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Abstract

The “family” of process industries spans multiple industrial sectors and thus constitutes a substantia part of all manufacturing
industries, including petrochemicals and chemicals, food and beverage, mining and metals, mineral and materials, pharmaceuticals,
pulp and paper, steel, and utilities. This article begins by reviewing methods and tools used in the process industries for
effectiveness improvements, such as technology road-mapping, R&D strategy development, and portfolio balancing. Next, more
efficiency-related areas of R&D like work processes and methodologies like quality function deployment, and collaboration in an
open innovation approach are introduced. Both areas relate to product and process innovation from idea generation to
implementation. Starting from this platform of current knowledge, future perspectives on the need for new approaches and tools
for improved Management of Innovation & Technology in the process industries are reviewed and discussed.
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1. Background and introduction

1.1 Innovation in the process industries

The process industries span multiple industrial sectors and thus constitute a substantial part of all manufacturing
industry. This“family” of industriesincludes, for example, petrochemicals and chemicals, food and beverage, mining
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and metals, mineral and materials, pharmaceuticals, pulp and paper, steel, and utilities. A key difference between
companies in the process industries and those in other manufacturing industries is that the products supplied to them,
and often also those delivered from them, are materials or ingredients rather than components. Additional key features
are the often long supply and value chains prevailing within them and the fact that process companies are very asset-
intensive and strongly integrated in a few physical locations [1]. R&D in the process industries is conducted in a
laboratory, pilot plant, or production plant environment rather than at a design office. Product prototypes are replaced
by test runs in pilot plants or full-scale production, in which test batches for customers or consumers are made.
Development work is fundamentally experimental, and product and process development often take place in
collaboration with manufacturers of process equipment and suppliers of raw materials and reagents. Moreover, both
the final quality of products and intermediate product characteristics are often strongly related to available raw material
properties —a fact that is further illustrated in the following section.

1.2 The downgrade/upgrade cycles of products, process technology and raw materials — a point of departure

Figure 1 illustrates how raw material properties not only influence production costs and the complexity of
appropriate production process technology but also often determine the quality and the performance of final products.
Thus, securing a price-competitive and high-quality raw material supply base with a long-term perspective, as well as
the development of such raw materials, should be prioritized highly by firms in the process industries [2]. However,
the ability to be a cost-competitive commodity producer, or a producer of more functional products, is also related to
an ability to develop and introduce cost-efficient process technology in the production processes. Referring to Figure
1, lacking sufficient resources for process innovation, corporate core process technology will inevitably be
downgraded to basic technology. When manufactured products with improved functional properties are introduced on
the market, however, they are usually soon imitated as competitors try to produce the same type of product with the
same performance; prices then gradually decline, and the functional products degenerate into commaodities.

Raw-material supply Production process Products
Strong raw-material "Core” corporate Functional products
supply base process technology (Compete on differentiation)
A Vv () a4 v {a v
Weak raw-material Basic process Commodity products
supply base technology available on (Compete on cost)
the market

Fig. 1. A conceptual model of the downgrade — upgrade cycles for products, process technology and raw-material supply in the process
industries. When proper innovation activities are lacking, all three areas will downgrade [2].

1.3 Producer of commodities or functional products? Repositioning along the company supply/value chain

As a consequence, of different competitive dimensions on the market, commodities have been differentiated in
Figure 2, into “upstream” and “downstream” commodities [3]. Upstream commaodities are defined in this context as
primary raw material resources, like cultivated agricultural products, forest products, crude oil and so on. Products of
this kind are often traded on raw material exchanges. Downstream commodities, on the other hand, are defined as
upstream commodity products that are processed further, such as metals (copper, lead, zinc, etc.), structural steel,
orange juice, aggregates, petrol, standard wood pulp, and so on. Such products are sometimes traded on raw material
exchanges, but most often prices are set on the world market. Here one also finds commodity products that are
marketed to consumers (B2C), like detergents, and food products like milk.
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Fig. 2. The supply/value chain in the process industries [3].

The functional products have been separated into B2B (Business-to-Business) and B2C (Business-to-Consumer)
functional products. In the B2B competitive perspective, it is possible to establish a long-term collaborative relation
with individual customers and even to produce customized products that suit large customers’ application needs
(marked in red). In the chemical industry, such products are often referred to as specialty products, and customer
services for and collaborative development of the customer’s use of such products is more in focus. In the B2C
competitive perspective, apart from functionalites, branding plays a much more prominent role in consumers
purchasing decisions. An example of repositioning along the value chain and a voluntary descent on the “functional
ladder” is demonstrated by Dow Corning, where the decision was made to operate as a retailer of their more
commodity-like products in addition to producing products with strong or medium product functionality. It was thus
necessary to develop a better-adapted business model (and a new organizational subsidiary) that fostered a rather
different culture, focusing on activities like cost-efficient supply chains and less on customer support [4].

1.4 Management of Innovation & Technology

While the production systems and R&D in the process industries are substantially different from such activities in
other manufacturing industries, there are nonetheless many similarities and synergies between companies from
different sectors within the cluster of process industries; moreover, it cannot be said that prior or on-going research
into the management of R&D in general does not apply to the process industries. For example, as illustrated in Figure
3, Samsung uses a portfolio of currently available methodologies and tools in their innovation of new products [5].
However, the idiosyncrasies of process companies are likely to influence the conduct of R&D and innovation; as a
result, there is a need for more specific or adapted tools and best practices in the topical area of management of
innovation and technology in the process industries.

Strategic planning Project initiation Stage Project execution
stage stage gate stage

Idea Worldclass
generation goalsetting

Technology Business

Planning R&D transfer unit

Value curve
Technology roadmap
QFD
Technology tree
TRIZ

Customer feedback

Robust design
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Fig. 3. Deploying a portfolio of integrated development methodologies at Samsung [5].
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In this article, the following research question is thus addressed:

RQ1 What tools, methodologies and best practices are important to improve or develop in order to facilitate and
guide an improved management of innovation and technology for companies in the process industries?

2. Resource allocation models: A strategic perspective on the effectiveness of R&D

From a resource allocation perspective, is pouring more money into the R&D organization the best way to achieve
greater innovation? Looking at innovation through the lens of effectiveness and efficiency, the answer to this question
is certainly no. The effectiveness (doing the right things) and efficiency (doing those things well) of using the
innovation resources are the hidden variables that incentivize companies to use the best practices and tools in
innovation.

2.1 Current practices

Technology roadmapping and portfolio balancing as a starting point

Technology roadmapping refers to translating company business strategies into innovation objectives, thus creating
a“framework” for further development of innovation strategies. However, in the spirit of Minzberg [6.7], innovation
strategies and activities may equally give new incentives to revise company strategies. Within such company R&D
strategies the importance of a better classification of product development is gaining acceptance in industry, and the
very early Booz, Allen and Hamilton product matrix (Figure 4a) can facilitate assessment of the company’s product
development portfolio with regard to aspects such as necessary company resources, a proper risk/reward balance for
the product development portfolio and personnel qualifications needed for different kinds of product development [8].
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Fig. 4. (a) What is new with a new product [8]? (b) What is new with a new process [9]?

In a similar vein and in an improved classification of process innovation, the degree of newness of a process
technology can sometimes be related to whether the process can be patented. Another thing that often distinguishes
the process industries from other manufacturing industries is that production plants in the former are seldom easily
modified, and changes in the process configuration are often costly and investment-intensive. Because of this, the
newness of process technology to the company production system is another important dimension (Figure 4b) and the
following scales [9]:

e Low: The new process technology can be used in existing process plants.
e Medium: The new process technology requires significant plant modifications or additional equipment.
e High: The new process technology requires a completely new process plant or production unit.
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2.2 Future perspectives

Starting with the seemingly trivial question of “how much innovation is enough”, resource allocation models for
innovation are rare, if indeed they exist at all. In the overall corporate resource allocation process, the distribution of
corporate total resources to different functional areas like sales and marketing, production and R&D is often based on
traditional percentages and previous needs [10]. The lack of a usable and robust model for resource allocation is
unfortunately particularly acute with regard to the distribution of corporate resources to innovation [3]. The different
dimensions in Figure 5 illustrate well that product and process innovation in the process industries are only two of the
innovation and innovation-related activities that should be considered, which in this context will be called the
company’s “distributed innovation intensities” [11]. In order to get a balanced allocation of company innovation
resources, it would be wise not only to use this typology in R&D strategy development but also afterwards conduct
an annual follow-up on how resources are spent in reality along those dimensions.

Development of captive raw materials or development with
raw-material suppliers (%)

Development with Development with
the internal customer the external customer
= Process development (%) = Productdevelopment(%)
= Industrialization (%) = Application development (%)
= Internaltechnical support (%) = Customersupport(%)

Basic research & Applied research (%)

Fig. 5. A typology for innovation and innovation-related R&D activities. The percentages in parenthesisillustrate the concept of “distributed
innovation intensities” and put R&D in a strategic perspective as distributing “ buckets of money” to different areas of R&D [2].

3. Innovation work processes: An organizational perspective on R&D efficiency

The manufacturing/R&D/marketing triad has been a topical area of interest since a hundred years ago, when
companies in the spirit of Taylor [12] started to separate into departmental organizations in order to improve their
efficiency. Today, a majority of studies in this area focus on how to bridge such barriers and to use —and, further on,
to revitalize — company “key business processes’ [13]. The use of company formal work processes is one best practice
that not only can facilitate cross-functional collaboration but also can be seen as one form of “organizational learning”.

3.1 Current practices

The term “development process’, is illusive, because it gives the impression of a completely ordered linear and
logical process that is controlled step by step. Those who have been directly involved in industrial development
activities, however, can testify that the development process is often of a very complex and sometimes even chaotic
nature. However, the following statement is food for thought: As a process engineer, you would most certainly be of
the opinion that it is impossible to control or improve a technological process that lacks a proper flowsheet. As an
analogue to this statement you should ask the question: “ How do we control our innovation work processes, and what
do their flowsheets |ook like?”

Product and process development are both processes that should always begin and end with the customer [14].
However, the customers for these two types of development are different (see Figure 6), as the customer for process
development is the internal customer production.
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Fig. 6. Formal work processes for product and process development [14].

The Stage Gate advocated by Cooper, sometimes called the Idea-to-Launch Process, must today be regarded as a
de-facto standard for a formal product development process. Cooper [15] defines this concept as follows: “A Stage-
Gate process is a conceptual and operational map for moving new product projects from idea to launch and beyond —
a blueprint for managing the new product development (NPD) process to improve effectiveness and efficiency” (see

Figure 7).
Pre- Bevel t Post-
development EveDpicn development

Ideation & indentification Product development Commercialization

of customer needs
= |deation = Development & design = Market launch
= Conceptualization = Testing & customertrials = Postlaunchreview
= Contextualization = Industrialization = Continousinnovation

Fig. 7. A condensed model of the product innovation work process.

3.2 Future perspectives

In his late review of the Stage-Gate system, Cooper emphasizes the importance of listening to the Voice of the
Customer and undertaking a competitive analysis, but also the importance of the fuzzy front-end (pre-development)
part of the system [16], which includes ideation, scoping the project, defining the product and building the business
case. The Stage Gate system was recently studied in a large sample of users, and it proved to be an instrument that
top-performing companies used often and well [17]. Cooper’s vision of the next-generation Stage Gate system
includes [18]:

e Adaptable and flexible gates

e Fast-track versions of the system for low-risk and minor projects

e Overlapping stages

e Emphasis on the fuzzy front end

A traditional model of the process innovation work process usually is a description of consecutive steps of the test

work, and going from the laboratory stage to the pilot plant stage is an important step in improving the understanding
of a process [14]. The large cost increase associated with pilot plant testing makes the balance between pilot plant
testing and laboratory testing an important issue. Following trials in a demonstration plant are often very expensive
and are carried out only when the process is of a completely innovative nature. The role of the production plant also
as a source of innovation is of great importance; however, using simulation has already replaced test work in some
applications and, in many respects, is expected to revolutionise process innovation in the future. Nonetheless, the
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above presentation of test work is not a proper description of a process innovation work process, since this is only
describing the middle development part (see Figure 8). As an analogue to the product development work process, the
pre-development and post-development stages must be included. Unfortunately, those stages often are the most
difficult parts to manage, and experience tells that post-development activities are underestimated in companies
[19,20].

Pre-

Post-

development Development development
Ideation & identification Process development Technology transfer
of production needs . to production

= Laboratorytesting

= |deation = Simulation = Industrialization

= Laboratorytesting = Pilot plant testing = Start-up

= Conceptualization = (Demonstration plant) = Optimization

= Contextualization = Pre-design

Fig. 8. The process innovation work process [14].
4. Tools and methodologies: Facilitating instruments in innovation

In all industrial undertakings today, it is necessary to use supporting methodologies and tools in order to facilitate
and improve the performance and quality of such work. A large number of such methodologies are available, and the
question is not really if they should be deployed but rather which, when and how.

4.1 Current practices

Figure 3illustrated Samsung Research Centre’s use of multiple methodological tools for innovation [5]. The QFD
methodology is used as the primary tool for “World Class Goal Setting” for new products in the fuzzy front end. This
QFD methodology has become fully integrated into other methodologies like TQM, Design for Six Sigma, and so
forth; thus, it is today not a “stand aone” development tool but rather is often combined with supplementary
methodologies [21,22,23].

4.2 Future perspectives

However, in the deployment of the QFD methodology, there appears to have been a general misunderstanding
about the “cause and effect” of the outcomes [24]. Using a “retrievable and accumulated company knowledge base’
coupled with “improved company communication”, you will get “better decision support” assisting in the
development of “better product specifications’ ending up with “better products’ and ultimately leading to “better
overall customer satisfaction”. The development of a retrievable and accumulated platform of knowledge for
innovation is thus the “hidden gem” of using the QFD methodology. Companies today cannot afford to start from a
“clean sheet of paper” if they want to develop products in a reasonable time frame and unlocking the “company tacit
knowledgebase for innovation” in the future is a necessity. Starting devel opment activities from such a “knowledge
platform” also hasthe potential to speed up related product development activities. However, in the processindustries,
the products and related production processes are firmly interlocked, a phenomenon best stated by industry
professionals as. “the process is the product” [25]. For this reason, product and process innovation must always go
“hand in hand”. Consequently, customer requirements of the product must not only first be translated into design
requirements but, more importantly, must afterward also be further progressed into the production system as
requirements on process capabilities and on raw-material properties. Using the mpQFD system, specially adapted to
process-industrial development, is further illustrated in Figure 9, and how the matrices are used to develop an
integrated knowledge platform for further development of related product and process concepts [26].

465
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5. Co-innovation with B2B industrial customers: An application development approach

5.1 Current practices

One kind of innovation activity in the process industries lies in the area of helping business-to-business (B2B)
customers to make more effective use of the supplied products and thereby assisting them in improving their processes
and products [27]. This areais generally designated “application development” by industry professionals and can be
defined as follows: Application development is not product development but rather the significant devel opment of the

customer’ s use of the supplying company’ s products.

Design Requirements: HOW

Good
physical

Good
chemical

Good
structural

prop

finished

products

O

House of Quality
in a B2B context

Good
processability

> A

Customer (process)
Requirements: WHAT

Benchmarking in the
customer dimension

O
A

Customer importance ratings

®

Good
material

handling

Calculated importance ratings
gin the technical di i

Target values for a new product

Product influencing
process parameters: HOW

Raw-material
Design Requirements: HOW

Selected Design
Requirements: WHAT

A

O ®
Process
@Matrix C

(0]

«—

(@)

Design Requirements: HOW

i e
@ E% [e—O——a § @ g S
£5@b|::| Producto |S:@lit
£t$ g 4 £ E
£% |28 o Matrix 25| [2f

- o

g 2 -3 e

&S = = ax

raw-materials: WHAT

(o) A

p——
Raw-material
Matrix
o

®

A

Internal customer
benchmarking

|

Integrated Knowledge Platforms

4 h

Product & Process Concept Development
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This kind of development is primarily intended to optimise and to improve the customer’s products and/or
production system. It is positioned — from the perspective of the application-developing company — at the interface
between incremental product development, new business development and marketing. Application development in
the process industries has thus far been scarcely researched, but the present author’s own industrial experiences
confirm that companies in the process industries have long since identified this area of development as one of industrial
importance. For this reason, a study was initiated in order to investigate different aspects of application development
and in the following, the empirical findings from a survey of major process companies in Sweden, including mineral,
forest, steel, and chemical industries, are presented.

5.2 Future perspectives

The first and most obvious target for application development is, naturally, the group of immediate customers in
the supply chain, but application devel opment with the customer’ s equipment suppliers and end-users may be optional
activities (see Figure 10).

Application
development 1
B2B Functional Customer Customer’s

product supplier customer

{ ’ Process dev. ‘ } Process dev. ‘ }

Product dev. Product dev

Process dev.

Product dev.

Downstream

Application dev. Application dew. Application dev.

Equipment
supplier

Application

development

Fig. 10. Application development can be carried out directly with customers, with the customers’ customers, with the equipment supplier to the
customer or in a collaboration with all actors [28].

The importance of innovation to long-term corporate survival and prosperity is universally acknowledged, and this
often extends to both product and process innovation. The area of application development, however, is not yet well
recognized. The results from asking the respondents about the importance of this activity in their company showed
that application development is an activity of strong importance to most companies in the process industries [28].
There were different motives, or drivers, for companies to engage in application development; of these, the top-ranked
driver was an opportunity to build long-term sustainable customer relationships and secure future product sales (top
line growth). The second-highest-ranked driver was an opportunity to learn about customer needs and feedback to
own product development, which points out that application development provides important input to other
development areas. The customer obtains different outcomes from application development, and the large span
between 100% improved customer processes and 80% improved customer products is an interesting point for
reflection. Resource allocation to application development with the customers varied between 5% and 100%, with a
mean value of 31%, and those resources were mainly allocated to well-known customers and application areas. Since
an average of one third of total R&D spending was allocated to application development, it can be concluded that
application development was a significant and important area of R&D for most of the companies in this study. An
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average of 10% of company application development resources were spent on application development with the
customers customers. The majority of al companies in this study carried out application development with the
customers' equipment suppliers, which indicates that collaboration between companies in the process industries and
equipment suppliers is an important activity and an area of interest for further improvements [29]. This topic is
addressed in the following section.

6. Co-innovation with suppliers of raw materials/ingredients

Securing a supply of raw materials for the production process has always been an important concern for companies
operating in many sectors of the process industries. Some upstream industries in the process industries have a long
tradition of development and use of a captive (corporate-owned) raw material supply base, see Figure 2.

6.1 Current practices

The mineral and metals, petrochemical, and forest industries are examples of industries in which maintaining a
strong captive raw material supply base has proven to be a winning strategy. In the mineral industries, for example,
the size of the captive raw material base is closely related to both metal prices and the extraction rate (recovery) of
individual minerals or metals from each deposit. For this reason, process innovation is not only a tool to improve
production economy in those industries but also a tool to improve and/or enlarge the captive raw material supply base
[2]. Improved exploration of existing deposits or search for “green field” deposits is the normal way to upgrade the
captive raw material supply base. However, such exploration will also often benefit from close internal collaboration
and interaction with process innovation in order to find innovative process and extractive technology solutions for
improved raw material utilisation.

6.2 Future perspectives

Companies located farther downstream in the material supply chain (see Figure 2) need to secure suppliers of price-
competitive raw materials with desired material specifications and “processability”. An external collaborative
approach in the development of such raw materials is an avenue that has not yet been explored to its full potential. It
is thus surprising that higher priority has not yet been assigned by companies in the process industries to securing a
price-competitive and high-quality raw material supply base in a long-term perspective, as well as the collaborative
development of such raw materials. In other manufacturing industries, such as the automotive industry, an intimate
collaborative innovation with component suppliers in the supply chain has long proven to be a successful business
strategy [30]. Suppliers taking over the development of improved components and systems is a collaboration model
that was born in Japan but now has gained worldwide acceptance. In that perspective, the collaborative development
of raw materials with the suppliers can still be regarded as being in its infancy in the process industries. The
substitution of recycled materials for other raw materials is also likely to be of ever-increasing importance in the
process industries in the future. Virgin raw materials will then be gradually replaced by recycled materials; scrap-
based metallurgy, for example, is becoming more important in the steel industry, as are recycled paper products in the
forest industries. This trend has also been influenced by external regulations. Further process and product innovation
will determine what is to be regarded as a recyclable resource for creating new sources of raw materials in the future.
The optimisation of the total raw material supply chain, including an improved functionality of other commodities
and reagents for the production process, is also an area with large, but often neglected, economic potential.

7. Co-innovation with suppliers of technology/equipment

7.1 Current practices

As illustrated in Figure 11, the full life-cycle of a piece of equipment can be divided into two distinct stages:
innovation of the equipment and operation of the equipment [29]. In the family of process industries, product and
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process innovation often take place in collaboration with manufacturers of process equipment; however, the question
still remains of how such collaboration should be arranged.

Product development
(new process technology/equipment)

DEVELOPMENT OF
PROCESS TECHNOLOGY/
EQUIPMENT

Manufacturing
(first kind of equipment)

=
(G}
(]
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Fig. 11. The technology/equipment life-cycle in the process industries [29].

The driving forces behind collaboration between process companies and technology/equipment suppliers are not
always obvious and may vary, because such collaboration involves both advantages and disadvantages for each
collaborating partner. Moreover, if there is a motive to start a collaboration, the questions to be addressed are how
such activities should be set up and how such commitment should be distributed during a project’s lifetime in order
to obtain a strong but lean collaboration process.

7.2 Future perspectives

It is initially important to determine whether a collaboration is feasible and, if so, how such a collaboration should
be arranged in order to create a “win-win” situation for both parties. The desired effect may be best achieved by a
stronger integration of the individual company work-processes and supply chains and improved internal and external
collaboration. In a previous study of such collaborations [31], the two most important pros for the process company
during the innovation stage were speeding up the firm's product and process development and access to more
resources. For the equipment manufacturer, the two most important pros were collaborating with a demanding
customer often allows the supplier to improve its development capabilities and identify good devel opment targets and
an opportunity to develop and test prototypes in a real operating process environment setting. The concept of “open
innovation,” as a development approach in innovation, may also be seen to have an analogue in production, and it has

469
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been suggested to define the concept of “open production” as the extension of company production activities across
formal organizational borders and a collaboration with external suppliers of production resources, technology or
equipment [31]. In Figure 13, such open innovation and open production in a B2B process-industrial context are
further illustrated. Open innovation in this context is about integrating a customer or supplier into the process
company’s innovation process — or, from the other collaborative partner's perspective, integrating the process
company into the supplier’s or customer’s innovation process. In a similar vein, open production in this context is
about integrating a customer or supplier into the process company’s production process — or, from the other
collaborative partner’s perspective, integrating the process company into the supplier’s or customer’s production
process. From an “open production” perspective, supply chain integration is already common. However, advanced
collaborative production is still in its infancy and appears to be an interesting avenue for further exploration.

8. Conclusions and research outlook

The conclusion to be reached from this study is that there certainly is a need to develop improved or new tools and
best practices and to use excellence in management of innovation and technology as a lever for improved R&D and
company overall performance. In light of these findings, a closer linkage between innovation management and
operations management would be a fruitful avenue to follow in both industry and academia.

A process-industrial supply/value chain in constant flux

Company A Company B Company C

Production ‘} Production {} Production

Innovation ‘} Innovation ‘} Innovation

A A PN
b 4 b 4 hd

Suppliers of Technology/Equipment/Innovation resources
and other "production resources” on demand

Fig. 12. The collaboration between technology/equipment suppliers and process companies in B2B collaborations [31].
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