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Executive Summary 
INSPIRE is a project driven by the European Process Industry and fully aligned with the strategic goals 
defined by the SPIRE PPP in its roadmap. Along the two years, the project has worked to provide a 
holistic cross-sectorial approach to flexibility, sustainability for, and by, the process industry with the 
final aim to re-shore to Europe some important activities.  

The European process industry is uniquely positioned to drive this initiative as it transforms raw 
material feedstock into intermediate and end-user products and thus sits at the core of every value 
chain. Indeed, process industry is heterogeneous and to study strategies for cement, ceramics, 
chemicals, engineering, minerals and ores, non-ferrous metals, steel and water, that all have high 
dependence on resources (energy, utilities and raw materials) in their production was challenging.  

Particularly this project has focused on improving supply chain operations for the process industry and 
in this document proposes a cross-sectorial and holistic research and innovation roadmap based on 
the five business models recognized as key models for the future of the sector.  

This document is the result of an extensive process of collecting input from process industry during 
the previous steps of the project. It represents the collaborative efforts of public research and 
technology organisations and academia as well as industry stakeholders throughout Europe, along and 
across the value chain. The goal is to define what   research priorities are to be further implemented 
during the next years both at company and at system level.  
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1. Introduction 
The process industry has a key role in the European economy since it drives the transformation of raw 
material feedstock into intermediate and end-user products and thus sits at the core of every value 
chain.  There it fulfils an enabling role for improved competitiveness whilst drastically reducing 
resource and energy inefficiency and the environmental footprint of our industrial activities. Process 
industry brings together cement, ceramics, chemicals, engineering, minerals and ores, non-ferrous 
metals, steel and water, that all have a clear and urgent interest in applying innovative business 
models to improve flexibility and efficiency. These industries also share the potential high impact they 
may have on the environment through their daily operations as well as the contribution they make to 
the European economy. Together they represent a major part of the manufacturing base in Europe 
(EU27) including more than 450,000 individual enterprises. They have over 6.8 million employees, 
generating more than 1,600 billion € turnover. As such, they represent 20% of the total European 
manufacturing industry4, both in terms of employment and turn over. European industry accounted 
for more than a quarter of total energy consumption in 2010 in Europe5 with a significant portion of 
that used within the process industry1. 

This deliverable is based on the work held in T4.3 related to the definition of research needs for the 
future of process industry. The outcome of Tasks 4.1 and 4.2 has highlight the critical factors that 
might impede the ultimate goal of reversing the delocalization trend and the weaknesses of the 
business models developed in WP 3. Therefore, this task focused on figuring out the research needs 
in years to come to support the goal of returning delocalized manufacturing to Europe (what kind of 
high value-added activities such as manufacturing, R&D, product design, procurement of raw 
materials, demand management, order fulfilment to be returned for instance),  creating a framework 
for the future research on identifying and holistically evaluating the right mix of higher value-added 
activities. 

 

 

  

  

                                                 
1 SPIRE website 
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2. Methodology 
The methodology applied in this task is based on the following steps: 

• Step 0: short summary of the main features of the business models; 

• Step 1: summarize the technologies listed in D2.1, according to their level of applicability and 
relevance for the related BM to analysing their TRL level and the impact on robustness, 
flexibility and sustainability of each BM.  

• Step 2: mapping the influencing factors to the challenges characterizing each business model 
as from D3.3, to understand how factors can be influenced by the challenges.  

• Step 3: mapping the technologies to the influencing factors to understand how technologies 
can enable the capability of each company to implement actions for factors.  

• Step 4: developing a list of Research Needs (RN) for each BM. Each RN answers to 1-2 specific 
challenges and is connected to one or more technologies. Moreover, each research need is 
characterized by an expected impact in terms of factors. This work is based on the experience 
gained by the partners through the interviews. 

 

 

Figure 1: Methodology schema 

 
To reach this goal, it was requested to analyse the questionnaire answers from D4.2 and the priority 
given to the challenges and the factors and describe per each RN the specific challenges, the scope 
(i.e. the technologies necessary) and the expected impact. The aim of D4.3 is also to integrate and 
extend the INSPIRE work analysing the already published roadmaps to see if there are other RNs useful 
for the project like SPIRE and EFFRA roadmaps.  
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3. BM1-Customisation 
3.1 Introduction 

Customisation has emerged over the past 15 years as one of the strategies that can allow companies 
to differentiate their offer through innovative products where added value is given by meeting the 
specific needs of a customer or a target group of customers thanks to highly flexible manufacturing 
systems. 

It is based on the combination of mass production principles with the elements of tailoring products 
in a way they meet each customer individual needs. The shift towards customization is reinforced by 
new manufacturing technology developments. Fast increasing rates of investment in advanced 
robotics, additive manufacturing and advanced digital simulation of manufacturing processes all lend 
themselves to shorter production runs and more one-of-a-kind products. 

In the case of consumer goods (clothing, footwear, sports items, glasses, etc.), an approach based on 
high-level customisation enhances the concept to ensure that consumers are given the opportunity 
to have products with a unique design and style, along with functional and comfort-related aspects, 
even in the more traditional sectors. Medical products (personalized prosthetics prosthetics, 
personalized health care, personalized pills etc.), durable goods (cars, furniture, and housing, etc.) as 
well as food sector can benefit from this approach by seizing the opportunities and the challenges 
associated with a growing demand for products that allows the consumer to make a choice in terms 
of value, functionality and performance. 

These systems will be suitable for rapid change in their configuration to satisfy custom requirements, 
but they must also guarantee a high level of integration with clients/users, who become the main 
creators of the solution produced.  

In order to fully adopt this paradigm, companies need to develop new business models and flexible 
manufacturing systems capable of producing relatively small batches of customised products at 
competitive costs that mimic mass production prices2 with a human-centred design approach3. New 
technologies will strongly impact on production systems and consumer habits: 3D printing, for 
example, enables customisation of products across multiple sectors and it is expected that 10% of 
companies will include 3D printers in their manufacturing processes by 20204. Another application 

                                                 
2 UNIDO, (2016). Emerging trends in global advanced manufacturing: challenges, opportunities and policy responses, 

available at:  https://institute.unido.org/wpcontent/uploads/2017/06/emerging_trends_global_manufacturing.pdf, 
(accessed 25 October 2017) 
3 PwC, (2017). Creating valuable customer experiences and Transforming the Customer Journey using Human-Centred 
Design, available at:   https://www.pwc.com/it/it/publications/assets/docs/customer-experiences.pdf, (accessed 6 January 
2018). 
4 Sauer, S.(2017). Industry 4.0 Series | 3D Printing in Manufacturing: Three Sectors to Watch, available at:   
https://www.liquidplanner.com/blog/industry-4-0-series-3d-printing-in-manufacturingthree-sectors-to-watch/, (accessed 
25 October 2017). 
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shows that, the use of a wearable watch may bring about more tailored and customized use of food 
and vitamins.  

3.2 Technological background  
The technologies identified in the D2.1 are the ones indicated in the following figure 2. They cover five 
macro-categories and some of them need to be further developed and specific features to support 
customisation need to be further developed. 
 

 

Figure 2: List of technologies from D2.1 for BM Customisation 

 
Internal processes of the industries applying Customization can be positively impacted by 3D scanning 
supporting the production of components or products, Virtual and augmented reality supporting sales 
processes. Data mining can also affect and support the better knowledge of demand that need to be 
shared along the supply chain; it also emerged that Smart materials and Life cycle assessment have 
growing impact even on the supply chain, which means that some technologies are changing the 
relationships between business partners. Some material suppliers are becoming technology providers; 
most of the smart material providers are subject to strict selection and performance evaluation.   

Considering ‘sustainability’, ‘design and configuration’, and ‘supply chain management’ can have an 
impact on new production networks and further technological improvements are necessary. From the 
analysis held in the other WPs, automotive, textiles and leather are the sectors with major industrial 
applicability.  

As it is explained in the D2.1, several of the identified technologies can have a large impact on the 
business model (scoring more than 1) and even if in some cases the impact on flexibility is limited, the 
following analysis will include most of them. 
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Figure 3: Impact of technologies on BM Customisation 
  

Examples are ‘Multipurpose and hybrid processes’ which have the highest impact on business model 
especially for manufacturing companies. Moreover, companies have to rely on new suppliers, the 
technology enables better responsiveness to customer demand and there will be costs for new 
machinery and even staff training, maintenance, etc.  Modelling and simulation, business intelligence 
and sensors, even though they have a lower BMI, will make easier to companies the establishment of 
customisation especially when implementation of other technologies requires changes in product and 
processes and therefore it is necessary to simulate and create what-if scenarios to configure 
production networks. The introduction of sensors, monitoring and control makes it necessary to 
define interfaces and remote control, which may be challenging for some companies. Finally, big data 
is market ready and has a medium BMI: it is important that companies learn how to manage and 
exploit this technology on short term. Big data can provide new and relevant opportunities to optimize 
data driven manufacturing, it enables better management of the innovation and the definition and 
analysis of the effects of location, which will lead to a properly configured supply chain.  

3.3 Influencing factors and challenges  
In this section, we present a number of factors (F) that are relevant in the decision-making process of 
whether to implement the MC business model or not as established in D3.2. The industry feedback 
during the business cases evaluation and the literature review are the main input for the following 
factors/parameters: 

F1. Flexibility. 
F2. Capability in identifying market demand. 
F3. Customers’ centricity. 
F4. Logistic costs. 
F5. Timely availability of materials and components. 
F6. Existence of networks and collaboration. 
F7. Production technologies. 
F8. Manufacturing costs. 



 

   

  INSPIRE 
   Deliverable 4.3 

Research Needs Roadmap 
 

INSPIRE / D4.3 13 Contract No. H2020 - 723748 

A number of challenges (CH) exist that prevent companies in the process industry from implementing 
the customisation model or realize the untapped opportunities created by the model. In order to make 
the model work in real life and earn the much-needed buy-in of all the relevant stakeholders, we 
attempt to generate specific/concrete ideas that will help decision makers build 
strategies/tactics/mechanisms/tools to be added to the general customisation model. In particular, 
the challenges are: 

CH1. Technology selection. 
CH2. Supply chain configuration 
CH3. Customer inputs 
CH4. Customization level 
CH5. Determining the value of customization. 

Mapping the influencing factors and the challenges allows to understand how each factor can be 
influenced by certain amount of challenges. The challenge related to the capability of companies to 
create appropriate supply chain is influencing several factors and several processes linked to 
customisation, as well as technology selection.  

 F1 F2 F3 F4 F5 F6 F7 F8 

CH1 X X   X X  X X 

CH2 X   X X X  X 

CH3  X X    X  

CH4  X X     X 

CH5    X    X 

Table 1: Mapping factors to challenges for the BM Customisation 

 
The factors have been then mapped to the technologies as in the table below to make a preliminary 
evaluation of how the technologies can support the full implementation of the most important factors.   

 
Design and 

configuration 
Equipment 

manufacturing 
ICT Supply chain Sustainability 

F1  X  X X 

F2 X  X   

F3 X  X   

F4  X X X X 

F5    X  

F6   X X  

F7  X   X 

F8  X    
Table 2: Mapping technologies for factors of BM Customization 
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3.4 Research needs  
Industrial and technological challenges for customisation are associated with different processes along 
the value chain such as of product development, acquisition of the customer requirements, product 
configurators, advanced measuring systems, platforms for product monitoring, innovative 
technologies for customized production, such as additive manufacturing, micro-manufacturing, hybrid 
processes, etc. Furthermore, there is a need for new flexible and agile supply chain models that 
consider product modularisation strategies, postponement and “multi decoupling points’ with a view 
to custom production.  Customisation might be one of the strategies that more than other need a new 
reconfiguration of the relationship between process industry and discrete manufacturing. According 
to our findings, the following challenges need to be faced in the next years:  

1. Development of new tools for the configuration and design processes of customized products 
2. Development of solutions for the efficient manufacture of functional customized products 
3. Models and tools for the creation and management of customer-driven networks 

Research need 1 Development of new tools for the configuration and design processes: There is the 
need to involve customers in the production chain, intercepting and incorporating 
their needs and expectations starting from the design of the product to the 
innovative services associated with its production. Design and configuration systems 
need to shift to the mobile economy paradigm. Product configurators shall give 
customers the chance to define their needs objectively so that they are easy to 
manage at the production level. Also, Augmented Reality (AR) can support the 
configuration and testing of customised products for a new shopping experience. 
Moreover, sensor systems can enable the collection of data from product usage in 
order to study the behaviour of the product along its life and to design new product 
generation. 

Challenge  Gather customer input (CH3) 

Related 
technologies  

Product configuration tools, virtual reality, 3D scanning, data mining, Big data, 
business intelligence.  

Expected impact (in 
terms of factors)  

Increase capability to identify market demand (F2) 
Increase customers’ centricity (F3) 

 
Research need 2 Development of solutions for the efficient manufacture of functional customized 

products: the adoption of innovative technologies for the customized production 
represents a challenge that, sectors, such as fashion, extends its potential to 
products for consumer well-being and health and to products in advanced 
mechanics, sensorial products, microelectronics and optoelectronics. In this sense, 
the conception and development of dedicated production solutions, based on 
hybrid and additive manufacturing approaches, is crucial to the development of 
functional components and parts of the end product, such as objects characterized 
by dynamic properties and differentiated behaviours in response to the needs and 
demands of the consumer. The hybridisation of traditional technologies, or rather 
the integration into a single machine of different transformation processes, is 
another important challenge towards a potentially extensive diversification of 
alternative technologies. The hybrid/additive technologies supported by innovative 
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approaches to the production process and its control will allow the development of 
dedicated machines for both B2B and B2C. 
 

Challenge  Capability to choose the right Technology (CH1) 
Capability to choose the right level of customisation (CH4) 

Related 
technologies  

additive manufacturing, robotics, multi-purpose and hybrid processes, adaptable 
and reconfigurable systems, Internet of things, modelling and simulation. 

Expected impact (in 
terms of factors)  

Increase Flexibility (F1)  
Use top level production technologies (F7) 
Reduce and control Manufacturing costs (F8). 

 
Research need 3 Models and tools for the creation and management of customer-driven networks: 

Companies should reorganise inter- and intra-processes when dealing with 
customization that impact on many different levels of the network. There is the 
need to introduce and develop advanced optimisation and simulation tools based 
on real time data acquisition from the different nodes involved in the decision 
process to assure integration between product-processes- systems. This model 
creation should support companies in managing different layers of the supply chain 
and support the definition of scenarios based on postponement, product 
modularisation and management of the decoupling point to dynamically optimise 
the supply chain. At the same time, it is necessary to optimise the trade-off between 
sustainability, management of the warehouses, stock and transport for the products 
personalisation.  Moreover, it is important to have advanced tools to synchronize 
the flow of data related to customer, order, goods in a safe and secure way. Big data 
analytics can help to increase the capacity of companies to manage large quantities 
of data from a variety of sources (client, suppliers, social media) to allow better 
selection and management of supply and distribution networks, based on real-time 
exchange of information between the involved actors.  
 

Challenge  New supply chain configuration needed (CH2) 
Capability to determine the value of customisation (CH5) 

Related 
technologies  

Dynamic Supply chain tools, data mining, cloud-based platforms, modelling and 
simulation, Life Cycle Assessment. 

Expected impact (in 
terms of factors)  

Increase flexibility (F1) 
Control and reduce Logistic costs (F4) 
Increase capability to receive timely materials and components (F5) 
Improve networks and collaboration structure (F6) 
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4. BM2- Servitisation 

4.1 Introduction 
As more companies and industries in the world are increasingly adding value to their products by 
including additional services5, the need for a clear business model becomes more relevant. This 
provides the opportunity for the development of the “servitisation of business”4. 

The Servitisation/Product Service Systems (PSS) is a business model archetype that significantly 
changes the dynamics in a typical value chain, as it switches the traditional supply chain centred in the 
product, to a supply chain that increases the relevance of the services around the product. According 
to Kowalkowski6, the process of servitisation can be framed in multiple ways from a theoretical 
perspective. 

The model creates new relationship between a “supplier” and a “user/buyer”, transforming the 
“transaction based” interaction (supplier merely selling the product to the user/buyer) into a long-
term ongoing relationship, which can include the delivery of services, goods, the supplies, 
management, knowledge and so on. As well, this new relationship supposes a change in the behaviour 
of the company, moving from product-centric companies to a service-centric business model. 

There exist three categories that can be identified regarding the PSS business model. Depending on 
the focus of the PSS, the services could be oriented to the product, user, or result7,8: 

• Product-Oriented (PO). The PSS provider offers services related to the product, e.g., 
maintenance, repair, taking back after use, etc. that is sold to the customer (customer owns 
the product). 

• User-Oriented (UO). The PSS provider still owns the product and ensures its availability/ 
usability over a certain period of time, e.g., leasing of baby prams. 

• Result-Oriented (RO). The PSS provider offers a specified “result (outcome)”, instead of selling 
a bundle of products and services (e.g., suppliers charging for chemical services rather than 
the sales volume).  

The main difference among the categories differ lies in the risks, responsibilities, ownership and 
shared among the PSS provider and its partners in a value chain. 

                                                 
5 Vandermerwe, S., & Rada, J. (1988). Servitization of business: Adding value by adding services. European 
Management Journal, 6(4), 314-324. 
6 Kowalkowski, C., Gebauer, H., Kamp, B., & Parry, G. (2017). Servitization and deservitization: Overview, 
concepts, and definitions. Industrial Marketing Management, 60, 4-10. 
7 An in-depth definition of the PSS concept can be found in INSPIRE D3.1. 
8 Reim, W., Parida, V., & Örtqvist, D. (2015). Product–Service Systems (PSS) business models and tactics – a 
systematic literature review. Journal of Cleaner Production, 97, 61-75. 
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The successful deployment of this business model depends on several factors and parameters that 
define the business setting. Therefore, to ensure a smooth transition to the PSS model and successfully 
deploy this model, a manager needs to consider such factors/parameters. In addition, the model has 
already been deployed in various sectors, and is known to face unique challenges possibly strongly 
linked to the factors/parameters, that might hinder its widespread diffusion in process industry. 

4.2 Technological background 
This section presents the most relevant technologies for the successful implementation of the 
Servitisation/Product Service System (PSS) business model. These technologies are shown in the 
following table, covering two macro-categories and with different levels of research and development. 

 

Equipment Manufacturing ICT 

Micro and nano-manufacturing Automation 

Cold Welding Robotics 

Biosensors Elderly support 

Industry 4.0 Body scanner 

MEMS 360-degree medical data 

Biodegradable materials Big data 

 Artificial intelligence 

 Telemedicine 

 E-health 

 E.H.R. 

 Internet of things 

Table 3: Technologies per macro-categories for PSS BM 

 
These technologies are described in deliverable D2.1 from INSPIRE Project, where the impact on the 
business model for each technology is ranked at high, medium and low.  For this deliverable, we will 
consider the technologies with high and medium impact for the business model, to make the business 
models more robust, considering as well the industrial applicability of each of the technologies 
presented in the Deliverable 2.1., which are shown in the following figure. 
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Figure 4: Impact of technologies on BM PSS 

 
The most relevant technologies, considering the impact in the business model and the applicability, 
are listed in the table below. The technologies that have the largest impact in the business model, 
classified as high and medium, are: Biodegradable materials, automation, elderly support, 
telemedicine, 360-degree medical data, big data, industry 4.0, E-health and robotics. 

 

Technology Impact in BM Applicability 

Automation High 10 

Robotics Medium 10 

Biodegradable materials High 7 

Industry 4.0 Medium 6 

Elderly support High 4 

E-health Medium 4 

Telemedicine High 3 

360-degree medical data High 2 

Big data Medium 0.5 

Table 4: Impact and applicability of technologies in BM PSS 

 
Given the scores in table 2 and since the applicability of the technologies is the decision criteria, the 
most relevant technologies are: automation, robotics, biodegradable materials, industry 4.0 and 
elderly support. We include Elderly Support as it is a growing trend and the need for new services in 
this trend is increasing. 
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4.3 Influencing factors and challenges 
 
Considering the technologies related to the Servitisation/Product Service System (PSS) and the factors 
and challenges described in the deliverable D3.2, a list of research needs is provided in the following 
table, where the challenges are related to the factors. 
 
Factors considered for the PSS business model: 

F1. Profit ratio. 
F2. Overall Degree of Resistance to Change (both for the supplier and the user). 
F3. System sustainability improvement relative to the current situation. 
F4. Level of risks relative to the current situation. 
F5. Capabilities to deliver the service of same/higher quality. 
F6. Level of difficulty in clearly defining the scope of service and measuring performance with PSS. 
F7. Profit Uncertainty Ratio. 
F8. Flexibility. 

Challenges considered for the PSS business model: 

CH1. Definition of the “scope” of the service and complexity of the “relationship/contract” with 
trusted suppliers/customers  

CH2. “Price” to be charged given the “scope” of service 
CH3. The potential loss due to the uncertainty in payments, costs, performance 
CH4. Internal Resistance, especially from the “procurement people at the user” 
CH5. Increased dependence of the user on the supplier 
CH6. Resistance from the “user” to the “ownerless” solution 
CH7. User’s concerns about outsourcing 
CH8. Supplier’s concern about “rebound effect” (excessive consumption just because they   do 

not pay for the “amount” anymore, incorrect equipment uses, etc.), in case the “user” is still 
responsible for the “application/use” of the product. 

CH9. Initial push to implement the PSS model 
CH10. Disintermediation of some Supply Chain actors 

 
 

 F1 F2 F3 F4 F5 F6 F7 F8 

CH1  X  X  X  X 

CH2 X      X  

CH3    X   X  

CH4  X      X 

CH5     X    

CH6  X       

CH7     X    

CH8 X  X      
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CH9  X  X     

CH10    X     

Table 5: Mapping factors to challenges for BM PSS 

 
The research needs are focused on the importance of the factors in future years, described in 
deliverable D3.3, where F3 is considered as extremely important, F5 as more important, F1, F4, F6, F7 
and F8 are considered slightly more important, and finally F2 keeps the same amount of current 
importance. 

The relation between factors and technologies is defined in the following table. As can be seen, some 
technologies impact most of the factors, corroborating the selection of technologies based on the 
impact on the business model and their applicability. However, as it can be seen in the table, Big Data 
is a technology that was not considered as relatively important due to the low applicability in the 
business model, but it has proved to be correlated to many factors. Therefore, we will include this 
technology, as it requires further research. 

 
 Automation Robotics Biodegradable 

materials 
Elderly 
support 

Telemedicine 360-degree 
medical 

data 

Big 
data 

Industry 
4.0 

F1   X X   X  

F2  X      X 

F3 X X X    X  

F4 X X       

F5 X X X X X X X X 

F6   X X   X  

F7 X X X X X X X X 

F8 X X X X   X  

Table 6: Mapping technologies for factors of BM PSS 

 
As result from the previous table, it was found that the technologies that require further research due 
to their potential for the business model and the impact they have through the different factors are: 
automation, robotics, biodegradable materials, elderly support, big data and industry 4.0. 

 

4.4 Research needs 
For each of the following technologies, the research needs have been defined according to the future 
trends and current state of research in the topic. These trends are listed as follows:  
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Automation9, 10 : 

• Factory automation 

• Industry 4.0 

• Data networking 

• MAP 

• Technical feasibility 

• Cost of developing and deployment 

• Design automation 

 Robotics11, 12 : 

• Collaborative robotics 

• Standardised interface design 

• Sociability 

• True collaborative robots 

• Shared control 

• Safety 

• Materials and fabrication schemes 

• AI for robotics 

Biodegradable materials13, 14 : 

• Biodegradable polymers 

• Semi-synthetic materials 

• Bacteria based plastics 

• Soy based plastics 

• Natural fibre reinforced plastics 

                                                 
9 Meredith, J., Hyer, N. L., Gerwin, D., Rosenthal, S. R., & Wemmerlöv, U. (1986). Research needs in managing 
factory automation. Journal of Operations Management, 6(2), 203-218. 
10 McKinsey & Company. (2017). A future that works: automation, employment, and productivity. McKinsey 
Global Institute 
11 Owen-Hill, A. (2017, 05 23). Robotiq. Retrieved from Eight research trends in collaborative robotics: 
https://blog.robotiq.com/eight-research-trends-in-collaborative-robotics 
12 Gent, E. (2018, 02 06). Singulatiry Hub. Retrieved from The 10 Grand Challenges Facing Robotics in the Next 
Decade: https://singularityhub.com/2018/02/06/the-10-grand-challenges-facing-robotics-in-the-next-decade/ 
13 Meena, P. L., Vinay, Goel, A., Rai, V., Rao S, E., & Barwa, M. S. (2017). Packaging material and need of 
biodegradable polymers: A review. International Journal of Applied Research, 3(7), 886-896. 
14 Faris, N., Noriman, N., & Sam, S. (2014). Current Research in Biodegradable Plastics. Applied mechanics and 
materials, 1-9 
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Elderly Support15, 16 : 

• Older people’s housing 

• Care 

• Transportation 

Big data17, 18 : 

• Methodology for research 

• Assembling and integrating data 

• Data analytics tools 

• 3 HV: High-velocity, High-variety and High-volume 

Industry 4.019, 20, 21 : 

• Human factors and interaction with technology 

• Smart factories: cyber-physical systems 

• Leverage of Industrial Internet of Things (IIoT) 

• Inclusion of Artificial Intelligence (AI) 

• Demographic change 

Industrial and technological challenges for Servitization business model are associated with different 

processes along the value chain, such as marketing, product design and development, customer 

relationship, advanced measuring systems, service and product monitoring, innovative or disruptive 

technologies, etc. Moreover, servitization business model requires changes in the supply chain, 

making it more flexible and agile to incorporate a reconfiguration of the relationship between the 

manufacturer and the customer. Based on this assumption, and according to the findings related to 

the Servitization business model, the following changes need to be faced in the upcoming years: 

 

                                                 
15 Archer, T., Green, S., Leather, D., McCarthy, L., Wilson, I., Robinson, D., & Tait, M. (2017). Older people's 

housing, care and support needs in Greater Cambridge 2017-2036. Cambridge: Centre for Regional Economic 

and Social Research Sheffield Hallam University. 
16 Coughlin, J. F. (2017). The Longevity Economy: Unlocking the World's Fastest-Growing, Most 

Misunderstood Market. Cambridge: MIT Press. 
17 Matthews, K. (2017, 11 16). Smart Data Collective. Retrieved from Why You Need A Methodology For Your 

Big Data Research: https://www.smartdatacollective.com/you-need-methodology-for-your-big-data-research/ 
18 Bachlechner, D., & Leimbach, T. (2016). Big data challenges: Impact, potential responses and research needs. 

2016 IEEE International Conference on Emerging Technologies and Innovative Business Practices for the 

Transformation of Societies (EmergiTech). Balaclava: IEEE. 
19 Kinzel, H. (2016). Industry 4.0 – Where does this leave the Human Factor?. 27th Annual Conference of 

Human Dignity and Humiliation Studies 'Cities at Risk - From Humiliation to Dignity'. Dubrovnik 
20 Frost & Sullivan. (2017). Sensor Innovations Transforming Industry 4.0. Frost & Sullivan. 
21 Wolf, M., Kleindienst, M., Ramsauer, C., Zierler, C., & Winter, E. (2018). Current and future industrial 

challenges: demographic change and measures for elderly workers in Industry 4.0. Annals of the Faculty of 

Engineering Hunedoara - International Journal of Engineering, 16(1), 67-76. 
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Research need 1 Development of new tools for configuration and design processes:  As the 
Servitization business model switches from merely product to product + services 
around the product, new processes are required, considering the scope of the service 
and the product configuration. Design and configuration systems need to include 
customers in the equation to successfully implement the business model. 

Challenge  Resistance from the “user” to the “ownerless” solution (CH6) 
Definition of the “scope” of the service and complexity of the 
“relationship/contract” with trusted suppliers/customers (CH1) 
“Price” to be charged given the “scope” of service (CH2) 
Initial push to implement the PSS model (CH9) 

Related 
technologies  

Big data, industry 4.0, robotics, elderly support, biodegradable materials, 
automation. 

Expected impact (in 
terms of factors)  

Reduction of overall degree of resistance to change (F2) 
Reduction in risks relative to the current situation (F4) 
Reduction in the difficulty to clearly define the scope of service (F6) 
Reduction of difficulty on measuring performance (F6) 
Increase in the profit ratio (F1) 
 

 

Research need 2 Development of solutions to fulfil customer’ needs:  
Servitization business model integrates the user of the product and the service 
provider. Nevertheless, it requires to clearly define the scope of the service, 
otherwise the user will become completely dependent on the supplier, increasing the 
cost of the service and requiring more attention from the provider. This last part could 
require the provider to outsource the service to increase the coverage to successfully 
implement the business model. 

Challenge  Increased dependence of the user on the supplier (CH5) 
Resistance from the “user” to the “ownerless” solution (CH6) 
User’s concerns about outsourcing (CH7) 
Supplier’s concern about “rebound effect” (excessive consumption just because 
they don’t pay for the “amount” anymore, incorrect equipment use, etc.), in case 
the “user” is still responsible for the “application/use” of the product (CH8) 

Related 
technologies  

Big data, industry 4.0, robotics, elderly support, biodegradable materials, 
automation. 

Expected impact (in 
terms of factors)  

Increase on the capabilities to deliver the services of same/higher quality (F5) 
Decrease the overall degree of resistance to change (for the supplier and the user) 
(F2) 
Increase in the profit ratio after implementing the business model (F1) 
Increase in the system sustainability compared to the current situation (F3) 
 

 

Research need 3 Redesign of the customer-supplier network:  
Servitisation business model requires reduction in the uncertainty related to the 
service measurements (payments, cost, performance) and how the service could be 
properly provided. This requires the procurement area to be highly involved with the 
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customer, making sure that the service is properly scoped and delivered, and all the 
measurements are adequate to successfully implement the business model. 

Challenge  The potential loss due to the uncertainty in payments, cost, performance (CH3) 
Internal resistance, specially from the “procurement people at the user” (CH4) 
Disintermediation of some Supply Chain actors (CH10) 

Related 
technologies  

Big data, industry 4.0, robotics, elderly support, biodegradable materials, 
automation. 

Expected impact (in 
terms of factors)  

Decrease on the risks related to the current situation (F3) 
Decrease the uncertainty in the profit ratio (F7) 
Decrease the overall degree of resistance to change (for the supplier and the user) 
(F2) 
Increase in the flexibility (F8) 
Reduction in risks relative to the current situation (F4) 

5. BM3-Modularization 

5.1 Introduction  
Companies decentralizing their manufacturing split the production processes into smaller pieces that 
allow producing at different locations or regions. Decentralized and modular production changes the 
organizational structure of companies given the fact a company can be more effective if it can focus 
on its core activity and does not do everything (from design to final product). The value chain is broken 
down over more decision-making units that may be outsourced or procured at different locations22.  

The main influencers of the large-scale supply chain are the producing companies. The bulk production 
is broken-up at a wholesaler and sold to many distributed customers. This is translated into a supply 
chain based on economies of scale23. 

The business case of small-scale production is mainly focused on locating the production facility closer 
to the customer. This changes a pivotal part of the supply chain in the manufacturing and sourcing 
stages (Figure 15). Note that the decentralized supply chain is not fixed and can change based on the 
specific case at hand. The large-scale producer elements can either be bypassed or integrated in the 
new supply chain.2 In the centralized supply chain we saw that the stream became customer specific 
after the large-scale production, the decentralized supply chain can be made customer specific from 
any point between the feedstock supplier and the small-scale facility. 

5.2 Technological background 
In D2.1 we identified, described and analysed the technologies related to this business model 
archetype in five separate clusters, being modularity, ICT, electrification, equipment manufacturing, 
process intensification and continuous processing and recovery/work-up. In the radar plot (also taken 
from D2.1) we mapped these technologies and clusters on the different stages of maturity. 

                                                 
22 Description of the archetype was taken from INSPIRE D1.2. 
23 The case description was adapted from INSPIRE D3.1 
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• Modularity is an approach that subdivides processes into separate parts (modules) that can 
be independently created and then connected either in parallel for copying plant parts. 

• ICT technologies refer to the gathering of inline (live, continuous and running) information of 
the production plants and making predictive and holistic process models for monitoring and 
control of continuous, remote controlled decentralized plants.  

• Electrification refers to transformation of electrical energy to thermal, mechanical or chemical 
energy.  

• Equipment manufacturing in this section refers to novel inexpensive mass production 
technologies.  

• Process intensification is an approach in chemical engineering that can be described as ‘a 
strategy for making dramatic reductions in the size of a chemical plant to achieve a given 
production objective’.  

• Recovery and work up technologies refer to efficiently high recovery and separation of 
products and contaminants from a reaction mixture of chemicals and at the same time 
enhance the production of desired product.  

 

 
Figure 5: Radar chart of technologies for BM modularization 

 
The coherence between these categories can be described as follow: modularity can be seen as the 
major design principle, allowing various kinds of flexibility, whereas ICT adds value in ‘closing the 
control loop’. Electrification ‘connects’ the process to e.g. renewable energy sources and both process 
intensification and reuse technologies add specific solutions to the system e.g. efficiency and 
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sustainability enablers. One of the key observations from D2.1 is that many of these technologies are 
at best an enabler and consequently require other technologies, but also the organisation as well as 
the business and value chain to be reconfigured in order to capture the value these technologies 
provide. This has two future implications, which are that a) a business / value chain reference 
architecture (comprising these classes of technologies, organisation and value chain) is needed in 
order to compare current business with ‘flexible and decentral’ businesses and b) the mindset shift in 
industry from decades of process optimization to agile and distributed processing needs to be 
facilitated. 

5.3 Influencing Factors and challenges   
Mapping the decision factors to the challenges allows to understand how each factor can have impact 
on certain amount of challenges. The challenge related to (minimal) economic feasibility (see also 
hereafter) for instance plays a key role in the main decision factors, and hence in the prioritisation of 
enabling technologies and research needs. 
 
For D3.2 it turned out that the influencing factors for the modularized BM are:  

F1. Flexibility 
F2. Cost per unit of product 
F3. Production closer to customers 
F4. Investment costs 
F5. Quality of the facility 
F6. Lead time. 

 
While the challenges are: 

CH1. Definition of the owner of the production facility 
CH2. Scaling-up the business model 
CH3. The economic feasibility of the business model 
CH4. Arranging financing for the deployment of the business model 
CH5. Working with low TRL technologies 

 
 F1 F2 F3 F4 F5 F6 

CH1 X X X X X  

CH2 X X  X X  

CH3 X X X X   

CH4 X   X  X 

CH5 X   X X X 

Table 7: Mapping factors to challenges for BM Modularisation  

 
Some important things to emphasize are: 

• Ownership determines the importance of factors. 
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• Scaling possibilities is mainly determined by costs and flexibility. The scaling strategy impacts 
quality 

• Economic feasibility implies costs, location is a cost saver and flexibility is a cost/revenue driver 

• Financing is easier with capacity Flex, Investment costs is straightforward 

• Innovation flex helps with new technologies. Lead time, quality and investment costs are 
impacted by low TRL tech. 

 

 

Figure 6: Mapping technologies for factors of BM modularisation 

 
Some important issues that turned out from the analysis are:  

• Modularity is main driver of the BM archetype. General high TRL so low lead time for 
implementation of these technologies.  

• ICT facilitates the BM archetype and therefore impacts almost all factors. Also, high TRL.  

• Electrification enables flex and specifically location flex. It generates new costs and revenues, and 
different investment costs. New process => different quality.  

• Equipment manufacturing facilitates the BM archetype and therefore impacts almost all factors. 
Also, high TRL 

• Process Intensification and continuous processing facilitates flexibility and location flexibility. It 
greatly impacts the process and therefore unit costs and quality. Lower TRL so higher lead time.  

• Recovery/Work-up facilitates flexibility, and location flexibility. It greatly impacts the process and 
therefore unit costs and quality. Lower TRL so higher lead time. 

5.4 Research needs  
The research needs for the Modularization BM are correlated to the technology clusters that have 
been identified as potentially critical towards deployment of this BM Archetype, and their theoretical 
maturity level, as indicated in the Technology Dashboard (D2.1).  
 
According to this background, and based on our surveys, our technology Dashboards, feedback from 
our case studies and literature study, we selected the most appropriate research and innovation 
themes to structure the high-level research needs for this Business Model Archetype:  

1. Development of economically scalable technologies  
2. Methods and tools for financing small scale production facilities  
3. Development of scaling strategies. 

 
Research need 1 Development of (economically) scalable technologies: 

Modularity ICT Electrification
Equipment 

Manufacturing

Process Intensification and 

continuous processing
Recovery/Work-up

F1 X X X X X X

F2 X X X X X X

F3 X X X X X X

F4 X X X X

F5 X X X X X X

F6 X X
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• In the Chemical sector we see practices of technologies that can be used to 
make small scale facilities (such as membranes). However, we see that the 
equipment needed for surrounding processes such as piping and 
compressors are accustomed to large scale production. This means that the 
economic scaling of the process is hindered by the general equipment 

• The research need is 1) to develop both process technologies that can be 
used to scale down the production process and make small scale 
production feasible and 2) to develop cost efficient small-scale general 
equipment.  

• Possible solutions in scope is to reduce the quality/lifetime of the small-
scale plant to increase the economic potential (such as disposable plants) 

Challenge  Challenges are the economic feasibility of the business model and consequently 
arranging financing for the deployment of the business model (CH3 and CH4) 

Related 
technologies  

Equipment Manufacturing, Modularity, Electrification 
ICT as an enabler 

Expected impact (in 
terms of factors)  

Lower cost per unit of product and consequently investment so it is more 
competing with large scale production (F2 and F4) 

 
Research need 2 Development of methods and tools for financing small scale production facilities:  

• In the current situation we see that different methods are used to finance a 
small-scale production facility. For instance, Joint Ventures, leasing-
contracts, subsidies and/or selling the facility. There is no standard method 
for financing the small-scale facility and therefore also no standard 
practices for new companies entering the small-scale production market. 

• The research need is to develop a framework of financing constructions for 
specific small-scale production situations. This framework will have to 
consist of tools (such as standard contracts), incentives and barriers for the 
specific financing constructions  

Challenge  The definition of the owner of the production facility is a challenge, which makes it 
challenging to arrange financing for the deployment of the business model (CH1 and 
CH4) 

Related 
technologies  

ICT, Equipment Manufacturing 

Expected impact (in 
terms of factors)  

Lower emphasis on the importance of investment cost and cost per unit of product 
and more on the benefits of flexibility, closeness to customers and quality of the 
facility (F1 to F5).  

 
Research need 3 Development of scaling strategies:  

• In the current situation we see that scaling up the production of small scale 
facilities is a solution to improve the business case/model. However, the 
method to scale the production is unclear and new barriers arise, such as 
competing with large scale production. 

• Research need is to develop scaling strategies, which situation these 
strategies can be used and how they can be applied. 
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• Possible strategies are: Disruptive scaling by acquiring venture capital, 
Assimilation and evolution by joining an existing large-scale production. 
Digitization of the supply chain can optimize stock and material flows24. In 
the consumer goods sector, development of franchising or production hubs 
appears to be successful25. In some sectors, the “micro factory retail 
concept” may appear a key to successfully compete with traditional large-
scale manufacturers, e.g. in case of microbreweries and automotive where 
the concept is already applied26. MFR is basically a combination of 
equipment production, sales and maintenance (service). Typically relatively 
labour intensive. Scaling is executed by ‘copying’ the MFR in another 
location. 

 

Challenge  The identification of the owner of the production facility is challenging also the 
scaling-up the business model (CH1 and CH2). 

Related 
technologies  

ICT, Equipment Manufacturing, Electrification, Recover/Work-up 

Expected impact (in 
terms of factors)  

Lower emphasis on the importance of investment cost and cost per unit of product 
and more on the benefits of flexibility, closeness to customers and quality of the 
facility (F1 to F5). 

6. BM4-Recycle, Re-use and Sustainability 

6.1 Introduction  
A Recycle, Re-use and Sustainability (RR&S) business model is based on the principle of and aims to 
work towards a Circular Economy. The Circular Economy concept describes a regenerative economic 
system in which resource input and waste, emission, and energy leakage are reduced by slowing, 
closing, and narrowing material and energy loops.   
 
The introduction of such a business model has impact on both upstream (changed collaboration with 
raw material suppliers), downstream (collection of waste) and side stream (industrial symbiosis) value 
chain partners as well as on the value proposition (e.g. new recycling, extended producer 
responsibility or industrial symbiosis services). The business model requires significant collaboration 
in the value or supply chain, from design for recycling up to dismantle for recycling (so called “reverse 
logistics”). It is hence enabled by technologies throughout the full production, value chain and 
ecosystem, covering 5 application areas: 
 

1. Re-cycling of end of-life materials and products (parts)  

                                                 
24 Distributed Manufacturing: scope, challenges and opportunities. Srai, J.S., Kumar, M., Graham, G. e.a., White 

Rose University consortium, 2016 
25 An example is given on http://blog.fisherbioservices.com/decentralized-manufacture-the-drivers-and-barriers. 

Also the case from INSPIRE D1.2, where reworking product X would be necessary, is an example where 

distributed production can help overcome the shelf life problem. 
26 https://www.just-auto.com/analysis/a-radical-business-concept-for-the-automotive-industry_id86618.aspx 

https://www.just-auto.com/analysis/a-radical-business-concept-for-the-automotive-industry_id86618.aspx
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2. Remanufacturing, refurbishing and repair 
3. Re-use of materials and products for longer life-times  
4. Planning and coordination of the circular supply chain 
5. Decision making in the value or supply chain 

 

 
 
Figure 7: Technology clusters to deploy circular strategies 

6.2 Technological background  
Recycling describes technologies that aim to recover materials from end-of-life products (cores). It 
hence requires disassembly and separation techniques, solutions that favour value chain coordination 
from end-of-life collection, treatment and re-introduction as a resource in the primary production 
process. Technologies and solutions for industrial symbiosis, which facilitate the transformation of 
waste from one industry into a resource for another, establishes an important area of development 
in this application area. Fully optimising materials use in the value chain from an environmental point 
of view will increasingly see a combination of recyclability and biodegradable materials (e.g. in 
packaging). Modular, distributed and mobile manufacturing technologies may be needed to enable 
this business model to pre-treat regionally collected waste and prepare for re-use (examples such as 
mobile treatment of agricultural waste or critical raw materials from end-of-life electronic waste are 
demonstrating this possible development). 

Remanufacturing, refurbishing, and repair technologies that aim to restore or recover parts from 
end-of-life products (cores). Within the process and manufacturing industry, this also includes parts 
from production processes. In some application areas, such as electronics and end-of-life automotive 
disassemble solutions play an essential role in making the business case for this application area 
sustainable. Novel “repair technologies” for industrial processes, such as 3D printing for e.g. process 
equipment are emerging and may play a relevant role in the future. 

Reuse, longer lifetimes technologies are the third group of Circular Economy or Re-X technologies 
aimed at minimizing resource input into and waste and emission leakage out of the economic system. 
The capability to identify (and map) re-usable products, components and materials throughout the 
supply chain and their use, is essential to be able to know how optimise resource usage throughout 
the value chain in an economically viable manner. Materials and re-usable resource mapping could 
play an important role towards accelerating industrial symbiosis in regional contexts. It may also 
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favour the introduction of servitisation concepts in the supply chain, with an impact on sustainability 
(e.g. suppliers can trace and take-back materials and products, once their function has been depleted). 
Longer lifetimes could be fostered by well-ageing materials for various applications. 

Information and Communication Technology (ICT) comprises information and telecommunication 
technologies that allow access, storage, transmission, and manipulation of data. In the context of 
Circular Economy business models, it describes IT and communication technologies that support the 
planning and coordination of the Re-X production principles outlined above. A potentially emerging 
application of ICT towards a circular economy, is the mapping, tracking and matching of materials 
throughout the supply chain (possible combined with identifiers or chemical markers to optimise 
recognition and sorting). Platforms for (inter) regional on-line trade of “waste-to-resource” are 
emerging and being experimented. 

Information and simulation-based decision and design describes technologies that enable the 
simulation of the key elements of an organization and its environment as well as the interaction 
between these elements using simulation software. These technologies support decision making in 
the development and design of Circular Economy operations and organizations by calculating and 
visualizing the outcomes of different scenarios based on assumptions and empiric data. Whereas 
circular business models require collaboration between partners in the supply chain, and all business 
cases of value chain stakeholders need to align, data driven business model simulation could play an 
important role in decision making towards such models. Furthermore, product Life Cycle management 
models and software is expected to play a relevant role, both in managing the full supply chain 
collaborations and its business models towards lower CO2eq impact, as well as for the design of better 
performing products and materials from an environmental point of view. 

Whereas there are a large number of technologies available and relevant for this business model 
archetype, we will focus on those technology clusters that have been identified in D2.1 as those that 
may make the difference in establishing a possible breakthrough towards wider applicability, 
complemented with key enabling technologies for this Business Model Archetype from multiple 
business cases that have been assessed and discussed with industry partners, as well as from external 
roadmaps for the circular economy27. For this purpose, 17 technology clusters have been considered, 
grouped into the five application areas described above. 

Recycling Remanufacturing, 
refurbishing and 

repair 

Reuse, longer 
lifetimes 

ICT Simulation 

Biodegradable 
materials 

3D printing Biomimicry Materials-process 
matching 

Business model 
simulation 

Chemical markers IoT Smart Industry Identifiers Trusted cloud-based 
platforms for waste 

Design for X PLM 
add-ons 

                                                 
27 New_INNONET D5.3. Integrated Strategic Innovation and Research Agenda, Unleashing the power of 
secondary materials: A strategic research and innovation agenda for effective material recycling from ELV, 
WEEE and plastic packaging waste streams; 30 June 2017 



 

   

  INSPIRE 
   Deliverable 4.3 

Research Needs Roadmap 
 

INSPIRE / D4.3 32 Contract No. H2020 - 723748 

value chain 
management 

Selective separation 
technologies  

Automated 
disassembly 

Materials mapping  Product-ageing 
simulation 

Waste treatment and 
processing for 
recycling  

 Well-aging materials  Reverse supply chain 
simulation 

Figure 8: List of technologies from D2.1 for BM RR&S 

6.3 Influencing factors and challenges 
These enabling technologies each have impacts on the key decision factors and challenges for this 
business model, as described and validated in D3.3. 

Mapping the decision factors and the challenges allows to understand how each factor can be 
influenced by certain amount of challenges. The challenge related to (minimal) economic feasibility 
(see also hereafter) for instance plays a key role in the main decision factors, and hence in the 
prioritisation of enabling technologies and research needs.   

  F1 F2 F3 F4 F5 F6 

  Profit Market Strategy Resource Waste Maturity 

CH1 Ownership responsibility   X    

CH2 Economic feasibility X X X    

CH3 Market Value 
acceptance 

X X X    

CH4 Financing     X  

CH5 Trust   X   X 
Table 8: Mapping factors to challenges for BM RR&S 

6.4 Research needs  
The research needs are correlated to the different enabling technology clusters that have been 
identified as potentially critical towards deployment of this Business Model Archetype, and their 
theoretical maturity level, as indicated in the Technology Dashboard (D2.1).  
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Figure 9: Radar chart of technologies for BM RR&S 

 
Then factors have been mapped to the technologies, in the table below to make a preliminary 
evaluation of how the technologies can support the full implementation of the most important factors.   

  
Recycling 

technologies 
Refurbishment/ 

repair 
Re-use 

technologies 
ICT Simulation 

F1 Profit X X X X X 

F2 Market X    X 

F3 Strategy X  X  X 

F4 Resource X  X X  

F5 
Waste 
collection 

X X X X  

F6 Maturity X X X  X 

Table 9: Mapping technologies to factors of BM RR&S 

 
The technologies considered in the INSPIRE project play a critical role in fostering the Recycle, Re-use 
and Sustainability Business Model. Based on business model validation with industries and experts in 
WP3 (D3.3.), we see that all decision factors for this Business Model Archetype are considered 
relatively important. 
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Profitability, longer term market stability and shareholders value (strategic alignment) and capability 
to organize waste collection are indicated to be the most important factors. Most responders also 
indicated that all factors will remain important or grow in importance.   We interpret this as showing 
that RRnS technologies need to foster a market that is economically attractive enough (there should 
be market potential and some economic gain), in order to be adopted as a company strategy. 

From recent studies we conclude the market potential for the RR&S business model seems 
significant. As highlighted by the recent European Commission study “Cooperation fostering industrial 
symbiosis market potential, good practice and policy actions28” on Industrial Symbiosis potential 
“there are significant unused waste streams in the EU for which other applications are clearly 
identified. The volumes of these waste streams, and market characteristics as currently understood, 
suggest at first approximation, market potential across the sectors in the EU running into hundreds of 
millions of euros per year and potentially billions of euros, especially in the areas of waste electrical 
and electronic equipment (WEEE), construction and demolition waste and plastics. From the point of 
view of cost-avoidance and given its volume, there is also considerable potential for diversion of 
mineral wastes, construction minerals and others streams of C&D waste. A number of areas, for 
which potential is currently low but are expected to grow exponentially in the future, include recycling 
of critical raw materials (included in WEEE), batteries and solar panels (and other renewable 
technologies). Recycling of this could have a significant value due to scarce and critical materials 
contained in them”. 

The market potential differs significantly per material type. Treatment and recovery rates vary from 
waste stream to waste stream – from over 80 % collection rates for textiles, aluminium (from 
construction and automotive sector), mineral waste (from the construction sector) batteries and 
accumulator waste and wood waste to just 56 % for used oils and 35 % for WEEE. However, waste 
treatment effectiveness also varies for every waste stream – recovery rates range from 80 % or more 
for plastic waste, animal and mixed food waste and vegetal waste, mineral waste from C&D, textiles, 
used oils and batteries and accumulator waste, through to less than 50 % for wood, rubber and 
aluminium. 
 
As found in that same study, the majority of the respondents in the survey (64%) considers Risk and 
Uncertainty linked to the difficulty to identify cost-benefits and return on investment ex-ante one 
of the most important bottlenecks to engage in Industrial Symbiosis. Within the INSPIRE our industrial 
partners indicate that capability to collect a critical mass of waste, as well as the related fragmentation 
of the European market (including regulatory fragmentation) play an important role in this insecurity. 
The availability of cost effective technologies to collect, (pre) treat and (re) process secondary raw 
materials within the primary production chain plays a key role as well.  
 

                                                 
28 2018, “Cooperation fostering industrial symbiosis market potential, good practice and policy actions” by 
Technopolis, TNO, International Synergies, Trinomics and UCL: ISBN number 978-92-79-74679-6 Luxembourg: 
Publications Office of the European Union, 2018 
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Against this background, and based on our surveys, our technology Dashboards, feedback from our 
case studies and literature study, we selected the four most appropriate research and innovation 
themes from the NEW-INNONET research agenda, to structure the higher-level research needs for 
this Business Model Archetype: 

1. Cost effective collection of waste and side streams 
2. Optimised sorting, recycling and re-use 
3. Design for circularity 

4. Solutions to foster a well-functioning market for recycled or re-use of raw materials 

 
Research need 1 Effective collection of waste and side streams 

 
Effective collection concerns having appropriate, easily available and cost-effective 
collection systems where user behaviour has been taken into consideration. For 
most of the waste streams well-functioning source separation is a crucial part of the 
collection system, both with respect to the amounts and the quality of the collected 
materials/products. This is true for industrial side streams for industrial symbiosis as 
well as for consumer products. Good examples29 are: End-of-Life Vehicles: 12 Million 
cars per year, >50% iron and steel, 25% non-metals, <25% non-ferrous metals 
(Eurostat, 2015)). End of life electronic waste (WEEE); around 9Mt of electrical and 
electronic equipment (EEE) was put on the market in the EU in 2012 (Eurostat, 2016c). 
WEEE is an extremely heterogeneous waste stream in terms of materials composition 
including for example: base metals, precious metals, rare earth metals (REMs), 
engineering plastics, other organics, hazardous substances (brominated flame 
retardants, lead, beryllium, arsenic), glass, ceramics (Hagelüken, C. & Corti, C., 2010). 
Plastic Packaging. Packaging is the largest application sector for the plastics industry, 
representing about 40% of the total plastics demand in Europe (Plastic Europe, 2015). 
This corresponds to an annual amount of 19 million tonnes. PE, PP and polyethylene 
terephthalate (PET) are the three dominant polymer types for plastic packaging. 

The following developments are relevant to make progress in the effective collection 
of waste and side steams: 

• Increase collection rates by improved design of collection systems system 
based on systemic thinking and reverse logistics, that take into account the 
needs of producers that will use the recycled material, as well as the 
behaviour of consumers using the collection, including effective transport of 
separated components from high number of dismantlers (mainly SMEs) to 
centralized recycling plants. Various solutions and real-life implementations 
are available in the market but can tailored and optimized to facilitate 
separation of selected higher quality (low contaminated) materials streams 
(such as specific plastics, critical metals, composites etc.) to favour business 
cases in the market.  

 

Challenge  Economic feasibility (CH3) 

                                                 
29 Adapted from the NEW_INNONET research roadmap  
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Related 
technologies  

Lower TRL 

• Materials-process matching and mapping. ICT tools to support the mapping 
and localization of materials in the value chain and products will foster 
effective management of waste collection systems. Software tools and 
material passports would be necessary to optimize this  

• Reverse supply chain simulation 
 

Expected impact (in 
terms of factors)  

Enabling RRnS strategy (F3) 
Increase capability to collect a critical mass of waste (F5) 
Increase market attractiveness (F2) 

 
Research need 2 Optimised sorting, recycling and re-use 

 
To optimize recycling of materials, the realization of effective and flexible sorting 
and recycling techniques adapted to process discarded products entering the end 
of-life chain is necessary. In addition, losses are minimized, removal of hazardous 
materials and components is efficient and a minimum loss in quality of the recovered 
materials is achieved. 
Recycling technologies for bulk materials, such as metals from End-of-life vehicles, 
plastic bottles or other packaging products are relatively well developed and 
established. Higher level re-use and recycling targets and new levels of material 
complexity in product development, such as new composite materials (e.g. in cars), 
multifunctional multilayer plastics (e.g. in packaging), the integration of higher 
volumes of electronics (e.g. in car engines), critical raw materials (e.g. in consumer 
electronics, photovoltaics, wind energy), pose more demanding challenges to 
recycling technologies.  
The following key developments are relevant to make progress in the effective 
sorting, separation and recycling of waste and side steams: 

• Improve cost effective selective separation of valuable and higher purity of 
materials from more complex products or specific material streams from 
end-of-life consumer products and from industrial side streams 

• Facilitate cost-effective (re) introduction of recycled materials within 
primary production processes, e.g. through higher purity secondary 
materials streams and drop-in solutions  

 

Challenge  Economic feasibility (CH2) 
Market Value Acceptance (CH3) 

Related 
technologies  

Higher TRL 

• Automated disassembly and robotics for of end-of life products. This 
technology is available in the market and would reduce the costs of currently 
often unaffordable disassembly (often needs to be done manually) but 
needs to be tailored and improved to specific product categories that are 
most challenging, and potentially provide valuable re-usable or recyclable 
resources (e.g. scare materials, hazardous materials etc).  

• Chemical markers and identifiers. This technology will enable identification 
of valuable materials within the value chain and within products, facilitating 
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effective collection and sorting. Research on standardization will be critical 
for waste collectors to be able to invest in detection equipment (e.g. lasers, 
imaging) and the related business case 

• Improved mechanical and chemical separation technologies for 
heterogeneous materials (e.g. magnetic density separation for different 
varieties of plastics in the plastic mix waste stream). 

• Lower costs modular and mobile waste treatment solutions to foster so-
called “hub and spoke” business model 

 
Lower TRL 

• Lower cost selective separation technologies (e.g. more advanced and active 
membranes (Robust, adjustable pore size) for liquid and gaseous substances 
such as CO/CO2 -rich flue gas from the process industry),  

• Waste treatment and processing technologies e.g. for direct reintroduction 
in primary production processes (e.g. non-thermal separation of metals) 

 

Expected impact (in 
terms of factors)  

Foster better profits (F1) 
Increase market attractiveness (F2) 
Enable strategy (F3) 
Improve resource efficiency (F4) 
Increase trust in RRnS technologies (F6) 

 

Research need 3 Design for circularity  
 
Design for circularity concerns developing products for which the end-of-life 
treatment has already been taken into consideration in the product design phase, 
as well as the active inclusion of recycled materials in product designs. This will 
result in high recycling efficiency with minimum losses in the recycling chain and 
also enable high-grade applications for recycled materials. Important aspects to 
consider include, for example, the choice of materials and how these materials are 
combined, consumer preferences, identifiability and the accessibility of hazardous 
parts, components and fasteners etc. 
 
The current requirements and the rapid development of materials, including ideas 
for using more renewable materials, have led to complex designs, the use of multi-
material combinations and composites, miniaturization, the availability of large 
number of 
alternative materials etc. These trends make disassembly and liberation/separation 
of the components and materials and their recovery in recycling processes difficult 
and less cost effective than before. 
The following key developments are relevant to make progress in the designing 
products and materials for circularity: 

• Develop improved design indicators and tools using the impact of certain 
design choices in recyclability, re-usability and LCA impact 

• Better understand user behaviour and drivers for recycling, as input to new 
collaborative design processes for circularity 
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• Better understand the impact of bio-degradable materials on recyclability 
(contamination) 

Challenge  Ownership and responsibility (CH1) 
Market Value Acceptance (CH3) 

Related 
technologies  

Higher TRL 

• Well aging materials and longevity 

• Bio-degradable materials 

• 3D printing 
Lower TRL 

• Business Model Simulation 
 

Expected impact (in 
terms of factors)  

Increase market attractiveness (F2) 
Enable strategy (F3) 
Improve resource efficiency (F4) 

 
 

Research need 4 Solutions to foster a well-functioning market for recycled or re-use of raw materials 
 
A well-functioning market and economy concerns the accomplishment of an 
effective and established market including innovative business models for recycled 
materials able to compete with virgin raw materials as well as with landfilling and 
energy recovery. A well-functioning market also concerns the absence of 
noncompliant actors and the illegitimate handling of recycled raw materials. 
 
The following key developments are relevant to make progress in the process towards 
a well-functioning market for recycled or re-use of raw materials: 

• Incorporate requirements from industrial partners that could be applied to 
secondary raw materials in the collection and recycling system (see above 
under research need 1), in order to create a market pull for recycled raw 
materials can be created. 

• The development of a European raw materials information system fostering 
standards, in combination with monitoring (including tracing of hazardous 
substances, LCA impact), mapping and optimization systems 

• Regional and interregional platforms and communities that foster the 
identification, trade and exploitation of re-usable secondary raw materials 

• Improved Extended Producers Responsibility concepts based on trusted 
tracking and tracing systems 

 

Challenge  Clarify transparent ownership and responsibility in the supply chain (CH1) 
Increase chances of economic feasibility (CH2) 
Foster Market Value Acceptance (CH3) 
Stimulate joint or innovative financing schemes (CH4) 

Related 
technologies  

Higher TRL 

• Design for X-Product Lifecycle Management add-ons 

• Identifiers (e.g. for the EU raw materials information system)  
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Lower TRL 

• Business Model Simulation 

• Materials mapping 

Expected impact (in 
terms of factors)  

Foster better profits (F1) 
Increase market attractiveness (F2) 
Enable strategy (F3) 
Improve resource efficiency (F4) 
Foster capabilities for waste collection (F5) 

 

7. BM5- Emerging Energy Carriers 
7.1 Introduction  

A trend is seen in the energy sector which moves from central fossil power plants to decentralized 
renewable energy production (for example solar, wind or biomass). Solar and wind power are large 
contributors to renewable energy production and are of major importance to realize sustainability 
targets. These power sources have as a drawback that they are inflexible; it is not possible to shift the 
amount of power at will, others than curtailment. 

The chemical industry is an energy intensive industry. This is because of energy intensive processes 
but also because energy is used as and for feedstock production (e.g. natural gas or electrolysis for 
hydrogen production). Trends in the energy sector can therefore influence the chemical sector. Energy 
use is seen as a cost centre and as a large part of the carbon footprint in the chemical supply chain. 
Chemical companies are therefore looking to optimize their energy use and sourcing30.  

At this point the energy sector and the chemical industry can find each other. The chemical industry 
can provide flexibility to the energy sector by offering demand-response and energy storage 
functionality. In exchange the energy sector can provide low cost electricity to the chemical sector. 
This is in short what the Emerging Energy Carriers (EEC) business model archetype represents. 

In the EEC BM, chemicals will play a role as energy carriers in two ways31:  

• Through demand-side response: The chemicals producer, that produces chemical product 

from (sustainable) electricity allows an electricity grid operator to reduce (or shut down) the 

production to reduce power shortage in the grid. The chemical producer receives a fee when 

this service is used by the grid operator. 

• By electricity storage: A chemical product, or a by-product, with high energy capacity and 

electrical conversion properties is stored. In case of an electricity shortage the stored chemical 

can be used for electricity production.  

 

                                                 
30 Description of the archetype was taken from INSPIRE D2.1. 
31 See INPSIRE D2.1. 
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Examples of energy carriers are hydrogen, ammonia, methanol and formic acid. They can be produced 
through electrolysis. 

In this kind of supply chain not only the electricity supplier is relevant, but also the grid operator. The 
electricity provider sells electricity and is responsible for energy availability. The grid operator is 
responsible for the electricity network. The network had to be balanced and enough capacity should 
be available. In future business models also, Energy Service Companies (ESCo) will become relevant. 

7.2 Technological background  
In D2.1 we identified, described and analysed the technologies related to this business model 
archetype in three separate clusters, being power conversion, ICT and biomass-based fuels. In the 
radar plot (also taken from D2.1) we mapped these technologies and clusters on the different stages 
of maturity. 

Emerging Energy Carriers refer to the new forms of energy carrying molecules and methods: 

• Power conversion for long term storage refers to conversion of electricity (renewable) into 
energy sources such as H2, methanol, NH3 and others, which can be further stored and used 
on demand even after a long duration.  

• Bio based fuels refer to conversion of biomass into low density fuels which can be achieved 
from basic processes of pyrolysis or digestion. New developments in this field target the use 
of advance methods such as plasma torch, electrochemical conversion, in-situ/ in line 
separation of products and contaminants for enhanced productivity and lower foot-print of 
the bio-based processes.  

• ICT technologies refer to the gathering of inline (live, continuous and running) information of 
the production plants and making predictive and holistic process models for monitoring and 
control of the production and in connection to the requested demand for energy (e.g. demand 
response). 
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Figure 10: Radar chart of technologies for BM EEC 

 
The key components of this ‘system’ are conversion and control. The cluster of biomass-based fuels 
expands the range of inputs but is in its applications more or less separate in the sense that fuels have 
an existing supply chain in which these can be ‘dropped in’. If we focus on the two complementary 
clusters and consider application of these, then the potential impact becomes apparent: If a company 
in processing industry ‘connects’ to the energy system, it adds value by providing flexibility. In times 
of oversupply of (renewable) energy, energy is converted to energy carriers and/or intermediate 
products. In times of shortage the energy carriers is either reconverted or further processed 
downstream. Essentially this implies that energy carriers serve dual markets, being the conventional 
market and the energy market. This implies an increased complexity of the organisation, now having 
to make sound trade-offs so as to which market to prioritize. From a societal and energy efficiency 
perspective a merit order for this type of storage should be determined. This is needed to prioritize 
which type of products and thus companies should be addressed first when flexibility/storage is 
required. Those products that have the total cheapest conversion/reconversion ratio are prioritized 
up to capacity. 

7.3 Influencing Factors and challenges  
Mapping the decision factors to the challenges allows to understand how each factor can have impact 
on certain amount of challenges. The challenge related to (minimal) economic feasibility (see also 
hereafter) for instance plays a key role in the main decision factors, and hence in the prioritisation of 
enabling technologies and research needs. 

For D3.2 it turned out that the influencing factors are:  
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F1. Need for flexibility in the grid 
F2. Cost of flexibility 
F3. Possibilities for flexible production of energy carriers 
F4. Availability of electricity at low prices 
F5. Shortage of electricity in the market 

 
While the challenges are:  

CH1. Viable business case. 
CH2. Viable business model. 
CH3. Regulations. 
CH4. Storage. 
CH5. Response times. 

 
 F1 F2 F3 F4 F5 

CH1 X X X X X 

CH2 X  X   

CH3 X  X   

CH4 X X X   

CH5 X  X X X 

Table 10: Mapping factors to challenges for BM EEC 

 
The table shows the following:  

• Need for flexibility in the grid is driver for all challenges. Same for possibilities to produce 
flexibility.  

• Cost of flexibility relates to the feasibility of storage and the overall business case 

• Low prices relate to the markets you can respond to and the business case 

• Shortages also relate to the markets you can respond to and the business case 
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 Power Conversion Biomass-based fuels ICT 

F1   X 

F2 X X  

F3 X X X 

F4 X   

F5 X   

Table 11: Mapping technologies for factors of BM EEC 

 
In particular it can be noted that:  

• ICT relates to connecting the power system and thus creating a need for flexibility. ICT can 
also enable new energy carrier technologies. 

• Power Conversion enables the new technologies and therefore drive the cost price, the 
needed electricity price and the availability of energy carrier solutions 

• Biomass fuels create more energy carrier solutions but do not directly link to the electricity 
system. 

7.4 Research needs  
The research needs for the EEC BM are correlated to the technology clusters that have been identified 
as potentially critical towards deployment of this BM Archetype, and their theoretical maturity level, 
as indicated in the Technology Dashboard shown in the fig.10.  

Against this background, and based on our surveys, our technology Dashboards, feedback from our 
case studies and literature study, we selected the most appropriate research and innovation themes 
to structure the high-level research needs for this Business Model Archetype:  

4. Technologies to produce new energy carriers 
5. Viable BM for EEC 
6. Regulations to support EEC model 

Research need 1 Development of technologies that can produce new energy carriers: 
Examples of technologies (Derived from D2.1): 

• Low cost electrolysers 

• Activation of Carriers 

• Chemical Looping 

• Carrier reconversion 

Challenge  Storage and response times to new demand are challenges (CH4 and CH5) 

Related 
technologies  

Power Conversion, Biomass based Fuels 

Expected impact (in 
terms of factors)  

Improvement of the possibilities for flexibility (amount of technologies that can be 
applied) (F3) 
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Research need 2 Research should be done to viable business models for the EEC archetype: 

• Current situation business models mostly are not viable or blocked by 
regulation. 

• Research need is on development on new business models of emerging 
energy carriers, for instance on hydrogen production for energy use. 
Business models can regard to providing flexibility for electricity grid 
purposes, delivering green energy or replacement of natural gas. 

• Develop cost models for different chains of producing hydrogen. 

• Validate business models in real life by setting up pilots 

Challenge  A viable business model is key for this need (CH2). 

Related 
technologies  

Power Conversion, Biomass based Fuels, ICT 

Expected impact (in 
terms of factors)  

Improvement of flexibility options (amount of solutions that can be applied) less 
dependent from low priced electricity and shortage of electricity (F3 to F5) 

 
Research need 3 Develop regulations that enable and support the EEC model32: Governments should 

develop regulations together with the electricity and chemical sector. This should be 
done preferably on EU level, because both the electricity and chemical market are 
international markets. Relevant topics are: 

• Stimulation of sustainable alternatives. 

• Adaptation of connection capacity pricing. Currently connection tariffs are 
based on capacity. This is however a burden to the uptake of the EEC model 
for producers of energy carriers, since they will need a high capacity 
connection to produce energy carrier by electrolysis and to deliver electricity 
to the grid 

• Current energy regulation classifies storage as an energy generator. Also 
increasing integration of renewable energy is not supported as building extra 
renewable energy. The classification as energy generator results in 
conditions that are unfavourable for storage to be used in business models 
that support grid operators. 

Challenge  Applicable regulations (CH3) 

Related 
technologies  

Power Conversion, Biomass based Fuels, ICT 

Expected impact (in 
terms of factors)  

Improvement of need for flexibility in the grid (amount of solutions that can be 
applied) less dependent from low electricity prices and shortage of electricity (F1, F4 
and F5). 

 
Research need 4 Development of large scale storage techniques: 

• Research safety issues of storage at large scale of different energy carriers 
(hydrogen, ammonia, etc.).  

• Develop safety solutions where needed. 

                                                 
32 Current relevant regulations are RED (Renewable Energy Directive), FQD (Fuel Quality Directive) and ETS 

(Emission Trading System). 
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• Research new storage techniques:  
Technologies include chemical binding of hydrogen in metal hydrides, storage of 
hydrogen as compressed gas or after liquefaction in small scale lightweight 
composite hydrogen tanks or in large scale storage in abandoned salt caverns. 

Challenge  Storage of (re-convertible) energy (CH4) 

Related 
technologies  

Power Conversion, Biomass based Fuels 

Expected impact (in 
terms of factors)  

Improvement of the possibilities for flexible production of energy carriers (F3) 

8. Conclusions 
This deliverable focuses on defining the research priorities to improve supply chain strategies and 
operations for the process industry based on cross-sectorial and holistic approach to finalize the five 
business models recognized as key models for the future of the sector.  

This document is the result of an extensive process of collecting input from process industry during 
the previous steps of the project and integrating them for a unique aim: D2.1 has contributed with the 
list of most important technologies, D3.2 with the description of the models and D3.3 with the list of 
influencing factors and challenges. 

The five business models (Customisation, Modularization, Servitisation, Re-use, Recycle, 
Sustainability, and Emerging Energy Carriers) can be applied in different ways to process industry sub-
sectors (e.g., cements, chemical, ceramics, etc.) to improve their performance and change the 
approach to the market. Figure 12 below gives an outlook on the research needs (RN) for each 
business model (BM).  

What turned out from the definition of the research needs is that technologies are not enough if they 
are implemented as stand-alone solutions. Technologies need to be part of a clear strategy, and the 
definition of related business model allows to contextualize the technologies to a specific aim. For this 
reason, some research needs are pretty technological like:  

• RN1-EEC: technologies to produce new energies carriers 

• RN2-Cust: efficient manufacturing systems for customised products  

• RN2-RRS: optimised sorting, recycling and re-use systems.  

Other research needs cover both organizational and financial asking for changes not only the company 
itself but also the system of relationships where the company works like:  

• RN2-M: methods and tools for financing small scale production facilities  

• RN3-EEC: Regulations to support EEC model 

• RN4-RRS: solutions for well-functioning market for recycle, re-use or raw materials. 
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The use of a holistic approach that takes into consideration different decision dimensions is 
implemented through the tools developed in INSPIRE and described in D4.4.   

 
Figure 11: Summary of the research needs per BM 

 
INSPIRE acts at macro-level (i.e. process industry) and it was chosen to keep it at general level while 
through the implementation of the D4.3 and D4.4 results a company from any sub-sector of the 
process industry can specify and develop its innovation path.  

The business models have been developed also to support the integration of the process industry with 
the discrete manufacturing sector with the perspective of answering to market needs. The relationship 
between the two sectors is both in one direction (process industry providing services to discrete 
manufacturing –raw materials, energy, chemicals, etc) and the other way around (discrete 
manufacturing providing technologies, machines to innovative the process industry). Some research 
priorities are in these perspectives especially when considering the development of new technologies.  

For example, process industry needs to interact with discrete manufacturing in order to design and 
develop the technologies necessary for the research needs (RN) like:  

• RN2-Cust: Efficient manufacturing systems for customised products 

• RN1-M: economically scalable technologies 

• RN1-EEC: technologies to produce new energy carriers  

• RN2-RRS: optimised sorting, recycling and re-use 

There are RNs that allows to integrate the two sectors because they are related to the need to collect 
data from related to customers which are useful for the process industry both as “seller to the market 
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(i.e. cement, ceramics, etc) and as a supplier of discrete manufacturing (i.e. chemical for fashion 
industry, steel for automotive) like:  

• RN3-Cust: models and tools for customer-driven networks  

• RN3-PSS: redesign customer-supplier networks 

Overall, the identified research needs are to be used both at company level, to understand which steps 
are to be taken to fulfil the model and at system level for the SPIRE community to define future steps 
to improve the whole sector.  

 


