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Abstract

:

Better nitrogen management, technologies, and regulation are required to reduce nitrogen losses in the aquatic environment. New innovative technologies can support farmers in a more targeted planning of fertilizer application and crop management at the field level to increase the effect of measures when reducing nitrogen losses. However, if farmers do not perceive the need for such a concept, the demand (market pull) will be minimal, making the implementation of such a technology difficult. The lack of this market pull could, however, be counterbalanced by a market push from research or requirements from public sector stakeholders (regulators). Within this domain, the main objective of this paper was to study technological change over time and identify and understand the crucial stakeholder involvement using the Functions of Innovation Systems Approach. This article shows how stakeholders’ perceptions and participation evolved over a 10-year period. It examines the interplay between technology readiness and the perceived readiness and acceptance by affected stakeholders. We demonstrate how stakeholder engagement was crucial to ensure the development of the technologies by creating marketable options for their future implementation. A key dynamic that emerged in this process was the transition from a research push to a regulator pull. We demonstrate the fact that without the regulatory requirement linked to changes towards more targeting of measures, the technology would not, on its own, be a business case, although it would provide new knowledge, thus representing a gain for society. The specific findings can be used in countries where new technologies need to be developed, and where a link to the regulation can ensure the active use of the new technology and, therefore, make their implementation worthwhile.
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1. Introduction


Adequate nitrogen (N) is of crucial importance for agriculture to ensure optimal growth of crops. However, excessive N creates challenges for society in terms of pollution and negative consequences for waters, climate, biodiversity, and public health (UN-FAO-WHO). For these reasons, N pollution has been addressed in European and Danish regulation and through the implementation of policies over the past 40 years [1,2] it is now also an integrated part of the United Nations Economic Commission for Europe (UN-ECE) guidance documents (UN-ECE, 2021). Such policies are often based on recommendations and initiatives from research that are then implemented locally, with very little stakeholder and farmer engagement. However, changing farmers’ perceptions concerning crop rotations and levels of fertilizer use is not straightforward. Hence, regulatory intervention will be better accepted if stakeholders have a common ground or understanding of the solutions presented to them. Thus, stakeholder engagement can be crucial to facilitate a consensus-driven dialogue between key stakeholders in the task of creating a common and more deep understanding of the issues [3,4,5,6,7,8].



The agricultural stakeholders in Denmark have historically been good at handling incremental changes to the N paradigm, which has led to improved N use efficiency (especially via better livestock manure management) and a reduction in the N loads to the aquatic environment [2]. Consequently, there has also been a decline in nitrate concentrations in groundwaters over the years [9]. A new regulatory “paradigm” based on targeted regulation has been used since 2018. This is based on mapping of the N retention on a 1500-hectare scale, meaning a much more differentiated N fertilizer regulation than the previous national implemented “command and control” regulation required [2,10].



Within this new framework, a key challenge is to develop, innovate, and legitimize tools that can help target the N measures implemented [11]. Research points to a 20–30% economic gain from being better at spatially targeting measures, solutions, and interventions [12], but to develop tools that are both effective, cost-efficient, precise, and accessible requires considerable time. However, promoting the acceptance of such improved or innovative technologies, despite them being built on solid research, is a challenging task. With targeted regulation of N fertilizer, some crop fields will be “robust”, meaning that they have a high level of N retention, while other fields might turn out to be “vulnerable” due to lower N retention. The effect of N reduction regulation would arguably have the greatest impact on such “vulnerable” fields. This condition would imply that some farmers will potentially “lose” while others will “win” yield from having their fields mapped for crop N retention levels.



This creates an odd market situation for implementing new technologies, as those stakeholders whose aim is to assist in identifying robust lands have very little and heterogenous interest in investing in it. On the other side of the coin are the governmental agencies that will first need to investigate whether or not the new technology can be used to inform or administer regulation. This leaves new technologies in an odd vacuum without end users or markets per se. This paper follows, over a 10-year project period, the evolution of different stakeholders’ positions and changes in perceptions of the development of such a spatially targeted technology and tool within a series of three connected research projects in Denmark covering the entire spectrum of technological readiness levels over time.



Technologies pushed by a research agenda often end up in this odd vacuum, yet to our knowledge, only a few research articles have explored how stakeholder engagement is implemented and managed by research teams to promote key features of the technologies that are being developed.



While this article presents a Danish case, the described challenge can be found in many European countries facing the requirements of the Water Framework Directive. As an example, the German implementation of an N policy is linked to the “red” areas with lower groundwater quality [13], where specific regulation would be required. Regulatory approaches, for instance, in the Netherlands and Belgium also point to the need for a targeted regulation approach [10]. Thus, guidelines and practical implications on how to implement nation- or regionwide technologies and innovations can be transferred; e.g., to other countries in relation to the achievement of goals and ambitions as in the EU Water Framework Directive or the UN Sustainable Development Goals.



The innovation connected to research projects often aims to find solutions to problems that are either wicked in nature or niche markets that present situations of potential market failure due to no obvious demand from end users. The literature has so far relied on theories and assumptions that are more fitting to private sector organizations, but they might not be transferable one-to-one when researching innovation in the public sector [14]. Public sector innovation addresses other needs by examining end users’ needs and interests, whereas the private sector market understands where the push-and-pull dynamics are in play when looking at customers and their demands and willingness to pay.



In this paper, the objective is to attain a better understanding of how new tools and technologies pushed or pulled to the market are perceived differently among the stakeholders in relation to the technology readiness levels, and how their attitudes and subsequent acceptance or rejection change over time. We aimed to extend the stakeholder engagement literature by theorizing on how the pull dynamics develop over time. To do this, we employed the theoretical framework of the Functions of Innovation Systems Approach [15] and focused on the observable dynamics that materialize around each of its seven functions to better understand the complex process of facilitating stakeholder engagement connected to public sector innovation. This study presents a new and different approach to understanding and theorizing how these functions, in conjunction with stakeholder engagement, assist in creating common ground amongst the stakeholders, aligning technological readiness with perceived readiness, and eventually facilitating acceptance and paving the ground for change.



In the interest of the above, we were guided by the following research question: How does stakeholder engagement contribute to the seven innovative functions in the technology development of a new N retention mapping concept? We explored this question by employing a longitudinal case study in Denmark, where the current regulation of N is being subjected to a paradigm shift, and where both public and private sectors are navigating this transition to the best of their abilities to preserve members’ interests. In Section 2, we provide an overview of the literature on stakeholder engagement connected to public sector projects, the importance of push and pull factors for promoting public sector innovation, and lastly outline the theory on seven functions for innovation. In Section 3, we outline the methodological consideration and present the historic backgrounds of the case study connected to the “MapField” research project in Denmark. Section 4 presents the findings from our case study, and in Section 5 and Section 6, we discuss the findings and conclude the paper.




2. Background and Theoretical Framework


2.1. Stakeholder Engagement in Large Sustainability-Oriented Research Projects


The literature on stakeholder engagement in sustainability issues is pointing towards the many benefits and drawbacks that participation can have [16,17,18,19].



The value of stakeholder engagement is found to improve the social, economic, political, and cultural outcomes of decision making when stakeholder voices are being heard [16,20,21,22,23].



There is evidence that stakeholder engagement with decisions made through a transparent, democratic, and participatory approach is perceived as being more legitimate [24,25,26]. Stakeholder engagement may then lead to decisions that can help legitimize final decisions [27], potentially leading to less resistance and easier implementation [28]. Additionally, evidence suggests that participatory processes could lead to more effective solutions being identified [29,30]. However, the opposite is also found, as participation does not always result in better environmental outcomes [31,32]. One of the drawbacks of stakeholder engagement is that it can take more time than a top-down process, and that it may be more costly and also delay decisions [33]. In addition, there is the risk of powerful interest groups overtaking a participatory process [34]. Despite these acknowledged drawbacks and challenges, stakeholder engagement is increasingly being encouraged in water resource management.



Recent studies have deemed stakeholder engagement crucial for the success of large societal projects [35,36], and stakeholder engagement is becoming an increasingly integral part of many projects, and within water resource management has become increasingly prevalent worldwide [37]. Due to the impact that public projects have on society, stakeholder engagement has been suggested as a required interaction for broadly societal transdisciplinary and multisectoral projects. The argument in favor of this is that stakeholder engagement assists with effectively achieving the desired societal impact with less effort; i.e., obtaining more results for less resources employed [38,39] and a better understanding of the challenges related to implementation in practice. Given this, it is reasonable to argue that stakeholder engagement is important to the success of projects that have a societal sustainable agenda.



One of the main hurdles for successful stakeholder engagement is the building of a common understanding of the actual research output (and in this case the need of the developed technologies) due to: (1) stakeholders’ heterogeneous background and knowledge; and (2) possibly conflicting interests in terms of impact on the output, resource allocation, and costs. To facilitate interaction and alignment of these differences, stakeholder engagement is useful for creating a “common sense” [40]. The concept of common sense has successfully been applied in organizational theory to understand how units and occupational communities coordinate [41,42]. Based on the importance of common sense in the coordination across units internally in organizations, the establishment of common sense will be just as important for coordinating across both various internal and external stakeholders in large societal research projects, with very different understandings and desired outcomes. As such, the literature outlines that stakeholders are often concerned about the conflict of their interest within the project [43]. Given the nature of sustainable projects, this is likely to happen, as it bridges the tension field between technology, legislation, sustainable actions, and economic incentives. Another indication of this is found within the literature on stakeholder engagement and large research projects on the paradox between an enforced academic push to the market rather than a stakeholder or end-user market demand-pull [44,45,46]. Very central to stakeholder engagement in research project literature are the value streams in a project [35,47]. This literature on value streams outlines three dominant approaches to stakeholder engagement, the first one being absolute attention to project values: here the project management team places more resources with the stakeholders, who are providing value to the project. The second approach is absolute attention to stakeholder values: the project management team gives more attention to the rights and values of stakeholders; in that sense, the PI is allocating resources to stakeholders who are less salient, despite the fact that it might not contribute to any value creation. The third approach is integrative attention to both projects and stakeholders’ values: in this approach, the project management team engages with stakeholders to balance both the project’s values and at the same time, the stakeholders’ values. This third approach is also called the hybrid approach, and is argued to be a proper tool to ensure sustainability purposes because it facilitates a balance between economic, environmental, and social goals [43]. The focus on stakeholder engagement to create common sense is important when analyzing the technology-push in larger sustainable projects. One could argue that the project management team has the responsibility to drive and coordinate such a translation process towards a common understanding among the stakeholders. Indeed, this is what private companies generally do when they push a new technology by nurturing the pull mechanics through marketing means. For public sector organizations, the adoption of a new technology in society is often limited by an (information) barrier that must be mitigated so that key stakeholders understand it [48,49,50]. We argue that active stakeholder engagement with the key stakeholders is an effective way to overcome these challenges.



However, while this sounds like a simple task, sustainability projects often include and address diverse stakeholders who have different understandings and desires about the final outcome. Consequently, if a persistent knowledge gap between the stakeholders is not mitigated, the outcome might result in failure; i.e., with the developed technology not being adopted by targeted markets as they find that there is no need for it.



The above could imply that the “forced research push” from industry will not gain the stakeholder engagement needed to generate a “pull” or the selected technology. The ongoing translation through stakeholder engagement aims to legitimize the research push, making stakeholders more prone to embrace the potential of the technology developed. Given the nature of environmental sustainability projects, conflicts are likely to occur, as these projects bridge tensions and viewpoints between technology, legislation, sustainable actions, and economic incentives [51]. This is a theme in the literature on stakeholders in large research projects, in which it is referred to as a paradox between an enforced academic push to the market with little to no stakeholder or end-user demand-pull [44,45]. In the case of the present study, this lack of pull from the stakeholders is supplemented with a certain reluctance towards new concepts potentially affecting spatially differentiated N regulation.




2.2. Technological Push and Market Pull in Private and Public Sector Innovation


The technology-push and market demand-pull factors are two long-debated hypotheses on drivers of technological changes that also coined the technology-push and demand-pull hypotheses. These two factors have been studied theoretically and empirically, and scholars have concluded that mutual causality exists between the two [52,53,54,55]. However, scholars argue that technological advance plays a key role in technological changes (the technology-push). Other scholars argue that market demand drives technological progress (the demand-pull). Therefore, the terms “technology push” or “market pull” relate to the orientation of how markets absorb a technology. Within the framework of the resource-based view literature the push and pull are two different orientations, namely a technology orientation or a consumer orientation [56]. Generally, technology development can precede market demand, and market demand can also drive the technology development process. However, the push and pull factors have one meaning for private sector organizations and another for public organizations. Also, the technology-push and demand-pull factors are only in effect when actors appreciate the generating innovations to the market. For that reason, it is rather well described how private firms best utilize resources to maximize profit by leveraging these factors [57]. However, as profit is not the main goal for public organizations, these orientations have different meanings, as public sector organizations innovate for different reasons than private sector organizations. Innovation in the public sector aims at creating more of a public good (roads, hospitals, better environment, etc.) for affordable costs and mostly without profit margins. Therefore, the push and pull factors that apply to innovation in a normal market are less likely to be applied when debating public sector innovation. The research on public sector innovation and the push- and pull-related mechanisms is scarce, and traditional private sector theories seem to fall short in explaining innovative outcomes beyond that spectrum [58,59]. More so, in a recent review, de Vries et al. [59] showed that public-sector-driven innovation lacks a “clear theoretical underpinning” and does not relate to existing theories on innovation within organizations (ibid: 161). One main theoretical difference is how private sector organizations and public sector organizations approach innovation of technology and its push to markets differently. Private sector organizations have the opportunity to nurture a demand-pull through means of marketing while performing a technology push [52,57]. On the other hand, public sector organizations lack markets, or the innovation addresses only niche markets, and there is a need for public accountability connected to this innovation [14,60]. Furthermore, in the presence of a lack of market push/pull, it can be argued that markets or market forces are created/stimulated through public sector interventions and regulations. These are important differences that influence how the push and pull factors unfold for public sector innovation [61]. Public sector organizations innovate to create public value in a more efficient or better way in terms of resource utilization [61,62,63]. Universities and research institutions play a key role in innovative activity in the public sector, and this increases the quality of public services and interagency collaboration [64].



The public-sector-driven technology push explained above is rather straightforward. However, the market demand-pull known to private sector organizations may not function in the same way for public sector organizations. In that way, public organizations are not as motivated by market demand factors; instead, they are more motivated by other external demand factors, such as government policy, budgets, legislation, and societal momentum [65,66,67,68,69]. Given this, public sector organizations are facing other pull factors in their technology push than the private sector organizations. So, in cases where the private sector would focus on profit, the public sector would perhaps focus more on the low costs of a given task. We argue that common sense in such partnerships is to be achieved through active stakeholder engagement, providing venues for a demand-pull of public organization innovation. We are theorizing on how the engagement of stakeholders influences the push and pull factors for public organization innovation. One common measure connected to such a technology push is the technology readiness assessment.




2.3. Perceived Readiness of Technologies


Before applying for funding for innovative research projects, most often the project teams need to explain and account for the aspired technological readiness of the technology being researched and/or developed with public resources. In doing so, the evolution of the technology needs to be evaluated and mapped to the so-called project technological readiness level (TRL). These are also used in the EU Horizon funding framework and describe nine steps, from basic principles (TRL1) that have been observed through technology development and tests to demonstration and ready for market adaption (TRL9) (European Commission, 2017).



However, given the differences in knowledge, understanding, and political viewpoints, some stakeholders may not agree with provided technological readiness assessments, as they have conflicting perceived understandings or interests of the technology and readiness. There can be many reasons for such misalignment in perception. For instance, the literature provides some explanations for this discrepancy between technological readiness perceptions and partnered stakeholders in a project [70]. The perceived understanding of the readiness level of the technology among stakeholders relates to their sector (here: public or private). In the literature on search in innovation [71], technological search is argued to be done differently for industry (private sector) compared to science and research (public sector). The broad literature implies that private organizations are more likely to engage in local searches [72]. In local search, new knowledge is identified by altering one component by a reconfiguration or replacement [73]. More so, local search refers to the fact that the research is closely related to prior and known activities [74]. In contrast, the scientific knowledge generation produces a different search than the local one. Scientific search provides an equivalent to a map, or a stylized representation, of the field being searched. Scientific knowledge differs from that derived through local search, in particular because the scientific endeavor attempts to generate and test theories more broadly. The science search is often done in public sector research institutions and universities. In doing so, science aims to explain why phenomena occur and provide means of predicting the results of their usefulness [74]. These two heuristics of thinking rather clash with the usefulness of the innovation, and might drive an underlying discrepancy between private and public innovation thinking and understanding.




2.4. Insights from the Innovation Systems Approach


The main objective of this paper is to study technological change and identify and understand the crucial activities in how innovation systems in the making evolve, from the perspective of the stakeholders involved. The aim is to create insights into the dynamics and possible patterns of technological change and related innovation processes.



Technology does not emerge or evolve in a vacuum; the external societal environment and broader institutional structures facilitate the development of technological innovations. These include elements such as universities, governmental funding programs, policies, and regulations [75]. In this paper, we applied the technological Innovation System Approach, and more specifically the Functions of Innovation Systems Approach [15,76,77,78]. Technological innovation systems focus on all components that influence the innovation process for that technology; this means both institutions and actors. The functions of innovation systems is a framework to systematically analyze the activities and events taking place in innovation systems resulting in technological change. A key element of this theory is to map the activities and events (functions), which is the generation and diffusion of innovation [78]. The theory has its background in institutional theory and evolutionary theories around innovation systems [75]. However, instead of focusing the analysis on a specific industrial sector (energy sector, etc.) or geographical area, the focus is set on the technology or technological systems. Understood as a special version of innovation systems, the socio-technological transition theory, with its multilevel model, has the same focus [79]. The main goal of these transition theories and theories on functions of innovation systems is:




“under which circumstances becomes a niche so successful that it becomes part of the existing regime? (…) what are the conditions that foster the growth of an emerging innovation system in such a way that it becomes so large and entrenched in society, that it is able to compete with and even become part of existing (innovation) systems?” (Hekkert et al.: 415–416) [78].





The purpose of using the concept of functions of innovation systems is to understand processes of technological change and innovation. These processes can also be understood as sequences of events, and can help explain the outcome of a technological change as a result of the order of events. Events are what the central subjects do or what happens to them.



In this theory, the development of a new technology and innovation is a result of seven processes here labeled “functions”, which have a direct and immediate impact on development, diffusion, and the use of new technologies. Based on Hekkert and Negro [15], the seven functions are:




	
Entrepreneurial activities/experimentation. The existence of entrepreneurs in innovation systems is of prime importance. Without entrepreneurs, innovation would not take place and the innovation system would not even exist.



	
Knowledge development (learning). Mechanisms of knowledge development and learning are core to any innovation process. Therefore, knowledge development is fundamental within the innovation system. This function encompasses “learning by searching” and “learning by doing”.



	
Knowledge diffusion through networks. Networks act as an exchange of information. Any network activities can be regarded as a precondition to “learning by interacting”.



	
Influence on the direction of search. The activities within the innovation system that can positively affect the visibility and clarity of specific requirements among technology users can be regarded as influencing the direction of search. These activities influence the legitimacy of the development technologies and stimulate the mobilization of resources for this development.



	
Market formation. A new technology often has difficulties competing with incumbent technologies, as is often the case for sustainable technologies. Therefore, it is important to create protected spaces for new technologies. This can be done by governments, but also by other agents in the innovation system.



	
Resource mobilization. Resources, both financial and human, are necessary as a basic input to all the activities within the innovation system.



	
Creation of legitimacy/counteract resistance to change. To develop soundly, a new technology has to become part of a regime or has to even overthrow it. Parties with vested interests will often oppose this force of “creative destruction” [15].








This last function is especially of relevance to the objective of our study, as it is the function in which stakeholder engagement plays a major role.



These seven functions differ from the previously described nine technology readiness levels mainly in the fact that the seven functions are concerned with the conditions for and around the innovation process to take place. The TRLs are instead focused on the technical stages of development in relation to the market and not the process behind it. In the Results section, we will show how stakeholders’ perceptions and attitudes towards the technology in focus shift and hereby also affect the process and functions over time.





3. Methodology


To answer our research question, we conduct a comprehensive longitudinal case study of three projects (cases), the NiCA project, the rOpen project, and the MapField project. For more information regarding the projects please refer to the following: MapField projects homepage: http://mapfield.dk; the rOpen project: https://hgg.au.dk/projects/ropen-nitrate-retention; and the NiCA project: http://nitrat.dk/about_us_uk/main.html, accessed on 29 October 2021) [80]. All three projects are and were a central part of the development of the final N retention mapping tool developed in MapField. Our data were mainly collected during the MapField project; i.e., in the years 2019–2021. However, the data cover the entire period of these three subsequent larger research projects that ran from 2010 until 2021. We selected these three sequential projects because they outline and depict the movement towards targeted regulation and the stakeholders’ attitudes to it. Introducing case observations over time allows us to include historical accounts and events (functions of innovation) that made the technology push compelling or irrelevant for (some) stakeholders during the period. The advantage of connected projects is that they allow for chronological data collection on the same phenomenon and conduct a within-and-between analysis similar to comparative case studies [81]; i.e., instead of observing a linear progression of stakeholder engagement on the innovation of new technologies, we account for how the project keeps its focus depending on the TRL regarding stakeholder engagement. As such, this study followed a qualitative approach to case studies suggested by, e.g., Miles and Huberman [82] and Eisenhardt [83]. Descriptively, we took a seemingly linear approach; however, we both included observational data from historical observations and cross-referenced it with accounts from expert interviews. We focused on the microlevel of innovation in the projects, as all of them are aiming at developing new knowledge that can make the mapping technology ready for a market introduction.



By focusing on the functions of innovation (events), detailed information was gathered. Expert interviews were also conducted with people involved in the earlier projects. By doing so, we mapped events connected to the technology development (functions of innovation) and related stakeholder attitudes. As we mapped the events, we matched them to one or more of the seven functions through an event scheme.



In this case, we mapped the events that took place within the technology-specific innovation system under investigation [78]. We predominantly only considered large events that in some form altered or changed the scope of the stakeholder management. Therefore, we did not include the day-to-day or week-to-week microlevel stakeholder interactions. Instead, we constructed a database including larger key historical events regarding the interaction between stakeholder engagement and technology development. It was constructed with an emphasis on relevant stakeholder engagement events related to a specific technological development trajectory. As we had access to key people who at the time had key roles in driving the case for targeted N regulation and the connected technology push, we used this access for conducting expert interviews. Interviews were augmented by observations of both organizational and project meetings, coding of meeting minutes, project reports, and research appendices. Policy documents, research reports, and strategy documents provided additional contextual data. Table 1 below illustrates the data foundation that we used for this study.



The expert interviews were predominantly done in (focus) groups with the intent of stimulating discussions with the experts of our questions. Semistructured interview questions were mainly related to those events that required additional information and knowledge about their understanding and perception of the situation at the time. During the interview, we also used visualization tools to outline key events for stakeholder engagement and technology development throughout the case study.



Interviews were recorded and fully transcribed. Analyses consisted of searches for themes related to the technology development and stakeholder engagement within-case and between-case connected to the innovative functions. Given this approach, our coding strategy followed a deductive coding procedure; i.e., we started with a set of known topics that were related to stakeholder engagement and innovation [84]. Deductive coding is an approach that helps focus the coding on those important issues in the existing literature. Due to this, deductive coding and analysis are often useful for theory testing or theory refinement, at which this study aimed. As such, for a theory-driven study, our theoretical framework was converted into a coding framework [85]. Given this, our data sampling was predominantly theoretical.



Our coding strategy had three overall themes subjected to our coding; these were “stakeholder engagement”, “technology development and innovation”, and “implementation and adoption”. By coding within themes, we saw other known topics emerge; i.e., within stakeholder engagement, we coded subthemes such as stakeholders’ involvement in the different projects, stakeholders’ attitudes through the years, stakeholder ownership and participation, stakeholders’ interest and influence, and stakeholder activation. Importantly, we placed these subtheme codes in relation to the stakeholders’ sector affiliation; e.g., if the code was connected to stakeholder engagement with public organizations such as ministries and agencies, this allowed us to account for several important stakeholder events in the data. These events presented our findings and were visualized throughout the case study. We relied on expert interviews to both gain deeper knowledge of the process of innovation and stakeholder engagement within the projects, but our main question frame was focused on establishing cross-validation between the results of our coding analysis and the understanding of the events by the experts.



The events were constructed from multiple codes across deductive themes; i.e., event 4, which is found in the case below, consisted of codes from many different data coding points: for the first part, “rOpen develops a tTEM (towed TEM) system, mapping the geology to 50 m depth.” This first part originated from the accepted proposal and related to technology and innovation development. As for the second part of event 4, “The team gets access to selected farmers’ fields in the short off-season period. Based on the data the team collects and generates retention maps with the use of model simulations.” This was based on an observation from a workshop, and it appeared again during meetings and expert interviews. Codes belonged predominantly to the stakeholder engagement and more specifically stakeholders’ involvement, ownership, and participation with cross-coding to both technology development and implementation opportunities. The next part, “In dialog with farmers, agricultural advisors, and other scientists the team interprets the result and it indicates that targeted regulations are doable with the use of the tTEM technology. The stakeholders are optimistic about tTEM being part of the final concept.” The codes that we used to generate this part of the event came from a scientific economic report made for the project and accounts from the expert interviews. The codes were analytically placed within the stakeholder engagement themes, more precisely stakeholder attitudes, participation, and involvement with cross-references to implementation. The last part of the event derives from meeting notes and expert interviews: “The agricultural sector is interested as they believe that this will provide opportunities for removing restrictions on the robust lands. The principal investigator (PI) team has much focus on meeting the needs and requests of the farmers in this period.” Codes from this last piece of the event were situated within stakeholder engagement of technology development. As for stakeholder engagement, code was primarily placed in stakeholder attitudes and interests, and in technology development, refinement, and solution-driven resource allocation. All events were analytically derived similarly through codes as event 4, as depicted above. This ensured a strong crossed-codes foundation when articulating the events.




4. Results–The Case of Danish N Management and the Innovation Project MapField


4.1. Historic Case Narratives


In the case study, we identified 11 events (E1–E11) that we considered important to when and why stakeholder engagement should be prioritized by the project management teams. Figure 1 below outlines these events derived from the case material and expert interviews. For each of the projects, we highlighted the importance of the different functions connected to innovation and stakeholder engagement. The latter is represented by the lines in the respective diagram.



The diagrams show the level of perceived readiness from the public sector (top), compared with that of the farming industry (bottom). These ranged from a low to a medium level. The middle diagram outlines the projects’ focus for stakeholder engagement activities (upper or lower orientation), as well as the intensity of the stakeholder engagement activities. The centerline in the middle diagram indicates an equal distribution between the farming industry and the public sector. The events (E1 through E11) were related to their context, and are described in detail in the following sections; relevant parts that are related to stakeholder engagement are emphasized in bold text.



4.1.1. The NiCA Project (2010–2014)


The overall goal of this project was to add new knowledge about the development of cost-effective strategies for fulfilling the national goals in the EU Water Framework Directive, with a focus on also developing scientific knowledge for N retention. In doing so, the NiCA project aimed to identify robust agricultural areas for which only a limited part of the nitrate leached from the root zone reached the marine waters. The specific scientific objectives of the project were to further develop and quantify the ability to resolve near-surface, local-scale heterogeneity by using the geophysical methods MiniSkyTEM and magnetic resonance sounding (MRS) in work packages 4 and 2, respectively [80]. Following this, the project assessed the implication of obtaining knowledge on the heterogeneity of subsurface nitrate reduction. NiCA also developed and tested a couple of codes for simulation of nitrate leaching, transport, and reduction at catchment scale. Another task of NiCA was identifying the smallest potential scale at which a hydrological model could have the predicted capability. Lastly, the project assessed the benefits of implementing a more precise, local-scale agricultural regulation (dynamic/targeted regulation), as opposed to the national or large catchment scale (23 of average 1913 km2) used in the regulation at the time.



Event 1 (E1): The Parliament and the Danish Agriculture and Food Council (agricultural interest organization) initiated the first document of interest in investigating the dynamic of targeted regulation. From a national perspective, this initiative aimed at lowering the current impact of N on nature and the environment. The agricultural industry, on the other hand, has an interest in less regulation of robust cropland production. The NiCA project was funded to investigate and map potential technologies for targeted regulation.



The NiCA project began on 1 January 2010 and ran for five years until the end of 2014. Its partners consisted of five research groups (including one from Canada). Besides the research groups, one GTS institute, four Danish consulting companies (including two SMEs), and two Danish public authorities were involved in the project. NiCA was partly funded by the Danish Council for Strategic Research [86].



The overall result of the NiCA project was the methodology for assessing the minimum scale (around 500 × 500 m (25 ha)) at which a model with a given data input potentially has the predictive capability with acceptable uncertainty. NiCA concluded that it would never be possible to obtain sufficiently detailed data to deterministically describe the geological heterogeneity. Instead, they suggested that researchers and practitioners must rely on geostatistical approaches, including the generation of plausible geological models. They recommended numerical modeling studies using the stochastically generated heterogeneous geologies and sample results from an increasing number of grid cells until the results among samples become stable [86].



The NiCA project also provided recommendations for water management. The developed tools were used in the Norsminde Fjord catchment to assess their utility in future water management planning. The farmers in the area were involved in evaluating the practical feasibility of a large range of possible measures to reduce nitrate leaching. Importantly, we must mention that concurrently with NiCA, another project (SkyTEM) was attempting to develop a transient electromagnetic system (TEM) technology that could map large catchments by the use of helicopters. The technology developed in this project became the focal technology in the rOpen project that succeeded NiCA.



Event 2 (E2): During NiCA, much attention was given to the governmental agency bodies that formulate the regulation of the farming industry. NiCA suggested that technologies at the time, such as SkyTEM developed in the HighTem project, could be refined to do targeted regulation. The interest and involvement of the key stakeholders were rather peripheral, and the PI team paid most attention to the governmental agencies.



The economic analysis compared the cost of measures using the current mapping with the costs of measures using the NiCA retention mapping. The analysis was carried out for two levels of N leaching, namely the current N loss level and with a reduction of 18% in the N losses [12]. For each level, the farmers could either reallocate catch crops (few options) (Scenario B) or also apply optimal N levels together with targeted catch crops and in-between crops (more options) (scenario C). The economic gain for the 10 farms was EUR 14–21/ha for scenario (B–C) (the same N losses) and EUR 28–53/ha for Scenario (E–F) (N loss reduction of 18%). So, the higher reduction requirement also increased the economic gain from targeting. In comparison, the mapping was calculated to cost EUR 6–10/ha, and so an economic gain from mapping could be calculated [87]. Jacobsen and Hansen [12] also showed that not all farms could use the detailed information on N reduction, and there was not a clear link between spatial variation in N reduction at the farm level and possible economic gains for all 10 of these farms.



Event 3 (E3): The NiCA project ended with recommendations for both technology, concept, and regulation to move forward; both key actors, industry and the state, increased their interest in the technology or concept that could potentially meet their demands for more sustainable production on robust lands. The suggestions of NiCA gave the research team of rOpen opportunities to further develop the TEM technology to match a more complex concept for mapping N retention on crop fields and potentially identify agricultural drains. Initially, the researchers had more interactions with the regulatory organizations, but the PI team needed to have more focus on including the farmers, as access was needed to their fields. Importantly, in 2016 the parliament initiated a new paradigm for environmental regulation of the agricultural sector (Regeringen, 2015, Ministry of Environment, 2018). This meant a first version of targeted regulation on a catchment scale and included the use of targeted catch crops. One of the models used for determining the N leaching was the NLES5 model.



NiCA can be considered an explorative project that needed to include stakeholders from all sectors to obtain sufficient information about farmers to be included in scenario analysis. There was some clear indication of function 1, entrepreneurial activity, since the researchers and governmental bodies expressed some ideas about how targeted regulation could be done, and more centrally what innovation action could be taken to assist in this process. Similarly, we saw that knowledge development, function 2, was very profound, as scenario analysis was done to create both knowledge and an understanding of the phenomenon. We also observed that function 3, which related to knowledge diffusion, was important early on, and important for some stakeholders.




4.1.2. The rOpen Research Project (2016–2020)


The rOpen project was a follow-up to the NICA project to ensure further development of the potential established. At the start of the project, recent legislation in the Food and Agricultural Package [88] had allowed Danish farmers to increase N application considering only economic benefits. This posed a risk of an increased nitrate load to the surface- and groundwater.



To counteract this, detailed regulation was scheduled to reduce N emissions starting from 2019, thus allowing farmers to target measures for the largest effect [89,90]. As a new tool, the level of detail used in the regulation was now increased, as the regulation was based on N retention maps based on approximately 15 km2 (ID15) areas (1500 ha). Although more detailed than previous maps, they were still not close to the effective management at the field level, as the basic data did not allow for a more detailed scale than this.



The vision of rOpen was to explore new mapping approaches and methods for more effective targeting to be achieved using innovative geophysical mapping in combination with hydrogeological and geochemical modeling, but without increasing the uncertainty related to the mapping.



Event 4 (E4): rOpen developed a tTEM (towed TEM) system, mapping the geology to a 50 m depth. The team had access to selected farmers’ fields in the short off-season period. Based on the data the team collected, they generated retention maps with the use of model simulations. In dialogue with farmers, agricultural advisors, and other scientists, the team interpreted the result and indicated that targeted regulations were doable with the use of the tTEM technology. Overall, the stakeholders were optimistic about tTEM being part of the final concept. The agricultural sector was interested, as they believed that this would provide opportunities for removing restrictions on the robust lands. The PI team was very focused on meeting the needs and requests of the farmers in this period.



This higher resolution in retention maps aimed to improve the prediction of nitrate transport in the open landscape at the field scale (a few hectares). Furthermore, the rOpen project aimed to develop a transparent, data-driven decision support tool that would be cost-effective on a national scale. Such improved management can lead to targeted regulation and more efficient fertilizer utilization, benefitting both the agricultural sector and the environment.



In the proposal, the project teams stated that “by combining the expertise and the scientific activities, rOpen will meet the societal desire for mapping of N retention at field scale and we will develop the necessary tools”.



In this, the project indicated values for stakeholders from different sectors. Firstly, for the farming industry, individual farmers, who without more knowledge would meet more general regulations on N application. Secondly, society will benefit from jobs and large export opportunities inspired by a financially healthy agricultural industry in balance with the natural environment. Thirdly, research institutions will strengthen their international reputation within the important scientific areas of geophysics, hydrology, geology, geochemistry, microbiology, agricultural-related land management, and the links between applied N and the N loss. Lastly, within the society at large, citizens will be less exposed to N pollution through the protection of surface and groundwater resources, which is of economical and recreational interest. This also includes lower costs related to mapping contaminated sites by the Danish regions.



The steps adopted in the rOpen project were to examine existing data, construct subsurface structures, model the N retention, and disseminate and use the results on case farms. The rOpen further developed the concept, now based on the tTEM instead of Sky-TEM as a mapping concept for differentiating agricultural land according to their vulnerability to N leaching to be used for a targeted N regulation. The learning in the project improved the maps used over time, and the concept was being automated, but still some new challenges regarding, e.g., redox levels, meant that creating the final maps took longer to produce than expected, and so the project termination was delayed by one year. In other words, the technology was approaching a final stage, and with the adjustments in the project, the research team was ready for more in-depth validation of the findings.



The concept benefited from the incorporation of innovative geophysics in hydrological and geochemical mapping and modelling. To capture and describe relevant uncertainties, a large number of equally probable realizations were created through multiple point statistical (MPS) methods. The focus was now more on the uncertainty in the different steps. The detailed mapping allowed farmers to use this information in the farm planning to live up to potential N reduction requirements on their farm at a lower cost. However, interviews revealed that not all farms would realize an economic gain from the detailed mapping, as costs for some farmers would exceed the potential economic gain. At the society level, the concept allowed authorities to deliver an effective implementation of legislation with a knowledge-based and transparent approach that focused on detailed mapping of the retention related to N losses from both surface water and groundwater [91]. The level used was around 30 × 30 to 300 × 300 m (0.1 ha to 9 ha). So, the intention of mapping at the field level without increasing uncertainty was achieved. At the end of the project, the costs of mapping were estimated at EUR 20/ha/year; this estimate was higher than the NiCA estimate, as it also covered more processes from the beginning of mapping to the advice given to the farmer. This also included the integration of the maps into existing farm management tools to ease their use in practice. The usefulness was compared by farmers to having soil samples analysed every five years, and so the costs should not be any higher than EUR 10/ha/yr.



Event 5 (E5): A series of scenario analyses indicated that targeted regulation with tTEM could be made. Analyses at the national level showed that if a targeted approach was used, it would benefit 8 out of 10 farmers in terms of lower restrictions than the current levels were imposing. However, the calculation also showed that 1 or 2 out of 10 farms would have to close their businesses due to increased restrictions. These analyses changed the attitude of the farmers’ union and their in-house scientific experts. The project team conducted stakeholder meetings and engaged the farmers in dialogue and interviews based on the mapping results. However, the scenario analyses and the results of the tTEM sparked the state agency’s interest in the technology.



At the end of the project, advancing the development of the concept would require the Ministry of Environment to further commit as a financial project partner. A further purpose concerning the wider dissemination was to give the Ministry of Environment a closer insight into the development of the maps and their potential use. The maps can be used both at the farm level, but also as an alternative tool for mapping the retention in selected areas. This could be in areas where uncertainty regarding N retention mapping in the national retention map is largest, or it could be areas where the high reduction requirements would be questioned by farmers. In that respect, the approval of the Ministry of Environment was required for further use in regulation. In the next step, it was clear that the Ministry of Environment needed to be an active financial participant, and not just a member of the steering committee, to prove to the project participants and to the Innovation Fund that their belief was followed by financial support.



Event 6 (E6): At the end of the rOpen project, the tTEM technology had been both developed and tested on fields, and the data that this method generated were considered useful for a potential N retention mapping tool. However, it still needed refinement and further validation.



The rOpen project’s primary purpose was to develop pillars for a potential measurement that could be used for potential future regulation. Therefore, the product presented to the stakeholder was also more conceptual or even hypothetical; i.e., not including any tangible data to show or discuss. Findings were presented and debated at smaller workshops, and some stakeholders showed an interest, but often in the secondary uses of the technology. For instance, the region was interested in the technology, as they saw a potential for using it in combating point pollution. Yet, in many aspects of the rOpen project, stakeholder engagement was not the focus. In a sense, it was in a vacuum, merely concentrating on refining the measurement models. Following this, from the start rOpen was very centered on function 2, knowledge development, and less focused on diffusion, function 3, compared to both NiCA and MapField.




4.1.3. The Concurrent Research Project: MapField (2018–2022)


Based on the two previous projects, the focus in MapField was on consolidation and validation, but also commercialization of the concept. The steps taken were to get the Ministry involved as a partner, and this was only possible if the validation was linked to the ongoing test sites (LOOP areas) where activities were already financed by the Ministry [92]. As the regulatory side had also developed the targeted regulation as a concept, it was now widely used by farmers, and farmers also wanted more measurements at the farm level to identify their level of N losses. This was also why the project at the outset was only a 3-year and 3-month project, but ended up covering almost 4 years.



The idea for the MapField project was consolidating between the findings of prior projects and two new pillars, namely adding hydrology modeling to known TEM technology pushed in HighTem and rOpen; and secondly, how the technology could be implemented and commercialized. This represented an academic research push of a new technology towards a more targeted regulation.



The MapField concept aimed at providing a cost-effective field-level mapping tool to measure N retention. However, the project team realized early on that pricing or costing estimation was needed for the interest of stakeholders, both farmers and governmental agencies [12]. However, pricing and costing also relate to making strategic decisions regarding commercializing the final product. The technology has its limitations, as it needs a rather large amount of data points to make the retention maps, and so the validation of the mapping requires a larger area covering a whole subcatchment.



Event 7 (E7): MapField costing meetings were initiated. They revealed that, while it was feasible to determine potential mapping costs, the MapField concept in itself did not always provide clear benefits for the individual farmers. Likewise, it was clear that the government must sustain the costs of a substantial amount of the mapping technology by either a subsidy or a governance model in which farmers are compensated. Several stepwise approaches connected to the implementation were debated in these meetings. One suggestion was a stop-and-go model that was also presented to the rest of the MapField research and project team. The purpose was that farmers should not pay for the full project if preliminary analyses indicated no variation. This approach was later refined into an idea of developing a so-called “priority tool” cocreated through stakeholder engagement.



Besides being very active in strategic meetings internally, the MapField management team was very proactive in reaching out to the regulating agencies. Granted, the agencies had been on the steering committee on rOpen and had cosponsored MapField, so the access was there. As the N-retention mapping became more detailed and refined, the stakeholders began to grasp how the final product could be used. This made the engagement of stakeholders easier due to the tangible products that MapField had produced. This made the ministry and agency interested in one-on-one meetings with the research teams, as they wanted to learn more about the tools’ usefulness, and also if they could be reconfigured to fit with the current models that they were using.



Event 8 (E8): Meeting series with the environmental agency and the researchers of MapField. The project researchers were able to show and explain to the agency how the mapping and modeling worked. Furthermore, the researchers were able to present to the agency visualizations of the results from test catchment areas. Furthermore, the team also showcased positive results for what was called the LOOP areas. These were test areas with different scenarios created on real farms that the government used to select detailed data for a long period.



The interviews from rOpen showed that deciding on crop rotation was already a complex process. With the introduction of detailed retention mapping, this became more complex.



Another aspect was the expected uptake of the concept. In the project, the approach was to focus on selected catchments (5–10) with selected challenges. This would require a tool to be set up to determine where the largest potential benefits were to be found. The projects have shown that large geological variation was likely to lead to large variations in retention. As opposed to this, the Ministry of Environment had a greater focus on national mapping. On the other hand, having a more tangible product also created stakeholder engagement with the sectors, as researchers could now challenge the theoretical knowledge created from the models, and together with the farming industry, question the practical implications of the overall tool. All this led to a further refinement of the underlying models in the measurement tool, and as this refined progress and project boxes were ticked, it was decided to create a report that would inform stakeholders who would have a key interest in the tool.



Event 9 (E9): The management team decided to produce a white paper that could be used to communicate and inform key stakeholders about the MapField concept and how it could be used. It was aimed at being predominantly useful for scientists, policymakers, and agricultural advisors.



From the above, we have showcased that going from a conceptual hypothetical product to a tangible product in itself motivated stakeholders to engage. However, it also motivated the stakeholders to engage in assisting the project team in developing a strategic decision-making tool related to the mapping tool. The development of this tool was an ongoing process that ran for over a year, including researchers, agriculture advisors, engineering consultants, and agro-economists.



Event 10 (E10): The priority tool development. The priority tool was meant to assist users of the MapField N retention tool in pinpointing where it would make sense to conduct catchment mapping towards a more targeted regulation. The process began with two conceptual methods, one developed by the principal investigators’ team and one from agricultural advisors. These two actors were also the main facilitators of the priority tool development. The initial two methods had some variation and similarities, but through stakeholder engagement and inclusion of 15 people from different backgrounds, they settled for a hybrid model between the two.




4.1.4. A Potential Road to Commercialization


Through extensive meetings with the regulating agency, the inclusion of stakeholders in formulating reports and white papers, and engagement of stakeholders in cocreating the priority tool, the agencies were convinced that the MapField tool could be the next step, and this related to the last event of this case study. The Ministry approach now led to an option that the costs for farmers could be paid through the Rural Development Program, thus setting a more formal way of financing. Here, it was stressed that applications could not be at the farm level, and the actual use would require more development to fit into the existing regulation concept.



Event 11 (E11): The MapField management team was asked by the agency and ministry to create a task force that would advise the agency/ministry on the cost and time to implement this technology.





4.2. A Shift in Stakeholders’ Perception and Acceptance of Technology


The outlined findings from our case study intrinsically showed that there was a shift in perception of the value of the technologies that the projects were developing, or at least of the attractiveness for potential end users (i.e., farmers). Figure 1 visualizes these shifts in turns. For instance, the PI of the third project in the timeline (MapField) and other project partners seemed highly convinced at the beginning that they were developing a technology in which farmers would be very interested. However, it soon became observable that the initial value propositions from the MapField technology indicated a lack of such a pull from the farmers [51]. Specifically, with the possibility to estimate realistic cost figures, it was not possible to come up with figures that would—under the current regulation—provide any real benefits for farmers [93].



Further, the uncertainty of not knowing the direction of the outcome of a mapping beforehand had similar impacts on the lack of interest amongst the farmers. This was confirmed by the interviews conducted during both the rOpen and MapField projects. These concerns were also confirmed by the industry representatives involved in those two projects. The technology might have been (partly) misunderstood, as it was often compared to soil samples that farmers carried out every five years and were already familiar with. Observations such as these aligned with the notion of a lack of common ground when debating the usefulness among some stakeholders, which was arguably a significant co-cause of a low willingness to sustain the mapping costs. This position was further enforced; i.e., with the formulation of value proposition, it became clearer that the overall benefit of large-scale mappings would mainly be for the society at large. Moreover, some of the individual farmers would rather have suffered the higher costs than received any direct benefits, at least not without governmental subsidization [93]. The investment decision for farmers might be on a 20-year horizon, including the cost of the mappings on one side and the expected benefit (monetary value) of the increased production due to lower regulatory requirements on the other. However, the latter is subject to a certain degree of uncertainty due to the intrinsic uncertainty of the mappings, market fluctuations, weather dependencies, etc.



However, the results also depicted how an increased degree and focus of stakeholder engagement turned the projects’ opportunities around, assisting in the progress of technological development by eventually creating a potential market for its implementation. The stakeholder engagement activities changed over time, from interacting with curiosity-driven farmers (the initial NiCA approach) to understanding the actual needs among farmers and private sector stakeholders in the late stages of rOpen. Indeed, the activities in rOpen focused more on “pushing” the technologies in development for the farmers. Another important reason for these projects to maintain stakeholder engagement with the farmer community during the technology development was for pragmatic reasons, to gain access to their fields to test the development of the technology. Limited access to fields would not have allowed for the refinement of the technologies and further endangered their legitimization in the field.



The significant shift towards the public sector occurred midway in the last project (MapField), when the internal stakeholders acknowledged the difficulties of precisely addressing private stakeholders’ benefits without a regulatory link to the mapping technology. As a result, stakeholder engagement shifted towards the environmental protection agency and the ministry, while activities with farmers were reduced to refining and fine-tuning the technologies for validation. At the same time, the interaction with the farmers was now occurring at a centralized level through their advisory group. While the proof of concept activities was progressing (TRL8–9), the dialogue between the project team and the environmental agency also became more frequent and pragmatic, as the agency for the environment could see the potential in MapField’s technologies for the refinement of future targeted nitrogen usage regulation.



During the MapField project, we could outline the dynamics behind this shift in focus and perception by mapping the key stakeholders’ interests and influence on the latest project’s outcome. Therefore, Figure 2 below was constructed according to step three from the stakeholder analysis suggested by Wang and Aenis [94], and highlights how the interest and influence of these key stakeholders changed characteristics in terms of interest and influence. Key stakeholders were those primarily impacting or being impacted by implementing or introducing a new technology or regulation.



Figure 2 illustrates two snapshots during MapField’s timeline; i.e., early 2019 and mid-2021. Stakeholders’ interest and influence were ranked by score 1 (low) to 10 (high) on each of the axes. This ranking was constructed by the research group and validated by several internal project partners during meetings and workshops. To do so, project workshop participants were asked to identify key stakeholders themselves by means of a survey tool. Further, their ranking was presented and discussed during workshops and smaller meetings in which refinements were made until a consensus was reached. From a stakeholder engagement perspective of the project, the matrix shows how farmers, agricultural advisors, and regulators played a crucial role. All of them had a degree of influence on the MapField project from its inception. However, farmers and regulators did not appear very interested in that phase. Analyses of meeting minutes, documents, and expert interviews indicated that key stakeholders with high interest were partly “pushing” the project’s outcome on the market, despite no clear interest from the market itself. Indeed, there was limited participation in the rOpen and MapField projects from the actual farmers—only farmers mobilized through agricultural advisors showed some interest. However, this lack was also driven by the fact that the early interim result maps presented to farmers were merely hypothetical and did not outline practical implications.



Hence, the main interest from industry stakeholders was represented at the national advisory level, whose members also showed a more significant commitment to participate in an economic scenario analysis performed in the area where the newest retention maps were done. Similar to government officials’ increasing interest, the advisors more proactively argued for potential pitfalls of the mapping technology. Similarly, the advisors became very active in the cocreation of the priority tool to influence the included calculation and metrics towards fitting their needs and concerns. The advisors’ experience and knowledge partly drove this motivation to participate, so that the decisions made in this process may soon be implemented or guide the regulation.



As the technology developed and its possible implementation options became more defined, the key stakeholders changed position in the matrix during 2020–2021. This brought the potential implementation closer to regulators, as these stakeholders could see possibilities for its use within the regulatory intervention; i.e., the new nitrogen paradigm. This situation was a bidirectional engagement and dialogue, because the environmental agency and ministry actively began seeking relevant information amongst the various parts of the research community in Denmark. As a result of the engagement and dissemination activities of the project, the environmental agency initiated discussion rounds with the project team. The intention appeared twofold: firstly, receiving information about the project’s progress and applicability; and secondly, trying to influence it to an increasing degree to meet the agency’s specific requirements for including it in possible regulatory initiatives.



The successful engagement with these stakeholders and their influence played a significant role in enabling the final development of the technology. Hence, it can be argued that as public sector stakeholder engagement became more important during the MapField project, the interest of farmers increased, arguably due to possible threats or opportunities from new regulation initiatives informed by new mappings employing MapField’s technology.





5. Discussion


The literature on push and market-demand pulls indicates that a connection with societal challenges might often end in market failure situations, because publicly supported R&D is often a response to a market failure itself [44]. While legislation is often identified as the reason for such failure in the market, it can, however, if used proactively, be a driver of market formation, especially when connected to sustainable projects [95]. We outlined how the publicly funded research project MapField and its predecessors developed concepts and technologies that otherwise would not have had a business case. Indeed, the adoption of these technologies needed to be stimulated by a corresponding regulatory framework, de facto creating a market that otherwise would not have existed. We have outlined how stakeholder engagement and dissemination activities were paramount in this process, and argued that the following dynamics and interactions had made this possible.



The Interaction of Stakeholder Engagement with the Seven Functions


We have accounted for eleven events related to stakeholder engagement activities and the seven functions throughout the data. On a meta level, we have further outlined how these events created significant shifts in perception and have mobilized stakeholders to embrace the technologies, thereby creating the foundation for its future implementation and possible commercialization. The historical data analysis and its results have shown how stakeholder engagement activities were a key component of these three research projects to “go to the next level”. Our results have also demonstrated the dynamics and details of how this process unfolded. To highlight this latter point, the identified events are mapped to the seven functions in Table 2 below.



Despite the seemingly linear approach to innovation, this case study of three subsequent projects provided indications that this innovative process is far from being linear and certain. The development stages and the related stakeholder engagement activities are central for each of the functions in play at that time. Table 2 shows an interesting fact; i.e., to enable the linear development of the TRLs, it was observed that several iterations of the seven functions occurred throughout the project. We argue that these iterations were driven by the stakeholder engagement that needed to accompany these projects to ensure their survival; i.e., the funding of the subsequent projects. The stakeholders’ interactions also showed some facilitated path dependency in the funding process, required to allow the actual implementation of earlier projects’ results. This became particularly apparent during MapField, which refined the N retention concept and included its stakeholders, thus creating the opportunity to extend the initial value creation by adding more tangible outputs to the markets connected to the mapping technology.



Regarding the importance of functions for innovation, Function 2, as in all science-based projects, seemed to be essential. For instance, connected to Event 6, we focused on how the mapping processes could become increasingly automated in order to reduce costs. Using the technology on a larger scale would also require that processes be automated to deliver results within an adequate timeframe. Given this, the research push had to be reduced to give more time for validation and marketing. The rOpen project, therefore, decided to inform more broadly about the technology and describe how it works and the current limitations; e.g., highlighting that the technology/approach was based on mapping an area of 1500 ha, thus requiring almost the entire area to be mapped to be able to compare its findings to measurement data. Therefore, the technology could not be offered to the individual farmers, but only collectively to groups of farmers—differently from the proposals of the Ministry of Agriculture.



Function 3, as in NiCA, became necessary as the project was actively seeking the stakeholder dialogue. However, compared to its predecessors, MapField was very engaged in Function 4, influencing the search direction. This was shown by the fact that the project team made the concept more tangible by providing more resources available by influencing legitimacy and nurturing cocreation with the stakeholders. For instance, concerning Event 8, we have presented data on stakeholders’ perceived attitudes towards introducing such technology. We can furthermore account for how roles changed throughout the project’s timeline. This showcases the importance of knowledge and how actors responded to this new concept when farmers also were reluctant to rely on modeled data regarding N losses of their fields. Through active stakeholder engagement, the project team tried to create legitimacy and counteract the resistance, which relates to Function 7. Finally, the Function 5, market formation, focused on satisfying the agency at the end of the project. The management team is paving the way for this sustainable technology to be implemented.





6. Conclusions


Stakeholders can have great interest in and influence on sustainability innovation projects; however, there is contrasting evidence on whether their involvement always contributes in the direction of better environmental outcomes. With this article, we illustrated how stakeholder engagement facilitated the process of innovation and technological development with an environmental focus, and more so, that stakeholders’ acceptance and perception towards the development of new technologies change over time. This article highlighted how the process of innovation is not linear, even though it is represented as such by the TRL standards. We showed that innovation unfolds in iterations with the seven functions approach, and that project development and innovation must be accompanied by stakeholder engagement to ensure the advancement of the innovation process towards market readiness.



We have shown how the development of the concept for detailed N retention mapping in agriculture was first developed to become a technology aimed at traditional commercialization. Initially, the concept and innovation were met by limited interest (no pull) from potential end users (farmers). However, this limited interest drove the project team to intensify and adjust the focus of the stakeholder engagement strategy to increase demand mainly based on policy regulation rather than conventional market forces.



An important evolvement in the duration of the three projects studied was that regulations have changed throughout the projects’ course, and the perceived need for more differentiated N regulation and related technologies was altered consequently. Indeed, policymakers can stimulate and create the foundation for the demand for such technologies by embracing them through regulatory requirements and subsidizing policies. Connected to our research objective, we have shown that stakeholders were curious and intrigued in the ideation project stage (NiCA). However, the next phase, developing and innovating the technology (rOpen), was often based on theoretical and technical assumptions and understandings amongst the researchers. This might have created an abstract situation for practitioners (both farmers and public servants in this case), making it difficult to recognize the possible value, and consequently diminishing their interest. Lastly, the refinement and implementation stage (MapField) outlined and produced maps and an N concept considered more tangible for the stakeholders, thus accounting for more stakeholder engagement during this phase of the overall development project.



Using the seven function approach developed by [15] this paper showed how 11 key events moved the development from the experimentation stages (Function 1) to the market formation (Function 5). Furthermore, this development in turn showed the development from technology readiness level 1–2 to close to 9.



The analysis showed how key stakeholders’ inputs and positions changed throughout the projects. The focus at the beginning was on technology development, with some interest from farmers. The focus in the latter stage was on markets, and dialogue with regulators and farm advisors. With this came a need for validation, but also a more automated process with lower costs. A key dynamic that emerged in this process was the transition from a research push to a regulator pull. At the same time, the project developments provided spin-off options for other analyses and sectors (regions) that were not anticipated at the outset. These entrepreneurial experimentation activities could also somewhat be related to Function 1.



The critical issue addressed in this study was not strictly about different perceptions of the TRLs, but about the difference between scientific and commercial perspectives in sustainability innovation projects. While the former seeks more knowledge, independently from profitability, the latter pursues options that would generate higher profits, resulting in dynamics aiming for more details from the scientific community against the profit optimum.



Research project funding today focuses very much on the likely turnover and the number of jobs created. In that sense, the focus is set on the projects to generate knowledge or technology that benefits society (TRLs). However, our analyses showed that the path can be long, and that the projects might end with other outcomes than expected.



Recommendations


Future research in the dynamics of creating new technologies and the role of stakeholder engagement is needed, especially concerning the accountability that publicly funded projects have towards a multitude of stakeholders and society in general. The focus of technological development for less-regulated industries could generate insightful complementary results to the present study. The implications of this study are generalizable mainly to settings that are similar to our case country, where three main sectors (research, the agricultural industry, and the governmental agencies), through a consensus-driven approach, tried to establish common ground through stakeholder engagement. The process and interaction between innovation and stakeholder engagement may unfold very differently in countries that regulate through a more command-and-control decision-making process.



This article outlined the paramount role of stakeholders alongside a technology development process, providing evidence to support the following recommendations. First, policymakers and other funding bodies should focus on the entire range of affected stakeholders and, at the same time, leverage their position as key stakeholders in directing the implementation towards the fulfillment of societal needs. Second, decision-makers of all kinds, including research project managers, should focus on engagement with stakeholders in the research and development process as early as possible (similar to change management initiatives) and include these stakeholders and their needs in the phases of development, thereby more likely reaching a broader acceptance and legitimacy of the developed technologies. Thirdly, funders of innovation projects should realize that innovation does not occur in a linear process, but, as we have shown, unfolds in an iterative process along with seven key functions of innovation. This has implications for how public money are funded through the nine TRLs.
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Figure 1. Key events for stakeholder engagement, stakeholder attention, and stakeholder attitudes. 
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Figure 2. Stakeholder influence/interests matrix (selection of key stakeholders). 
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Table 1. Overview of data foundation.






Table 1. Overview of data foundation.





	Projects
	Sources
	Activity
	Description
	Amount
	Documents





	MapField
	Participatory meeting activity
	Work package leader meetings/internal stakeholder workshops/larger external stakeholder workshop/taskforces
	Observations and notes related to the implementation and commercialization of the mapping technology through stakeholder engagement.
	35+ meetings and seminars with observations notes
	About 100 pages of handwritten notes. Official meeting minutes and other related documents (also included were iterations of document production, such as whitepaper and priority tools), in total amounting to roughly 50 pages.



	MapField
	Implementation strategy
	Costing group
	Internal project group aimed at calculating the cost of mapping per ha per year. The group also strategized on various implementation options or possibilities.
	8 meetings with notes plus various calculations and suggestions for the cost structure and potential value drivers to sustain the cost drivers.
	30 pages of notes, including possible models for making the initial investment.



	MapField and rOpen
	Farmer-specific interview
	External stakeholders
	Interviews with the external stakeholders were primarily done with farmers.
	6 farmers
	20 pages of transcription



	MapField and rOpen
	Survey data
	Internal stakeholders
	Project internal survey used a validation of the stakeholder matrix.
	17 informants
	17 completed survey



	MapField
	Documentations, reports, and email correspondences
	Participation in the coordination of project internal activities. Development of various reports
	Development of leaflet, historical accounts, the creation of a priority tool, problem-solving activities.
	200+ emails, 25+ documents
	Roughly 165 pages of transcription



	rOpen and NiCA
	Official and internal documents, cluster reports, technical reports
	Reports, papers, and other relevant technical reports from all of the projects
	The purpose of this data collection was to understand the interaction between these two projects on stakeholder engagement and the technology push.
	We in total included 15 papers and reports from NiCA and rOpen
	From these reports, we included 25+ pages for relevant analysis.



	All
	Expert interviews
	Key individuals from the three projects were interviewed to cross-validate or adjust events that we had found to be important in our initial coding.
	One expert interview with a top-tier agency official—who has been part of the paradigm change from the start. Two group interviews in which we included PIs, agro-economists, and a director from an agro-consultant who all are or have been part of the subsequent research portfolio.
	5 experts in total
	Thematic transcription, in total, amounted to 14 pages of transcription.
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Table 2. The interplay of stakeholder engagement activities with the seven functions and TRL.
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	Events and Stakeholder Engagement Activities
	Corresponding Functions
	Corresponding TRL (Approximate)





	Event 1: The Parliament and the Danish Agriculture and Food Council (agricultural interest organization) initiated the first document of interest in investigating the dynamic or targeted regulation.
	Function 6: resource mobilization
	TRL 1



	Event 2: The interest and involvement of the key stakeholders were rather peripheral, and the PI team paid most attention to the governmental agencies.
	Function 2: knowledge development (learning)
	TRL 2



	Event 3: (…) but the PI team needed to have more focus on including the farmers, as access was needed to their fields.
	Function 3: knowledge diffusion through networks
	TRL 3–4



	Event 4: In dialogue with farmers, agricultural advisors, and other scientists, the team interpreted the result and indicated that targeted regulations were doable with the use of the tTEM technology.
	Function 3: knowledge diffusion through networks

Function 7: creation of legitimacy/counteract resistance to change
	TRL 4–5



	Event 5: These analyses changed the attitude amongst the farmers’ union and their in-house scientists. The project team held stakeholder meetings and engaged the farmers in dialogue and interviews based on the mapping results.
	Function 7: creation of legitimacy/counteract resistance to change
	TRL 5



	Event 6: At the end of the rOpen project, the tTEM technology was developed and tested in fields. The data that this method generated were considered useful for a potential N retention mapping tool.
	Function 2: knowledge development (learning)
	TRL 7



	Event 7: One suggestion was a stop-and-go model that was also presented to the rest of the MapField research and project team. (…) This approach was later refined into developing a so-called priority tool cocreated through stakeholder engagement.
	Function 2: knowledge development (learning)
	TRL 7



	Event 8: Meeting series with the environmental agency and the researchers of MapField. The project researchers were able to show and explain to the agency how the mapping and modeling worked.
	Function 4: influence on the direction of search
	TRL 7–8



	Event 9: The management team decided to produce a white paper that could be used to communicate and inform key stakeholders about the MapField concept and how it could be used.
	Function 7: creation of legitimacy/counteract resistance to change
	TRL 7–8



	Event 10: The initial two methods had some variation and similarities, but through stakeholder engagement and inclusion of 15 people from different backgrounds, they settled for a hybrid model between the two.
	Function 3: knowledge diffusion through networks

Function 7: creation of legitimacy/counteract resistance to change
	TRL 8



	Event 11: The MapField management team was asked by the agency and ministry to create a task force that would advise the agency/ministry on the cost and time to implement this technology.
	Function 5: market formationFunction 6: resource mobilization
	TRL 8–9
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