, the market segmentation is organized by Professional Services 

which include Installation and Maintenance, Training and Certification, Consulting Support and 

Others. Finally, a global distribution within the market segmentation can be carried out. For the sake 

of simplicity the present market analysis only concentrates on the European market Table and figure 

bellow show the ‘Markets and Markets’’ forecast of the general Streaming Analytics market. The 

worldwide general Streaming Analytics market is expected to grow from $764.5M back from 2013 to 

$3,322.0M in 2018. This represents a CAGR of 34.2% from 2013 to 2018. Table 10 below highlights 

general Streaming Analytics market size across various regions18 (all data in this section rely on this 

study). 

Table 10: Streaming Analytics: Market size and market growth. 

Regions 2013 2014 2015 2016 2017 2018 CAGR (2013-2018) 

North America 268.3 339.6 432.5 558.4 730.9 977.7 29.5% 

Asia Pacific 134.9 191.3 273.4 395.5 581.3 871.3 45.2% 

Europe 224.1 277.0 344.7 436.2 562.2 734.9 26.8% 

Middle East and Africa 91.5 123.6 169.9 237.9 337.0 492.1 40.0% 

Latin America 45.7 62.4 85.5 119.8 170.4 246.1 40.0% 

Total Value 764.5 994.0 1,306.0 1,747.9 2,382.0 3,322.0 34.2% 

 

 

Figure 32: Streaming Analytics: Market size and market growth  

 

                                                

18 COMPLEX EVENT PROCESSING (CEP) MARKET, Worldwide Market Forecast & Analysis (2013 – 2018), 



 

Manufacturing cases elucidation and market analysis 
D1.2 

 
 

 

  

62 
 

  

Table 11 below highlights the market trend of Streaming Analytics solution, in manufacturing vertical, 

across various regions. The manufacturing vertical, in Europe region, is expected to grow from $13.5 

million in 2013 to $73.3 million in 2018, at a CAGR of 40.3% from 2013 to 2018. 

 

Table 11: Manufacturing Streaming Analytics market size ($Million)  

Regions 2013 2014 2015 2016 2017 2018 CAGR (2013-2018) 

North America 16.2 22.9 32.5 46.5 67.2 97.6 43.3% 

Asia Pacific 8.1 12.9 20.5 32.9 53.4 87.0 60.7% 

Europe 13.5 18.6 25.9 36.3 51.7 73.3 40.3% 

Middle East and Africa 5.5 8.3 12.8 19.8 31.0 49.1 54.9% 

Latin America 2.8 4.2 6.4 10.0 15.7 24.6 54.9% 

Total Value 46.0 66.9 98.1 145.5 218.9 331.5 48.4% 

 

In the following the market size of professional services and software vendors in Streaming Analytics 

market is given. The part of professional services contains four services. These four services are 

installation and maintenance, training and certification, consulting services and other professional 

services. Table 12 below this text highlights the general market proportion across various services in 

million $ 

Table 12: General Streaming Analytics: Services, market size. 

Services 2013 2014 2015 2016 2017 2018 CAGR (2013-2018) 

Installation and Maintenance 34.5 44.2 57.3 75.5 101.2 138.9 32.1% 

Training and Certification 15.1 20.0 26.5 35.7 49.3 69.4 35.6% 

Consulting Services 22.7 30.5 41.5 57.5 81.0 116.9 38.8% 

Other Services 11.8 14.6 18.4 23.5 30.5 40.2 27.8% 

Total 84.1 109.3 143.7 192.3 262.0 365.4 34.2% 

 

Table 13 shows the market size of the professional services in the field of manufacturing. Table 10 

also shows the development and growth between the years 2013 and 2018.  

Table 13: Manufacturing Streaming Analytics: Services, market size. 

Services 2013 2014 2015 2016 2017 2018 CAGR (2013-2018) 

Installation and Maintenance 2.1 3.0 4.3 6.3 9.3 13.9 46.2% 

Training and Certification 0.9 1.3 2.0 3.0 4.5 6.9 50.1% 

Consulting Services 1.4 2.1 3.1 4.8 7.4 11.7 53.6% 

Other Services 0.7 1.0 1.4 2.0 2.8 4.0 41.4% 

Total 5.1 7.4 10.8 16.1 24.0 36.5 48.2% 
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Out of Table 13, all professional services in the manufacturing sector will grow by $5.1 million in 2013 

to $36.5 million in 2018. This is a CAGR of 48.2% between 2013 and 2018. The following three tables 

describe market size, market share and market growth for the years 2013 to 2018 organized by 

verticals. Within the tables, the column of Manufacturing is highlighted. 

Table 14 below highlights the market trend of Streaming analytics solutions across various verticals. 

The Manufacturing vertical, in Streaming Analytics market, is expected to grow from $46.0 million in 

2013 to $331.5 million in 2018, at a CAGR of 48.4% from 2013 to 2018. 

 

Table 14: Streaming Analytics Verticals market size ($Million)  

Verticals 2013 2014 2015 2016 2017 2018 CAGR (2013-2018) 

Transportation and Logistics 68.5 95.2 133.6 188.8 268.0 384.0 41.2% 

IT and Telecommunication 61.0 81.8 110.0 151.1 210.6 299.6 37.5% 

Retail 38.1 51.5 70.2 97.5 137.8 199.7 39.3% 

Manufacturing 46.0 66.9 98.1 145.5 218.9 331.5 48.4% 

 

Table 15 below highlights the market proportion across various verticals. The proportion of 

Manufacturing vertical is expected to be 6.02% in 2013 and is expected to be 9.98% in 2018. 

 

Table 15: Streaming Analytics Verticals market share (%) 

Verticals 2013 2014 2015 2016 2017 2018 

Transportation and Logistics 8.96% 9.58% 10.23% 10.80% 11.25% 11.56% 

IT and Telecommunication 7.98% 8.23% 8.43% 8.65% 8.84% 9.02% 

Retail 4.98% 5.19% 5.38% 5.58% 5.79% 6.01% 

Manufacturing 6.02% 6.73% 7.51% 8.32% 9.19% 9.98% 

 

Table 16 below highlights the year on year growth trend of various verticals in the Streaming 

Analytics market. The revenue growth for Manufacturing vertical, in Streaming Analytics market, is 

expected to grow by 45.34% from 2013 to 2014. 

Table 16: Streaming Analytics Verticals market growth (%) 

Verticals 2014 2015 2016 2017 2018 

Transportation and Logistics 39.00% 40.30% 41.29% 41.96% 43.31% 

IT and Telecommunication 34.09% 34.51% 37.33% 39.35% 42.30% 

Retail 35.38% 36.27% 38.81% 41.34% 44.89% 

Manufacturing 45.34%  46.63%  48.30%  50.46%  51.49%  
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6.4 Data Analytics and CEP developments within DISRUPT 

Within this section the technical developed within DISRUPT is addressed and relevant elements inside 

the architecture are described in detail. Furthermore, the corresponding applications for the 

respective element are named and their purpose will be described. 

 

Figure 33: DISRUPT IoT Platform – Streaming Analytics + Data Prediction 

 

As can be seen in above Error! Reference source not found., this graph represents a section of 

the overall architecture of IoT platforms described above. The layers of Source Layer and Speed 

Layer are relevant for the Data Analytics and CEP developments within DISRUPT. On the Source 

Layer, all Event Sources from the IoT area are collected as described in the previous section. These 

sources include configuration data, information from cars and trucks, and many other data. The 

collected data is transferred to the Speed Layer via the Message Bus. In this case, the data / events 

must first be stored in the event store for further processing or run directly into the streaming 

analytics. The Message Bus is responsible for the communication between services. Within the 

DISRUPT project, the Universal Messaging application of Software AG is used at the position of the 

Message Bus. “Software AG Universal Messaging provides very high-performance, robust messaging, 

enabling communication of real-time data from and to any application, platform and device, including 
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Web, mobile, MQTT and numerous enterprise applications.”19 “Universal Messaging provides fast, 

guaranteed message delivery across all mainstream enterprise, Web and mobile platforms.”20 After 

the data has been transferred to the Speed Layer via the Message Bus, these are first stored in the 

Event Store. The Event Store can be, for example, Apache Hadoop. The data from the IoT Event 

Sources are stored here and made available for further processing. The Event Store will provide the 

data and events for Predictive Modeling Machine Learning. Applications such as KNIME, WEKA, SPSS 

and other statistical analysis programs are used. With the help of these programs and procedures 

such as neural networks, the data / events are then appropriately trained and made available to the 

Streaming Analytics. The trained data and events are then prepared via the Predictive Model 

Execution (PMML) for the streaming Analytics. Streaming Analytics uses the Software AG application 

APAMA. “The Apama Streaming Analytics Platform is built on an in-memory architecture that enables 

real-time processing of extremely fast, large data volumes—orders of magnitude larger than 

traditional database-based IT architectures. The platform captures data from any device with low 

latency.”21 Further features of APAMA in the field of Streaming Analytics are: 

 Connect to sources and destinations of streaming event data with low latency, high 

throughput 

 Cache static data for fast, in-memory access and event enrichment 

 Integrate with different event streams and app environments via a robust integration 

frameworks and hundreds of adapters 22 

 

As described earlier in the chapter "The Data Analytics and CEP module within DISRUPT", a 

distinction must be made between Predictive Analytics and Streaming Analytics. While Predictive 

Analytics uses a statistical forecast to develop a forecast, and a partial access to historical data, the 

Streaming Analytics is accessed for flow values and a real-time view is taken. Finally, the data and 

events are sent to the Service Layer via the Message Bus (Universal Messaging). The great advantage 

of this architecture is the persistent data retention. If, for example, the Event Store fails, the data is 

buffered during the exchange in the Message Bus. After successful exchange or repair, the buffered 

data are then transferred from the Message Bus to the Speed Layer. Thus, no important data and 

events are lost. 

 

6.5 Preliminary Exploitation Plan 

In the DISRUPT project Software AG acts as a technology provider. Hence experience gained will 

enable Software AG to gain a stronger position in the market of inter-site network virtualization and 

security management. Software AG has a Cloud offering already in its service portfolio and many 

customers today already rely on this offering as it provides reduced costs with a maximum on 

flexibility. With the results of DISRUPT this service will be improved in particular with respect to 

                                                

19 FS_Apama_Streaming-Analytics_2016-02.pdf 
20 FS_Universal-Messaging_2014-06-23.pdf 
21http://www.softwareag.com/corporate/products/apama_webmethods/analytics/capabilities/default.asp 
22 http://www2.softwareag.com/corporate/products/apama_webmethods/analytics/default.aspx 
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distributed management of cloud resources, efficiency of cloud systems, and service provisioning 

including scalability, resilience and security. This market segments it yet already with the focus but 

results will foster Software AG’s position in the market of cloud offerings. 

As the IoT market is expected to grow significantly within the next five years, DISRUPT will 

complement Software AG’s software portfolio – consisting of Location Analytics, Predictive 

Maintenance, Supply Chain Visibility, Energy Theft Detection, Smart Signage, and others – by 

introducing monitoring of distributed resources across different cloud instances aggregating the 

additional information and giving the right recommendations for scheduling mechanisms.  

As of today Exploitation plans don’t differ much from what has been stated in the project proposal. 
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7 Market for Meta-Modelling  

In this section we provide (i) a brief presentation of the modelling tools and modules to be developed 

within DISRUPT at their current form, (ii) their relation and role in addressing the user scenarios in 

the two manufacturing sectors, (iii) a market analysis of competitors and existing solutions in 

manufacturing, (iv) the expected TO-BE functionalities of such tools as part of the DISRUPT effort 

and (v) a preliminary exploitation plan of these new functionalities. 

The Modelling module within DISRUPT 

Conceptual modelling using graphical representations to describe relevant aspects of complex 

systems, is commodity when applying management approaches. There is a plethora of different 

concept models, especially in the domain of information science, which are used for different 

purposes like but not limited, documentation and visualisation, querying and analysis, simulation and 

forecasting or transformation and converting the models to be used in succeeding tools. We focus on 

the production process at the pilot plants with the aim to: 

 Observe the production processes and the relevant concerns. This results in identifying the 

intended change from the current is-situation to the intended future to be situation. 

 Design the process in relevant detail considering the supply chain, the plant processes or the line 

processes and extract domain knowledge where necessary and complementary provide estimated 

guess where appropriate. This results in a documentation of the production process. 

 Simulate the process using a petri-net based process simulation as a consistency checker before 

extracting the process models to a full-fletched plant simulator.  

 Export the process models with all related properties and artefacts to enable further processing. 

Initial exports are Web-platforms or handbooks that describe the production process and enable 

further knowledge extraction via collaboration. Focus will be set on the simulation and 

optimisation toolkit that can use the process models as an initial set of input before further 

detailing the models with simulation specific aspects. 

 Process KPI monitoring enables the link between designed Key Performance Indicators (KPIs) in 

form of a Scorecard-based Production Dashboard and the link to available data streams from 

plant sensors.  

 

Figure 34: Production Process Modelling Phases 

Figure 34 indicates this process modelling phases form real world observation, the conceptual 

modelling using process design and documentation, the process simulation for consistency checks, 

the process export for better elaboration and finally the import of sensor data and their semantic 

lifting towards Key Performance Indicators.  
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Figure 35: Modelling Module Architecture 

Figure 35 depicts the high-level architecture of 

the modelling module consisting of three layers, 

(a) the user interface layer, (b) the modelling 

tool layer and (c) the meta modelling platform 

layer. 

The user interface provides Web-interfaces to 

design, document, simulate and export process 

models, whereas the KPI monitor enables the 

import of sensor data and represents them in a 

dashboard. 

The modelling tool layer consists of so-called 

components providing different sets of 

functional capabilities. There is also an 

application programmable interface using a 

script language to enable the interaction with 3rd 

party modules. 

The core functional capabilities are the following: 

 Process Modelling: The production process can be modelled in different levels of detail. 

This component interprets the meta model that configures the modelling language and hence 

provide typical graphical modelling features like but not limited to drag and drop, create / edit 

/ delete of objects, connecting objects using bend points, entering properties, moving, 

zooming, searching and navigating between models.  

 Process Documentation: The production process can be documented in form of graphical 

models and extended textual description either to document the complex production system, 

or to methodologically support the generation of a simulation or optimization model. The 

documentation can therefore be in form of a static document like in a pdf or word format, or 

it can be a living document like in a content management system enabling the collaborative 

evolution of the model. 

 Process Simulation: The production process can be simulated to verify the complete and 

the quality of the model. After initially assessing the model of the production process it can 

be handed over to further detailing the simulation for production process simulation. 

 Process Import / Export: The production process and its corresponding concepts like 

resource allocation, KPI definitions, material flow etc. can be exported in an XML or JSON file. 

A generic transformation engine enables the transformation in any text-based format for 

further usage of the model. This will be used to enable model exchange with other 

components like the simulation and optimisation environment. The same mechanism can be 

used for the import. 

 Process KPI Import: The KPIs are modelled in the modelling environment, hence following 

a top-down approach. The sensor values need to be flexibly integrated to the corresponding 

KPI. Here a so-called lose-coupling approach is applied to flexibly connect available data to 

the corresponding KPI. Those values are then presented in the dashboard. 
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The underlying layer is the so-called Meta Model Platform that is realised with ADOxx. There are 

model repository enabling the creation, navigation and management of several thousand models that 

can be interconnected. This technology enables a reliable infrastructure for complex production 

processes. The repository is managed and accessed via the meta model management and the 

security blocks, whereas the configuration of the modelling language is introduced in form of the 

meta model. This meta model is developed in an own configuration language called ADOxx Library 

Language (ALL) and imported into the ADOxx. The modelling language consists of all relevant 

semantic primitives that are necessary to correctly describe the production process. It will use the 

SCOR and VRM to define the high level structure of the meta model and use available standards like 

BPMN to realise it. 

The development of this meta model depends on the required information from the simulation and 

optimization module and the intended usage of the models. The usage of the model is derived from 

the role of modelling in addressing the user scenarios, which are described in the next section. 

 

7.1 The role of Modelling in addressing user scenarios 

Conceptual modelling is typically used when human knowledge needs to be harmonized for a shared 

situation awareness. Different domain experts have different viewpoints and hence they complement 

each other’s perspectives to better describe complex systems. Often those different viewpoints also 

introduce a so-called semantic distance, hence different domains, different levels of details or 

different concerns. Conceptual models introduce different semantic primitives to correctly represent 

each perspective, in form of own modelling languages, modelling types, or model objects and 

introduce mechanisms to link the different viewpoint. Such a linkage is understood as a model 

weaving, that the start from the domain experts own viewpoint and enables navigation through the 

whole model that has been created by different viewpoints. In that respect, production process 

models are extracted from domain experts on different levels and for different purpose.  

In general, there are two purposes, either the model is interpreted by a human expert or by a 

software application. In case of a human interpretation the goal of modelling is to graphically 

represent the system, document the production process, visualise different scenarios or create a KPI 

dashboards. In case of a software application interpretation the goal of modelling is to support the 

formalisation of a knowledge base. In that sense the graphical representation of concept models are 

used to better interact with the domain expert, whereas those models are then mathematically or 

semantically formalised for calculations, optimisations or simulations.  

In the first step the intended goal of modelling needs to be identified. 
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Figure 36: Role of Modelling at CRF Use Case 

Figure 36 identifies the modelling intension:  

The final assembly of cars is modelled to 

prepare the production simulation to reduce 

the sequence breaks.  

In case of re-scheduling models should 

support the identification of alternatives and 

support the configuration of the optimizer. 

Inbound Logistics decision making should be 

supported by case mangement and 

simulations. 

This use case expects human readable production process models to (1) methodological support the 

generation of simulation models, (2) graphically document the complex system by including all 

required viewpoints in one interactive model repository, (3) provide input for identifying re-scheduler 

alternatives, (4) support the decision making in the inbound logistics and finally (5) display the KPI 

dashboard. 

 

 

Figure 37: Role of Modelling at ARCELIK Use Case 

Figure 37 identifies the modelling intentions: 

The assembly lines are modelled to 

methodologically support the simulation of 

the lines and to identify optimisation 

potentials via further atomisation. 

Key Performance Indicators are added and 

described to improve the monitoring of the 

production line. 

The behaviour of the production line and the 

resource / workforce alignment are 

described for a better allocation. 

Although both use case have different intensions, the role of modelling is similar as first the behaviour 

of the production system is observed, described and documented. In a second step the models are 

detailed for simulation or optimisation purposes and hence contribute to the decision support. Finally 

the sensors are identified and KPIs are formulated to realise a dashboard to create a management 

overview. 
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7.2 Market analysis of current solutions in manufacturing 

It is well stated that European manufacturing contributes with about 23% of European employment, 

has a turnover of 6.600 billion € and contributes by about 25% to the non-financial business 

economic value. The backbone are micro, small and medium enterprises providing about 45% of 

value added and about 59% of employment. Hence the underlying market potential is very 

interesting.  

However, the modelling module supports the management approach and hence targets only minor 

proportion of the overall market. In addition, the typical competition to full-fletched modelling tools 

are seldom another full fletched modelling tool but far more often a simple drawing tool – often 

referred as model editor like Visio, Converge, BizDesign or others – that allows to generate nice 

graphics but lacks of a proper repository and hence cannot interlink models, search, store, simulate 

or act as a central model container. The plethora of tools that in combination with other tools support 

the management starts from MS office products and range to specific add on editors that are offered 

from production management systems as an add on. 

Hence there are no concrete figures for that particular market proportion, but we expect that in the 

area of the digital innovation, the IT based management that supports (a) smart production 

management, (b) flexible business modelling as well as (c) smart metering has a growing potential. 

Our current offer for business process management is ADONIS, which can be used via the cloud. 

There are two main competitors (ARIS and Signavio) that provide a similar powerful modelling 

environment than ADONIS for business process management. The adaptation of business process 

management for production processes, would be a unique selling point. This unique selling point is 

foreseen to be realised under the product name ADOLOG. 

The underlying meta model platform is in the competition of three to five other platforms (Eclipse, 

Meta Edit, GME), whereas each of them have different benefits and drawbacks. However, only ADOxx 

and Eclipse have a world-wide community, whereas the Eclipse EMF community typically does not 

consider model repositories, hence their solutions fit challenges with less complexity. 

As an SME, BOC follows a customer driven approach, were we try to convince potential customers 

from our modelling tools on a project base. Hence, the exploitation plan will be to continuously 

integrate the production process specific parts into the software products and consultant services and 

hence stepwise strengthen the product till the extend that it is attractive for a new customer 

sequence. 

Initial awareness building on the expected results have already been started on product manager and 

managing director level.  

 

7.3 Modelling developments within DISRUPT 

The modelling module will be realized on top of a meta modelling platform ADOxx, hence core 

functionality like data persistence, model management, user management, and typical modelling 

features to design, import, export, visualise, query, simulate, verify or display a dashboard, will be 

provided by the underlying platform.  
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The modelling tool will therefore develop, map and extend the already provided concepts and 

features of the meta model platform for the needs of the production process modelling. This process 

is called Modelling Method Development and consists of three major elements as depicted in Figure 

38. 

 

Figure 38: Modelling Method Development Framework 

There are three elements, the (a) modelling procedure indicated in the middle of the picture, (b) the 

mechanisms and algorithms on the right, as well as (c) the modelling language on the left.  

The modelling language describes the meta model and hence will combine all required semantic 

primitives to correctly design the production process. Here we will start from BPMN and some initial 

extensions performed in the projects BIVEE and ComVantage and combine the different model types 

to a consolidated modelling tool with the aim to methodologically support the generation of a 

simulation and optimization model. Hence this meta model needs to consists of all relevant concepts 

from the meta model of the simulation model as well as from the meta model of the optimization 

model.  

In addition to those extensions and developments on the modelling language, the corresponding 

mechanisms and algorithms will be implemented. Those mechanisms and algorithms are based on 

the already mentioned core functionality of the meta model platform and hence deal with modelling 

support, export, interaction to the simulation, optimization or monitoring modules. 

The procedure is to collaboratively develop the aforementioned modelling languages and mechanisms 

and algorithms at the open ADOxx.org community. This enables the transparent development of the 

modelling prototype, including the modelling language and the mechanisms and algorithms within an 

open developer community and enables the creation of a sub-community that takes over the results 

of the project. 

Once the prototype is sufficiently stable in the open version, BOC will re-implement the prototype on 

their commercial platform enabling Web-Modelling and Cloud Deployment. Depending on the nature 

of the meta model, BOC decides either to realise the changes in form of “add-on” modules, which can 

be plugged-in into existing solutions, or if the meta model is so different to current solutions, that an 

own meta model will be realised. 
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7.4 Preliminary Exploitation Plan 

BOC’s exploitation follows it strategy depicted in Figure 39. BOC is a business consultancy providing 

software products and the corresponding consultant services in the area of IT supported 

management approaches. All BOC products are based on the meta modelling platform ADOxx and 

hence enable a holistic and integrative approach using one or several products. The continues 

evolution and improvement of the products and their corresponding consultant services, is realised by 

an open innovation approach called ADOxx.org. ADOxx.org is an open community with more than 

1.300 developers and more than 3.000 interested community members dealing with the 

implementation of modelling tools on top of ADOxx. Hence BOC as a huge interest to continuously 

trigger this community, by introducing new solutions, challenges and events in order to observe the 

interesting solutions, which will be then implemented in several prototypes towards project-solutions 

or even product extensions.  

 

Figure 39: BOC Exploitation Strategy 

The innovation and 

exploitation strategy of BOC 

is basically to use Research 

and Innovation – mainly in 

the area of EU-projects – to 

create new prototypes and 

new ideas, which are then 

integrated into the software 

products or consulting 

services.  

The path how an innovation 

is integrated is twofold, the 

open innovation path via 

ADOxx.org as well as the 

closed BOC internal one. 

The left side of the figure presents the ADOxx.org Open Innovation Community, which is actively 

served by EU projects such as DISRUPT by developing the projects results on open and public 

development spaces with the intension that the results can be used and further developed by any 

community member. The right side indicates the BOC internal innovation path, where prototypes are 

developed in a “laboratory like” environment. 

In DISRUPT we follow both paths, the development of the modelling prototype on top of ADOxx will 

be based on the results of the projects BIVEE and ComVantage and will be publicly developed within 

the ADOxx.org community. The current parallel running project GO0DMAN will contribute to this 

development. In parallel the BOC internal innovation path will be triggered by adapting the product 

ADONIS or ADOLOG to enable the methodological support of simulation and optimization of 

production processes. Hence the intended exploitation goal is to either adapt ADOLOG or to extend 

ADONIS – whatever is more appropriate to provide the solution to the customer.  
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8 Market for Simulation  

 

In this section we provide  

(i) a brief presentation of the simulation tools and modules to be developed within DISRUPT at their 

current form,  

(ii) their relation and role in addressing the user scenarios in the two manufacturing sectors,  

(iii) a market analysis of competitors and existing solutions in manufacturing,  

(iv) the expected TO-BE functionalities of such tools as part of the DISRUPT effort and  

(v) a preliminary exploitation plan of these new functionalities. 

 

8.1 The Simulation module within DISRUPT 

The role of simulation in the DISRUPT project is nicely depicted in the following figure. Simulation 

models are used to support decision making on operational level by starting from the current status 

on the shop floor or in the supply chain. Based on that and based on exceptions reported from event 

handling mechanisms, forecasts and assessments of different optional actions will be provided. 
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Figure 40: Simulation as part of the DISRUPT framework (Source: DISRUPT DoA) 

 

Figure 41 is showing the principal concept of such a simulation based forecasting module. The figure 

is indicating that an integration with MES (availability, quality information, locks), PLC (cycle times), 

and ERP (order information) level are necessary in order to supply the simulation with the required 

data. In deviation from typical simulations that support the mid-term manufacturing engineering 

process, short term operational decision support via simulation requires a quite accurate current state 

of the shop floor. Hence, an integration with monitoring and sensor-based data acquisition is a key 

success factor in order to start simulations based on a snap shot of the actual situation. 
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Moreover, it is envisioned to used simulation models on different levels of detail, e.g., rather rough 

models on a higher level of abstraction for supply chain or plant-wide analysis and more detailed 

models for forecasts, e. g. within a selected assembly area. Here, the approach of co-simulation 

comes into play to integrated different level simulations. It should be noted that the TRL of co-

simulation in manufacturing environments are rather low and that any demonstrations in that respect 

needs to be considered a success. 

 

Figure 41: Simulation-based operational forecasting 

 

 

 

 

8.2 The role of Simulation in addressing user scenarios 

Both end users, Arcelik and CRF envision user scenarios which lead to a quite clear role of simulation. 

In both cases, simulation would be incorporated whenever there are deviations between the schedule 

in place and the current situation in the factory due to whatever reason. 
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Figure 42: Scheme of CRF use cases indicating role of simulation 

Then, simulation would be used to assess alternative schedules created by the optimisation 

algorithms in place. More specifically, in the ARCELIK case (maybe also in the CRF case), simulation 

will also be used to assess the initial schedule generated for the next considered period (e.g. the next 

shift or the next day). In general terms, the main tasks for the on-line operational simulation models 

are 

 Assess short-term production schedules 

 Assess re-scheduling and/or contingency measures taken after exceptions/deviations from the 

original schedule 
 

 

8.3 Market analysis of current solutions in manufacturing 

There is a big number of simulation software packages for discrete-event simulation on the market as 

can be seen, e. g., in the survey presented bi-annually by Swain23. It is possible to try and classify 

these tools according to different criteria as shown in Table 17Error! Reference source not 

found.. 

  

                                                

23 Swain, J.J. (2015): Simulated Worlds. In: OR/MS Today, Vol. 42 (5), pp. 40-49. 
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Table 17: Taxonomy of selected discrete-event simulation software packages 

 

 

 

Originally, almost all discrete-event simulation software packages focus on supporting mid-term 

manufacturing engineering and systems engineering questions. The second most common reason for 

using simulation models is to support the ramp-up of real-world production control systems 

(discussed under the terms virtual ramp-up or emulation)24. Only a small number of simulation 

applications is actually supporting daily business. This is confirmed by two surveys each of which is 

summarizing than 200 publications2526. 

The single most important criteria when it comes to supporting daily operational planning and the 

features required in the DISRUPT project are openness, i. e., ease of integration of the simulation 

with the DISRUPT platform via interfaces. However, even a focus on one criteria does not lead to a 

straight forward selection of one simulation software package. In this respect, it is necessary to 

consider the constraints of the end users as well. This will be discussed in the next section. 

8.4 Simulation developments within DISRUPT 

After the workshops on user requirements in the first month of the DISRUPT project, the 

development tasks for simulation are starting to shape: 

                                                

24 Johnstone, M; Creighton, D; Nahavandi S.: Enabling industrial scale simulation / emulation models. In: Henderson, S.G.; 
Biller, B.; Hsieh, M.-H.; Shortle, J.; Tew, J.D.; Barton, R.R. (eds.): Proceedings of the 2007 Winter Simulation Conference. 
IEEE, Piscataway 2007, pp 1028-1034. 
25 Smith, J.S.: Survey on the use of simulation for manufacturing system design and operation. Journal of Manufacturing 

Systems 22 (2003) 2, pp 157-161. 
26 Jahangirian, M.; Eldabi, T.; Naseer, A.; Stergioulas, L.K; Young T.: Simulation in manufacturing and business: a review. 

European Journal of Operational Research 203 (2010), pp 1-13. 
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 Define and implement simulation models for the CRF and the Arcelik scenarios (as generic as 

possible) 

 Define and implement interfaces to other discussion support technologies (optimization, data 

collection) 
 Define and implement interfaces to DISRUPT platform 

 Test and deploy demonstrator simulations for the user scenarios 

 Generalize solutions for other customers/industries (needs to be taken into account throughout 

the whole concept phase!) 

With respect to the simulation software package, there is a clear preference forming in the project 

towards the tool PlantSimulation from the software vendor Siemens PLM, since both end users are 

already using this software and since SimPlan as technology provider is also able to support 

implementations based on PlantSimulation. 

It should be noted again, that the main novelty of the DISRUPT simulation solution it the consequent 

application of discrete-event simulation as short-term operational decision support system. The 

interface with the user interface provided by the platform and with the data (also provided and 

collected by the platform) will be key to success. 

 

 

8.5 Preliminary Exploitation Plan 

The main part of exploitation of the DISRUPT simulation solutions is taken by SimPlan as technology 

provider in the field of discrete-event simulation. Currently, there is no major change in the 

exploitation plans compared to the DoA. SimPlan will offer additional services based on the DISRUPT 

solutions and strives to increase software license sales. 

An interesting additional exploitation plan was not envisaged during the proposal phase but came up 

during the requirements and modelling workshops with BOC. A close interaction between BOCs 

business process modelling and simulation modelling might lead to a step forward towards more 

structured conceptual modelling processes, one of the current research challenges where only 

solutions at low TRL are available. 
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9 Market for Integration and Platforms  

 

In this section we provide a discussion analogous to the one in the previous sections but regarding 

integration and platforms 

9.1 Platform and integration of modules within DISRUPT 

The DISRUPT platform is the core part of the project that facilitates the implementation of the 

workflows, on which the DISRUPT stakeholders will act, in order to develop their manufacturing 

activities in the context of the defined business cases. The platform integrates a variety of 

components and tools through a distributed Service-Oriented-Architecture (SOA) approach. The core 

of this platform is the Controller on the Cloud, which will act as the orchestrator is this service-based 

environment. In addition to it, the platform exposes the CloudBoard, a cloud-based dashboard 

hosting the resulting visualisations of the functionalities offered by the various service components 

and tools, which are integrated into the platform. Although, within DISRUPT, we exhibit the 

appropriate expertise for this kind of a service-based platform development and integration, the 

current maturity of this DISRUPT software is still on the technology conceptualisation level. 

 

9.2 The role of integration and platforms in addressing user 

scenarios 

The DISRUPT platform and the integration services will be in the forefront of the end user validation. 

The platform integration components play a key role in the implementation of the business cases and 

the validation of the respective business goals. Especially, the CloudBoard is the user interaction 

component and will reflect the efficiency and usability of the platform to meet the expectations of the 

involved stakeholders from the automotive and the household appliances and consumer goods 

industries. Of course, the CloudBoard is the interaction interface with the users, but the whole set of 

integration components will have a significant role in realising the results of the DISRUPT offerings in 

the implementation of the user scenarios. 

Through the platform integration components, the participating end users in the automotive and the 

household appliances and consumer goods industries will be able to: 

 Have an overall view of the resources in the CSP operations and the existing systems, which are 
made available to properly configure their manufacturing planning processes; 

 Access the results of complex data analytics to assess the impact of the current plans, being 
operated in their manufacturing environment, on meeting their business goals; 

 Receive support in making efficient decisions on the calibration of their planning processes by 

exploiting innovative modelling, simulation and optimisation technologies. 
 Manage and control the optimisation planning workflows through selective use of tools and 

services offered within the DISRUPT platform. 

This is a set of key features that the DISRUPT platform integration will offer towards supporting the 

implementation of the user scenarios, their expected business goals and the respective key 

performance indicators. 
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9.3 Market analysis of current solutions in manufacturing 

Market Trends 

Manufacturing is reflected as an important factor for the European economy and the societal 

development and growth. The socio-economic and financial numbers, as well as the predictions 

towards 2020, highlight the need for further IT support in this sector. This is well presented in the 

EFFRA policy report for the Factories of the Future27, which develops around the key research and 

innovation priorities as the roadmap for the manufacturing 2030 vision. In this report, the role of ICT 

technologies in effectively addressing the evolving requirements of the manufacturing sector is 

stressed for the development of the factories of the future. As stated there, ICT aspires innovation in 

the manufacturing intelligence through enabling the management of huge volumes of data being 

collected from collaborative supply networks and connected devices and optimising the 

production planning and scheduling. 

In 2016, a comparative analysis of the SCM solution vendors shows up the top 20 supply chain 

software suppliers, based on revenues28. According to this analysis, supply chain execution and 

planning software grow faster than other areas, reaching a total of almost 11% gain each. The top 

software solution providers are listed in this report, showing up that, although Gartner predicts an 

evolving growth of 9.5% for the compound annual growth rate (CAGR) in next five years, the 

expected revenues of $16.283 billion in 2020 might be captured by the market leaders.  

However, the integration of multimodal and multisource data from various systems involved in 

the manufacturing operations chain will significantly impact the SCM software in the coming 

years. This is reflected in the Global Manufacturing Outlook 2016 published by KPMG29, in which the 

exploitation of Internet of Things technologies and analytics are arisen as key areas of investment for 

the respective sectors (see Table 18). These technological priorities will advance the competitive 

advantage of the manufacturing organisations, towards enhancing the productivity of the factory 

plant and effectively address the environmental changes, such as customer orders. This will enable a 

clear motivation for data-driven factories of the future30, through the technological transformation of 

the manufacturing processes, starting from key area of focus. 

 

                                                

27http://www.effra.eu/attachments/article/129/Factories%20of%20the%20Future%202020%20Roadmap.pdf 
28 http://www.mmh.com/article/top_20_software_suppliers  
29 https://home.kpmg.com/content/dam/kpmg/pdf/2016/05/global-manufacturing-outlook-competing-for-growth.pdf  
30 http://www.strategyand.pwc.com/trends/2016-manufacturing-trends  

http://www.effra.eu/attachments/article/129/Factories%20of%20the%20Future%202020%20Roadmap.pdf
http://www.mmh.com/article/top_20_software_suppliers
https://home.kpmg.com/content/dam/kpmg/pdf/2016/05/global-manufacturing-outlook-competing-for-growth.pdf
http://www.strategyand.pwc.com/trends/2016-manufacturing-trends
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Table 18: Technological priorities in the supply chain for 2017. 

 

Existing Solutions 

We here briefly introduce some of the solutions listed in this report, as well as other commercial or 

open source software solutions. 

SAP31 is leading the market of providers for manufacturing software. The solution offers real time 

visibility into the business operations in manufacturing through an integrated platform for MES, MRP, 

and ERP that aim to optimize the entire manufacturing process, from production planning, project 

management, process scheduling, and compliance, to mobile supply chain management. 

Oracle offers a complete solution32 for end-to-end SCM, through products that automate processes 

along the product lifecycle management, the supply chain planning, the procurement, the logistics, 

the     order management, the manufacturing and maintenance management. 

                                                

31 http://go.sap.com/solution/lob/manufacturing.html 
32 https://www.oracle.com/applications/supply-chain-management/products.html 
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JDA33 provides adaptive manufacturing solutions for a variety of industrial cases. The software covers 

many aspects of a supply chain demand cycle, giving emphasis on manufacturing planning and 

category management. 

EPICOR34 is a complete ERP solution that serves multiple sectors, including manufacturing, aiming to 

streamline business processes and break down barriers to growth, while remaining agile for rapid 

response to customer demands and evolving markets. EPICOR offers a complete set of tools to 

maximize utilization of resources for optimum scheduling, performance, and profitability. 

Kinaxis is a cloud-based SCM software for supply chain planning products. Through their 

RapidResponse product35, they add supply chain analytics for enhancing decision towards a faster and 

multi-tier planning. 

Siemens has developed the Manufacturing Operations Management Software product suite36 that 

addresses, among others, manufacturing execution systems (MES) and advanced planning and 

scheduling (APS). More specifically, Siemens offers the SIMATIC IT Production Suite, which is a plant-

centric IT solution and combines a business process modeler with a collection of highly-integrated 

components for MES. In APS, Siemens offers SIMATIC IT Preactor, which analyses and calculates 

alternative production scheduling scenarios, taking into account a range of manufacturing constraints 

and business rules. 

Javelin37 offers an intelligent manufacturing resource planning software, which provides functionalities 

for optimising the scheduling and production planning through comprehensive scheduling, which is 

transparent to any data import or export. The software works on “what if” scenarios and provides a 

dashboard for monitoring and controlling scheduling of the manufacturing processes in real time. 

Another solution is provided by MRPEasy38, which facilitates resource planning for manufacturers and 

distributors. Through a cloud-based deployment, this platform supports manufacturers implementing 

the functionalities across all the CRM, inventory management, SCM and production planning 

operations. 

IQMS39 offers a set of software modules for material requirements and resource planning, master 

production schedule and advanced planning and scheduling system. The modules harvest real time 

from events occurring throughout the supply chain to deliver production scheduling and automate 

operations for manufacturing and ERP. The transactions being recorded in the software are analysed 

to determine the optimal schedule that meets both the lean business objectives and the customer 

demands. 

                                                

33 https://jda.com/industries/manufacturing 
34 http://www.epicor.com 
35 http://www.kinaxis.com/en/product/cloud-based-scm-platform/ 
36 http://www.plm.automation.siemens.com/mom/ 
37 http://www.javelin-mrp.com/ 
38 http://www.mrpeasy.eu/ 
39 http://www.iqms.com/products/erp/manufacturing/scheduling/ 

http://www.kinaxis.com/en/product/cloud-based-scm-platform/
http://www.plm.automation.siemens.com/mom/
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Plex40 is another solution for advanced planning & production scheduling, which integrates 

functionalities for making advanced planning and scheduling trade-off decisions. The cloud-based 

platform allows sharing level-load production across alternative work centres and optimizing 

manufacturing production runs, alleviating major cost and time conflicts in the process. 

Acmondata offers Tracepro41, another production planning and scheduling tool that maps customers' 

needs into production planning. The platform helps operations, management, and engineering staff to 

identify the necessary resources to meet customer needs at an appropriate cost. These resources 

include (but are not limited to) factories, plants, departments, production lines, machines, tools, 

materials and labour. 

Frepple42 is another solution for capacity planning and scheduling in SCM. This open source software 

integrates resource capacities, personnel availability, material availability and lead times to develop 

constrained production plans that can easily be shared across the departments of a manufacturing 

organisation. Through Frepple, the respective business sectors aim to improve the productivity of the 

planning tasks in order to meet the delivery of customer orders and be responsive to demand and 

supply changes that affect the SCM operations. 

Buddy43 is a multi-purpose IoT data management platform, which offers a cloud environment for 

accessing, processing, analysing and managing the data generated by millions of connected devices, 

appliances and sensors. In the manufacturing sector, the platform facilitates data processing for 

operations optimisation, predictive maintenance and inventory optimisation and offers integration 

with other business systems, which can further harvest this data. 

Apart from commercial solutions facilitating the manufacturing operations, the Smart Manufacturing 

Leadership Coalition (SMLC) has developed and released an open Smart Manufacturing Platform44, 

which integrates existing and future plant-level data, simulations and systems. The platform supports 

real-time, high value applications for manufacturers to optimize production systems and value chains, 

as an attempt to improve sustainability, productivity, quality, innovation and customer-service. This 

marketplace enables manufacturing companies of any size to seamlessly access modelling, simulation 

and analytical technologies in an easy and affordable way, in order to develop cross-industry 

business-case requirements. 

Key future challenges 

The next generation of integrated solutions and platforms for smart manufacturing will employ ICT 

technologies that impact the way that data coming from the factory plant and the physical world are 

stored, mined and analysed to harvest advanced reasoning of the data value in the manufacturing 

processes and comprehensive monitoring and visualisation. Such data can be integrated in the 

context of cloud-based open services platforms that will facilitate modelling, multi-level simulation and 

analytics for improving production quality and throughput. On top of that, factories of the future 

                                                

40 http://www.plex.com/products/manufacturing-operations-management-mom/advanced-planning-production-scheduling-

software.html 
41 http://www.acmondata.gr/manufacturing/production-planning-scheduling 
42 https://frepple.com/production-planning/ 
43 https://buddy.com/ 
44 https://www.smartmanufacturingcoalition.org/open-platform-smart-manufacturing 

https://frepple.com/production-planning/
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envision the deployment of complex event processing techniques that enhance machine and 

production state detection and analytics across the supply networks and the production lines. 

Through cloud-based data collection and analysis, the next generation of manufacturing processes 

will be enhanced with integrated and cloud-based decision making platforms that aggregate the 

collective impact of the on the field monitoring of IoT devices with modelling, simulation and adaptive 

optimization techniques.  

According to the IDC survey45 on the future for cloud-based supply chain management (SCM) 

solutions, conducted on behalf of Oracle, the perceived strategic advantages from the deployment of 

SCM software lie in the implementation of customer centric processes, the optimisation of the 

end-to-end supply chain processes, the increase in operational efficiency, the improvement 

in productivity and the cost savings. The market needs will result in an increase of the cloud-

based SCM solutions, with the product lifecycle management and the logistics-global trade to 

experience the most growth. However, the undoubtable advantages of cloud-based SCM products, 

such as faster implementation and improved customer service, raise concerns regarding security of 

the cloud-based manufacturing environment, as well as regarding the disruption both on the IT 

infrastructure and the business operations levels. 

 

9.4 Platform developments within DISRUPT 

Within DISRUPT, the required platform and integration development will be performed, which focus 

on the implementation of the back-end Controller on the Cloud service orchestrator and the front end 

CloudBoard interface. More specifically, the DISRUPT Controller on the Cloud offers the interfaces for 

the connection and interoperability of the various individual tools and components into a single 

platform. Through the development of this service orchestration infrastructure, the integrated 

DISRUPT platform will allow communication of row data, analysed complex events and respective 

business information and knowledge. All this is delivered to the CloudBoard that provides the user 

interfaces for the decision makers in making assessments and decisions on the planning of the 

resources on the plant floor level and across the value chain.  

The CloudBoard will be a modern cloud dashboard that will provide an aggregated inspection and 

view of the functionalities implemented through the DISRUPT platform. As such, the CloudBoard will 

both facilitate visual assessments on the operations happening across the production planning 

ecosystem and trigger functionalities for decision making with respect to reactions to low level 

expected and unexpected events or user-triggered actions. Through this view, the platform will offer 

the stakeholders the control over the data flows among the DISRUPT components and tools and with 

the various interconnected systems. 

The Controller on the Cloud will integrate the different pieces of the whole manufacturing process in 

the form of semantically analysed objects. All the major factory modules will be modelled within the 

platform, so that DISRUPT can provide integration along three directions, namely, horizontal 

integration across the manufacturing organisation, vertical integration of different production modules 

                                                

45 https://www.oracle.com/applications/supply-chain-management/  

https://www.oracle.com/applications/supply-chain-management/
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and cyber-physical objects, and cross-boundary integration to cover the full lifespan of the product 

line assets. The platform will allow the decision makers in the respective business end user 

organisations to model the actual manufacturing unit and its value chain relations with the various 

interconnected resources in the context of the manufacturing planning processes, such as materials, 

human actors, product parts, machines and connected manufacturing systems. 

The Controller on the Cloud will receive events both from an analysis of the data collected from the 

various machines, as well as the interconnected systems, which may have an impact on the 

production planning. Through self-learning and self-adaptation mechanisms, the Controller on the 

Cloud component will be able to harmonise the collected multi-source data and information and feed 

it to the modelling, simulation and optimisation services and tools of the platform. This will be 

enabled by reasoning on the received events and the analysed multi-source data, upon which this 

platform and integration component will extract appropriate production and efficiency features per 

manufacturing system, process and production unit/machine and enact the corresponding processes 

in response to such events, either through the Decision Support services or the Cyber–Physical 

Operations tools. 

Apart from the Controller on the Cloud, the platform offers interfaces to the external ecosystem, 

either being the resources and the systems within a factory setting or outside of it, but with an 

impact on the factory production planning. In order to gain from these real-time changes and assess 

their impact on the manufacturing planning processes, the platform allows the virtualisation of the 

actual setting under which the factory's production is implemented and works on top of it by 

integrating data and knowledge coming from the factory existing SCM and ERP systems. 

The integrated DISRUPT platform environment will be eventually a marketplace of virtual machines, 

models, tools and services for software developers, technology and machine providers that will be 

able to develop their solutions upon the DISRUPT offerings. This marketplace like approach will 

strengthen the business proposition of the DISRUPT cloud-based platform, as these stakeholders will 

have access to concrete technology specifications for manufacturing planning and functionally 

complete software implementations, with references to example scenarios and possibly datasets for 

further use and exploitation (according to specific terms and conditions) in their business cases. 

 

9.5 Preliminary Exploitation Plan 

The main exploitation objective for the DISRUPT platform and integration is to provide a cloud-based 

collaboration infrastructure that will integrate advanced data analytics, CPS operations and decision 

support tools, based on modelling, simulation and optimisation of the manufacturing planning 

processes. As reflected in section 9.3 , a plethora of commercial solutions for the manufacturing 

domain exist, but this market lacks of reliable and scalable open source software offerings, which 

could be offered to relevant organisations of any size. 

ATC is one of the DISRUPT partners with significant experience in the field and considerable presence 

in this market with industrial level solutions, based on the Epicor platform. The company has 

developed vertical solutions, addressing the specific functionality requirements of the following 

markets: (a) Shipping, (b) Media CRM, (c) ERP for Publishing, (d) “Traceability” for agricultural 
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products and (e) its flagship suite of software, “Financial Oriented Solutions (FOS)” for Banking and 

Financial institutions. To this end, ATC can play an important in the exploitation of the DISRUPT 

integrated platform, as a Software-as-a-Service (SaaS) solution, which offers research strength 

solutions for the manufacturing planning, based on data collected from multiple sources and the CSP 

operations. This will be enabled through a joint exploitation and commercialisation strategy, which 

has been already drawn from all the DISRUPT Consortium and will be materialised in the course of 

this project. 

The SaaS-based DISRUPT offering will be the basis for future commercial development and 

integration with existing commercial solutions. The followed SOA approach will allow flexible 

expansion to new functionalities, addressing the current trends in both the manufacturing and other 

target markets, while it will enable the technology partners to expand their knowledge and expertise 

in cloud oriented technologies supporting the implementation of business processes in the fields of e-

Supply Chain Management and e-Collaboration. Further to it, the alignment of the DISRUPT platform 

to the current industrial standardisation landscape in manufacturing, like the Industrie 4.0 Reference 

Architecture, will allow us to target a new forming business sector and implement a sustainable and 

realistic commercialisation plan, once the integrated platform development takes the form of a 

commercially strength product. 



 

Manufacturing cases elucidation and market analysis 
D1.2 

 
 

 

  

87 
 

  

10 Market for Optimisation Tools  

 

This section discusses the role of optimisation modules in DISRUPT and the anticipated research 

advances. 

10.1 Optimisation modules within DISRUPT 

The optimization module that will be developed within DISRUPT seeks to address mid-term aggregate 

planning, short-term production scheduling and real-time re-scheduling problems: 

 The aim of aggregate planning is to determine the master production schedule, to set the 

production quantities per week for each SKU, to allocate resource and to decide the shop floor 
layout.  

 The aim of short-term production scheduling is to generate high quality baseline schedules, 

i.e., to sequence the production orders, to assign orders to machines and to allocate resources 

per assembly line.  
 The aim of real-time re-scheduling is to update and optimize the currently active schedules 

and to react timely towards expected or less expected disruption events that may occur. 
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Figure 43: Optimization as part of the DISRUPT framework (Source: DISRUPT DoA) 

 

The workflow between all modules of the DISRUPT framework is shown in Figure 43. On a first stage 

the optimization module using input data from the ERP/MES, specific user defined parameters, 

objectives and other metrics, as well as historical and real-time data from the monitoring system (or 

the ERP/MES), will generate production schedules and (if needed) a specific set of responses/actions 

to be taken by the planners and the line managers. The generated schedules should pass a series of 

feasibility and other types of checks in order to ensure their applicability, while the co-simulation 

module can be used for further evaluation. Overall the goal is to maximize utilization, maximize line 

efficiency, minimize tardiness and minimize number of late orders. On the other hand, as new input 

data arrives (from the monitoring system or the MES), the deviations from the planned values are 

treated as disturbances and they return as feedback to the optimization module. On return, the 
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optimization module seeks to adapt to the changes and to re-optimize the current schedule (minimize 

reconfigurations and changes on the currently implemented schedule). This procedure will loop in a 

timely manner (or will follow predetermined decision epochs) providing continuously feasible updated 

and optimized production schedules. 

The main attributes regarding the optimization module are: 

 De-centralized, scalable and modular algorithms able to generate high quality (close to optimal) 

solutions within short computational times  

 Easy integration, interoperability and seamless communication with other modules or existing 

production systems 
 Generation of production plans and detailed schedules for complex and large scale manufacturing 

and assembly systems, taking into account the available assets and resources, the operational 

realities and various types of hard and soft constraints. 
 Robustness and flexibility to withstand to changes / disruptions 

 Allow real-time rescheduling and perform quickly and efficiently what-if scenarios 

 Ability to customize part of the plans and schedules 

 

10.2 Optimization developments within DISRUPT 

Most planning and scheduling problems are hard to solve (NP-Hard) and exhibit a combinatorial 

structure; hence, they cannot be addressed with traditional exact mathematical programming 

approaches. In addition, planning and scheduling problems for large manufacturing environments 

with multiple constraints, objectives, parallel multi-purpose (flexible) machines and complex shop 

floor layouts / configurations, are almost impossible to address in a timely manner using conventional 

off-the-shelf generic approaches.  

To effectively handle the high complexity and large scale nature of these problems, the developed 

optimization tools will incorporate metaheuristic algorithms. More specifically, emphasis will be given 

on hybrid algorithms that will exploit heuristic problem decomposition schemes and will combine 

evolutionary algorithms with trajectory local search methods or exact mathematical programming 

techniques for solving smaller subproblems.  

There is a rich literature46,47,48 on the design, development and implementation of algorithms for 

generating aggregate plans and detailed production scheduling solutions. A wide variety of 

mathematical models and algorithmic frameworks has been proposed. However, most papers address 

simplified problem variants compared to those that appear in the manufacturing environments of the 

DISRUPT end-users. In particular, there are very few works on rich flexible hybrid job shop problems 

with mixed assembly lines, limited buffers and bypasses. Furthermore, it also seems that commercial 

systems employ mainly simplistic heuristic approaches (based on dispatching rules such as shortest 

                                                

46 Baldea, M. : Integrated production scheduling and process control: A systematic review. Computers and Chemical 

Engineering 71 (2014) 377-390 
47 K. Biel., C. Glock: Systematic literature review of decision support models for energy-efficient production planning, 

Computers and Industrial Engineering 101 (2016) 243-259 
48 K. Genova, L. Kirilov, V. Guliashki : A survey of solving approaches for multiple objective flexible job shop scheduling 

problems, Cybernetics and Information Technologies 15 (2015) 2 3-22 
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processing time, earliest due date and first in first out), often with questionable performance and 

scalability. This creates significant research opportunities to go well beyond the current state-of-the-

art. To our knowledge only a handful of papers appear in the literature that are able to address so 

rich and complex problems such as those presented within the DISRUPT setting.  

In addition, flexibility and robustness is not considered at all. Robust schedule generation is one of 

the most important features for our optimization modules. Its aim is to apply theoretical and 

methodological advances in the area of static robust optimization. By creating robust base schedules 

of production, the rescheduling process becomes easier and the amount of schedule changes is 

minimized. Multiple order changes for example are a daily struggle and they are dealt with continuous 

production schedule patches, which most of the times lead to late order delivery times. Robust 

scheduling will anticipate for such events, which are known to occur often during production and 

therefore provide schedules which will be able to absorb such disturbances by the time they happen. 

A set of rules (e.g. schedule less flexible jobs at first, do not postpone any operation unnecessarily) 

as well as relative measures (e.g. the slack time between a job completion time and its respective 

due date can be used on bottleneck machines) can be implemented in order to provide as more 

flexible schedules as possible that have all the desired characteristics of a robust solution. 

Besides proactive scheduling, real manufacturing conditions require rapid adoption to real-time events 

that occur while production is running. Uncertain, random or unknown input parameters during the 

basic scheduling stage should be handled in a timely fashion during rescheduling stages and 

therefore the optimization module should be able to react as fast as possible to those events. The 

goal is to revise the current master schedule accordingly in order to adapt to the changes or the 

simulated status of the production floor and provide a new schedule that will absorb all disruptions 

(e.g. new orders, machine breakdowns, raw material shortages etc) with as few changes as possible 

to the current plan. 

The scheduling problems that arise from DISRUPT use cases may also have multiple objectives and in 

addition, depending on the demand or the market, objectives may change as well over time. The 

optimization module will generate schedules that can support a vast collection of scheduling 

objectives (e.g. min. of total flow time, min. of total setup time, min. of total change over time, max. 

of production capacity) and it will be able to combine them either in a hierarchical or in a multi-

objective manner in order to serve cases where multiple objectives need to be satisfied 

simultaneously.  

 

10.3 The role of Optimisation tools in addressing user scenarios 

The manufacturing environment of the DISRUPT end-users (Arcelik and FCA) can be seen as a 

flexible job shop floor with multiple machines, assembly lines, and a wide variety of hard and soft 

operational realities. The production plant is equipped with a set of machines and has to produce a 

collection of products by using these machines. Products are generated by performing a set of jobs. A 

job is composed by a set of operations to be performed by the machines. Planning refers to the 

allocation of product lots to time periods and the handling of orders and inventories of both parts and 

final products. Scheduling is the allocation of operations of orders to machines and the determination 

of order sequence and the start/finish times. Overall, the underlying problem settings are the same 
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for both end-users; however, there are also significant differences that require special attention and 

handling. 

More specifically, the constraints that may appear in the manufacturing environments of DISRUPT 

end-users can be described as follows: Firstly, the production orders are considered as jobs for 

completion and may consist of multiple sub-operations that need to be scheduled to production 

machines and be completed in a particular order so that the job is completed as well. This order of 

execution should not be violated and it implies specific precedence constraints which have to be 

satisfied by the generated schedule. Material availability constraints will make sure that production of 

a particular product will be scheduled only if the necessary input materials are available. Line load 

balancing constraints will provide the necessary information required so that there is a careful way of 

queuing semi-finished products in assembly or testing lines in order to avoid imbalanced situations 

and make sure that there is an equal amount of work assigned on all available lines of production. 

This has to take into consideration the available workforce per line which may vary depending on the 

shift, the time period etc. Machine availability constraints make sure that production is scheduled only 

on machines that are available and have all the necessary tools needed for completing the operation, 

which will lead to a balanced load on all production machines and will also avoid scheduling on 

incapable or unavailable machines due to unexpected events (e.g. machine breakdowns). Machine 

availability constraints combined with real-time scheduling capabilities and real time monitoring 

information from the shop floor will help the optimization module to generate schedules that are 

feasible and aware of the status of the machines on the shop floor. Machine load balancing will also 

be aided from taking into account WIP buffer inventories around the shop floor. The optimization 

module will also support utility constraints (e.g. electricity). 

Below, specific characteristics of each end-user are described that partly dictate the elements, 

characteristic and functionality of the optimization modules. 

ARCELIK manufacturing environment involves a lot of production machines with specific tool 

capabilities and WIP (work-in-progress) inventories, capacity material and resource constraints, 

unpaced assembly lines with bypass features, line balancing of the manual and test lines and high 

setup and changeover times. Since there is a very high chance of rescheduling after the main 

schedule has been applied, it is very important that the basic schedule is as robust and flexible as 

possible. In addition, for the specialized handling of Arcelik use-cases, the optimization module will 

feature bypass capabilities as a part of its scheduling process. It is very common in the PCB industry 

the fact that different SKU types are not following exactly the same paths in the shop floor and very 

often stages of production can be skipped and semi-finished products can be moved to further stages 

(assembly or testing). Bypassing will be incorporated to the optimization module so that the WIP 

inventories as well as the line capacities of the schedule will reflect the shop floor as accurately as 

possible. Also each group of SKUs requires its own shop floor setup (manual/test lines) as well as the 

reconfiguration of the machines which is a time consuming process. More precisely the total time 

needed for the reconfiguration depends on: the idle time involved between every program change on 

an automated assembly line, the necessary setup time required for the new product type and the 

time required to reconfigure the machines on the test lines. It is very important to optimally allocate 

the production orders so that the total setup and changeover time will be minimized and this is why 
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the accurate consideration of the setup times as well as the machine idle times will be incorporated to 

the optimization module as well.  

Another important problem in Arcelik use-cases is the very high probability of customer order 

changes, a lot of which may be urgent orders and need to be handled immediately. This demands a 

heavy modification of the current production schedule, which most of the times causes late delivery 

times. Finally, multiple objectives must be considered.  

 Minimization of the make span (or the total flow time) 

 Minimization of the total changeover times 

 Minimization of the due dates violation 

Many more objectives (KPIs) can be defined and implemented such as the number of late jobs, the 

total machine idle time, due date related KPIs and more. The optimization module will feature both 

hierarchical and multi-objective ways of satisfying schedule objectives and those options will all be 

available to the end user. 

FCA manufacturing environment can be seen as a paced assembly flow shop with capacity, material 

and resource constraints. Extra attention must be paid to the limited level of the safety stocks. In this 

particular problem assembly procedures require a very large number of components and sub-

assemblies. Therefore, due to unpredicted events (e.g. material failures during quality control) or 

spikes in the demand for particular products there is a very high chance of stock-outs to occur that on 

return halt the production, lead to extra logistics costs and require product swapping on the assembly 

line. In order to address the production problems, the quick rescheduling feature of the optimization 

module, will allow the rescheduling of production, being aware of all the available materials and 

resources and in the meantime being as robust as possible. 

The second FCA use-case is dealing with an aggregate planning problem amongst multiple production 

worldwide scattered plants. There is a constant feed of parts from external partners as well as other 

FCA part manufacturing plants that supply the vehicle assembly plants with parts in order to initiate 

production. The optimization module should provide robust solutions that will try to ensure the safety 

stock levels and minimize the supply and logistics costs as well as the stock-outs. 

 

10.4 Market analysis of current solutions in manufacturing 

An extensive search has been conducted to capture the most popular available market options that 

seem to provide optimization capabilities for the DISRUPT end-users. All the listed options refer to 

ERP and MES solutions that provide production planning and scheduling functionalities together with 

modules for accounting, supply chain management, logistics, warehousing, customer relationship 

management and so on. Based on the available information, Table 3 was assembled in order to 

gather all optimization features of the software as advertised. 

 

As shown in Table 19, most systems seem to have the necessary functionality for the DISRUPT use 

cases but none of them provides all the needed components. The majority provides generic 

production planning and scheduling capabilities as well as assembly lines and labour management; 

however, it is mostly based on simple heuristic scheduling and dispatching rules (e.g. shortest 
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processing first, earliest due date etc). Fewer market options provide simulation and aggregate 

production planning capabilities over multiple production facilities as well as real-time production 

scheduling and optimization. The two least advertised features are robust optimization and WIP 

inventory management, which is a sign of the lack of specialized optimization solutions in the market. 

 

Table 19: Optimization features of most popular ERP and MES solutions 

 Software49 

Features IQMS PIMSS TACTIC PLEX E2 SHOP EXACT EPICOR SYSPRO NETSUITE 

Labour Constraints x x x x 
 

x x x x 
Real-time Optimization x 

 
x 

  
  

x x 
Assembly Line Mgmt. x x 

 
x x x x x 

 WIP Inventory Mgmt. 
 

x x 
 

 
x 

   Robust Optimization x x 
   

 
x 

  Separated Planning & 

Scheduling Modules x x 
 

x x x x x x 

Risk Analysis & Simulation 
 

x x x 
 

  

x x 

Multiple plants x 
 

x x 
 

 

x 

 

x 

 

There is no guarantee that all advertised features would be operational on DISRUPT use-cases out of 

the box. It is also likely that most of the market solutions do not provide the necessary flexibility for 

customizations which is another important feature for the DISRUPT end-users. Based on the available 

advertised information, it seems like there is no real optimization applied on the production schedules 

and the effectiveness and efficiency of the algorithms on the production scheduling and optimization 

aspects is questionable. In addition, robustness is an attribute that is rarely mentioned. As mentioned 

in Section 10.1, robust scheduling is important so as to minimize the cost of unexpected events. Most 

market solutions seem to miss a real time optimization module, which means that they can’t 

anticipate and react to real time events that may occur in the production floor. This is also a very 

important aspect for the end-users, since the main source of unexpected events is happening in real-

time because of the non-stop production environment.  

 

10.5 Preliminary Exploitation Plan 

As of today Exploitation plans don’t differ much from what has been stated in the DoA. As an 

academic and research institute, AUEB aims to provide optimization methods beyond the current 

state-of-the-art. Apart from disseminating such outcomes through conference presentations and 

journal papers, AUEB, through its start-up ecosystem, will exploit the results of the DISRUPT project 

as a new entrepreneurship chance in the manufacturing systems market by providing complete and 

competent solutions accompanied by consulting services in order to customize such solutions to the 

specificities of the manufacturing case at hand as well as for the incorporation of such solutions into 

existing production systems.  

                                                

49 Refs: IQMS, PIMSS, TACTIC, EXACT, PLEX, E2 SHOP, EPICOR, SYSPRO, NETSUITE 

http://www.iqms.com/products/erp/manufacturing/scheduling/
https://www.mjc2.com/production-planning-software.htm
http://www.waterloo-software.com/advanced-planning-and-scheduling-software/
http://www.max4erp.com/erp-solutions/manufacturing-production-planning-software
http://www.plex.com/products/manufacturing-operations-management-mom/advanced-planning-production-scheduling-software.html
http://www.shoptech.com/products/manufacturing-scheduling-software/
http://www.epicor.com/solutions/planning-and-scheduling.aspx
http://www.top10erp.org/syspro-production-management-planning-and-scheduling-modules-94
http://www.netsuite.com/portal/products/erp/production-management/planning-scheduling.shtml
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11 Market for CPS Tools  

In this section we provide (i) a brief presentation of the CPS tools to be developed within DISRUPT, 

(ii) their relation and role in addressing the user scenarios in the two manufacturing sectors and (iii) a 

market analysis of existing solutions in manufacturing and (iv) a preliminary exploitation plan. 

11.1 CPS modules within DISRUPT 

Within DISRUPT, the Cyber-Physical Operations module addresses the interaction with the production 

level targeting organisation's manufacturing systems and enables synchronisation between the 

physical plant floor and its virtual counterpart, i.e. cyber representation via a network of modular, 

decentralised devices. More specifically, it allows a more pervasive control of factory operations at 

machine level by monitoring the dynamics of the physical processes, providing abstractions and tools 

for each component separately as well as for the integrated whole. 

 

Figure 44: the DISRUPT Modular decentralised CPS structure 

 

When considering the CPS paradigm in its application to manufacturing, the technological approach 

underpinning its realization can be addressed in different ways, either keeping the Cyber and the 

Physical dimension synchronized but residing in different places (the physical module stays at 

shopfloor and its virtual counterpart is stored in the cloud) or storing the virtual models inside the 

Physical models, and have them used by applications where/whe needed. 

The following picture can represent a possible realization of the latter approach, and supports the 

discussion of CPS functionalities with reference to:  

 Service oriented interface 

 Configuration 

 Monitoring 

 Control and system identification 
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Figure 45: An initial approach to CPS structure 

The inner level is represented by the Device, meant as physical operating component (e.g. a SMT 

machine in the Arcelik product plant) constituted by the physical system (the machine) operated by 

its control system (HW specific device control). 

This layer is the traditional building block within manufacturing plants. In order to transform such 

layer into a CPS it is necessary to transform the HW specific proprietary control system so as to offer 

to the upper level (the optimal control) the possibility of triggering the execution of 

elementary/atomic tasks, dealing with the lowest level of automation (e.g. handling of 

sensors/actuators, synchronization issues). 

This approach implies the full destructuring of proprietary code into set of linearly executable 

“commands”, so enabling the reasoning at upper level (Optimal control) in terms of CSP specific 

embedded control and optimization, and the consequent call for atomic tasks at lower level. 

This means that the optimal control can rely, depending on the application/field, on a mix of 

Sequential Flow Chart (enabling sequencing of tasks) with optimization policies based on MILP, 

MILNP, Model Predictive Control techniques (to target specifically set goals). In order to perform all of 

these, an enabling condition is the identification of the closed loop system behaviour, to be performed 

according to ad hoc techniques, as a model to rely on in establishing consequences of actions. 

The nature of described operations introduces the aspect of non-compliancy of existing proprietary 

automation platforms with the complexity of aforementioned approaches. Ad hoc embedded devices 

with dedicated software platforms are therefore needed to be installed aside traditional automation to 

guarantee applicability of the overall approach. 
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Built on top of these assumptions, Configuration and Monitoring functionalities are needed 

transversally to access both device and optimal control levels, to exchange data and service requests 

across a Service Oriented Architecture 

 

11.2 The role of CPS tools in addressing user scenarios 

Considering the aforementioned concepts, the focus of CPS application in DISRUPT is set on the data 

mining and system identification aspects, as a way to enable the following aspects: 

 Dynamic update of parameters values of the simulation model with data gathered 
from the real plants so to improve the reliability of the forecasting and optimizations. This will 

be achieved considering the: 

 Development of machine learning based raw data aggregation and processing 

functions 

 Development of functionalities for supporting the run-time real to digital 
synchronization of the simulation framework by the communication layer  

This will enable the tools of DISRUPT to perform more-adherent-to-reality optimization, therefore 

layng the conditions for the realization of the engineering loop shown in  

 

Figure 46: Closed loop engineering and optimization 

With reference to the proposed focus of CPS, two possible roles have been identified and being 

elicited, particularly referred to the ARCELIK case. Picture hereunder summarizes the two 

applications: 

 Case A: related to scenario 1, involving production lines, and addressing the need for Real 

time monitoring of testing machines, as a way to conceive optimization proposals; 
 Case B: related to scenario 3, involving production monitoring, as a way to provide tracking 

and optimization by supporting simulation. 
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Figure 47: DISRUPT CPS scenarios 

 

11.3 Market analysis of current solutions in manufacturing 

To achieve an actually running application of CPS, there are several challenges that need still to be 

addressed to ensure continuous operation. There are several challenges at each stage and there are 

numerous methodologies and tools that are proposed to overcome those challenges. But still it is an 

evolving area because the requirements of CPS are not completely understood and are changing day 

by day and the complicated dynamic behaviour of CPS is difficult to capture in a simple 

understandable manner.  

Examples of such methodologies/solutions include capability of expressing timing constraints and 

spatial conditions and check if such constraints are satisfied, decomposing the life cycle into several 

stages based on the Model based development according to different views of systems.  

To avoid security challenges there are different solutions like context - aware security framework for 

CPS that uses dynamic adaptability to the physical environment by the assistance of context coupling, 

use of distributed real - time software, use of competitive and co - operative resource management, 

using virtual test beds, use of highly confidential software to avoid security issues, integrating 

simulation and emulation platforms for security purposes, experimenting with different architectures 

to find the best suited architecture based on requirement of application, use of sandboxing controllers 

for cyber - physical systems.  

To add resiliency to CPS, there are several techniques that use artificial intelligence and danger 

theory based immune algorithms. These techniques use the concepts of agents, self - awareness and 

self - healing approaches to achieve resiliency and make the system fault tolerant. These are some of 

the examples of existing methodologies, still research is going on and lots of applications of CPS are 

under development. 
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11.4 Preliminary Exploitation Plan 

As a research institute, ITIA-CNR aims at providing innovative solutions on technologies for 

identification and optimization problem solving, by trying to incorporate features beyond the current 

state-of-the-art. This concretizes both at the level of: 

 dissemination through academic community through conference presentations and academic 

research papers; 

 maintaining and increasing the knowledge background across subsequent research initiatives 

 industrial contracts, where such extended expertise ha a valuable impact and added value.. 
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12 Concluding remarks  

 

12.1 Summary of Scenarios, Tools and Modules 

Based on the two different manufacturing settings (provided by FCA/CRF and ARCELIK), a set of use 

case scenarios has been defined in this deliverable. The purpose of defining these scenarios is to 

provide real-life paradigms that showcase how the DISRUPT approach to Industrie 4.0 can be 

deployed in different manufacturing settings to resolve real-life problems. A summary of the different 

scenarios which arise from real-life needs of the manufacturing partners and will be tackled within 

DISRUPT is provided below. 

 Managing disruptions in inbound logistics (FCA/CRF). There is a need for handling 

events that occur in the inbound supply chain. Such events, if not properly addressed, may 

result in disrupting production. These events may occur (a) in the production of some 

supplier, (b) during the transportation of the corresponding components and (c) after arriving 

at the manufacturing site, related to the organization's internal logistics. Such events must be 

detected the soonest possible, correlated with critical production components, and dealt with 

based on a set of recovery actions. Possible recovery actions include (a) opening a special 

dock at the docking stations, (b) selecting alternative carrier for given components and (c) 

rescheduling production. The impact of possible actions needs to be evaluated before 

choosing and implementing the most preferable one. 

 Managing disruptions in production (FCA/CRF). There is a need for handling 

exceptions/events that occur in the production line. Such exceptions may be related to (a) 

material delay, (b) material quality issues, (c) availability of materials, (d) machine 

breakdowns, (e) software problems, etc. Such events need to be detected the earliest 

possible by monitoring the availability and quality of material as well as monitoring 

manufacturing systems and the corresponding process quality. As a response, a set of new 

production sequences must be produced and evaluated (both in terms of production 

efficiency and client order processing) before selecting and implementing the most preferable 

one. 

 Ensuring efficient manufacturing (ARCELIK). There is a need to ensure efficient 

manufacturing in terms of production scheduling and planning. Furthermore, there is a need 

for evaluating whether customer demand can be handled (in terms of workload) by the 

manufacturing process given the production capacity, the existing production plan and the 

current status of production. Ensuring efficient production scheduling includes monitoring the 

production process based on existing specific KPIs to identify as early as possible 

inefficiencies and delays (related to production lines, material quality and/or availability etc.). 

Moreover, it asks for the  Alternatively, the manufacturer may want to address urgent 

customers' demands that are introduced during the execution of a given production plan. 

Such a situation must trigger the generation of an alternative optimal production schedule 

that produces all urgent orders in a timely manner while taking into account what has already 
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been produced, the status of the production lines and the rest of the orders and their 

urgency.  

A summary of the tools and modules whose interplay will be utilized to handle the aforementioned 

scenarios is provided below.  

 Data analytics. This module includes a set of tools based on SAG's APAMA. It will be used 

to collect and analyse sensor, tracking, simulation, Enterprise or Manufacturing System or any 

other kind of information that is generated throughout the production process and across the 

manufacturing chain. It includes streaming analytics based on a high-performance, robust 

messaging architecture, enabling communication and analysis of real-time data, assessing 

flow values. 

 Complex event processing. This module includes a set of tools based on SAG's APAMA will 

be utilized.  It will be used to detect events that have occurred or may occur. It is based on 

an Event Store that encapsulates all relevant production and supply chain events. It 

incorporates machine learning elements to provide predictive models that allow forecasting 

events based on the given status of the manufacturing system. 

 Meta-modelling. This module includes a set of tools based on BOC's meta-modelling 

platform ADOxx. It enables developing, mapping and extending concepts and features for the 

needs of production process modelling. It will allow modelling all related processes and will 

provide the semantics basis for the collaboration between the different tools that will interact 

within DISRUPT. 

 Simulation. This module includes a set of tools based on SIMPLAN's PlantSimulation tool. 

This module will be used to simulate production processes or inbound logistics processes in 

order to evaluate different re-scheduling scenarios based on the current production set-up 

and status. It will also be utilised to assess contingency measures designed to handle 

exceptions/deviations from the original schedule (based on a robust optimisation approach).  

 Optimisation. This module includes tools for optimising production scheduling and planning. 

More specifically, it incorporates tools for optimal aggregate planning, short-term production 

scheduling and real-time re-scheduling. All related tools will be aware of the currently 

available materials and the status of the production lines, incorporating robustness where 

appropriate to address possible disruptions in a predictive manner. 

 Decision Support Toolkit. This toolkit includes all the aforementioned modelling, 

simulation and optimisation tools that together offer a unified way to handle issues related 

with production and logistics and disruptions within. The interplay between these tools 

enables the creation of a versatile toolkit that enables re-arranging production lines, 

scheduling or re-scheduling production plans and evaluating alternatives. 

 Cyber Physical Operations. This module addresses the interaction with the production 

level. In that regard, in enables the synchronisation between the physical plant and its virtual 

counterpart. Hence, it enables production monitoring on a machine level,  the dynamic 

update of the parameter values of the corresponding simulation models based on the 

development of machine learning on data of operational modules and functionalities for 

supporting run-time synchronisation. 
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 DISRUPT Controller on the Cloud and CloudBoard. This module acts as the 

orchestrator, enabling the seamless collaboration of all modules and tools based on a Service-

Oriented Architecture approach. It also incorporates CloudBoard, which is a cloud-based 

dashboard that enables the visualisation of the functionalities offered by the aforementioned 

tools and modules. 

 

12.2 Technical challenges in DISRUPT 

There are several technical challenges related to each of the tools that will be implemented within 

DISRUPT. More specifically: 

 Data analytics and complex event processing. The complexity of data analytics and 

complex event processing lies in the data mining approach which requires knowledge about 

the processes, the current system behaviour as well as characteristics of production and 

challenges. 

 Meta-modelling. The development of the corresponding meta model depends on the 

required information from the simulation and optimization modules and the intended usage of 

these models. In that regard, DISRUPT will combine different model types to a consolidated 

modelling tool with the aim to methodologically support the generation of simulation and 

optimization models. Hence this meta model needs to consist of all relevant concepts from 

the meta model of the simulation model as well as from the meta model of the optimization 

model. Furthermore, it needs to be able to support, export and interact with the 

corresponding simulation and optimisation algorithms and tools.  

 Simulation. The main novelty of the DISRUPT simulation solution is the consequent 

application of discrete-event simulation as a short-term operational decision support system. 

The interface with the user interface provided by the platform and with the data (also 

provided and collected by the platform) will be key to its success. 

 Optimisation. The optimisation problems inherent within DISRUPT provide several 

challenges, when trying to handle them in a real-life setting. They require scalable, modular 

algorithms that are able to generate high quality solution in short computational times for 

complex and large scale manufacturing and assembly systems, taking into account the 

operational realities and various constraints. Real-time re-optimisation must be performed as  

quickly as possible to enable efficient tackling of unexpected events. Robustness and 

flexibility are required properties, leading to systems that withstand disruptions. Furthermore, 

the corresponding tools must be easy to integrate, must offer interoperability and enable the 

seamless communication with other modules and existing production systems. 

 Cyber Physical Operations. To achieve an actually running application of CPS, there are 

several challenges that need still to be addressed. The nature of these operations introduces 

the aspect of non-compliancy of existing proprietary automation platforms. Ad hoc embedded 

devices with dedicated software platforms may therefore be needed to be installed aside 

traditional automation systems to guarantee applicability of the overall DISRUPT approach. 

Security challenges must also be handled. A plethora of solutions exists for such purposes: 

e.g., context-aware security framework for CPS that uses dynamic adaptability to the physical 
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environment by the assistance of context coupling, use of distributed real - time software, 

use of competitive and cooperative resource management, use of highly confidential software 

to avoid security issues, etc. Adding resiliency to CPS comes with more challenges. However, 

there are several techniques proposes that use artificial intelligence and danger theory based 

immune algorithms.  

 Controller on the Cloud. The main challenge with respect to the Controller on the Cloud is 

to integrate the different pieces of the whole manufacturing process in the form of 

semantically analysed objects. All the major factory modules will be modelled within the 

platform, so that DISRUPT can provide integration along three directions, namely, horizontal 

integration across the manufacturing organisation, vertical integration of different production 

modules and cyber-physical objects, and cross-boundary integration to cover the full lifespan 

of the product line assets. The Controller on the Cloud will receive events from the data 

analytics and complex event processing modules and the interconnected systems. It will need 

to harmonise the collected multi-source data and information and feed it to the modelling, 

simulation and optimisation services and tools. This will be enabled by reasoning on the 

received events and the analysed multi-source data, extracting appropriate production and 

efficiency features per manufacturing system, process and production unit/machine and 

enacting the corresponding processes in response to such events, either through the Decision 

Support services or the Cyber Physical Operations tools. 

 CloudBoard. The CloudBoard will be a modern cloud-based dashboard that will provide an 

aggregated inspection and view of the DISRUPT tools and functionalities. The challenge is to 

both facilitate visual assessment of the current operations along the manufacturing chain 

processes as well as to trigger functionalities for decision making with respect to reactions to 

low level expected and unexpected events or user-triggered actions.  

Although there are several technical challenges to be tackled within each module and tool of 

DISRUPT, the main technical challenge remains the following. To create a holistic manufacturing 

support system that incorporates different modules and tools that come together as a fully 

integrated, automated, and optimised production flow, leading to greater efficiencies and changing 

traditional production relationships among suppliers, producers, and customers, as well as between 

human and machine. The seamless nature of the interaction between the different tools as well as 

the interaction of the system with its users is the main challenge to be overcome by DISRUPT. 

 

Overall, DISRUPT incorporates data analytics and complex event processing, cyber-physical 

operations, modelling, simulation and optimisation tools. In this document, a detailed market analysis 

has been implemented for each one of the corresponding modules; in each case, a large growing 

market exists for similar tools. However, DISRUPT offers a unique combination of these tools and 

modules. Hence, through their seamless interaction and interplay, it offers a unique proposition for 

Industrie 4.0. Its Service-Oriented Architecture and its structuring upon specified conceptual 

modelling semantics offer interoperability and facilitate applicability with different manufacturing 

systems. Moreover, the different manufacturing settings and corresponding use case scenarios that 

have been identified offer a wide-range of desired functionalities. 
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Annex A: List of Acronyms 

 

AGV  Automated Guided Vehicles 

BOM  Bill of Material 

BPM  Business Process Management 

CIM Computer Integrated Manufacturing 

CPS Cyber Physical System 

CPPS Cyber Physical Production System 

ECB  Electronic Circuit Board 

OEM Original Equipment Manufacturer. In this case the Automotive company assembling 

the final product (FCA) 

FCA Fiat Chrysler Automobiles is the group composed, among others, by the two 

automotive OEMs 

FoF Factory of the Future 

IoT Internet of Things 

IIoT Industrial Internet of Things 

JIS  Just in Sequence 

JPH  Job per Hour, or throughput 

KPI Key Performance Indicator, along which the functioning of a process/ set of processes 

(a plant, a logistic chain) is evaluated  

MES  Manufacturing Execution System 

MRP  Material Requirements Planning (within SAP Production Planning module (PP)) 

OEM Original Equipment Manufacturer. In this case the Automotive company assembling 

the final product (FCA). 

OSS  Order Slotting and Sequencing (internal tool on top of JDA Software – Supply Chain 

and Retail Solutions) 

PCB  Printed Circuit Board 

RTM  Internal tool where the BOM is residing  

SAP MM Material Management 

SAP PP Production Planning 

SKU  Stock Keeping Unit 

WCM World Class Manufacturing is a methodology adopted in FCA for the optimisation of 

Mnafactruring processes. It is based on TPM (Total Productive Maintenance), Lean 

Manufacturing logics and Total Quality Management 

WMS  Warehouse Management System 

UUT Unit Under Test 


