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Abstract: In this article, we explore the opportunities and challenges of landscape approaches
through the lens of responsible research and innovation (RRI). We use the case of transport biofuels to
reflect on the capacity of landscape approaches to support the governance of emerging technologies.
The case study, developed in the region of Sardinia, Italy, consists of a landscape design process for
the implementation of biofuel technologies that rely on the use of non-food dedicated crops and
agricultural residues. By using non-food feedstocks, the biofuel project aims to avoid competition
with food production and achieve sustainability goals. Through the discussion of key dimensions
of RRI in relation to this case, the article puts forward a set of critical aspects of landscape design
processes that require further attention from theorists and practitioners in the field of landscape-based
planning. These include the power imbalance that exists between the diverse actors involved
in project activities, a need for improving the flexibility of the configuration of socio-technical
systems, revising assumptions on ‘valid” knowledge, and improving the deliberative component of
planning processes.
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1. Introduction

Biofuels have been in the spotlight of academic and policy debates for almost a decade. The debate
has largely focused on the sustainability and legitimation of these alternatives to fossil fuels [1].
The “politics of biofuels” have been extensively studied, with scholars addressing questions of power,
distribution of benefits and burdens, and critically analysing the fabrication of imaginaries and forms
of biofuel governance around the world [2,3]. Many scholars have also focused on case studies to
examine the concerns and values of different stakeholders and community actors surrounding specific
biofuel projects [4,5]. However, despite the dynamics of dialogues and co-production mechanisms
being instrumental in shaping the outcomes of decision-making [6], few studies have offered more
detailed accounts of planning processes in biofuel developments [7].

In this paper, we examine the application of landscape approaches in the planning of emerging
biofuel projects. Landscape approaches have been promoted as an alternative to conventional, sectorial
land-use planning, policy, governance, and management of natural resources [8]. Landscape scholars
contend that the landscape represents a suitable scale for integrating the environmental, economic,
and social dimensions of sustainability research [9], making landscape science an essential part of
sustainability science [10]. We are particularly interested in exploring the role played by the concerns,
interests, knowledge, and values held by local stakeholders in shaping ‘desirable” outcomes within
landscape approaches. We do so by mobilising the framework of responsible research and innovation
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(RRI) as a lens through which we may consider these aspects. RRI emerged in past decade as a response
to the call for ensuring that technological development is in line with societal needs [11]. One of the
main objectives of RRI is to open-up decision-making processes in science, technology, and innovation,
to include the perspectives of a range of actors, so as to anticipate and increase reflexivity to the ethical
and societal aspects of emerging technologies, such as nanotechnology, geoengineering and synthetic
biology [12]. Seen through the lens of RRI, landscape planning processes for biofuel technologies
require critical examination of value-based matters and what can be, at times, competing concerns
amongst the different actors [13]. In this sense, biofuel developments are situated not only within
specific environmental, political, and social contexts, but also within particular forms of dialogue
and mobilisations of knowledge. As we discuss later in the paper, although holding similarities and
sharing goals, we argue that the RRI and landscape planning communities have not yet initiated a
dialogue between each other — a missed opportunity that this paper aims to address.

We explore synergies and differences between RRI and landscape approaches focusing on
advanced’ technologies to produce biofuels. Specifically, we use the case illustrated in Di Lucia,
et al. [14], in which a landscape approach was applied for the planning of a biofuel project in the region
of Sardinia, Italy. Deployment of these technologies is progressing at a slow pace, with only a handful

G

of commercial scale projects globally [15]. The Sardinian case confirms that the success and failure of
bioenergy projects depend on a series of factors, many of which are context-dependent [16].

Biofuels make an interesting case for the analysis of the ethical, environmental, and societal issues
that might arise from transitions in sociotechnical systems. As emerging technologies for advanced
biofuels make their way via demonstration plans for production at commercial scale, it is possible to
grasp how responsibility over their implications is enacted, and how different actors understand the
benefits and drawbacks of new projects. Mediated by landscape design approaches, the analysis of
imminent biofuel projects sheds light on how anticipation, deliberation, reflection, and responsiveness,
which are fundamental dimensions of RRI, are mobilised in landscape planning processes.

2. Background

2.1. Emerging Technologies for Transport Biofuels

Governments around the world have supported biofuels as strategic technologies to reduce
carbon emissions in transport while contributing to economic development in rural areas and reducing
dependence on imported fossil fuels. Conventional biofuel technologies, also known as ‘first-generation’
biofuels, have relied on the use of sugar, starch, and oil-based feedstock to produce ethanol and biodiesel
worldwide, particularly in Brazil and the United States [17]. However, conventional biofuels have shown
limited capacity to advance these objectives and to significantly reduce climate changing emissions.
Studies report positive but limited energy balance combined with limited savings of greenhouse gases
(GHG) emissions over their lifecycle, particularly when indirect emissions are accounted for [18].
More worryingly, there is a risk that competition for fertile land can, either directly or indirectly,
result in the conversion of natural areas and the release of stored carbon, contributing to climate
change and food insecurity [19].

The controversy over the sustainability of conventional biofuels has been a driver of the
development of advanced technologies aimed to tackle GHG emissions and concerns around food
security [20]. These technologies, also known as ‘second-generation’ or ‘advanced’ biofuels, focus on
the use of agricultural and forest residues, waste, and dedicated energy crops not included in the food
or feed supply chain [21]. They promise savings of GHG emissions up to 95% compared to the life cycle
emissions of fossil fuels, reduced competition with food and feed production for natural resources,
and higher material and chemical efficiencies [22]. Further technological development in biofuel
production has therefore been driven by the limitations of conventional technologies and their potential
environmental and social impacts. Scientific evidence supporting these impacts led to diminished
political support for conventional biofuels and increased funding for advanced biofuels [23]. It can be
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argued that conventional biofuels experienced a legitimacy crisis fueled by negative public perception
and controversy [24]. This controversy can be seen as a response to a lack of alignment between societal
needs (i.e., environmental and social sustainability) and the promises made by technologies being
pushed by the industry and governments. The challenge for new biofuel technologies is, therefore,
to achieve a level of ‘societal alignment’ [25] which is able to support their legitimacy.

2.2. Landscape Approaches

Since the 1980s, landscape approaches have become increasingly popular as integrated strategies
to bring together multiple stakeholders to provide solutions on multiple scales [26]. A common feature
of these approaches has been the focus on a particular place—the landscape [8]. A landscape consists
of multiple ecosystems over a watershed or a geopolitically-defined area. The term has become a key
concept in a number of fields, including sustainability science, where the landscape represents a basic
spatial unit of society—nature interactions and a pivotal scale domain for the research and application
of sustainability [9,27].

Landscape approaches share a focus on long-term collaborative processes to achieve a balance
between multiple and sometimes conflicting objectives [28]. The philosophy of land-use and natural
resource management proposed by these approaches is increasingly promoted to address the inevitable
trade-offs among various competing claims on natural resources [8,29]. Conventional, sectorial
planning and management have proved poorly-suited for that. Integrated landscape approaches
attempt to minimise trade-offs and maximise synergies [30] by bringing together the diverse range of
stakeholders operating within the landscape [26]. The assumption is that this participatory process
will eventually lead to consensus on desired outcomes [31].

Among landscape approaches, landscape design has been defined as the “intentional change of
landscape patterns, for the purpose of sustainably providing ecosystem services while recognizably
meeting societal needs and respecting societal values” [32] (p. 635). Here landscape science is combined
with the design component of the approach for its ability to create “possibility spaces” within which
desirable futures can be shaped [33,34]. The effectiveness of the landscape design, and landscape
approaches in general, can be determined by achieving agreement among decision makers, i.e., process
outcomes, or by the ability to deliver social and environmental benefits, i.e., management outcomes.
Nevertheless, the evaluation of management outcomes is considered a challenging task due to the
need for long-term monitoring [28].

2.3. Responsible Research and Innovation

As an emerging framework in political and academic circles, RRI is a continuation of longstanding
debates about the governance of technological change. It responds to concerns on how to anticipate
the potential impacts of emerging technologies, how to reflect on their wider social and ethical
implications, and how to include diverse actors in the decision-making process. While not a fully
consolidated framework, RRI draws on the key assumption that technological change should be
better aligned to societal needs [12]. In parallel to efforts in participatory appraisals of technological
change [35,36], RRI aims to address societal needs by expanding the boundaries and scope of
technocratic, expert-driven processes. By ‘opening up’ these processes, the goal is to allow for different
narratives and visions to be considered, something which could ultimately lead to the construction
of multiple scenarios for technological change. In this context, there are some key elements that a
RRI lens makes particularly visible and worthy of analysis when applied to the case of sustainability
appraisals. These are anticipation, inclusion, reflexivity, and responsiveness [37].

Anticipation is connected to the notion of capacity building, i.e., as a sort of continuous,
preparatory exercise to confront unknown challenges if/when they arrive [38]. Anticipation is an
umbrella-concept that entails subsidiary approaches and methodologies, including constructive models
of technology assessment [37]; public deliberation on the potential benefits, negative impacts, risks,
and alternatives to technological development [39]; and scenario building, including the creation of
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physical prototypes and simulations [40,41]. In the field of sustainability assessments, anticipation
emerges in the context of a need to improve interventions by prioritising careful design of criteria
which are “explicitly drawn from social and environmental values”, before the implementation of
projects [42] (p. 201). To ‘anticipate’ is therefore to support arrangements and deploy instruments that
increase our individual or institutional ability to govern technological change.

The second dimension is related to the notion of ‘inclusion’, and to the contentious issue of
expertise. It entails debates around the type of actors and knowledge considered to be certified and
legitimate, and, therefore, worthy of being invited. Expertise may work as a device that excludes
certain actors, keeping them from influencing the directions and outcomes of formal decision-making
processes [43]. For example, scientific knowledge tends to hold a higher status than ‘lay knowledge’.
This is, in part, because scientific institutions have been historically at the heart of decision-making
processes, and have been regarded as agents of neutrality, reason, and impartiality [44]. In this context,
the scientific expert will not only answer questions in scientific terms, but will have framed questions
as scientific in the first place. By doing so, experts may impose their understanding of what are
deemed as relevant concerns in relation to an issue. Subsequently, they may indirectly determine what
constitutes relevant knowledge to address this issue [45]. Because the way problems are framed shapes
the responses to these very problems, the less inclusive a process is, the less likely it is that we will find
multiple perspectives on a given problem.

‘Reflexivity’ is related to inclusion, but is more closely focused on the entanglement between
knowledge, values, and concerns. Wesselink, et al. [46], for example, discuss how discourses around
sustainable development and ecological modernisation are fabricated by specific interpretations
of reality, mobilising at the same time scientific facts, values, and concerns. Central to the
notion of reflexivity is taking responsibility for considering our own beliefs and assumptions [47],
particularly considering our aims and reasons in view of others when deliberating on a given issue [48].
As an exercise of self-critique, actors should be as transparent as possible in regards to the drivers
behind ones own preferences and choices, examining the values and worldviews guiding ones position.

Finally, interconnected to the previous dimensions, ‘responsiveness’ refers to an institutional capacity
to respond “to new knowledge as this emerges and to emerging perspectives, views and norms” [37]
(p- 1572). Simply put, it refers to the change that could be produced as a result of greater inclusion and
reflection in the governance of science, technology, and innovation. Stilgoe et al.’s understanding of
responsiveness draws largely on the conceptualisation put forward by Pellizzoni [49], who connects it
to notions of care, liability, and accountability—all important ingredients of responsibility. For him,
responsiveness entails a capacity to share agendas and plans of action before deciding and acting
as collectives or as individuals. Here, the possibility of changing the initial plan—or of developing
a shared plan from scratch—can be taken as a first-order impact of governance systems which are,
in principle, more open and reflexive.

3. The Case of Advanced Transport Biofuels in Sardinia

3.1. Background—Study Area and the Biofuel Project

As in the rest of Europe, interest in advanced biofuels in Italy has been on the rise for a number
of years. In 2013, a technology developer (Biochemtex, a world leader in advanced technology for
transport biofuels with investments in Europe, USA, Latin America and China (www.biochemtex.com))
selected the Sardinian island for its first-of-a-kind commercial scale production unit of cellulosic
ethanol from a dedicated non-food energy crop, giant reed (Arundo donax). The crop was selected for
its attractive yields and capacity to withstand periods of drought which characterise the region [50].
Field trials conducted in Sardinia showed that, when not constrained by water limitations, giant reed
yields range between 25 and 35 t DM /ha [51]. In spite of the potential improvements in terms of
environmental and material efficiencies offered by cellulosic ethanol compared to conventional ethanol,
the biofuel investor expected “some level of criticism from some groups of local stakeholders” [50].
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This was in line with the negative debate surrounding biofuels both in Italy and the EU. Partly in
reaction to this debate, the investor planned to limit the cultivation of giant reed to abandoned or
underutilized agricultural land in an area, the South-West of Sardinia, characterised by high levels
of unemployment and environmental pollution [50,52]. The project received the endorsement of the
national and regional governments on the condition that the area become a major supplier of the
biomass feedstock. However, as early as 2014, an intense debate around the project had erupted in
Sardinia, with a few groups in favour and a wealth of positions very critical towards the project.

3.2. Application of the Landscape Design Approach

In 2015, a landscape design exercise was conducted to explore the potential to contribute to
landscape multifunctionality and sustainable outcomes in the case of advanced ethanol in Sardinia [14].
In this section, we focus our attention on how concerns, knowledge, and value claims held by local
stakeholders were elicited, and how they shaped decision-making in the landscape exercise.

3.2.1. Local Stakeholders

Stakeholder engagement is an essential component of landscape design. In the exercise,
stakeholders were defined as either groups or individuals in local communities who rely on the
ecosystem services affected by the biofuel project, or decision-makers and land managers able to
affect the provision of these services. The exercise sought to engage a representative sample of key
stakeholders, i.e., those that should be at the table for decisions to be considered implementable.
Stakeholder categories were identified through six scoping interviews with local informants and a
review of documents including the local media coverage. From these data, ten categories emerged:
biofuel producers, farmers and farmer associations, regional governments, municipal governments,
irrigation agencies, water agencies, agricultural development agencies, environmental NGOs,
and workers’ unions. For each category, a sample of individuals able to commit to a few meetings and
to represent the position of their constituency was engaged in the landscape design process.

3.2.2. Local Concerns and Values

The concerns and values of local stakeholders shape landscape design given that these processes
are mostly led by deliberations about goals and values [34]. In the exercise, values were interpreted
as “assigned values’ or “the relative importance or worth of an object to an individual or group in a
given context” [53] (p. 233). Aware that the values people attach to places are complex judgments
based on knowledge as well as emotional reactions [54] (p. 13), in the exercise, they were elicited by
exploring stakeholder views on the biofuel project and its potential impacts on environmental and
socio-economic conditions. The data were collected through a review of documentary sources and
twenty-two face-to-face, semi-structured interviews with representatives of each of the stakeholder
categories above.

The data collected showed that, due to a lack of publicly available information about the biofuel
project, stakeholders had only a superficial understanding of its features. Participants stressed a lack
of systemic knowledge about the project and its potential impacts, and suggested that this lack was
a critical limit to the development of an informed opinion about the project. This was in line with
the communication strategy of the biofuel investor which disclosed (limited) information only to
individuals with a role in the public authorisation process, or in the future biomass supply chain [50].
As a result, stakeholders shared a wide range of views on the project. The most common concerns
referred to the limited availability of water for irrigation, the risk of competition with local food
production, and the loss of biodiversity in the area. These results largely matched evidence from the
review of documentary sources. Moreover, stakeholders considered the generation of employment
and income, and the reduction of GHG emissions as key opportunities of the biofuel project.
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3.2.3. Knowledge of Landscape Functions and Services

Mobilising local and expert knowledge of landscape functions and services is another critical
component of landscape approaches. In response to the demands of stakeholders, the exercise focused
on the development of systemic knowledge of the biofuel project and potential alternatives in line
with stakeholders” concerns and values. This process relied on integrative and participatory computer
modelling [55]. Both the landscape design team and local experts participated in the modelling
activities. Firstly, the team developed a set of scoping models relying on the results of the assessment
of local concerns and values and the data provided by stakeholders via interviews. Then, the models,
their input data, and the preliminary results were reviewed in four focus groups involving local
experts familiar with agricultural systems, water resources, natural habitats, and land resources.
This process of integration of scientific and local knowledge sought to improve the credibility, saliency,
and legitimacy of the knowledge used in the approach [56], by ensuring that the models were in
line with stakeholders” concerns and values, and that input data and results were validated against
local experience.

As part of the knowledge co-production process, the team developed a set of alternative scenarios
for the biofuel project. In landscape design, stakeholders are encouraged to consider new alternatives
that inspire decision making [57]. The team developed four alternative scenarios for the biofuel project,
each representing a desirable future characterised by a ‘what if’ change of some system conditions.
In the ‘base’ scenario, the biofuel project is implemented following the original plan of the company,
in which c. 6000 ha of arable land, not used for food crop production, are converted to giant reed and
irrigated with water supplied by the irrigation systems. In the ‘Recycled Water” scenario, c. 6000 ha of
giant reed are cultivated and irrigated with recycled water from residential water treatment plants
to mitigate the impacts on water availability. The ‘Polluted Land’ scenario seeks to limit competition
with food and animal feed production by cultivating giant reed on land officially classified as polluted.
Finally, a ‘Food and Fuel’ scenario was developed to mitigate the impacts on food production by
assuming a three-fold increase in the acreage of durum wheat to provide both feedstock for biofuel
(straw) and local food production (grain).

Stakeholders played a central role in the identification of the themes and key features of scenarios.
The ‘Recycled Water” scenario was championed, in particular, by the regional water agencies who had
piloted a number of projects to test the feasibility of utilising residential waste water for agricultural
purposes [58]. The ‘Polluted Land’ scenario was proposed by many stakeholders in line with the
regional plan for the treatment and reutilisation of polluted areas [59]. Finally, the ‘Food and Fuel’
scenario was designed following diffused opinion among stakeholders, who stressed the need to
revert the declining food production in the area. Few elements in each scenario were selected by the
landscape design team without direct input from stakeholders, e.g., the selection of durum wheat as
feedstock in the ‘Food and Fuel’ scenario. The models developed by the team and validated during
the focus groups were employed to analyse each scenario. The results provided the knowledge-base
for the decision-making part of the exercise.

3.2.4. Decision-Making

The landscape design approach is underpinned by the assumption that by accounting for
trade-offs among objectives and exploiting synergies, it will eventually lead to consensus among
parties on desired outcomes [31]. Consensus about desirable outcomes and collaboration among
parties are foundations of the governance system promoted by landscape approaches. To promote
these goals, the landscape design team organized a one-day event involving sixteen representatives of
all stakeholder categories. The event sought to develop a dialogue among participants employing the
results of the model simulations to evaluate the acceptability of scenarios.

The results of the modelling exercise were presented by the research team and used to structure
the discussions among participants. The results provided a shared knowledge base for the group to
discuss the biofuel project and alternative scenarios. Overall, the group did not question the credibility
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or legitimacy of the data presented, which might be a result of local experts having been previously
engaged in the focus groups. During the discussions, participants referred extensively to the modelling
results showing the simulated effects of each scenario on issues considered of key importance by
stakeholders. This provided a practical means for participants to compare scenarios and articulate
their positions. Overall, participants focused on impacts on water resources, employment, and income
generation, while other issues such as climate change and biodiversity, which often dominate debates
on transport biofuels, were less polarised among participants.

A tangible result of the event was the design of a shared pathway to guide the planning of the
biofuel project that no participant openly opposed. This pathway emerged from the evaluation of
all alternative scenarios, and contained some features of each scenario, except the ‘Food and Fuel’
scenario; this was due to the economic limitations of the scenario linked to the cultivation of durum
wheat in the area which is not profitable without substantial EU Common Agricultural Policy subsidies.
Agreement among parties was achieved through meeting the interest, i.e., the underlying reasons,
needs, and values that explain the positions of all participants through dialogue, taking into account
their views, knowledge, and understandings of what is being proposed; see e.g., [60]. This process was
led by a facilitator and articulated by asking participants to illustrate their views on the pros and cons
of each scenario. In this process, the facilitator played an important role, ensuring that participants
had equal opportunities to contribute, and that discussions did not diverge from the object of the
meeting. In the final part of the event, attention was dedicated to the implementation of the shared
pathway and the definition of a set of practical actions. These consisted of (i) an evaluation of the
agronomic suitability of local land resources for energy crop production, (ii) an assessment of the
potentials of small-scale waste water treatment plants, and (iii) an expansion of giant reed field trials to
evaluate rain-fed management opportunities. For each action, participants identified an organization
responsible for executing and monitoring activities.

4. Landscape Design Seen through the Lens of Responsible Research and Innovation

RRI is a framework that suggests certain flexibility in terms of its translation and operationalisation
across different disciplines and sociotechnical systems [12]. The version put forward by Stilgoe, et al. [37],
presented in Section 2, has become prominent within academic and policy circles, precisely because
its dimensions (i.e., anticipation, inclusion, reflexivity and responsiveness) are open enough to allow
for their interpretation in different contexts. By reflecting on these four key dimensions of RRI, in this
section, we explore the opportunities and challenges of landscape approaches, and discuss them
vis-a-vis the landscape design case presented above.

4.1. Anticipating Scenarios

The conceptualisation of anticipation in RRI follows a change in focus amongst the technology
assessment community, from one of ‘forecasting’ to one of ‘foresight’. As put by Cuhls [61],
the background of foresight is to prepare for the future or try to actively shape it; as such, it
is a potentially useful tool to support planning processes. In early developments of the field of
forecasting, planners and decision-makers would seek for a pool of ‘appropriately qualified” experts
who would provide input to quantitative probability assessments; see Fischhoff et al. [62], for an
example. Compared with the paradigm of early forecasting, foresight processes aim at broadening
the participation to diverse actors in the process of building and selecting multiple future options.
More recently, these ideas became encapsulated in the concept of anticipatory governance, defined
as “the cultivation of a societal capacity for foresight”, as formal and informal, forward-looking,
and engagement-oriented practices [63]. By collectively anticipating scenarios as early as possible in
planning processes, it is expected that not only the design and the goals of sociotechnical systems will
be better aligned to those of diverse stakeholders, but also that a great deal of unintended, potentially
detrimental consequences could be avoided.
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The ambition of a landscape approach is to take precautionary steps before making decisions on
the development and implementation of projects, and to design landscape configurations in ways
that reflect the knowledge and values of stakeholders [26]. Limitations of the approach emerge
where the role of the approach is solely on the mitigation and remediation of the negative impacts
of pre-planned projects, i.e., projects for which most of the decisions have already been made.
When landscape approaches are applied as an ex-post tool, typically in the context of disagreement
and controversy, they develop under the assumption that change is irreversible. This limits the
scope of landscape approaches, which may work as tools for adaptation to change, instead of
facilitators of collective, integrated shaping of desired futures [64]. Key proponents of what could be
called more constructive and anticipatory models of landscape approaches, e.g., [28], highlight their
focus on long-term engagements to ensure the delivery of lasting societal benefits through adaptive
management. However, the reality is that landscape exercises tend to be situated within a short
timeframe and adopt a focus on achieving short-term goals—which are typically easier to demonstrate
and measure; see e.g., [30]. Furthermore, ex-post assessment of impacts in complex contexts is already
a difficult task in itself [28], suggesting that the anticipation of future complex scenarios and their
uncertain potential impacts are even more challenging.

In the case of advanced biofuels in the region of Sardinia, landscape design was employed
with the aim of opening up opportunities for designing alternative future scenarios that would
reflect the interests and concerns of a diverse group of stakeholders. The approach sought to support
arrangements and deploy instruments that increase the ability to direct change towards societal benefits
while dealing with unintended consequences. A key feature was the timing of the exercise in relation to
the lifetime of the biofuel project. Activities were conducted at the point when the biofuel company had
a project plan that was sufficiently developed to allow for constructive discussions, but were held early
enough for their results to be meaningful, that is, to allow for alternatives to be considered by decision
makers. Each alternative scenario was analysed by applying the integrated model developed with
stakeholders, while scenario plausibility, an important factor in their success [11,65], was discussed
with stakeholders in focus groups. In this way, the exercise sought to provide knowledge of alternative
futures with attention to issues that were framed and considered to be of critical importance by the
stakeholders themselves. A critical remaining challenge, however, is the time and labour required for
the modelling of complex systems where local baseline data are limited.

4.2. Engaging Stakeholders

A critical point to consider in relation to inclusiveness is that of which actors (alongside their
knowledge, interests, and concerns) tend to be included, and which are left out, from decision-making
processes, and how this may affect problem-framing. From the framing of problems through to
the prescription of solutions and implementation of projects, public and stakeholder engagement
approaches could represent merely consultative or more participatory exercises. On one end of the
spectrum, these activities tend to be advisory, prescriptive, and linear (i.e., one-way communication,
such as public hearings and expert panels), whereas on the other end, they could be more empowering,
representative of public and stakeholder diversity and dialogical [66]. Felt and Fochler [67] put
forward a broad and relatively open categorisation which might be helpful for the purposes of a critical
examination of public and stakeholder engagement in planning processes. The table below adapts and
summarises their proposal (Table 1).

Landscape approaches support a call for stakeholder engagement from the outset of design
processes [31]. Besides engagement, empowerment of local communities, capacity building and
transparency are central ideas within mainstream conceptualisations of landscape approaches,
including landscape design. Dialogue, learning, resilience, and adaptation are fundamental processes
in these approaches [26]. Recent interpretations of landscape approaches stress the importance of
stakeholder diversity, and put forward methods to ensure transparency and the social legitimation of
these processes, for example, through the formation of ‘coalitions” for the collective development of
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‘theories of change’ [28]. Proponents of these approaches also have an interest in critically investigating
the processes through which citizens engage in knowledge co-production, the most meaningful form
of engagement envisaged by Felt and Fochler [67], and how their knowledge emerges and is applied
in landscape processes [28]. However, these approaches may fall short of a theory of expertise that
renders visible their assumptions on knowledge legitimacy. Answers to questions such as who is a
legitimate stakeholder and what types of knowledge, including non-scientific knowledge, should be
included in these processes are not evident.

Table 1. General categorisation of engagement models adapted from Felt and Fochler [67].

Engagement Model Description

The development and implementation of emerging technologies should
Public and stakeholder education  be protected from societal intervention; it is the role of experts to
instruct and educate publics and stakeholders to tackle mistrust.

The development and implementation of emerging technologies should
be open to societal debate and consultation but publics and stakeholders
are not responsible for creating knowledge.

Public and stakeholder
dialogue/participation

Science, technology and innovation are intertwined with society. Publics
Public and stakeholder and stakeholders should be actively engaged in the process of
co-production of knowledge knowledge production of direct use for them and are able to shape the

framing of problems and to contribute to the design of solutions.

In the case study, engagement activities were deployed building on the results of the assessment of
local values and concerns, and considering the socio-cultural and biophysical contexts. These activities
sought the engagement of representatives of all key categories of local stakeholders identified in
the first stage of the landscape design process. The involvement of local stakeholders played a
crucial role in the co-production of transdisciplinary knowledge through the integration of local
and scientific perspectives. Participatory modelling was the approach employed to integrate these
two forms of knowledge. In participatory modelling, stakeholders contribute to data collection,
model selection and development, scenario building, and/or results interpretation [68]. Although there
is no optimal level of engagement or predetermined components of participation in modelling,
several approaches to participation have been suggested; see e.g., [55]. As discussed by Voinov,
et al. [55], some components or parts of the modelling process are more likely to involve stakeholders
than others. In the case study, the design process sought to ensure an open dialogue and the inclusion
of a range of positions representative of various categories of stakeholders. However, engagement
remained limited, particularly in the selection of the biophysical models used in the analysis which,
due to time and resource constraints, was based mainly on data availability and the research team’s
familiarity with the models.

4.3. Reflecting on Values, Knowledge and Power Asymmetries

Central to the notion of reflexivity in RRI is taking responsibility for considering our own
beliefs and assumptions. In the field of climate adaptation planning, Haverkamp [6] puts forward
a value-based approach to show how adaptation strategies are anything but politically neutral
and value-free constructs. For example, a tendency to rely on expert knowledge at the expense of
knowledge from local communities can lead to an overly biased framing of problems (e.g., in terms of
biophysical impacts instead of social impacts), and the suggestion of related solutions (e.g., engineered
and technical remedies), which are often disconnected from ‘real’ local concerns and needs [6:49].
Of importance here is, first, the issue of a power imbalance between the actors responsible for
implementing a planning process and those identified as interested or affected groups; and, second,
of a widespread misconception that values and knowledge operate separately when actors are making
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decisions, especially in fields informed or intersected by science and technology, which claim to be
fully objective, in other words, value-free [69].

With a few exceptions, the issue of reflexivity is overlooked in the landscape science literature.
In the field of landscape planning, Bardsley, et al. [70] stress the need for increased reflexivity when
deliberative approaches to planning are faced with multiple interpretations of risk and value. In the
analysis of a case study on land use in peri-urban areas prone to wildfires, the authors build on social
theory to explore how historically-situated ‘cultures of value and risk” intersect with institutional
decision-making and people’s decisions to inhabit these areas. Similarly, Dalglish, et al. [71] suggest
that in landscape governance, the deployment of renewable energy technologies requires attention to
historically-rooted social and cultural conditions. The authors also consider questions of justice and
disparities in power. For Sayer, et al. [30], these are issues which landscape approaches appear poorly
suited to address, alongside the problem of entrenched interests. Because landscape design inherently
involves hierarchical structures and dispute between different agendas, there is a concern that more
powerful stakeholders might dominate the process and control the outcomes. This has motivated
recent calls in spatial planning for looking at social justice issues and the problem of ‘hegemonic’
discourses [72].

In the case study, the values and views of local stakeholders shaped the development of
landscape knowledge and the framing of problems. The scope of the integrative model employed
to co-produce knowledge covered all the broad issues identified by stakeholders based on their
prioritisation of concerns. However, the modelling techniques utilised represented a compromise
between the need to ensure the credibility and legitimacy of the knowledge produced, and the time
and resources available for the exercise. Furthermore, throughout the process, equal treatment of
stakeholders was a challenge. Vested interests and power imbalances between stakeholders risked
invalidating the exercise, especially if, at the end, some participants would oppose the conclusions.
The landscape exercise sought to promote the legitimacy of the process by ensuring a comprehensive
coverage of issues addressed in the interviews and effective participation in focus groups and in
decision-making, where power issues around the table were mitigated, ensuring that all participants
had space to contribute while having access to the same data and information. Moreover, although
the decision-making process relied on consensus-making and on facilitating collaboration among
participants, any power imbalances occurring outside the scope of the exercise would have been left
untouched, potentially hindering the implementation of the decisions reached.

4.4. Responsiveness

Responsiveness alludes to the possibility of change that could be produced as a result of
anticipation, greater stakeholder participation, and reflexivity. Here, the possibility of changing the
initial plan, or of developing a shared plan from scratch, can be taken as a first-order impact of dialogues
which are, in principle, more open and reflexive. Responsiveness thus refers to the capacity to change
shape or direction in response to changing circumstances or stakeholder values, while recognising the
insufficiency of knowledge and control [73]. This should be an iterative, inclusive, and open process of
adaptive learning, with dynamic capability processes through effective mechanisms of participatory
and anticipatory governance [37].

A key feature which characterises landscape approaches is the iterative process of negotiation,
trial, and adaptation [26]. Landscape scholars stress the need for adaptive feedback mechanisms and
monitoring to ensure that interventions are adapted to changing priorities or circumstances [30,74].
Since landscapes are constantly changing under the influence of multiple drivers, to realise the full
potential of landscape design there is a need to deploy effective processes to monitor the management
process and its outcomes over long time periods [28]. However, effective monitoring requires that
baselines are developed and desired outcomes are agreed in ways that enable measurement [30].
From monitoring activities, new evidence should emerge and feed back to the decision-making process
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to inform future decisions. This is a critical component of any adaptive management process and a
basis of landscape design [30,74].

In the case study, the goal of the landscape exercise was to achieve an agreement on how the
biofuel project could represent a shared view supported by different stakeholders. Here, evidence
of responsiveness can be found comparing the initial plan, i.e., the ‘Base’ scenario, with the shared
pathway. At the beginning of the exercise, most stakeholder groups contested the biofuel project for
various reasons including a lack of knowledge on the project details. This misinformation allowed
the emergence of poorly-founded expectations among stakeholders. The landscape exercise provided
participants with the opportunity to acquire knowledge, to debate, and to reach a shared position
and develop practical actions and monitoring activities. These actions and tasks were considered
necessary to move from a broad agreement among parties to a detailed, practically-implementable
plan for the biofuel project. However, they were never executed due to a sudden change in the
industrial strategy by the biofuel company. In any case, had the project gone ahead, the human and
financial resources required for long-term monitoring of the exercise’s outcomes would be considerable.
Long-term monitoring is already a challenging aspect of planning recognised by the landscape science
community [28], without considering the need for broader analyses of responsiveness and adjustment
of pathways based on participatory processes.

5. Lessons Learned and Conclusions

Landscape design has been suggested as an approach to effectively guide the deployment
of biofuel systems within existing socio-economic and environmental systems [74]. As we have
discussed above, recent approaches to landscape design have accommodated more constructivist
and participatory perspectives. These overlap, to some extent, with those put forward by the RRI
agenda. Observed through the lenses of RRI, landscape design as a planning and decision-making
approach provides opportunities, but also entails important challenges. Some of these can only be
identified when reflecting on a real-world case of implementing novel technologies, such as the case
study of advanced biofuels in Sardinia. These opportunities and challenges resonate, in part, with the
literature and practice of landscape approaches, and are certainly not exclusive to the case of biofuels
or energy technologies.

Landscape design has the capacity to time landscape activities and project planning. As one of
its core features, it also seeks to develop plausible shared scenarios of alternative futures through
participatory approaches to planning. On the other hand, there are key critical aspects of landscape
design processes that require further attention from theorists and practitioners in the field of landscape
design. We briefly outline these below with a focus on the enactment of different types of responsibility:

(a) There is a risk that potential power imbalances will emerge between those regarded as being
‘in charge’ of decisions and those considered as ‘affected by’ decisions. Project managers and
more powerful stakeholders with an interest in the implementation of a project (e.g., industry,
policy-makers) are typically regarded as those holding responsibility for the consequences of
technological development. While this assumption is already problematic, this responsibility
tends to get extended to that of controlling the decisions being made, which then tend to be
defined—or sometimes even ‘pre-agreed’—by these same actors. Ideally, power relations in
decision-making processes related to planning should be as horizontal as possible, and conducive
to cooperation and fairness. Importantly, the initial framing of problems should reflect diverse
concerns and interests with any prioritisation of issues depending on collective agreement.

(b) An ability to reflect on the interactions between values and knowledge and the motivations,
concerns, and interests behind the positions of the different stakeholders should be nurtured in
planning processes. The commonly-held view of expert knowledge as ‘value-free” knowledge,
compared with local, non-expert knowledge as ‘value-laden” must be challenged from the
construction of problems through to the development of solutions. Indeed, the ways in which
problems are framed define, to a great extent, the approaches chosen to address these, as well as
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the solutions prescribed. All actors involved in planning processes hold specific values, and these
values shape the kinds of information they produce or select. In other words, in the same
way that every actor is responsible for filtering knowledge that they deem as useful, they are
also responsible for critically reflecting on their own motivations for knowledge production or
selection of information.

(c) Those designing and implementing new technologies in the present are also responsible for their
configurations and consequences in the future. There is a need for developing capacity to ensure
adaptive management, and long-term monitoring strategies that allow for the adjustment of
sociotechnical systems in every project proposed. By the same token, these systems should be
designed in ways that increase their flexibility and the possibility of change in direction in terms of
their development, including the possibility of revisiting their objectives. Whereas technological
development involves a great deal of uncertainty, and although potential technological lock-ins
are unavoidable, designers and planners should strive to ensure that the economic, social and
environmental commitments that come with projects are achieved, as well as to consider the
potential reversibility of specific socio-technical systems.

(d) As a principle of shared responsibilities, meaningful and effective public and stakeholder
engagement should be sought in the different phases of the planning process, and particularly in
those in which participation is known to be overlooked. This includes the early and more critical
phases of landscape design, such as the identification and definition of variables for assessment.
Echoing earlier points, public and stakeholder engagement is only meaningful when different
actors take responsibility for the definition of problems, and when the concerns emerging from
engagement are effectively incorporated into decisions.

Together, these different forms of responsibilities speak to the question of how landscape
approaches, and landscape design in particular, could support the alignment of novel technologies
with broader societal needs while improving fairness and transparency of the process. Despite some
challenges, the aims of landscape design should be compatible with those of RRI. By deploying RRI as
a lens through which may be viewed the analysis of a real case of implementation of novel technologies,
we have put forward some critical aspects that we argue the landscape science community can benefit
from further developing in both theoretical and empirical terms. Landscape approaches can be
a powerful broker between new technologies and their embeddedness in society. They have the
role of facilitating negotiations between different values and concerns in a comprehensive manner,
cutting across different dimensions of sustainability. Ultimately, they shape processes of societal
alignment between technological development and society. If planning processes are not conducted
with a view to improve deliberation, fairness, and transparency, the objective of aligning these
developments with societal needs might fail. As seen in the case of conventional biofuel technologies,
this failure may bring with it the risk of losing social and political legitimacy in the long run.
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