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ABSTRACT: The purpose of this article is to explore the problems and opportunities 
faced by equipment suppliers during collaboration with firms in the process 
industries, throughout the different stages of operational projects. Empirically, results 
are obtained from 22 interviews in a multiple case study of eight equipment suppliers. 
The results show that strong collaboration is often required in operational projects to 
facilitate technology transfer and better operational performance. In particular, 
collaboration is essential to transfer knowledge about the equipment from the 
equipment supplier to the process firm in the start-up stage where intimate 
educational activities are typically required. However, these projects are often very 
complex to manage, as interdependences among a number of actors and activities 
create problems for both buyer and supplier. By focusing on the collaborations 
between process firms and equipment suppliers in the operational stages, this study 
shows how open innovation can facilitate not only product innovation but also 
process innovation, by means of collaborative selection and installation of new 
process equipment – i.e. “open operation”.  
 
KEY CONCEPTS: Open Innovation; buyer-supplier relationships; process 
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1. Introduction 
 
In the era of open innovation, firms are experiencing increased advantages of inter-firm 
collaboration (Chesbrough, 2003). However, the risks of collaboration should not be 
underestimated, as firms risk spreading core knowledge by collaborating openly with 
external actors (Enkel et al., 2005). In this study, opportunities and risks of open 
innovation are investigated by studying collaborative efforts between process firms and 
equipment suppliers. The process industries (e.g. metals and minerals, pulp and paper, 
chemical and food industries) add value to materials by mixing, separating, or inducing 
chemical reactions. Despite their significant financial contribution to national economies, 
and their numerical strength as a group, the process industries have largely been ignored 
by prior innovation management research (Lager, 2011; Hutcheson et al., 1995). These 
industries typically involve considerable capital investment in production equipment with 
high complexity (involving many interconnected components and actors) and often 
idiosyncratic constitutions of each process plant (Hutcheson et al., 1995). As a result, 
development and installation of new process technology frequently necessitate major 
input from equipment suppliers (Lager & Hörte, 2005).  
 
While incentives to collaborate are often strong, close collaboration also poses significant 
challenges depending on the stage of the collaborative project. Previous literature on open 
innovation has focused mainly on collaboration during the early stages of development 
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projects (Enkel et al., 2009; Chesbrough & Crowther, 2006). It is, however, important to 
collaborate not only during development of new equipment, but also during the 
purchasing, installation and post-installation stages of already developed equipment, as 
the activities performed in these stages have a strong impact on the operational 
performance of the equipment (Athaide & Klink, 2009). A project that extends through 
purchasing to installation and post-installation is in this paper regarded as an operational 
project. An operational project is thus a project with the purpose of designing and 
implementing customized process equipment. While collaborating during development 
projects may be seen as open innovation (Chesbrough, 2003), one may also refer to 
collaboration in operational projects as “open operation”, conceptualising a more 
externally open approach in these projects (Lager, 2011).  
 
These kinds of operational projects are very common in the process industries. Indeed, 
collaboration in operational projects in this setting is of critical importance (Lager, 2005; 
Lee et al., 2010) because the high complexity and customization of the equipment for 
each process plant can create significant challenges for buyers and suppliers (Stump et 
al., 2002). For example, a lack of communication can lead to mistakes in the design of the 
equipment, and poorly planned start-up activities may lead to problems and high costs for 
both parties (Rönnberg Sjödin et al., 2010). As a result, these projects often have 
prolonged start-up periods before the equipment is working as expected (Lager, 2011). 
To handle these problems, collaborative relationships between equipment suppliers and 
process firms are often essential over the course of the project. However, research on 
collaboration in operational projects is limited, and more knowledge is necessary to 
facilitate improved methods and work-practices for collaborative efforts between process 
firms and equipment suppliers (Lager & Frishammar, 2010). In particular, the need to 
study collaboration from the equipment supplier’s perspective has been highlighted in 
order to identify problems and opportunities faced by these actors in strategically 
important activities (Rönnberg Sjödin & Eriksson, 2010). Therefore, the purpose of this 
article is to explore the problems and opportunities faced by equipment suppliers in 
collaboration with process firms throughout the different stages of operational projects. 
 
2. Conceptual Background 
 
In an operational project, collaboration between equipment suppliers and process firms 
facilitates technology transfer and better operational performance. Collaborative activities 
in operational projects include: careful joint selection and design/development of proper 
process equipment for the process firm’s specific production applications, mobilisation of 
joint resources for a smooth installation and start-up, and subsequent efficient operation 
utilising the combined expertise of both parties. Drawing on the work of Lager & 
Frishammar (2010), operational projects in this study have been divided into five stages: 
pre-study, purchasing and development, assembly and installation, start-up, and 
production (see Figure 1). Although the stages are presented as sequential, activities 
performed during the life cycle are frequently overlapping and heavily interconnected.  
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Figure 1. The five stages of an operational project 
 

 
 
The pre-study is usually conducted by the process firm before it decides to proceed to 
formal purchasing discussions. Here it is important to articulate the needs of the process 
firm and translate these into equipment or process concepts (Cooper, 1988a; Khurana & 
Rosenthal, 1998). Moreover, since the activities at this stage strongly affect future 
equipment performance and costs in the following development stage, it is crucial that the 
process firm has vigilantly discussed and established equipment specifications and 
preliminary operating and investment costs for such equipment (Cooper, 1988b). As 
such, the pre-study should state the objective of the project and make a statement of both 
technology and end-user benefit issues (Montoya-Weiss & O'Driscoll, 2000) 
 
During the purchasing and development stage, the process firm and the equipment 
supplier jointly decide on the specifications of the equipment and the contractual 
agreements. It has been shown that trusting and early collaboration with the technology 
supplier enables firms to make the right technology selection and avoid misspecification 
and expensive mistakes during purchasing (Abd Rahman et al., 2009). In addition, to 
facilitate useful supplier input, relationships should preferably be based on long-term 
collaboration and trust, rather than on short-term competitive bidding practices (Ro et al., 
2008). Moreover, the selected contractual forms and conditions will to a large extent 
impact how future collaboration and technology transfer may be executed even in the 
later stages of the operational project (Lager & Frishammar, 2010). During this stage, end 
user involvement (i.e. operators, maintenance personnel) in collaborative development 
tasks is critical when high customization is demanded and end users’ knowledge is high 
(Athaide & Klink, 2009). In addition, collaboration at this stage can facilitate concurrent 
engineering, which makes it possible to start the assembly and installation activities 
before the development is completed (Gil et al., 2008). 
 
The assembly and installation of the equipment are typically performed by the supplier, 
often in collaboration with various subcontractors. It may however be important to 
engage the process firm in collaboration at this stage too, because buyer-supplier 
integration during installation accelerates effective use of the process equipment (Athaide 
& Klink, 2009). This stage typically involves many suppliers and sub-suppliers who have 
to interact. This results in mutual interdependence among the different actors (Grandori, 
1997). As such, close collaboration among the different actors is often needed to avoid 
sub-optimization (Eriksson & Nilsson, 2008). 
 
When the equipment has been assembled, the start-up activities are initiated. Due to the 
complexity and strategic importance of the process equipment, the start-up stage is a key 
part of an operational project (Lee et al., 2010). Once a piece of equipment has been 
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installed, the sellers must train buyer personnel on its use, and help incorporate it into the 
buyer’s daily routines to ensure successful implementation (Hausman and Stock, 2003). 
In particular, complete transfer of the technology and know-how related to the 
equipment, from the equipment supplier to engineers and operators of the process firm, is 
essential for effective utilization in the production stage (Lee et al., 2010). In contrast, 
buyer mismanagement of the equipment often leads to subsequent requests for product 
redesign or modification (Meldrum and Millman, 1991). Due to this fact, it is important 
already during the contract negotiations that both parties agree on how the start-up stage 
is to be conducted.  
 
In the production stage, when a piece of equipment or plant is up and running, 
collaboration is vital as process equipment often requires continuous fine tuning for many 
months or even years before it is working optimally (Lager, 2010). In this case, the 
equipment supplier’s knowledge about the equipment may enhance the equipment’s 
operation performance (Athaide & Klink, 2009). Moreover, since learning a technology 
proficiently is typically associated with operating the process equipment, the supplier of 
the equipment should always have a strong interest in obtaining information from 
production about operation performance (von Hippel and Tyre, 1995) as well as the 
idiosyncratic characteristics of the customer’s operating environment (Athaide et al., 
2003). As a result, collaboration in the production stage can lead to new knowledge that 
can be fed back to the early stages in future development projects. Moreover, many 
equipment suppliers are complementing their product offerings with after-sales service 
innovations (i.e. maintenance, optimization) in order to generate new revenue streams 
and capitalize on their experience (Hicks and McGovern, 2009; Ivory and Alderman, 
2009; Shelton, 2009).  
 
3. Method 
 
In this study, an exploratory multiple case study strategy was employed. This was 
deemed suitable given the limited knowledge about collaborative practices within the 
process industries (Edmondson and McManus, 2007; Hutcheson et al., 1995). In addition, 
multiple cases are effective because they enable collection of comparative data, and so 
are likely to yield more accurate, generalizable theory than single cases (Eisenhardt, 
1991; Yin, 1994). Furthermore, information-rich real-life case studies are expected to 
help identify new aspects and phenomena (Eisenhardt, 1989; Yin, 2003) and are 
especially appropriate for examining and articulating processes (Edmondson & 
McManus, 2007; Pratt, 2009) such as the different stages of an operational project.  
 
To investigate collaborative practices within the process industries, eight equipment 
suppliers operating in the metals and minerals industry were selected. The selection was 
done in collaboration with process industry professionals in leading roles by means of 
judgement sampling (Denzin and Lincoln, 1994) based on the equipment suppliers’ 
involvement in collaborative projects with their customers. Table 1 provides some further 
information about the case firms. Moreover, studying equipment suppliers in the metals 
and minerals industry is particularly interesting as development of process equipment in 
this setting provides several challenges. In particular, the operations handle heavy 
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materials that put significant strain on the equipment, enforcing the need for robust 
design. Customers also often have idiosyncratic equipment needs, and a crucial need for 
reliable equipment. In addition, the industry has undergone large changes in the recent 
decades due to consolidation and increasingly globalized customer markets (Lager & 
Frishammar, 2010). 
  
Table 1: Information about the case firms 
Firm 
Pseudonym 

Main 
Products 

Number of 
employees 

Annual 
turnover 

Country Respondents 
(* = phone) 
Marketing Director* 
Manager Electronics* 

Griffin Sieves 200 21 M€ United 
Kingdom 

Sales Manager 
Application Manager Nippon Blenders 170  25 M€ Netherlands 
Sales Engineer 
Vice President 
Project Manager 

Tiger Automated 
lifting cranes 

8 6 M€ Sweden 

Project Manager 
Managing Director* Alpine Press tools 50 6 M€ Switzerland 
Sales Director 
Sales Manager* 
Production Manager* 

Delphi Presses 450 60 M€ Germany 

Department Manager* 
Global Technology 
Manager 

Gold Mill linings 200 112 M€ Sweden 

Development Manager 
Product Manager 
Project Manager 
Project Manager 

Silver Separation 
equipment, 
and slurry 
pumps 

240 100 M€ Sweden 

Sourcing Manager 
Product Line Manager 
Manager Deliveries 

Lakeland Mineral 
processing 
equipment 

3200 878 M€ Finland 

Sales Director 
 
Data for the study were gathered primarily through individual, in-depth interviews at 
these seven firms, due to the fact that interviews can provide insightful information and 
can be focused directly on research topics (Yin, 2003). Moreover, the focus on 
understanding problems and opportunities with collaboration at different stages 
underscores the importance of being able to discuss back and forth with the respondents 
and being able to ask follow-up questions. The 22 interviews underpinning this paper 
ranged from 30 minutes to 2.5 hours in duration, with an average of about one hour. Due 
to time and budget constraints, six of the interviews were conducted over the phone 
(denoted by an asterix in Table 1).  
 
To diminish bias in the data collection, knowledgeable informants from both the strategic 
and operational levels were selected, who viewed the collaborative relationships from 
diverse perspectives (Eisenhardt and Graebner, 2007). As such, the respondents were 
selected carefully in dialogue with key informants at the participating firms, based on 
their involvement in and knowledge of collaborative projects among equipment suppliers 
and process firms. In addition, the respondents varied in age, years of employment, 
academic training and position.  
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The interviews were semi-structured and guided by a list of questions designed on the 
basis of the literature review in order to capture activities, problems and opportunities in 
the different stages of operational projects. Data were gathered on the organizational 
level, but examples from recent projects were encouraged. Departures from the specific 
questions were permitted in order to explore particularly interesting findings that emerged 
during the study. Accordingly, the format of the interviews was adapted and changed 
slightly to capture the emergent themes (Eisenhardt, 1989). In addition, approximately 15 
hours of document studies were performed, regarding both company reports and project 
documents, thus allowing empirical triangulation of the findings from the interviews. 
 
To create overlap between data collection and data analysis, patterns in the empirical data 
was reflected on as they were discovered, together with continuous field note writing. To 
facilitate data analysis, each interview was transcribed and transferred into a spreadsheet 
which was structured as a conceptually ordered display (Miles and Huberman, 1994). 
Furthermore, iterations between results, theory, and empirical data were performed to 
enact emergent conclusions (Eisenhardt, 1989; Yin, 2003). In addition, a case study data 
base was constructed containing case study notes, documents, and the recorded and 
transcribed interviews collected during the study, thus facilitating retrieval for future 
studies (Yin, 2003). Construct validity was addressed mainly by trying to establish a clear 
chain of evidence to allow readers to see how the research purpose matched with key 
conclusions (Yin, 2003).  
 
4. Empirical findings 
 
4.1 Pre-study 
 
In operational projects, formal purchasing discussions are usually preceded by a pre-
study conducted by the process firm, to determine future process needs and expected 
outcomes. As such, collaboration intensity during the pre-study is often low. However, 
the respondents agreed that the pre-study was of critical importance to the overall 
collaboration, indicating that problems may occur in later stages when the process firm 
initiates purchasing discussions without having a complete picture of what it wants.  
 
The pre-study was also seen as a stage where the potential of recently developed 
equipment could be explored. Still, the respondents felt that the process firms typically 
look for proven equipment when investing in new equipment or a new plant. On the other 
hand, the respondents noted that equipment which previously has been used in one 
process might not work so well in a different process, suggesting that sometimes the 
conservative nature of their customers was not in their best interest. 
 
In some cases, the equipment suppliers may be contracted as consultants during the pre-
study. This allows them to contribute with their competences in designing production 
lines. A sourcing manager at Silver elaborated on how the outcome of the customer’s pre-
study was used in the design of the equipment: “We usually make the dimensions and the 
design of the plant based on the customer’s pre-study. They tell us ‘this is the material we 
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have, these are the tonnages we will run and these are the parameters we want’, and then 
we develop a process model to determine the equipment needed.” However, the 
involvement during the pre-study does not guarantee that the equipment supplier will get 
the individual order. A sales director at Lakeland provided an example from a recent 
project: “We conducted the pre-study and thought we had a good chance of getting the 
whole project, but in the end they decided to purchase our competitor’s equipment for a 
large part of the plant.”  
 
 4.2 Purchasing and development 
 
During the purchasing and development stage of an operational project, a bid invitation, 
based on the pre-study, is typically sent out to several equipment suppliers which have to 
compete. After a supplier has been selected, the equipment supplier and process firm 
typically engage in careful joint selection of proper process equipment for the process 
firm’s specific production needs.  
 
During this stage, communication and collaboration are very important. The vice 
president of Tiger accentuated the need for communication before the final order is 
placed: “If you haven’t talked enough before the order is placed, you often end up in a 
situation where the customers say ‘I thought you were going to do like this’, and then you 
get misunderstandings and arguments. Therefore, the most important thing before 
signing any order is that both parties know what we have sold and what they have 
bought.”  
 
In operational projects, it can often be hard to estimate the price of the project 
beforehand, as a result of the complex nature of the assembly and installation and start-up 
stages. This is especially true in large projects. Because of this, Silver had recently been 
engaged in a project where the customer had requested open books on some of the value 
of the order. A sourcing manager at Silver explained the rationale for open books: “It is 
very hard for us to forecast all the costs. When it comes to our equipment we have a 
pretty clear picture of the cost, but when it comes to other equipment, installation costs 
and raw materials it can vary quite a lot. Without open books it would be likely for us as 
a supplier to add a little on the price to handle this uncertainty, and this is what the 
customer doesn’t want.”  
 
Provided that a common agreement has been found, the development activities can often 
start, although all the details of the purchase may not have been finalized. After the 
formal purchasing decision has been taken, development activities are intensified at the 
equipment supplier. Frequent contacts with the process firms are often required to get 
feedback and discuss different solutions. A problem at this stage might be that the process 
firms are slow to respond to questions from the equipment suppliers, which can make it 
impossible for the development team to continue with the design without sufficient 
information. A critical aspect in the development stage is thus to involve end users (e.g. 
operators and maintenance personnel) in order to obtain their valuable insights about the 
final product as early as possible. Moreover, involving end users early during 
development is important for creating commitment. It decreases problems at later stages, 
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as they take more responsibility for equipment that they have been involved in 
developing.  
 
In addition, development work usually involves a significant element of customization to 
get the equipment to fit with the customer’s process needs. An application manager at 
Nippon highlighted why customization is so important: “If the customer wants the 
equipment with ten openings to fill it with different products, or only with one or with 
none, or if he wants it easily cleanable, or even if he wants to have it in gold, we are 
open. If you are not open to customization in our business you will never sell equipment, 
because the customer always wants something different.” 
Moreover, development typically involves a lot of collaboration and exchange of 
information with the process firms, which may lead to knowledge leakage. A sales 
manager at Griffin highlighted the fact that some customers could not be trusted: “From a 
commercial point of view some customers are always unfaithful, which you learn quite 
fast, and in these cases we won’t give out more information than we have to.” Indeed, the 
risk of losing core knowledge sometimes restricted what the equipment suppliers were 
willing to share openly. A product manager at Silver explained what they were reluctant 
to share: “What we avoid giving out is manufacturing drawings and things like that, so 
that our competitors won’t get access to these and go out and manufacture our 
equipment. This is an important part of our know-how, how we manufacture our 
equipment and how it looks.” 

4.3 Assembly and installation 

Assembly and installation are usually conducted by the equipment supplier. However, the 
process firm is responsible for making sure that the facilities are in place to install the 
equipment. A production manager at Delphi stressed the importance of the customer’s 
preparation: “It is critical that the customer knows exactly what they need when the 
installation starts at the customer site and what they have to prepare.”  

Furthermore, this is a stage where mistakes in the design of the equipment and/or 
facilities are often discovered. In these cases it can often be hard to determine who was 
responsible for the problem. Therefore, the respondents stressed that a good collaboration 
was critical when problems occurred, as disagreements at a stage where both parties have 
people waiting to get to work can be very costly and detrimental to the future 
collaboration. 

If the project involves an entire production plant, the amount of people and firms 
involved in the project is peaking during this stage, making it very difficult to coordinate 
a large number of diverse activities. In this case, managing the assembly and installation 
stage can be very complex in terms of interdependence and interaction among various 
suppliers. Under such circumstances, Silver had good experiences from a recent project 
where a contractor firm had been appointed as project manager with a set deadline for the 
project. This proved successful as it allowed the project manager to put pressure not only 
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on the equipment suppliers but, more importantly, also on the process firm to complete 
their parts on time during this stage.  

Moreover, end users are naturally more involved at this stage as the work is conducted in 
their plants. In cases where the end users have not been involved during development, 
this might lead to late changes proposed by the end users, that can cause cost and time 
overruns. 

4.4 Start-up 

The start-up of production processes in the process industries is very complex and 
difficult to manage. This is especially true during large projects as several pieces of 
equipment may be put on stream at the same time. A project manager at Lakeland bluntly 
put it: “The start-up stage is normally characterized by chaos.” Hence, this stage is 
considered critical, as problems during start-up might impact the performance of a whole 
plant and impose high costs and decreased revenues, due to delayed production start and 
disturbances in production. Therefore, the respondents viewed this as a very intense stage 
in terms of collaboration.  
 
Depending on the type of equipment that is to be put on stream, highly competent people 
may be needed to facilitate the start-up from the equipment supplier’s side. As an 
example, the technical director of Alpine is usually in charge of all its start-ups. A sales 
director at Alpine explained why this is the case: “We used to have three people that had 
the technical competence to do the start-up, but one guy left and the other retired, so now 
our technical director is the only one left with experience and know-how, and it is 
something that takes a lot of time to learn.” 
 
Furthermore, the respondents suggested that it is important to be proactive and initiate the 
organization and the planning of the installation and start-up activities already during 
purchasing. A project manager at Silver recounted a successful example of this from a 
recent project where the customer had appointed a start-up manager from their side: “The 
start-up manager was at every project meeting from the start of the project, and we 
wondered what he was doing there so early. But it was completely right, because when 
the start-up stage came he already knew everything and everything worked perfectly.” In 
other words, the early appointment of the start-up manager had significantly improved the 
start-up stage of that particular project.  
 
Personnel from the equipment supplier are usually very involved in the start-up process at 
the plant to get the equipment working properly, transfer operational knowledge, and 
make sure that an efficient start-up is achieved. Moreover, the equipment supplier usually 
holds extensive educational programs for operators and maintenance personnel. A sales 
manager at Delphi elaborated on why these issues are so important: “All these trainings 
and support during start-up are a very important part of our sales because we do not sell 
a press or a machine. We sell a technology, and this technology needs to be understood. 
To really benefit from this technology they need to understand a lot of features and this is 
why it is so important to help them, to support them, and to supply training.” As such, it 
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was noted that operators at the process firm cannot learn all of the capabilities of the 
equipment by merely studying the equipment's operation manuals and other written 
documentation. Rather, the tacit knowledge often has to be transferred through close 
education, such as direct, first-hand observation and operation in collaboration with 
knowledgeable personnel from the equipment supplier. Moreover, a critical part of the 
start-up stage is the knowledge transfer from the equipment supplier to the process firm 
concerning operational competence. Indeed, in a recent project Lakeland educated 100 
people from the customer’s organization about the equipment. In this case, the 
educational commitments represented 5% of the overall order value.  

4.5 Production 

During the production stage, the process firms run the equipment in their plant and 
continuously fine-tune the equipment to obtain an improved process. However, even in 
the production stage, further development of the equipment may be needed to get it 
functioning as stated in the contract. A frustrated project manager at Lakeland remarked: 
“It has been four years since the project started and we are still in the plant from time to 
time to fix some problems in the design.” Cases like this, where mistakes in the design of 
the equipment cause prolonged projects, are problematic because they decrease the 
profitability for the equipment suppliers.  
 
In contrast, the equipment suppliers are in general trying to be more involved at this stage 
through after-sales services, as their technical knowledge is useful in optimizing the 
performance of the equipment. In this sense, sharing of operational knowledge about the 
equipment from both sides is seen as a very important factor for further improvement of 
the equipment. Moreover, the equipment suppliers are generally interested in taking an 
increased responsibility for the equipment in the production stage (e.g. maintenance 
contracts, supply of spare parts). In addition, the equipment suppliers may take 
responsibility for running the equipment in production. In this case, already established 
customers are rarely interested in letting the equipment suppliers run part of their 
processes, as they want to keep the operational competences in-house. However, the 
respondents noted that new entrants in the metals and minerals industry that have not yet 
developed any competences in operation have a stronger interest in letting the equipment 
suppliers run part or all of their production process.  
 
Additionally, collaboration in this stage allows the possibility to make further tests of the 
equipment over the long run and in real-life settings, which is an important benefit for the 
equipment supplier. Moreover, the process firms typically make some modifications and 
adjustments to improve the equipment in their production, and knowledge of these is 
often transferred to the equipment suppliers when discussions of upgrading the equipment 
are initiated or in future development projects. Accordingly, this input of knowledge from 
the process firms could enhance the quality of the equipment not only for the current 
customer, but also for other customers.  
 
For the equipment suppliers, collaborative relations in this stage were also seen as very 
important for generating new ideas for future development projects. However, finding 
customers that can come up with these kinds of ideas is not always an easy task. A 
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marketing director at Griffin elaborated: “If I were to go to a customer and ask them to 
evaluate their industry and where their business is going in terms of our kind of 
equipment and what needs to be developed to make their life easier generally, the end 
customers haven’t got much of an idea. They just say that everything is okay.” However, 
some customers seemed to be more adept at coming up with ideas and suggestions for 
further development. A common denominator of these firms was that they had employees 
dedicated to dealing with process development issues during their daily work, rather than 
as an additional task on top of day-to-day operations.  
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 5. Discussion and analysis 
 
This study has shown the importance of collaborating in operational projects for 
equipment suppliers and process firms. Furthermore, the empirical findings from the 
equipment suppliers identified several potential opportunities and problems in 
collaboration, for both parties, during the different stages of operational projects. In Table 
2, data concerning opportunities and problems at the different operational stages are 
summarized. 
 
Table 2: Opportunities and problems in the different stages of operational projects 
Life cycle 
stage 

Main opportunities Main problems 

Pre-study A proficient pre-study significantly 
improves the projects’ chances of 
success in later stages. Equipment 
suppliers may be engaged as 
consultants and contribute with their 
knowledge and experience.  

Problems can occur in later stages if 
the process firm has not clearly 
established what it wants. Customer 
preference for proven equipment can 
restrict potential improvements.  

Purchasing 
and develop-
ment 

Open books decrease risks for both 
parties. Involving end users gives 
vital input to the development and 
increases their commitment to the 
project in later stages.  

Hard to estimate price as unforeseen 
problems often occur in later stages.  
Process firms are slow to respond to 
questions, which delays development. 
Equipment suppliers fear potential 
losses of core knowledge.  

Assembly 
and 
installation 

Engaging a contractor to manage the 
coordination of the assembly and 
installation activities. Avoiding sub-
optimizing among various actors 
through collaboration enables faster 
and less costly assembly and 
installation.  

Difficulties in coordinating 
collaboration between numerous 
actors. Late changes proposed by end 
users lead to cost and time overruns.  
 
 

Start-Up Technology transfer to process firms 
enables efficient operation. Education 
of operators enables technology 
transfer and improves performance in 
the production stage. Significant joint 
learning opportunities on the 
operation of the equipment. Early 
appointment of start-up manager 
increases start-up performance. 

Several simultaneous activities lead to 
high complexity and “chaos”. Failures 
may lead to delayed production start 
and conflicts among actors.  

Production Equipment suppliers can use their 
knowledge in optimizing and 
upgrading the equipment. Lead users 
can be a source of new developments. 
Opportunity to test the equipment in 
real-life settings and learn from 
operational data. After-sales 
commitments enable new revenue 
streams for equipment suppliers. 

Mistakes in design may lead to long 
lead times before formal transfer of 
equipment and to additional 
development work.  
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A number of interesting findings were uncovered during this study. Collaboration during 
the pre-study was generally limited, although in some cases strong involvement from 
equipment suppliers as consultants was employed. However, the respondents highlighted 
the critical importance of the customer’s pre-study before engaging in operational 
projects. In particular, it is important to establish and communicate clear and explicit 
goals and performance objectives for the project before engaging in formal purchasing 
discussions. Thus, the respondents gave prominence to a critical issue for firms engaging 
in inbound open innovation activities (Slowinski et al., 2009; Witzeman et al., 2006).  
 
Moreover, the results underline purchasing as a vital stage in the collaboration, as this is 
the stage where plans and contracts for later stages are drawn up (Lager & Frishammar, 
2010). Accordingly, the respondents underlined that trust and early collaboration between 
the process firm and the equipment supplier during purchasing enable firms to make the 
right technology selection and avoid misspecification and costly mistakes, in accordance 
with earlier theory (Abd Rahman et al., 2009). Nevertheless, purchasing discussions may 
be quite tough, as it is hard to estimate the total price of the equipment. An interesting 
finding in this stage was therefore the use of open books, which can reduce some of the 
risk for both parties.  
 
During development, the respondents underlined the involvement of end users, as they 
can give critical inputs to the project based on their knowledge. Furthermore, early 
involvement of end users increases their commitment to the project in later stages. 
Similarly, the importance of end-user involvement has been highlighted in previous 
literature (Athaide & Klink, 2009). Moreover, in this stage the equipment suppliers were 
sometimes reluctant to share too much information, especially with customers that were 
not deemed to be trustworthy, fearing that core knowledge could be spread to 
competitors. Accordingly, the equipment suppliers usually neglected to share core 
knowledge such as manufacturing drawings, in accordance with Chesbrough & Schwartz 
(2007) who state that core knowledge should be kept in-house.   
 
In the assembly and installation stage, a lot of diverse activities need to be managed. This 
often results in mutual interdependence among the different actors (Grandori, 1997; 
Eriksson & Nilsson, 2008). In this case, appointing a contractor firm as project manager 
was helpful in establishing close collaboration among the different actors and avoiding 
sub-optimization in this stage.  
 
The start-up stage is typically very challenging and even chaotic as one of the 
respondents put it. Nonetheless, previous literature has neglected to study this important 
phase. An interesting way of countering this problem was the early appointment of a 
start-up manager, allowing an early start on planning these critical activities. 
Furthermore, collaboration during the start-up stage is critical in order to fully transfer the 
process equipment to end users (Hausman and Stock, 2003). While formal mechanisms 
are appropriate for capturing and transferring the explicit part of technology, other 
approaches are necessary to share the tacit component, which is non-codifiable in nature 
(Lynskey, 1999). As indicated by the respondents, this is particularly true for the 
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operation of complex process equipment. In particular, it was noted that operators at the 
process firm cannot learn all of the capabilities of the equipment by merely studying 
written documentation about the equipment. Rather, the tacit knowledge often has to be 
transferred through hands-on education, such as direct, first-hand observation and 
operation in collaboration with knowledgeable personnel from the equipment suppliers. 
As such, this study further highlights the need for collaboration and knowledge 
management during the start-up stage as essential for the technology transfer of process 
equipment (Lager & Frishammar, 2010).  
 
During the production stage, the equipment suppliers were generally trying to increase 
their life cycle commitments by complementing their product offerings with service 
innovations (i.e. maintenance, optimization). This corresponds with reports from previous 
literature (Hicks and McGovern, 2009; Ivory and Alderman, 2009; Shelton, 2009). 
Moreover, these developments are in line with the ideas of open services innovation 
(Chesbrough, 2011), where business models are expanded as firms find new revenue 
streams in a services-based economy. However, the respondents noted that it was hard to 
convince customers of the merits of their services, especially when the customers had 
similar internal competences. Furthermore, for the equipment suppliers, collaborative 
relations in this stage were also seen as very important for generating new ideas for future 
development projects. However, the equipment suppliers noted that sometimes customers 
had a hard time coming up with suggestions for improvement. The equipment suppliers 
generally countered this problem by identifying and collaborating extensively with 
process firms that had employees working explicitly with process development issues and 
capable of coming up with new ideas. These firms can thus be regarded as lead users 
(Von Hippel, 1988). 
 
6. Conclusion  
 
By focusing on the collaborations between process firms and equipment suppliers in the 
operational stages, this study has shown how open innovation can facilitate not only 
product innovation but also process innovation, by means of collaborative selection and 
installation of new process equipment – i.e. “open operation”. As such, the study 
complements earlier research on open innovation that has mainly focused on 
collaboration during the early development stages.  
 
Moreover, production plants in the process industries are extremely costly, so a high 
utilization of the equipment with minimal maintenance shutdowns is necessary to 
maximize throughput and business returns (Lager & Frishammar, 2010). Therefore, 
equipment suppliers play an increasingly important role in refining existing technologies 
and improving equipment reliability and capabilities. Such efforts are facilitated by close 
cooperation with the process firms, which can contribute process knowledge that the 
equipment supplier might otherwise lack. Hence, collaboration in operational projects is 
critical.  
 
An interesting conclusion that can be drawn is that a main difference between a 
development project and an operational project is the direction of knowledge flows. In a 
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development project, the equipment supplier is typically very interested in obtaining 
information from the process firm on potential improvements to the equipment (Athaide 
et al., 2009), as well as the potential of testing the developed equipment in the customer’s 
plants (Lager & Frishammar, 2010). In an operational project, however, the flow of 
knowledge is typically the reverse. In these projects it is the process firm that wants to 
benefit from the equipment supplier’s knowledge when attempting to upgrade their 
production process.  
 
The findings of this paper can be used to remind managers in equipment suppliers of the 
problems and opportunities that arise during the different stages of operational projects. 
In particular, it is important to recognize that failure to address problems in early stages 
will often compound and create bigger problems at later stages. A main example of this is 
the purchasing stage, during which it is critical that the two parties create a common 
objective for the project, as failure to do so can create disagreements and deficient 
collaboration in later stages. However, if the process firm has not clearly established its 
objective with the project during the pre-study stage, these discussions during purchasing 
will typically be unproductive. Managers in both process firms and equipment suppliers 
should thus become conscious of the significant overlaps and interconnections among 
different stages that typically characterize these operational projects. 
 
In addition, the start-up stage should be a prime concern for managers in equipment 
suppliers. As the problems are greatest in this stage, the potential for improvement should 
also be immense. This requires close collaboration. To this end, managers in these firms 
should make sure already at an early stage during purchasing discussions that the start-up 
stage is planned to suit the requirements of the projects. As such, end users should be 
involved at an early stage to enhance commitment, while clear responsibilities among the 
collaborating parties should also be outlined. In particular, collaboration is essential in 
order to transfer knowledge about the equipment from the equipment supplier to the 
process firm in the start-up stage, where intimate educational activities are typically 
required. In addition, collaborative activities during production are on the rise as the 
equipment suppliers expand their business models to be service providers. However, to 
succeed in these efforts the equipment suppliers may have to find ways of selling these 
services as complimentary performance enhancements, rather than as a treat to the 
process firm’s internal competences. The equipment suppliers are thus encouraged to 
involve their customers not only in their product development activities, but also in their 
service development activities to facilitate the development of complimentary services. 
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