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   1  

 Introduction 

 Background 

From 1997 to 2003, the World Bank funded an innovation project known as Solar Home 
Systems (SHS) to accelerate rural electrification in Lampung, West Java and South Sulawesi, 
Indonesia (Sovacool and Drupady, 2012). The project was semi-commercial, targeting villagers 
with sufficient income, yet without access to the electricity grid. Each SHS was a standard 
package comprising a solar photovoltaic (PV) module with three fluorescent lights, one battery 
and its charge controller. Most villagers considered SHS expensive, but felt that compared to 
kerosene and diesel engines, it was more convenient to use and offered long-term savings in fuel 
expenditure. The increase in diesel fuel prices at that time strengthened this view and increased 
the number of adopters. Unfortunately, the project was not successful, as less than 5% of the 
total target of 200,000 units were installed by the time the project ended in 2003.  

The withdrawal of the SHS subsidy at the end of the project was partly blamed for this 
disappointing outcome, as from a cost perspective, it made SHS less attractive than kerosene 
and diesel fuel. At the same time, other more profound reasons were identified for the 
discontinuation of SHS, such as: 1) villagers, mostly early adopters, lacked regular contact with 
SHS facilitators who were supposed to supervise and educate them in the use of the system 
(consequently most villagers used SHS incorrectly, causing battery depletion at a faster rate); 
and 2) disappointment in villagers, who found drawbacks with SHS for their daily practices, 
such as the fluorescent light being too bright for use during sleeping hours; this made people 
revert to kerosene lights with low illumination, which doubled their energy expenditure since 
they used both kerosene and SHS (Retnanestri and Outhred, 2013). The project evaluation  
recommended that future SHS projects map and identify the profile of potential users 
appropriately beforehand, and ensure that the SHS facilitators fulfil their tasks and play a more 
active role in SHS socialisation, promotion and education to facilitate SHS acculturation 
(Retnanestri and Outhred, 2013).  

The above case throws up a lesson that innovation often faces unexpected challenges in multiple 
forms, which can lead to unsatisfactory outcomes or even failures on multiple fronts. One 
particular challenge is the responsibility of innovation actors—the actors involved in the 
development, adoption, customisation, assimilation and use of innovation. As the above 
example illustrates, issues can occur in the use-phase of innovation, when new problems arise, 
sometimes a considerable time after the innovation is adopted. Literature indicates that issues 
concerning innovation actors’ responsibility take many forms, such as responsibility not being 
properly fulfilled (i.e. the assigned task not getting done), or lack of attention to responsibility 
where this is not distinctly clarified or defined (see e.g. Balkema and Pols, 2015, Ikejemba et al., 
2017). Correspondingly, considering the adoption of energy technologies, the literature also 
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indicates a lack of focus on responsibility in innovation projects, for example improper 
assessment of the impact of technology, disproportionate distribution of innovation actors’ 
accountability, less understanding of local needs, context, culture and practice (Murphy, 2001, 
Numminen and Lund, 2017). These can all cause problems pertaining to bad planning and 
implementation, poor maintenance and less stakeholder co-operation and acceptance (Ikejemba 
et al., 2017).  

Lately, there has been increasing public debate and research on responsibility issues in 
innovation projects. However, so far, the attention has been directed at complex, risky new 
technologies in technologically advanced countries, where many innovations in high-tech 
domains like nanotechnology, geo-engineering and genetic modification—while promising 
great potential advantages—are criticised for their insensitivity to social values (Gupta, 2012). 
As the above example demonstrates, we see similar responsibility issues with regard to 
innovation in developing countries like Indonesia, where there is an additional complicating 
factor, namely that many new and emerging technologies originate from outside those regions 
(i.e. solar PV, biodiesel). This factor, which can make the adoption of new technologies more 
difficult, therefore needs to be scrutinised. Such technologies typically need a long time to be 
fully developed and assimilated into society; some even fail to be adopted. The process is never 
smooth because many effects are often not foreseen at the start. Undesirable social, economic 
and environmental consequences can easily occur along the way. Failing to understand the 
contextual conditions in which these technologies are adopted can worsen the problems 
mentioned above. This dissertation shows that foregrounding responsibility issues more 
prominently and explicitly throughout the innovation process is relevant and important.  
Providing insight into opportunities to govern the innovation process better can thus avoid or 
minimise adverse or unexpected impacts and achieve more satisfactory outcomes for 
innovation actors or stakeholders.   

The responsibility of innovation actors thus needs to be recognised in research as well as in 
policies regarding innovation processes and management. If we want to consider seriously this 
issue of foregrounding or embedding responsibility throughout the innovation process, a 
number of questions arise: what does responsibility mean to different stakeholders and societal 
parties? What are, or should be, the responsibilities of various innovation actors in a particular 
innovation trajectory? How can the responsibility of innovation actors be ensured in practice? 
More importantly, which concepts and approaches are relevant and useful for addressing the 
aforementioned issues? 

Responsible Innovation (RI) is becoming a relevant and important approach for improving our 
understanding of the above issues. RI offers a promising, yet not necessarily guaranteed, step 
towards more responsible adoption of innovations, taking into account the balance of social, 
environmental, economic and ethical aspects (cf. Blok and Lemmens, 2015, Owen et al., 2013, 
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von Schomberg, 2013). Evolved largely from Western, particularly European perspectives, RI 
offers an improved process-based innovation approach to address the uncertainties, 
complexities, risks and stakeholder accountability of new and emerging technologies (cf. Jong et 
al., 2015, Owen et al., 2013). However, to what extent the concept of RI can be feasibly 
translated into practice and realised outside the Western context (i.e. be practically applicable 
too in developing countries) remains a subject for further investigation.  

This dissertation studies ways to make RI more practically useful. It addresses the general issues 
of responsibility in innovation processes, also in a culturally sensitive manner, in a particularly 
non-Western context. By doing so, this dissertation presents an attempt to translate RI from 
concept to application. For this purpose, the study will take as its scope the adoption of 
emerging renewable energy technologies and low carbon technologies in Indonesia, such as 
solar PV, biodiesel, Liquid Petroleum Gas (LPG), Carbon Capture and Storage (CCS) and 
carbon-dioxide (CO2) utilisation. The adoption of these technologies reflects the sustainability, 
complexity and multi-actor issues that are relevant for RI cases. The study starts by presenting a 
literature review on RI, which will serve as the basis for building an understanding of the 
concept, and for identifying and defining the research gaps that need to be addressed. This is 
followed by the formulation of research questions and the methodology to answer these 
questions.     

 Responsible Innovation: Related Concepts and Approaches  

1.2.1 Foundations of Responsible Innovation: A Brief Review  

RI has increasingly gained attention in the past decade as a compelling concept and promising 
approach for improving innovation processes more responsibly by addressing the uncertainties, 
complexities, risks and accountability of new and emerging technologies (cf. Jong et al., 2015, 
Owen et al., 2013). As an alternative approach and policy tool for guiding the innovation 
process, RI has evolved from Western research and practice, notably in Europe and North 
America (Macnaghten et al., 2014). RI has been built on foundations that have a rich history 
across academic disciplines such as technology assessment, innovation management studies and 
engineering ethics. Significant contributions to these foundations (Owen, 2012, von Schomberg, 
2013) are approaches such as: Technology Assessment (TA), Constructive Technology 
Assessment (CTA) (Schot and Rip, 1997), anticipatory governance (Barben et al., 2008), Value 
Sensitive Design (VSD) (van de Poel, 2009), democratisation of innovation (von Hippel, 2005) 
and open innovation (Chesbrough, 2003). All these approaches have been developed with a 
specific focus and theoretical basis, conceptualised and applied to address various problems and 
contextual conditions. Key approaches like TA, CTA and open innovation will be discussed in 
the following paragraphs.  
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The unexpected and serious negative impacts of technology were the main reasons TA emerged 
in the 1970s (Grunwald, 2014). TA appeared at a time when technology was still regarded as 
following its own dynamics (technology determinism). Consequently, TA was originally an 
early-warning function which enabled policymakers to undertake measures, for example to 
compensate for the negative impacts of technology (Bimber, 1996, Grunwald, 2014). At that 
time TA did not address issues around the research and development of technology in the 
inception phase, such as at lab level (Decker and Ladikas, 2004). But following the development 
of the social-constructivist paradigm (Bijker and Hughers, 1987) during the 1980s, this view of 
TA changed with the emergence of CTA (Schot and Rip, 1997) that started to focus on research 
and development activities at lab level as well as subsequent innovation processes (Smits and 
Hertog, 2007).  

Derived from the idea of shaping technology, CTA aims to increase reflexivity in the 
development of technology, going for a ‘better technology in a better society’ (Schot and Rip, 
1997). This reflects the shift in TA from the initial emphasis on early warning towards shaping 
technology according to social values and expectations (Grunwald, 2014). CTA shifts TA 
towards a more participatory approach, by engaging different stakeholders to explore the 
potential impacts, opportunities and synergies between future social and cultural objectives for 
innovation provided by scientific and technological knowledge (Rigby et al., 2013). Such an 
engagement process should start in the early stage of technology development—with a strong 
incentive to ‘get things right from the very beginning’ (Roco and Bainbridge, 2001), in order to 
deal constructively with what Collingridge (1980) called ‘the dilemma of control’.1 Guston and 
Sarewitz (2002) refer to the challenge of this control dilemma with the notion of ‘real-time’ TA. 

Similar to CTA, open innovation (Chesbrough, 2003) is another approach that emphasises the 
engagement of different stakeholders in innovation processes. CTA suggests the involvement of 
stakeholders with multidisciplinary rather than monodisciplinary backgrounds, so that early-
stage innovation or ideas can be assessed and tested from different perspectives (Rigby et al., 
2013). Such a multidisciplinary team of stakeholders forms the basis for open innovation, 
allowing a reflexive and deliberative process of innovation (Spruijt, 2013). The interaction 
between various stakeholders is seen as a source of competitive advantage in the open 
innovation approach (Chesbrough, 2004). Open innovation is about making a successful 
innovation through a network of actors. This perspective suggests that a network of actors 
allows cross-sector collaboration between multiple stakeholders, which is expected to bring 
                                                    

1 Collingridge (1980) referred to the dilemma of control as a double-blinded problem to control the direction of 
technological development. Firstly, it is often difficult or impossible to predict the consequences or impacts of new 
technologies in the early stages of technological development. Secondly, once the (negative) consequences of 
technologies materialise, it is often very difficult to change the direction of technological development. 
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innovative outcomes and responsible solutions (Blok and Lemmens, 2015, von Schomberg, 
2013). The bottom-up process in open innovation allows more voices in discussions, thus 
engendering greater inclusion of stakeholders in innovation processes (Stilgoe et al., 2013). 

RI attempts to combine the above approaches (TA, CTA, open innovation) and their 
experiences, such as assessment procedures, stakeholder involvement and foresighting 
(Grunwald, 2014), aiming to embed them in innovation policies and processes (Owen, 2012). 
This suggests that the reasons RI emerged cannot be separated from the central motivation of its 
theoretical foundations like TA, CTA and open innovation. However, the emergence of RI also 
reflects the recognition that already available approaches to shape science and technology still 
need further improvement (Grunwald, 2014, Siune et al., 2009). Arguably, CTA’s orientation 
towards the co-construction of technology (in which groups or individual citizens are expected 
to play a role) often underplays differences in agenda, influence and resources of those who are 
already powerful  in society (Genus and Coles, 2005). Therefore, in practice, participatory 
exercises (as promoted by CTA) may fall below the expectations that affect the role and 
contribution of non-expert citizens—particularly if they are in any case treated as ‘outsiders’ to 
be brought ‘onside’ to accept the technology in question (Genus and Coles, 2005). RI attempts 
to make a difference not only in terms of research but also interventions in the real world—
being closer to social practice and taking into account various actors’ potential to influence 
actions and decisions in their respective field (Grunwald, 2014). As in open innovation, a 
network of actors is also needed in RI. 

Another distinction is that RI emerges with a new emphasis, drawing particularly on the 
engineering ethics perspective in which explicit ethical reflection is added to the 
aforementioned approaches to shape technology and innovation under the framework of 
responsibility (Grunwald, 2014). The fact that innovations create not only positive but also 
undesirable negative impacts that are hard to perceive in advance, is becoming a major reason 
for paying greater attention to responsibility in innovation practice (von Schomberg, 2013). 
This confirms that RI extends the scope of innovation to ethical issues, in particular issues of 
responsibility (Grunwald, 2014, von Schomberg, 2013). The centrality of the innovation focus 
on responsibility, and the guiding mechanism or approaches to fulfil this responsibility for 
achieving the goal of innovation—with maximum positive impacts and minimum negative 
fallouts—seem to constitute the fundamental differences that distinguish RI from its forerunner 
approaches. 

Another notable reason for the emergence of RI is the growing complexity of systems (socio-
technical and socio-ecological) or the environment in which innovations take place, due to the 
greater challenges for the processes and outcomes of innovation. Along with the changing 
nature of innovation (the advancement of technology), the greater complexity of systems may 
also increase their vulnerability and risk of systemic failure. As suggested in the literature, 
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dealing with the unpredictability of innovation in the increasingly complex environment 
demands a collective responsibility of innovation actors (Grinbaum and Groves, 2013).  

Furthermore, RI has sprung up in the context of discussions about the unforeseen impacts of 
nanotechnology development in the United States; whereas in Europe, the concept evolved in 
response to the interest in avoiding a repeat of the public strongly rejecting controversial 
biotechnologies such as genetically modified organisms (Owen et al., 2013). Recently, new and 
emerging technologies are the topics of discussions around RI, such as food technology (Haen 
et al., 2015), geo-engineering technology (Owen and Goldberg, 2010, Parkhill et al., 2013), 
health care technology (Arentshorst et al., 2014, Arentshorst et al., 2016) and information and 
communication technology (Stahl et al., 2013). 

The brief theoretical review shows that RI is not a new idea, but was created earlier in 
technology assessment and in science & technology fields (see e.g. Guston and Sarewitz, 2002, 
Hellström, 2003, Schot and Rip, 1997). What is new is not the term RI itself, but rather the 
recent growing number of responsibility issues in science and innovation—what we might call 
the moral aspect of innovation. And with this trend comes the coining of an actual approach 
named ‘Responsible Innovation’, which has emerged with a certain new discourse, research 
community and to some degree a certain shared understanding of what an RI process entails in 
practice. However, the understanding of the term RI leaves room for variations in interpretation 
and leads to the proliferation of RI conceptual interpretations and approaches in literature, 
which will be discussed in the following section. 

1.2.2 Responsible Innovation Concepts and Approaches 

The term RI reflects the responsibility dimension within innovation. Depending on the context, 
responsibility can be understood in different ways. It is therefore important that we first realise 
what responsibility means, and what it means to be responsible.  

Responsibility is a bundle of obligations, functional and moral, associated with a role, duty or 
task—the obligation to perform the assigned task (Bivins, 2006). The term responsibility is often 
referred to as accountability, and the terms are often used interchangeably. Van de Poel (2011) 
explains that sometimes responsibility may be understood as accountability in a descriptive 
sense. Such as in cases in which one is accountable based on certain organisational or legal rules. 
In such cases, accountability seems often closely related to task. The term accountability itself is 
subject to various definitions as it has been widely applied in many disciplines. Accountability is 
usually associated with the concept of liability, transparency and some types of authority (Ubois, 
2010). Accountability means that there should be incentives or disincentives when one has 
fulfilled or not fulfilled such liabilities or obligations (Halle, 2011). Incentives or disincentives 
are commonly seen as sources of motivation to fulfil one’s obligations according to one’s duties, 
tasks or to ensure accountability itself. People are therefore likely to be motivated to fulfil their 
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tasks if the incentives are comparable or even greater than their tasks. Leat (1996) explicates 
three basic elements of accountability. The first is ‘accountability to whom?’ or in other words 
‘to whom is accountability owed?’ which refers to the persons involved in an issue at different 
levels—downwards, upwards, laterally—such as regulators, producers, consumers, etc. The 
second is ‘accountability for what?’ relating to the subject, roles and tasks of the persons 
involved in certain issues, such as accountability for monitoring a process or procedure, 
programme accountability, etc. And the third is ‘what type of accountability is required?’ for 
example (cf. Taylor, 2012): accountability for taking into account (responsive accountability), 
accountability for giving an account (explanatory accountability) and being held to account 
(accountability with sanctions). Thus, being responsible may mean to cause and reflect on one’s 
accountability (Ubois, 2010) and to honour those obligations when needed, when one should 
act reliably in accordance with promises offered or made.  

In the literature, accountability is often understood in a retrospective sense as backward-looking 
responsibility, which applies to something that has already occurred (e.g. Sharpe, 2003, van de 
Poel, 2011). In this retrospective sense, responsibility is related to practices of blaming and 
praising—typically portrayed in expressions such as “holding someone accountable” (Sharpe, 
2003). Nevertheless, accountability can also be understood in a prospective sense (see Box 1) 
(Dekker, 2012, Dekker, 2014). Accountability in a forward-looking sense means that one is 
expected to do something in the future, such as to account for one’s actions, to pay damages 
(van de Poel, 2011), to lay out opportunities for making changes and improvements (Dekker, 
2012).   

Box 1 From backward-looking to forward-looking accountability 

Backward-looking accountability means people having to explain (account for) their actions 
in relation to past events. The idea of "holding someone accountable" is used for events that 
have already happened. It implies some sort of sanction, removal or dismissal. It is not clear 
what people hope to achieve with this sort of retrospective accountability, other than 
perhaps instilling a sense of anxiety and focus in those responsible (pour encourager les 
autres) and a sense of satisfaction among the public that justice is served when those who 
have caused harm will have to own up to it and receive punishment. But its effectiveness is 
limited: experience shows that it merely motivates the actors in charge to be more careful 
with reporting and disclosure. If, instead, we see someone's acts as a representation of an 
organisational, operational, technical, educational or political issue, then accountability can 
become forward-looking. The question becomes: what should we do about the problem and 
who should be accountable for implementing those changes and assessing whether they 
work? Forward-looking accountability is consistent with a new type of safety thinking. 
People are not a problem to control, but a solution to harness. Forward-looking 
accountability can help people focus on the work necessary for change and improvement 
and connects organisational and community expectations of such work. 

Source: Dekker (2014) 
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The explanation above suggests that accountability should be pinned to the innovation actors or 
stakeholders involved in the innovation process. Therefore, in RI, the involvement of 
stakeholders regarding ethical and societal aspects becomes the pre-requisite for innovation 
processes to lead to satisfactory outcomes (Blok and Lemmens, 2015, von Schomberg, 2013). 
Recently, various interpretations and definitions of RI have been proliferating in the literature, 
as well as its concepts and approaches (see e.g. Owen et al., 2013, Singh and Kroesen, 2012, Stahl 
et al., 2015, Stilgoe et al., 2013, Sutcliffe, 2011, von Schomberg, 2012, von Schomberg, 2013). 
Some key concepts which are of particular interest for this study will be discussed in the 
following paragraphs. 

RI—sometimes called Responsible Research and Innovation (RRI), anchored  to European 
policy processes and values, has been prominently defined by von Schomberg (2012, p.63) as:   

“Responsible Research and Innovation is a transparent, interactive process by which 
societal actors and innovators become mutually responsive to each other with a view 
to the (ethical) acceptability, sustainability and societal desirability of the innovation 
process and its marketable products (in order to allow a proper embedding of 
scientific and technological advances in our society).” 

According to von Schomberg (2013), this definition covers three aspects of responsibility: 
environmental, societal and ethical. The environmental aspect suggests sustainability as the key 
feature of regulatory and policy principles for innovation and modern development of natural 
resources by human activity. The societal aspect deals with the undesirable social effects of 
technological and innovation advances. The key aspect here is to strike a balance between the 
benefits of innovation development and social disadvantages. The societal aspect suggests it is 
important to ensure that the current generation’s quality of life does not compromise the 
opportunity for future generations’ quality of life. This view of the societal aspect is strongly 
related to or even has blurred boundaries with the ethical aspect, which is based on the common 
and traditional set of values in every society. This makes the ethical aspect different among 
different societies and therefore its importance  may also differ according to the socio-economic 
development of certain societies (Blaskó et al., 2014). The ethical aspect reflects the motivation 
of certain societies to achieve certain needs, whereby some of those needs take precedence over 
others—in other words, the ethical aspect is somehow in line with Maslow’s hierarchy of needs 
(Maslow, 1970). For example, in less developed areas, satisfying immediate basic needs could be 
more important than paying attention to the ethical aspects of innovation development. In this 
sense, ethical responsibility should be undertaken in a way that can assure the satisfaction of 
certain societies’ specific needs or interests. This also indicates that the ethical aspect is regarded 
as the most controversial aspect of RI (Blaskó et al., 2014, von Schomberg, 2013).   

Von Schomberg (2013) explains that RI reflects a deliberative democratic innovation process, 
aiming to arrive at responsive, adaptive and integrated management of the innovation process 
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accompanied by a multidisciplinary approach involving stakeholders in order to achieve social 
inclusion. Von Schomberg (2013) suggests five mechanisms as enabling approaches for 
implementing an RI process: technology assessment and foresight; application of the 
Precautionary Principle; application of normative/ethical principles in the design technology; 
attention to innovation governance; and stakeholder involvement and public engagement.  

Following on from von Schomberg (2012), Owen et al. (2013, p.36) offer a relatively broad 
definition of RI as follows2: 

“Responsible Innovation is a collective commitment of care for the future through 
responsive stewardship of science and innovation in the present.” 

This definition suggests a collective commitment of care and responsive stewardship as the 
philosophical anchor points providing a general framework for RI. The definition also reflects 
care and responsiveness as defining features of innovation, which invite considering the purpose 
and accommodation of uncertainty (Owen et al., 2013). For such a general framing to work, 
they further transcribe it in terms of four dimensions of RI: anticipation, reflexivity, deliberation 
and responsiveness. In other words, they suggest RI is an attempt to innovate responsibly 
through a collective and continuous commitment to be anticipatory, reflexive, inclusively 
deliberative and responsive. Correspondingly, Stilgoe et al. (2013) name these four dimensions 
of RI similarly: anticipation, reflexivity, inclusion and responsiveness. They translate ‘inclusively 
deliberative’ (Owen et al., 2013) into their inclusion dimension, suggesting that the deliberation 
process should be accompanied by the inclusive participation of stakeholders; and vice versa, 
inclusive participation is only truly inclusive if it involves deliberation. 

Owen et al. (2013) further explain that RI has a common underlying idea: the importance of 
institutionalising the anticipatory governance mechanisms of innovation especially regarding 
new or emerging technologies and potentially disruptive advanced technologies with potentially 
invasive impacts on the environment and society. With these four dimensions, they aim for an 
iterative and inclusive process that allows innovations to progress in a socially desirable manner. 
This suggests that RI should lead to clear guidelines for modifying technologies and their 
conditions of use in accordance with stakeholders’ concerns; this makes such technologies more 
acceptable as the risks have been explicitly considered and mitigated in advance. RI can also lead 
to the rejection of certain technologies if the public does not want them (Stilgoe et al., 2013) and 
if their adaptation in a more societally acceptable direction is not seen to be a realistic option. 

                                                    

2 Stilgoe et al. (2013) rephrase this definition slightly: “Responsible Innovation means taking care of the future 
through collective stewardship of science and innovation in the present”. 
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In a different nuance, Singh and Kroesen (2012, p.36) eloquently propose the following 
definition of RI: 

“Responsible Innovation means being caring or ensuring care for certain values for 
social, economic and environmental sustainability by engaging in anticipation, 
reflexivity, deliberation, responsiveness and participation for bringing up any change 
in any idea, product, process, method, way of doing business, technology, et cetera, 
in order to bring them into a specific market or use them in a society.” 

The definition above distinguishes between the goal of RI and the process of RI to achieve that 
goal and ensure the embedding of certain values. More specifically, the concept distinguishes 
three major elements of RI: sustainability as the goal, values that should be embedded in the 
innovation and five dimensions of RI: anticipation, reflexivity, deliberation, responsiveness and 
participation. The concept suggests that social, economic and environmental sustainability 
should be ensured in the innovation by adopting certain values. This implies that innovation 
actors should be considerate or sensitive to certain values, either universal or culturally specific 
ones. It is therefore vital that innovation actors appreciate values, including value differences 
across actors and contexts for achieving satisfactory outcomes. The process to ensure the 
achievement of RI goals and embedding of certain values is guided by the five dimensions, the 
so-called guiding mechanisms of RI. Table 1.1 provides an overview of the three RI concepts 
discussed above. 

Table 1.1 Overview of three Responsible Innovation concepts  

 von Schomberg (2012) Owen et al. (2013) Singh and Kroesen (2012) 

Key definitions A transparent and 
interactive (mutually 
responsive) process of 
innovation. 

Environmental, societal 
and ethical aspects of 
responsibility. 

A collective commitment of 
care and responsive 
stewardship. 

Being caring or ensuring 
care in the embedding of 
certain values (universal or 
culturally specific) in 
innovation processes.  

Social, economic and 
environmental 
sustainability as the RI goal. 

Key features 
(dimensions*) 

* A dimension is seen 
as a constitutive 
element or important 
aspect of the RI 
process. 

Adaptiveness 
Deliberation 
Responsiveness 
Inclusion 
Stakeholder 
involvement 

Anticipation 
Reflexivity 
Deliberation** 
Responsiveness 

** inclusively deliberative: 
deliberation process with 
inclusive participation of 
stakeholders—translated into 
inclusion dimension by 
Stilgoe et al. (2013) 

Anticipation 
Reflexivity 
Deliberation 
Responsiveness 
Participation 
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The three RI concepts show considerable overlap in that they conceptualise responsibility in 
terms of similar dimensions forming the cornerstones of the RI framework. Despite differing in 
numbers and terms, these dimensions have similar meanings. Owen et al. (2013) interpret 
participation as a process inherent within deliberation (inclusively deliberative, or inclusion as 
proposed by Stilgoe et al. (2013)); in other words they merge participation into the deliberation 
dimension. Singh and Kroesen (2012) somehow separate participation and deliberation, listing 
them as two different dimensions.  

Although these two dimensions partly overlap, each also has unique features. Participation is 
not always so inclusive, since it can also mean a mere consultation of certain stakeholders. 
Participation alone is not enough for a good RI process, because stakeholders should also 
deliberate with each other throughout the process, i.e. their participation should be inclusive. 
The deliberation dimension can be seen as an underlying process and strategy to achieve 
progress in innovation processes through active interactions between stakeholders. Deliberation 
denotes verbal exchange and substantial discussion about issues, implying that true deliberation 
requires inclusive stakeholder participation.  

This study considers deliberation and participation as separate dimensions (i.e. as suggested by 
Singh and Kroesen (2012)). It emphasises that the presence of both dimensions is important 
during RI processes, yet notes that all five dimensions are equally important. Although 
participation and deliberation should be part of all other dimensions, for an RI process to really 
work, the five dimensions should all be present together. This implies that if one dimension is 
not present, the others cannot function well. Hence, the five dimensions of RI in this 
dissertation can be summarised as follows:  

1) Anticipation  
Anticipation refers to the act of looking forward by innovation actors or stakeholders in 
order to foresee the undesirable outcomes or consequences of innovation. To anticipate 
also means to seek the opportunity, to overcome the challenge and to deal with risk 
beforehand. In other words,  being anticipatory means scrutinising the potentially 
unexpected outcomes and impacts of innovation that might ensue, be these 
environmental, social, or economic (Blaskó et al., 2014). Anticipation takes a forward-
looking or future perspective, prompting the questions “what if…” and “what else might 
it do?” (Owen et al., 2013). This knowledge about foresight and its methodologies serve 
as a useful entry point for reflecting and understanding what might arise regarding the 
outcomes and impacts of innovation (Singh and Kroesen, 2012, Stilgoe et al., 2013).  

2) Reflexivity 
Reflexivity refers to a circular or iterative process of creating and shaping innovation by 
innovation actors or stakeholders. Reflexivity emphasises the process of learning from 
the accumulating experience in order to understand the feedback mechanisms or the 
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cause-effect relationships of innovation processes. Being reflexive means allowing 
iterative processes of planning and action, and referring back to the consequences of 
each action. Being reflexive also means reflecting on the underlying purposes, potential 
impacts and motivations of innovation (Owen et al., 2013) as the basis to explore and 
assess the causes and effects of innovation and the desirability of going ahead (Blaskó et 
al., 2014). 

3) Deliberation 
Deliberation refers to a thorough exploration process by innovation actors or 
stakeholders, carefully considering divergent aspects through in-depth discussions in 
order to agree on the way forward. Deliberation entails open and meaningful discussions 
between innovation actors. Being deliberative means inclusively opening up visions, 
purposes, questions and dilemmas through dialogue, engagement and taking into 
account stakeholder and public perspectives (Owen et al., 2013, Singh and Kroesen, 
2012). Deliberation demands sustained interactions between innovation actors or 
stakeholders, right from the start of the innovation process (Jasanoff, 2003, Parkhill et al., 
2013).  

4) Responsiveness 
Responsiveness is about innovation actors or stakeholders readily responding or 
addressing certain circumstances due to different requirements, needs, views, issues and 
values. Being responsive means using the collective process of reflexivity as well as 
deliberation outcomes to adjust and influence both the course and pace of innovation in 
an adaptive way (Blaskó et al., 2014, Pellizzoni, 2004), also through effective mechanisms 
of participatory and anticipatory governance (Owen et al., 2013, von Schomberg, 2013). 
Thus responsiveness demands the ability of innovation actors or stakeholders to respond 
to changes and the emergence of new knowledge (Stilgoe et al., 2013). 

5) Participation 
Participation refers to various stakeholders taking part or being involved in a process. 
Participation addresses the stakeholders’ interest in issues, and recognises the value of 
their specific knowledge and opinion contributions. Stakeholder involvement is 
therefore regarded as a key characteristic or major condition for RI (Koops, 2015, Owen 
et al., 2013, Singh and Kroesen, 2012, von Schomberg, 2013).   

The five dimensions can operate in a lateral and iterative fashion, so that the RI process can be 
purposively initiated from any dimension or combination of dimensions, followed by the 
others. The process can begin, for example, with the process of deliberation and participation in 
the development of an innovative idea. In this case, the deliberation and participation 
dimensions are initiated prior to anticipation, reflexivity and responsiveness. Once such a 
process has been initiated, this can proceed iteratively from that point onwards.  
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As noted earlier, being responsible means to cause and reflect on one’s accountability and the 
fulfilment of certain obligations when needed and when one should act reliably in accordance 
with promises made. It is noteworthy that RI demands and concerns the accountability of 
innovation actors. One way of dealing with accountability issues, is to take all five dimensions of 
RI together. Based on the elaboration above, this dissertation proposes the following working 
definition of RI: 

“Responsible Innovation is an attempt to ensure the accountability of innovation 
actors through their engagement in anticipation, reflexivity, deliberation, 
responsiveness and participation in the innovation process while focusing on the 
impacts of innovation on three aspects: environment, society and economy.” 

The dimensions of RI (i.e. as also proposed by Owen et al., 2013, Singh and Kroesen, 2012, 
Stilgoe et al., 2013, von Schomberg, 2013) and how they should be conducted, suggest that RI 
focuses on all stages of the innovation process. This makes RI worth considering as a reflexivity-
based approach to understand and implement innovation processes in a more contextual way. 
The inclusion of different stakeholders in RI goes beyond sharing ideas and knowledge, not only 
for raising the competitive advantage; it also goes beyond open innovation (Chesbrough, 2004), 
but tries to incorporate relevant ethical and social aspects and stakeholders’ concerns in the 
design and development of innovation (Blok and Lemmens, 2015, Owen and Goldberg, 2010). 
RI offers a way of embedding accountability throughout innovation processes. By taking a 
forward-looking perspective as specifically reflected in the anticipation dimension, RI offers a 
thorough observation of the potential impacts of innovation from the earliest inception stage 
(Jong et al., 2015).  

The elucidation above suggests RI is a promising concept that deserves to be applied as a 
process-based approach to innovation in the current complex and dynamic environment. 
However, a number of issues or gaps can still make it difficult to realise the promise offered by 
RI. These issues will be discussed in the next section. 

 Responsible Innovation and the Challenges of this Study  

The previous sections described RI as a promising way to make research and innovation more 
responsive to societal needs, ethical values and environmental challenges—using the collective 
processes of anticipation, reflexivity and deliberation outcomes through an inclusive 
participatory mechanism. However, some open-ended issues have still not been addressed 
which can make the promise offered by RI difficult to achieve. This study identifies key gaps in 
the RI literature, focusing on issues concerning the practical applicability of RI. These issues 
constitute the challenges addressed in this study, which will be described below. 

RI presents considerable challenges in its implementation. Some authors (see e.g. Owen et al., 
2013, Stilgoe et al., 2013) suggest the integration of all five dimensions for implementing RI. Yet, 
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as indicated from their experiences for example in geo-engineering project by Owen and 
Goldberg (2010), Stilgoe et al. (2013), it seems cumbersome and complex to apply or manage 
the process of RI, as it requires considerable time and resources. An inclusive deliberation 
process is also not an easy task to manage, since engaging different stakeholders—especially 
from a very early stage—poses significant difficulties in practice (see e.g. Blok and Lemmens, 
2015, Parkhill et al., 2013). Such difficulties can lead to improper deliberation in the first place, 
with no outcomes realised from such a deliberation process (Parkhill et al., 2013). Also, the lack 
of transparency and mutual trust among stakeholders can undermine the mutual 
responsiveness (Blok and Lemmens, 2015, Parkhill et al., 2013). As Blok and Lemmens (2015) 
indicate, the feasibility of adequate foresight as part of the anticipatory mechanism in RI is still 
questionable in practice. 

Thus, despite being a promising approach in principle, RI is still less fit for practical application. 
More specifically, the various dimensions of RI are still lacking a well identified and developed 
methodology for their practical use, which can undermine the practical applicability of the 
concept. Although some authors (i.e. Owen et al., 2013, von Schomberg, 2012) have proposed 
indicative techniques to support the implementation of RI, the literature contains few extensive 
suggestions on the methodology actually needed for practical application, such as: which 
specific methods can be used and be useful; which methods could work according to context; 
how  to apply dimensions using certain methods; and which methods could be important for 
various RI dimensions. As noted by Blaskó et al. (2014), the ways to make RI more practically 
applicable are still less studied. Blok and Lemmens (2015) touch on this issue, yet limit their 
discussion to conceptual or theoretical aspects. Based on the elaboration above, this study 
proposes the following:  

To realise its promise, Responsible Innovation needs to become more practically 
applicable. Research is therefore required to explore potentially useful methods that 
will improve the application of Responsible Innovation for practical use in innovation 
processes. This can be done by analysing concrete innovation cases and through 
involvement in the implementation of actual Responsible Innovation projects. 

Attempts to make RI more practically applicable inevitably lead to the need to consider context. 
RI has to be practised at a particular time and place, and can never be a socially disembedded 
process. So far, RI still very much uses processes that are reasonably well accepted and familiar 
in the West European context, as noted in the literature, like methods of bottom-up 
participatory governance, citizen consultation and participation (see e.g. Owen and Goldberg, 
2010, Sykes and Macnaghten, 2013). This is logical and prevalent because that context was its 
birthplace, where such methods can work because societies are not extremely unequal and 
hierarchical (in terms of gender, age or income class), so the institutional make-up is suitable. 
However, to what extent RI—which is based on Western values and practices—can also be 
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practically applicable outside the Western context, is an open question. There is only a limited 
number of detailed studies on RI applicability outside the Western context. If RI is to become a 
truly universally useful approach for innovating responsibly in society, then it has to be made 
suitable for beyond the Western context. A few scholars have alluded to this issue (i.e. 
Macnaghten et al., 2014, Vasen, 2015), yet research addressing this issue is rarely carried out.  

One important and relevant aspect of context is culture. As defined by Hofstede (1980, p.21) 
culture is “the collective programming of the mind which distinguishes the members of one 
group from another”. Culture is considered an important determinant of innovation (see e.g. 
Ahmed, 1998, Hofstede, 1980, Ulijn and Weggeman, 2001). It can be reflected in societal goals, 
innovation goals in society and how innovation processes are conducted. What is regarded as 
effective, good and legitimate by certain societies could be different in other societies. 
Consequently, the dimensions of RI can also be interpreted differently depending on cultural 
contexts, and so the application of such dimensions could also pose different requirements in 
practice. For example, the way people in Western countries deliberate or engage stakeholders in 
an innovation process is unlikely to be the same as how people in Asian or African countries do 
this, for instance due to the cultural element of power distance. This suggests that RI discussions 
will lack comprehensiveness without consideration of the links between innovation and culture, 
as well as the influence of culture on the application of RI dimensions. Thus, RI as a concept 
should be further developed and challenged concerning its applicability beyond its birthplace, 
particularly in other cultural contexts.  

Up till now, most of the existing views have hardly addressed the role of culture and cultural 
value differences in the application of RI. Alluding to similar issues, Singh and Kroesen (2012) 
emphasise the notion of ‘ensuring care for certain values’ in the adoption of innovation. Such a 
notion seemingly suggests taking into account the cultural differences in which values are 
appreciated.  Jong et al. (2015) argue that RI should be applied as a guiding concept within the 
specific context where it is used. However, their propositions still need further elaboration and 
empirical investigation. This study proposes the following: 

Attempts to make Responsible Innovation more practically applicable inevitably lead 
to the need to consider context. Key features of non-Western environments require 
consideration if Responsible Innovation is to become a truly universally useful 
approach for innovating responsibly in society. Therefore, it is necessary to take 
context explicitly into account—in particular, culture—for the application of 
Responsible Innovation. Research is needed to investigate whether Responsible 
Innovation can be adapted for use outside the Western cultural context. The proposal 
is to do this by investigating the relationship between culture and the dimensions of 
Responsible Innovation as a step towards context-based application of Responsible 
Innovation. 



Chapter 1 

16    

The elaboration above shows that RI is not yet a mature approach, and there is ample room for 
improvement. Thus, the overall aim of this dissertation is to research ways to make RI more 
practically useful with two overarching concerns: (1) the practical application of RI in general, 
and (2) a culture-sensitive application of RI in a particular non-Western context.  

To achieve the aim stated above, this study makes the following recommendations: 

1. Analyse the application of RI as a process-based approach to ensure the accountability of 
innovation actors, and further examine the use of appropriate and innovative methods to 
aid the application of RI, in particular methods for improving learning, foresight and 
stakeholder participation.  

2. Develop a conceptual framework to investigate the influence of culture on the application of 
RI dimensions in practice, and further test it as a step towards context-based application of 
RI.  

By doing so, this dissertation presents an attempt to translate RI from concept to application. It 
emphasises the importance of evolving a broader, more comprehensive framework of RI which 
takes into account the cultural aspect, as an important element of context, thus enriches this 
study and the practice of RI. The following sections present the research questions and the 
methodology to answer them.  

 Research Questions 

The aim of this dissertation as mentioned above leads to the following research questions: 

1. How can Responsible Innovation be made practically applicable? 
a. How can Responsible Innovation be made practically applicable to ensure the accountability of 

innovation actors? 
b. Which methods can be useful for aiding the practical application of Responsible Innovation?  

2. How can Responsible Innovation be made practically applicable in a culturally sensitive manner? 
a. How can the concept of culture be unpacked to enable the application of Responsible 

Innovation in a non-Western context? 
b. How does (national) culture influence the application of Responsible Innovation dimensions in 

practice? 

To answer the research questions, this study looks at cases of energy technology adoption 
(renewable or low-carbon technologies) in Indonesia. The adoption of such technologies is not 
only considered an important part of this country’s transition to renewable energy. It also shows 
interdependencies with other sectors and utilities which can also come with great uncertainties 
and risks. Taking into account the concept of responsibility when adopting energy technologies 
can avoid or reduce the adverse effects of the adoption process. It might also help to foster a 
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responsible energy transition. This provides an opportunity to research and draw lessons from 
the application of RI, using different methods. 

Indonesia is a fast-growing economy, representative of Asian culture with a large population, 
where a number of new and emerging energy technologies are being adopted. Due to numerous 
societal and environmental issues, difficult decisions often have to be made regarding the 
adoption of innovative technologies for economic growth. RI is still relatively new for a 
developing country like Indonesia and its application requires specific study. Taking cases in 
Indonesia as examples provides an opportunity to research the feasibility of the practical 
applicability of RI outside the Western context as proposed in Section 1.3. 

 Research Methodology 

1.5.1 Overview 

This study draws on previously discussed RI concepts and approaches (i.e. Owen et al., 2013, 
Singh and Kroesen, 2012, von Schomberg, 2013), which form the basis for the working 
definition and elaboration of RI dimensions for this study. Cross-cultural management theory 
(i.e. Hofstede, 1980) adds cultural context for the application of RI. These concepts serve as the 
basis for developing a conceptual framework to investigate the relationship between cultural 
dimensions and RI dimensions.  

The mixed-method approach follows a pragmatic paradigm, embracing both qualitative and 
quantitative methods to answer the research questions adequately (Creswell, 2009, Curry et al., 
2009). Such an approach allows a critical reflection on theories and methodologies through 
cross-examination and complementarity of the data and results (Johnson and Onwuegbuzie, 
2004). The multiple cases approach utilises and experiments with different methods and tools 
(Lewis-Beck et al., 2004) for analysing the process of RI (the application of RI dimensions), and 
for testing the developed conceptual framework. The methods used are as follows: 

Stakeholder Analysis (Bryson, 2004, MacArthur, 1997) is used to identify the innovation actors 
involved and assess their roles, tasks, motivation and interests in the process of energy 
technology adoption. The typical sources of information for Stakeholder Analysis cover 
interviews with stakeholders—sometimes with key-informants and knowledgeable persons, 
policy documents and other valid written sources (Hermans and Thissen, 2009). Impact 
Analysis is used to identify and assess the potential consequences and impacts of adopting 
energy technologies—whether economic, social or environmental—due to the fulfilment or 
unfulfilment of innovation actors’ roles and tasks in the process of adoption. For this purpose, a 
table is created to map their roles, tasks, motivation and interest in the potential impact of 
technology. The Stakeholder and Impact Analyses are combined with the analysis of RI 
dimensions to gain a better understanding of the problems and provide insights for possible 
solutions.  
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This study uses System Dynamics (SD) (Forrester, 1994, Sterman, 2000) for examining the 
behaviour dynamics of adopting energy technologies. As a system modelling method with a 
quantitative and qualitative approach, SD offers the ability to capture key elements of the 
complex dynamics of systems in which the innovation (i.e. the energy technology) occurs 
(Galanakis, 2006, Sterman, 2000). According to SD terminology, a complex system is defined as 
a high-order, multiple-loop, multi-actor and non-linear feedback structure, as reflected in the 
adoption of energy technologies (Samara et al., 2012). Understanding the dynamics of energy 
technology adoption means to understand the underlying structure and causal relationships 
between elements that play a role in the process of adoption, reflecting the process of reflexivity. 
This provides insights into the causal factors that influence the course of adoption and its 
potential outcomes. SD employs computer simulation to analyse the potential outcomes of 
innovation, which can be used for exploring anticipatory options regarding the impacts 
(Galanakis, 2006). For the modelling purpose, this study uses data from the literature 
(government reports, scientific articles). 

Q methodology (Brown, 1980, Stephenson, 1935) is used to analyse the diversity of stakeholder 
perspectives about the adoption of energy technology. There are numerous accounts of Q 
methodology being used in environmental and energy policy research, where the analysis of 
conflicting knowledge claims might lead to more effective policy solutions (e.g. Clarke, 2002, 
Cuppen et al., 2010, Ellis et al., 2007, Ockwell, 2008, Van Eeten, 2001, Webler et al., 2001). The 
method has been used as a tool for facilitating stakeholder involvement, for example in forest 
policy and management (Kangas et al., 2010, Steelman and Maguire, 1999) and sustainable 
bioenergy (Cuppen et al., 2010). Q methodology typically employs small numbers of 
respondents, where the in-depth study of a single case is not uncommon (McKeown and 
Thomas, 1988). The method combines a quantitative and qualitative approach. It uses factor 
analysis to calculate data analysis, and qualitative analysis is done by applying discourse analysis 
to interpret the results. The central task in Q methodology is interviews with stakeholders, 
where the interaction between stakeholders with different perspectives aims to achieve a better 
understanding of the issue at stake (Cuppen, 2012). This reflects the fact that Q methodology 
can be used both as a tool for aiding learning and stakeholder involvement. 

Hofstede’s model of culture (Hofstede, 1980) is the basis for developing a conceptual framework 
to investigate the relationship between culture and RI dimensions. Hofstede developed the 
model of (national) culture based on the cultural dimensions which represent independent 
preferences for one state of affairs over another that distinguishes countries—rather than 
individuals. Hofstede’s cultural dimensions have been widely recognised as explanatory 
variables in the relationship between culture and innovation (see e.g. McGrath and O'Toole, 
2014, Png et al., 2001, Shane, 1993, van Everdingen and Waarts, 2003, Williams and McGuire, 
2005). This study adopts four of Hofstede’s cultural dimensions: power distance, uncertainty 
avoidance, individualism/collectivism and long-term/short-term orientation, to link with five RI 
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dimensions (anticipation, reflexivity, deliberation, responsiveness and participation). To test the 
developed conceptual framework, this study organises Focus Group Discussion (FGD) and 
interviews with stakeholders in an actual RI experiment. 

1.5.2 Selection of Cases  

This study focuses on five cases of energy technology adoption in Indonesia: 

1. Solar photovoltaic (PV) in telecom towers 
2. Biodiesel development 
3. Liquid Petroleum Gas (LPG) 
4. Carbon Capture and Storage (CCS) 
5. Carbon-dioxide (CO2) utilisation 

 
The reasons for selecting these cases are threefold. Firstly, the cases reflect the adoption of 
energy technologies that often suffer from the gap created between the theoretical expectation 
and the actual outcomes, for example due to the inability of innovation actors to manage the 
process of adoption. We can learn lessons from such cases on the application of RI. Secondly, 
the cases reflect the complex dynamics of innovation processes, highlighting the multi-actor 
interaction where cultural aspects also come into play; and the controversial issues surrounding 
the technology (biodiesel, CCS and CO2 utilisation) in turn enrich the discussion and 
demonstrate the significance of RI application. Thirdly, the cases show technological diversity, 
which also provides an opportunity to draw lessons from different types of technologies.  

1.5.3 Data Sources and Collection 

Creswell (2009) asserts that two main sources of data (primary and secondary) contribute 
significantly to a mixed-method approach. This study uses both data sources to support the 
cases, mostly collected from 2013 to 2016. The primary data sources consist of in-depth 
interviews and FGD with stakeholders across different backgrounds and institutions 
(government, academia, industry), and the secondary data sources are literature (articles, 
government reports, news). Most of the cases in this study use a combination of both primary 
and secondary data sources.   

The interviews typically took 30-60 minutes in a semi-structured format. This allows an easier 
and flexible way of collecting information with a less strict procedure of conversation between 
researcher and respondents (Curry et al., 2009). Along with the interviews, the secondary data 
confirms and complements information gathered from the respondents. The combined use of 
primary and secondary data enriches the reflection on the issues under investigation. Table 1.2 
shows the methods used, data sources and data collection for the cases. 
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Table 1.2 Overview of methods used, data sources and collection  

Cases Methods Used Data sources and collection 

The adoption of solar PV 
in telecom towers 

Stakeholder and Impact 
Analyses 

Interviews (5 respondents—with a round 
of follow-up interviews) 
Literature 

Biodiesel development System Dynamics 
modelling 

Literature 
LPG adoption 

Carbon Capture and 
Storage Q methodology 

Interviews (30 respondents) 
Literature 

CO2 utilisation 
Hofstede’s model of 
culture 

Focus Group Discussion (15 participants) 
Interviews (15 respondents) 
Literature 

 Structure of Dissertation  

This dissertation consists of seven chapters. Chapters 2, 3, 4, 5 and 6 are based on 
published/submitted articles or book chapters, which can be read independently. These chapters 
form two parts or building blocks in line with the overarching concerns in this dissertation (see 
Figure 1.1). In other words, the first part refers to the first main research question and the 
second part relates to the second main research question. The first part covers four cases: solar 
PV adoption (Chapter 2), biodiesel development and LPG adoption (Chapter 3) and CCS 
(Chapter 4). The second part consists of conceptual framework development (Chapter 5) and 
CO2 utilisation (Chapter 6).  

The introduction in Chapter 1 is followed by Chapter 2, which presents the first case, the 
adoption of solar PV in telecom towers. This case is used to analyse the scope for RI application 
as a process-based approach applying Stakeholder and Impact Analyses. The main idea is to 
explore and illustrate how these analyses can aid the application of the different RI dimensions. 
This is to ensure the accountability of innovation actors, thereby defining and distributing their 
accountability in proportion to the stakeholders’ authority, tasks or responsibility for the 
adoption of solar PV. The case is supported by semi-structured interviews with key actors from 
the regulator, telecom sector and solar PV industry.  

Chapter 3 presents the second and third cases (biodiesel development and LPG adoption, 
respectively). It examines how SD modelling can aid RI application with regard to learning 
about the contentious issues and foreseeing the possible outcomes. Using a computer-based 
modelling and simulation tool, SD modelling reveals the complex dynamics of an innovation 
adoption process (cf. Musango et al., 2012, Mutingi, 2013). It incorporates the dimensions of 
anticipation and reflexivity, for which a practical guidance is developed. The reflexivity 
dimension is incorporated with an analysis of causal loop diagrams for understanding the 
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complex dynamics of biodiesel development and LPG adoption. The anticipation dimension is 
added by analysing the simulation results to foster an understanding of how to deal with the 
upcoming trends in outcomes or impacts of biodiesel development and LPG adoption. Both 
cases are supported by data from the literature. 

Chapter 4 presents the fourth case (CCS). It examines the usefulness of Q methodology to 
uncover the divergent stakeholder perspectives (Brown, 1980) and aid RI application with 
regard to learning about key issues and encouraging early stakeholder participation. The main 
idea is to examine and illustrate how gaining stakeholder perspectives on CCS using Q 
methodology can encourage the early engagement of stakeholders (participation dimension) 
and enhance learning (reflexivity dimension) regarding CCS. This case interviews various 
stakeholders from government, industry, academia and Non-Governmental Organisations 
(NGOs).  

Chapter 5 reviews bodies of literature in search of useful theories and concepts that create an 
understanding of culture and explain the relationships between culture and innovation (e.g. 
Herbig and Dunphy, 1998, Hofstede, 1980). The conceptual framework in this chapter is based 
on Hofstede’s four cultural dimensions (power distance, uncertainty avoidance, 
individualism/collectivism and long/short-term orientation) and the five dimensions of RI 
(anticipation, deliberation, reflexivity, responsiveness, participation). The conceptual framework 
aims to explore the influence of culture on the application of each RI dimension in practice.  

Chapter 6 presents the fifth case (CO2 utilisation). In this chapter, the conceptual framework 
developed in Chapter 5 is tested and validated through FGD and interviews in an actual RI 
experimental setting. The fifth case zooms in on the relationships between the cultural elements 
of power distance and collectivism as well as the five RI dimensions. 

Finally, Chapter 7 presents the answers to the research questions and draws lessons for the 
practical application of RI in general, and in a culturally sensitive manner. The lessons learned 
are used to develop recommendations for practising RI in general and in the Indonesian 
context. Furthermore, Chapter 7 discusses this study’s scientific contributions, lessons for policy 
and practice and avenues for future research. 
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Figure 1.1 Outline of the study 

 Contribution of Authors 

This dissertation is written by doctoral researcher Andri Setiawan, in collaboration with 
supervisors and co-authors. Table 1.3 presents an overview of the contributors to respective 
studies or cases. 
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Table 1.3 Overview of contribution of authors  

 
 
 
Study/Case 

 
 
 
Contributor 

Study design 

Literature study 

D
ata collection 

D
ata analysis 

Result interpretation 

W
riting the m

ain text 

Correction and 
feedback 

Introduction Andri Setiawan      X X 
Henny Romijn       X 
Geert Verbong       X 
Akhmad Hidayatno       X 

Case 1 Andri Setiawan X X X X X X X 
Rajbeer Singh X      X 

Case 2 & 3 Andri Setiawan X X X X X X X 
Aziiz Sutrisno   X X X  X 
Rajbeer Singh X      X 
Akhmad Hidayatno       X 

Case 4 Andri Setiawan X X X X X X X 
Eefje Cuppen X    X  X 

Developing Framework Andri Setiawan X X    X X 
Rajbeer Singh X      X 
Henny Romijn       X 

Case 5 Andri Setiawan X X X X X X X 
Henny Romijn       X 
Akhmad Hidayatno   X*     

Conclusion Andri Setiawan      X X 
Henny Romijn       X 
Geert Verbong       X 
Akhmad Hidayatno       X 

*the data collection activity was also supported by few researchers from Dept. Industrial Engineering, 
Universitas Indonesia. 

References 

Ahmed, P. K. 1998. Culture and climate for innovation. European Journal of Innovation Management, 1, 30-
43. 

Arentshorst, M. E., Broerse, J. E. W., Roelofsen, A. & De Cock Buning, T. 2014. Towards Responsible 
Neuroimaging Applications in Health Care: Guiding Visions of Scientists and Technology 
Developers. In: van den Hoven, J., Doorn, N., Swierstra, T., Koops, B.-J. & Romijn, H. (eds.) 
Responsible Innovation 1: Innovative Solutions for Global Issues. Dordrecht: Springer Netherlands. 

Arentshorst, M. E., De Cock Buning, T. & Broerse, J. E. W. 2016. Exploring responsible innovation: Dutch 
public perceptions of the future of medical neuroimaging technology. Technology in Society, 45, 8-18. 



Chapter 1 

24    

Balkema, A. & Pols, A. 2015. Biofuel: sustainable innovation or gold rush? In: Koops, B.-J., Oosterlaken, I., 
Romijn, H., Swierstra, T. & van den Hoven, J. (eds.) Responsible Innovation, Volume 2: Concepts, 
Approaches, and Applications. Cham: Springer International Publishing. 

Barben, D., Fisher, E., Selin, C. & Guston, D. H. 2008. Anticipatory governance of nanotechnology: foresight, 
engagement, and integration. In: Edward, O. A., Hackett, J., Lynch, M. & Wajcman, J. (eds.) The 
Handbook of Science and Technology Studies. 3rd ed. Cambridge, MA: MIT Press. 

Bijker, W. E. & Hughers, T. P. 1987. The Social Construction of Technological Systems, Cambridge, MA and 
London, MIT Press. 

Bimber, B. A. 1996. The politics of expertise in congress: The rise and fall of the office of technology assessment, 
Albany, State University of New York Press. 

Bivins, T. H. 2006. Ethics in Public Relations: Responsible Advocacy, Thousand Oaks, California, SAGE 
Publications, Inc. 

Blaskó, B., Lukovics, M. & Buzás, N. 2014. Good Practices in Responsible Innovation. In: Buzás, N., M. 
Lukovics (ed.) Responsible Innovation. SZTE GTK, Szeged. 

Blok, V. & Lemmens, P. 2015. The Emerging Concept of Responsible Innovation. Three Reasons Why It Is 
Questionable and Calls for a Radical Transformation of the Concept of Innovation. In: Koops, B.-J., 
Oosterlaken, I., Romijn, H., Swierstra, T. & van den Hoven, J. (eds.) Responsible Innovation 2. 
Springer, Cham. 

Brown, S. R. 1980. Political subjectivity: Application of Q Methodology in Political Science, New Haven and 
London, Yale University Press. 

Bryson, J. M. 2004. What to do when stakeholder matter. Stakeholder identification and analysis techniques. 
Public Management Review, 6, 21-53. 

Chesbrough, H. 2003. The logic of open innovation: managing intellectual property. California Management 
Review, 45, 33-58. 

Chesbrough, H. 2004. Managing open innovation. Research-Technology Management, 47, 23-26. 
Clarke, A. H. 2002. Understanding sustainable development in the context of other emergent environmental 

perspectives. Policy Sciences, 35, 69-90. 
Collingridge, D. 1980. The social control of technology, New York, St. Martin’s Press. 
Creswell, J. H. 2009. Research Design: Qualitative, Quantitative, and Mixed-Methods Approaches, California, 

SAGE Publications, Inc. 
Cuppen, E. 2012. Diversity and constructive conflict in stakeholder dialogue: considerations for design and 

methods. Policy Sciences, 45, 23-46. 
Cuppen, E., Breukers, S., Hisschemöller, M. & Bergsma, E. 2010. Q methodology to select participants for a 

stakeholder dialogue on energy options from biomass in the Netherlands. Ecological Economics, 69, 
579-591. 

Curry, L. A., Nembhard, I. M. & Bradley, E. H. 2009. Qualitative and Mixed Methods Provide Unique 
Contributions to Outcomes Research. Circulation, 119, 1442-1452. 

Decker, M. & Ladikas, M. 2004. Bridges between science, society, and policy. Technology assessment - Methods 
and impacts, Berlin, Springer. 

Dekker, S. 2012. Just Culture. Balancing Safety and Accountability, Farnham, UK, Ashgate Publishing 
LImited. 

Dekker, S. 2014. The Field Guide to Understanding Human Error, Farnham, UK, Ashgate Publishing Limited. 



Introduction 

   25 

Ellis, G., Barry, J. & Robinson, C. 2007. Many ways to say 'no', different ways to say 'yes': Applying Q-
methodology to understand public acceptance on wind farm proposals. Journal of Environmental 
Planning and Management, 50, 517-551. 

Forrester, J. W. 1994. System dynamics, systems thinking and soft OR. System Dynamics Review, 10, 245-256. 
Galanakis, K. 2006. Innovation process. Make sense using systems thinking. Technovation, 26, 1222-1232. 
Genus, A. & Coles, A.-M. 2005. On Constructive Technology Assessment and Limitations on Public 

Participation in Technology Assessment. Technology Analysis & Strategic Management, 17, 433-443. 
Grinbaum, A. & Groves, C. 2013. What Is “Responsible” about Responsible Innovation? Understanding the 

Ethical Issues. Responsible Innovation. John Wiley & Sons, Ltd. 
Grunwald, A. 2014. Technology Assessment for Responsible Innovation. In: van den Hoven, J., Doorn, N., 

Swierstra, T., Koops, B.-J. & Romijn, H. (eds.) Responsible Innovation 1: Innovative Solutions for 
Global Issues. Dordrecht: Springer Netherlands. 

Gupta, A. 2012. Innovations for the Poor by the Poor. International Journal of Technological Learning, 
Innovation, and Development, 5, 28-39. 

Guston, D. H. & Sarewitz, D. 2002. Real-time technology assessment. Technology in Society, 24, 93-109. 
Haen, D., Sneijder, P., Te Molder, H. & Swierstra, T. 2015. Natural Food: Organizing ‘Responsiveness’ in 

Responsible Innovation of Food Technology. In: Koops, B.-J., Oosterlaken, I., Romijn, H., Swierstra, 
T. & van den Hoven, J. (eds.) Responsible Innovation 2: Concepts, Approaches, and Applications. 
Cham: Springer International Publishing. 

Halle, M. 2011. Accountability in the Green Economy. Review of Policy Research, 28, 473-477. 
Hellström, T. 2003. Systemic innovation and risk: technology assessment and the challenge of responsible 

innovation. Technology in Society, 25, 369-384. 
Herbig, P. & Dunphy, S. 1998. Culture and Innovation. Cross Cultural Management Decision, 5, 13-21. 
Hermans, L. M. & Thissen, W. a. H. 2009. Actor analysis methods and their use for public policy analysts. 

European Journal of Operational Research, 196, 808-818. 
Hofstede, G. 1980. Culture’s consequences: International differences in work-related values, Beverly Hills, CA, 

Sage. 
Ikejemba, E. C. X., Mpuan, P. B., Schuur, P. C. & Van Hillegersberg, J. 2017. The empirical reality & 

sustainable management failures of renewable energy projects in Sub-Saharan Africa (part 1 of 2). 
Renewable Energy, 102, Part A, 234-240. 

Jasanoff, S. 2003. Technologies of humility: citizen participation in governing science. Minerva, 41, 223-244. 
Johnson, R. & Onwuegbuzie, A. 2004. Mixed methods research: a research paradigm whose time has come. 

Educational Researcher, 14-26. 
Jong, M. D., Roelofsen, A., Kupper, F., Buning, T. D. C. & Broerse, J. 2015. Exploring Responsible Innovation 

as a Guiding Concept: The case of neuroimaging in justice & security In: Koops, B.-J., Oosterlaken, 
I., Romijn, H., Swierstra, T. & van den Hoven, J. (eds.) Responsible Innovation 2: Concepts, 
Approaches, and Applications. Cham: Springer International Publishing. 

Kangas, A., Saarinen, N., Saarikoski, H., Leskinen, L. A. & Hujala, T. 2010. Stakeholder perspectives about 
proper participation for Regional Forest Programmes in Finland. Forest Policy and Economics, 12, 
213-222. 

Koops, B.-J. 2015. The Concepts, Approaches, and Applications of Responsible Innovation. In: Koops, B.-J., 
Oosterlaken, I., Romijn, H., Swierstra, T. & van den Hoven, J. (eds.) Responsible Innovation 2: 
Concepts, Approaches, and Applications. Cham: Springer International Publishing. 



Chapter 1 

26    

Leat, D. 1996. Are voluntary organizations accountable? In: Billis, D., and Harris, M. (ed.) Voluntary 
Agencies: Challenges of Organization and Management. Basingstoke: Macmillan. 

Lewis-Beck, M., Bryman, A. & Futing Liao, T. 2004. The SAGE Encyclopedia of Social Science Research 
Methods. 

Macarthur, J. 1997. Stakeholder analysis in project planning: Origins, applications and refinements of the 
method. Project Appraisal, 12, 251-265. 

Macnaghten, P., Owen, R., Stilgoe, J., Wynne, B., Azevedo, A., De Campos, A., Chilvers, J., Dagnino, R., Di 
Giulio, G., Frow, E., Garvey, B., Groves, C., Hartley, S., Knobel, M., Kobayashi, E., Lehtonen, M., 
Lezaun, J., Mello, L., Monteiro, M., Pamplona Da Costa, J., Rigolin, C., Rondani, B., Staykova, M., 
Taddei, R., Till, C., Tyfield, D., Wilford, S. & Velho, L. 2014. Responsible innovation across borders: 
tensions, paradoxes and possibilities. Journal of Responsible Innovation, 1, 191-199. 

Maslow, A. H. 1970. Motivation and personality, New York, Harper & Row. 
Mcgrath, H. & O'toole, T. 2014. A cross-cultural comparison of the network capability development of 

entrepreneurial firms. Industrial Marketing Management, 43, 897-910. 
Mckeown, B. & Thomas, D. 1988. Q Methodology, Beverly Hills, CA, Sage. 
Murphy, J. T. 2001. Making the energy transition in rural east Africa: Is leapfrogging an alternative? 

Technological Forecasting and Social Change, 68, 173-193. 
Musango, J. K., Brent, A. C., Amigun, B., Pretorius, L. & Müller, H. 2012. A system dynamics approach to 

technology sustainability assessment: The case of biodiesel developments in South Africa. 
Technovation, 32, 639-651. 

Mutingi, M. 2013. Understanding the dynamics of the adoption of renewable energy technologies: A system 
dynamics approach. Decision Science Letters, 2, 109-118. 

Numminen, S. & Lund, P. D. 2017. Frugal energy innovations for developing countries – a framework. 
Global Challenges, 1, 9-19. 

Ockwell, D. G. 2008. 'Opening up' policy to reflexive appraisal: a Role for Q Methodology? A case study of 
Fire Management in Cape York, Australia. Policy Sciences, 41, 263-292. 

Owen, R. 2012. Responsible Research and Innovation: Options for Research and Innovation Policy in the EU. 
University of Exeter Business School, UK. 

Owen, R. & Goldberg, N. 2010. Responsible Innovation: A Pilot Study with the U.K. Engineering and 
Physical Sciences Research Council. Risk Analysis, 30, 1699-1707. 

Owen, R., Stilgoe, J., Macnaghten, P., Gorman, M., Fisher, E. & Guston, D. 2013. A Framework for 
Responsible Innovation. In: Owen, R., Bessant, J. & Heintz, M. (eds.) Responsible Innovation: 
Managing the Responsible Emergence of Science and Innovation in Society. Chichester, West Sussex: 
John Wiley & Sons, Ltd. 

Parkhill, K., Pidgeon, N., Corner, A. & Vaughan, N. 2013. Deliberation and Responsible Innovation: A 
Geoengineering Case Study. In: Owen, R., Bessant, J. & Heintz, M. (eds.) Responsible Innovation: 
Managing the Responsible Emergence of Science and Innovation in Society. Chichester, West Sussex: 
John Wiley & Sons, Ltd. 

Pellizzoni, L. 2004. Responsibility and Environmental Governance. Environmental Politics, 13, 541-565. 
Png, I. P. L., Tan, B. C. Y. & Wee, K.-L. 2001. Dimensions of National Culture and Corporate Adoption of IT 

Infrastructure. IEEE Transactions on Engineering Management, 48, 36-45. 
Retnanestri, M. & Outhred, H. 2013. Renewable Energy Technology Acculturation in Indonesia: Lessons 

from Off-Grid PV and Hybrid Case Studies. Jurnal Ilmiah Teknologi Energi, 1, 7-18. 



Introduction 

   27 

Rigby, J., Nugroho, Y., Morrison, K. & Miles, I. 2013. Who Drives Innovation? In: Cox, D. & Rigby, J. (eds.) 
Innovation Policy Challenges for the 21st Century. New York, NY: Routledge. 

Roco, M. C. & Bainbridge, W. S. 2001. Societal implications of nanoscience and nanotechnology, Boston, 
Kluwer. 

Samara, E., Georgiadis, P. & Bakouros, I. 2012. The impact of innovation policies on the performance of 
national innovation systems: A system dynamics analysis. Technovation, 32, 624-638. 

Schot, J. & Rip, A. 1997. The past and future of constructive technology assessment. Technological Forecasting 
and Social Change, 54, 251-268. 

Shane, S. 1993. Cultural influences on national rates of innovation. Journal of Business Venturing, 8, 59-73. 
Sharpe, V. A. 2003. Promoting patient safety. An ethical basis for policy deliberation. Hastings Cent Rep, 33, 

S3-18. 
Singh, R. & Kroesen, O. 2012. Understanding responsible innovation from developing countries perspectives. 

The 2nd Conference on Responsible Innovation 2012. The Hague, The Netherlands. 
Siune, K., Markus, E., Calloni, M., Felt, U., Gorski, A., Grunwald, A., Rip, A., Semir, V. D. & Wyatt, S. 2009. 

Challenging futures of science in society. Report of the MASIS Expert Group. Brussels: European 
Commision. 

Smits, R. & Hertog, P. D. 2007. TA and the management of innovation in economy and society. International 
Journal on Foresight and Innovation Policy, 3, 28-52. 

Sovacool, B. K. & Drupady, I. M. 2012. The Solar Home Systems Project in Indonesia. In: Sovacool, B. K. & 
Drupady, I. M. (eds.) Energy Access, Povert, and Development. The Governance of Small-Scale 
Renewable Energy in Developing Asia. London: Ashgate Publishing. 

Spruijt, J. 2013. The 3 Phases of Responsible Innovation [Online]. Available: 
http://www.openinnovation.eu/09-10-2013/the-3-phases-of-responsible-innovation/ [Accessed 12-
05 2017]. 

Stahl, B. C., Eden, G., Flick, C., Jirotka, M., Nguyen, Q. A. & Timmermans, J. 2015. The Observatory for 
Responsible Research and Innovation in ICT: Identifying Problems and Sharing Good Practice. In: 
Koops, B.-J., Oosterlaken, I., Romijn, H., Swierstra, T. & van den Hoven, J. (eds.) Responsible 
Innovation 2: Concepts, Approaches, and Applications. Cham: Springer International Publishing. 

Stahl, B. C., Eden, G. & Jirotka, M. 2013. Responsible Research and Innovation in Information and 
Communication Technology: Identifying and Engaging with the Ethical Implications of ICTs. In: 
Owen, R., Bessant, J. & Heintz, M. (eds.) Responsible Innovation: Managing the Responsible 
Emergence of Science and Innovation in Society. Chichester, West Sussex: John Wiley & Sons, Ltd. 

Steelman, T. A. & Maguire, L. A. 1999. Understanding participant perspectives: Q methodology in national 
forest management. Journal of Policy Analysis and Management, 18, 361-388. 

Stephenson, W. 1935. Correlating persons instead of tests. Character and Personality. 
Sterman, J. D. 2000. Business Dynamics. Systems Thinking and Modeling for a complex world., Boston, 

McGraw Hill Higher Education. 
Stilgoe, J., Owen, R. & Macnaghten, P. 2013. Developing a framework for responsible innovation. Research 

Policy, 42, 1568-1580. 
Sutcliffe, H. 2011. A Report on Responsible Research and Innovation for the European Commission. 

MATTER, London. 
Sykes, K. & Macnaghten, P. 2013. Responsible Innovation – Opening Up Dialogue and Debate. In: Owen, R., 

Bessant, J. & Heintz, M. (eds.) Responsible Innovation: Managing the Responsible Emergence of 
Science and Innovation in Society. Chichester, West Sussex: John Wiley & Sons, Ltd. 



Chapter 1 

28    

Taylor, M. 2012. Democracy and Accountability. In: Smith, S. J. (ed.) International Encyclopedia of Housing 
and Home. San Diego: Elsevier. 

Ubois, J. 2010. Responsible Innovation/Sustainable Innovation. Annual Meeting of the American 
Anthropological Association, November 2010. New Orleans, United States. 

Ulijn, J. & Weggeman, M. 2001. Towards an innovation culture: what are its national, corporate, marketing 
and engineering aspects. Some experimental evidents. In: Cooper, C. L., Susan Cartwright, S. 
Cartright, and C. P. Earley (ed.) The International Handbook of Organizational Culture and Climate. 
Wiley & Sons, Ltd. 

Van De Poel, I. 2009. Values in engineering design. In: Meijers, A. (ed.) Philosophy of technology and 
engineering sciences. Boston: Elsevier. 

Van De Poel, I. 2011. The Relation Between Forward-Looking and Backward-Looking Responsibility. In: 
Vincent, N. A., van de Poel, I. & van den Hoven, J. (eds.) Moral Responsibility: Beyond Free Will and 
Determinism. Dordrecht: Springer Netherlands. 

Van Eeten, M. 2001. Recasting intractable policy issue: the wider implication of The Netherlands civil 
aviation controversy Journal of Policy Analysis and Management, 20, 391-414. 

Van Everdingen, Y. M. & Waarts, E. 2003. The Effect of National Culture on the Adoption of Innovations. 
Marketing Letters, 14, 217-232. 

Vasen, F. 2015. 'Responsible innovation' is already too European [Online]. Available: 
http://www.scidev.net/global/innovation/opinion/responsible-innovation-european.html [Accessed 
15-09-2015]. 

Von Hippel, E. 2005. Democratizing Innovation [Online]. Available: 
http://web.mit.edu/evhippel/www/democ1.htm [Accessed 15-05 2017]. 

Von Schomberg, R. 2012. Prospects for technology assessment in a framework of responsible research and 
innovation. In: Dusseldorp, M. & Beecroft, R. (eds.) Technikfolgen abschätzen lehren: 
Bildungspotenziale transdisziplinärer Methoden. Wiesbaden: VS Verlag für Sozialwissenschaften. 

Von Schomberg, R. 2013. A Vision of Responsible Research and Innovation. In: Owen, R., Bessant, J. & 
Heintz, M. (eds.) Responsible Innovation: Managing the Responsible Emergence of Science and 
Innovation in Society. Chichester, West Sussex: John Wiley & Sons, Ltd. 

Webler, T., Tuler, S. & Krueger, R. 2001. What is a good public participation process? Five perspectives from 
the public. Environmental Management, 27, 435-450. 

Williams, L. K. & Mcguire, S. J. J. Effects of National Culture on Economic Creativity and Innovation 
Implementation.  The Institutions of Market Exchange, 2005 Barcelona. International Society for the 
New Institutional Economics.  

 

 

 

 



 

   29  

 Ensuring Accountability: A Case of Solar 
PV Adoption in Telecom Towers3 

Abstract 

The adoption of solar PV in telecom towers is considered as a sustainable innovation in 
powering the towers.  Such adoption involves different actors who hold different tasks and 
responsibilities. However, the indication that comes up among the actors involved is that if and 
when a disaster occurs (e.g. telecom systems collapse) due to the failure in the operation and 
management of solar PV after its installation, they will most likely be prone to finger-pointing at 
each other. In such situation, the questions arise: how to locate the accountability, who should 
be accountable to whom and for what and how to proportionally distribute the accountability? 
Through a case study in Indonesia, this paper discusses and analyses how to address such issue 
by undertaking Stakeholder and Impact Analyses and analysis of five dimensions of Responsible 
Innovation namely: anticipation, reflexivity, deliberation, responsiveness and participation. Our 
analysis suggests that there is a need of an innovative way or technology that can proportionally 
distribute the accountability of actors involved. The paper also concludes that innovation 
without responsibility faces dangers of rejection or less acceptability of even greener and 
sustainable technology.  

 Introduction 

Innovation often faces many challenges for its adoption. One major challenge that has 
increasingly gained attention is the issue of responsibility of innovation actors. The innovation 
adoption process can end up in failure when responsibility is neither located properly nor 
clearly defined. Moreover, in the adoption of innovation where various actors are involved, it is 
often difficult to locate responsibility when a disaster occurs (van de Poel et al., 2012). In 
addition, such failure can be caused by the inability of actors involved in the adoption process to 
foresee the unexpected impact of innovation. As such, the ability to foresee undesirable 
consequence is regarded as a condition for responsibility (Nihlén Fahlquist, 2006, van de Poel et 
al., 2012).  

Therefore, understanding the impact of innovation is essential for a responsible adoption of 
innovation. With regards to sustainability, the impact of innovation usually touches upon three 

_______________________                                                   

3 This chapter is a slightly adapted version of the following article: Setiawan, A. D. & Singh, R. 2015. Responsible 
Innovation in Practice: The Adoption of Solar PV in Telecom Towers in Indonesia. In: Koops, B.-J., Oosterlaken, 
I., Romijn, H., Swierstra, T. & van den Hoven, J. (eds.) Responsible Innovation 2. Springer, Cham. DOI: 
https://doi.org/10.1007/978-3-319-17308-5_12.  
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aspects: environment, society, and economy. Considering these three aspects can lead not only 
to the successful adoption of innovation but also enable such innovation to become responsible 
and socially sustainable. In this paper, we relate the meaning of responsibility with 
accountability. In particular, it highlights the tasks and responsibilities of actors involved in the 
adoption of innovation whereas it is imperative that every actor should be held accountable for 
his tasks in such adoption. Hereafter, the question arises: how to ensure the accountability of 
innovation? To answer such question, the concept of Responsible Innovation (RI) and its 
application in practice are becoming increasingly relevant and important to gain further 
understanding. Therefore, in order to gain a deeper understanding of responsible innovation 
and to carry out our reflection on the concept, we take a combination of the following 
approaches: study of literature and case study. The case study in this paper particularly aims to 
show how RI as a process-based approach could be applied in practice.  

In this paper, we will discuss and analyse a case in detail: the adoption of solar photovoltaic 
(PV) in telecom towers in Indonesia. The reasons for taking this case are twofold. The first is 
that solar PV is a good example of innovation in renewable energy technologies since it has been 
globally adopted as the alternative for the provision of off-grid electricity in the remote areas. 
The adoption of solar PV contributes to solving the power availability problem of telecom 
towers in the remote areas. Yet, such adoption might also contribute to the occurrence of a 
disaster in telecommunication system when the actors involved are unable to deliberately 
anticipate the cause of system failure such as the field related factors (i.e. local climate 
condition) from the beginning of the adoption process. The indication that arises is that if and 
when such disaster occurs, the actors involved will most likely be prone to finger-pointing at 
each other. In such situation, it would be difficult to locate the accountability of actors involved, 
and it is becoming unclear about who should be accountable to whom. Furthermore, it also 
reflects that such accountability is not proportionally distributed among actors involved.  In this 
regard, the paper will address the following questions: 1) How to locate the accountability? 2) 
Who should be accountable to whom and for what? And 3) How to proportionally distribute 
the accountability? To a greater extent, these questions are also relevant to be addressed in the 
(non)adoption of technology in different contexts.  

The second reason is that the concept of RI is still relatively new for developing countries and 
the application of the concept needs a special study (Singh and Kroesen, 2012). As suggested by 
Jong et al. (2015) the application of RI as a guiding concept within the specific context in which 
it is used is needed. Developing countries like Indonesia are adopting many new technologies, 
like solar PV, and the adoption of such technology is considered as an important part of 
transitions to renewable energy. Taking into account the concept of responsibility in the 
adoption process will give opportunity to manage the consequences so that the adverse or 
unexpected impact of innovation can be minimised.  And thus, to a greater extent it might also 
help to foster a responsible energy transition. Furthermore, it is expected that the paper would 
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contribute to the enrichment of the concept of RI applicable to developing countries context. 
Since the phrase of RI is still evolving and different meanings are at play, in Section 2.2 we will 
start discussing its definition and propose our working definition as the frame for analysing the 
case study. Section 2.3 will then discuss and analyse the case study in detail. This section 
describes the application of the concept in practice through problem identification, stakeholder 
analysis focusing on the tasks and responsibilities of actors involved in the adoption process, 
analysis of possible impacts of innovation in terms of environment, society and economy; and 
the finding of alternatives proposed solution or way-out for the problem. Finally, Section 2.4 
provides conclusions and outlines areas for future research. 

 Defining Responsible Innovation 

The phrase RI has been properly defined in technology assessment and in science and 
technology policy field (Guston and Sarewitz, 2002, Schot and Rip, 1997). However, the 
definition of RI is still evolving. Instead of just focusing on pre-established definition of RI, we 
try to unfold this notion in order to frame our case study in this paper.   

RI reflects the connection between innovation and responsibility. The definition and 
interpretation of innovation have been widely discussed in literature (see e.g. Dosi, 1988, 
Edquist, 1997, Lundvall, 1992, Rogers, 2003, Schumpeter, 1961). In economic terms, innovation 
is usually interpreted as the activity in which new product and method of production are 
introduced, new market is opened and new organisation of any industry is carried out 
(Schumpeter, 1961). Following this interpretation, Dosi (1988) described innovation as “…the 
search for, and the discovery, experimentation, development, imitation, and adoption of new 
products, new production processes and new organisational set-ups”. The aforementioned 
definitions imply that what is meant by innovation is not limited to technological innovation, 
yet it constitutes the novelty of products, processes, organisations and markets. 

In a broader social context, innovation embraces any kind of changes that create certain kind of 
values for society while bringing any products, ideas, methods and any other objects into the 
market, either radically or incrementally (Acosta and Hoolbrok, 2012, Mytelka and Smith, 2002, 
Rogers, 2003). Innovation emerges not only new kinds of techniques, but ultimately it gives 
birth to new social practices that enable people improving their quality of life. By bringing new 
things into the market, innovation is seen as a future-creating activity that changes the market 
as well as the society itself (Grinbaum and Groves, 2013). Crossan and Apaydin (2010) 
comprehended this by considering innovation both as a process and as an outcome of that 
process. They abridged innovation as “production or adoption, assimilation, and exploitation of 
a value-added novelty in economic and social spheres; renewal and enlargement of products, 
services, and market; development of new methods of production; and establishment of new 
management systems. It is both a process and an outcome.”  
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Further, while innovation is expected to help creating a better future for the market, but the 
adoption of it might give unexpected outcomes. What emerges from an innovation is not always 
positive impact from the very start, but sometimes initial negative impact which is something 
unexpected by the market as well as by the society. And with regards to sustainability, in most 
cases, the impact of innovation touches upon three aspects: environment, society and economy.  

Concern on the (unexpected) impact of innovation is therefore relevant to be acknowledged as 
one of the reasons to associate the concept of responsibility with innovation. Such concern 
entails a forward-looking responsibility of innovation actors on what they create and its impact. 
This also reflects the conceptual understanding of RI. The term responsibility4 is usually 
referred to as a duty, task, liability or obligation (e.g. Bivins, 2006, Dekker, 2012, van de Poel, 
2011); to be responsible may mean to cause and reflecting on one’s accountability (Ubois, 2010) 
and to honour those obligations when needed. One should act reliably in accordance with 
promises made. Therefore, as it is associated to innovation, responsibility should exist 
throughout the innovation process, from initial concept to application, from inventors to end 
users, as well as to engineers and vendors (Ubois, 2010). This also implies that innovation actors 
should be accountable for the effects created by the roles and tasks they hold in the adoption of 
innovation. Further, since innovation is considered both as a process and as an outcome, the 
nature and quality of the processes involved in the adoption—especially processes to establish 
responsible behaviours among the actors involved at a very early stage in the adoption process—
could determine in a major way the success of the ultimate adoption of the innovation. Also, as 
noted by Balkema and Pols (2015) a clear demarcation of responsibilities among actors involved 
is one of the pre-conditions of the success of innovation adoption. 

As we have noted, innovation creates certain kind of values to society. Regardless of certain 
values are contextually universal, but since every society has a different culture, values can be 
perceived in many different ways. Western society perceives and appreciates values in a 
different way to the eastern society. The values that are appreciated by the Western or developed 
part of the world may not be appreciated by other cultures, though those values are the same 
(Singh and Kroesen, 2012). Differences are even present within the Western and Eastern 
societies. Therefore, the appreciation of such value differences in innovation can lead to a 
proper adoption and positive outcomes (Singh and Kroesen, 2012). This is becoming more 
relevant to be discussed, especially when we talk about the adoption of technology in developing 
countries. Because, when the Western or developed world invents or discovers something, there 
is still the question on how the developing world should adopt the innovation. And whether the 
values created from such innovation are culturally appreciated by or compatible with the 

                                                    

4 As discussed in Chapter 1 (Section 1.2.2).  
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developing world. In many events, such adoption entails cross-cultural technology transfer, 
which is not a simple process. This means that the concept of RI should also well address the 
cross-cultural context to make it applicable to different cultural contexts such as to developing 
countries context. It is therefore noteworthy to argue that an innovation is responsible when it 
has sensitivity to local socio-cultural values in which the innovation is adopted.  

Furthermore, as explained by Singh and Kroesen (2012), RI means “being caring or ensuring 
care for certain values for social, economic and environmental sustainability by engaging in 
anticipation, reflexivity, deliberation, responsiveness and participation for bringing up any 
change in any idea, product, process, method, way of doing business, technology, et cetera in 
order to bring them into a specific market or use them in a society”. Being caring means being 
sensitive or considerate, ensuring care means to make certain and assume responsibility, and 
certain values indicates a list of values including universal and culturally specific values. 
Meanwhile, anticipation, reflexivity, deliberation, responsiveness and participation are 
considered as the five dimensions of RI. Anticipation denotes the act of looking forward and 
dealing with risks beforehand. Anticipation also indicates the act to foresee the plausible impact 
of innovation. Therefore, the knowledge about foresight and its methodologies helps in 
understanding innovation as well as the impact and possible applications of it. Furthermore, 
such understanding can help the decision-making process of the adoption of innovation and 
other related activities. Reflexivity has a meaning of being reflexive or refers to cause-effect 
relationships.  It indicates a circular or iterative process of creating and shaping innovations. 
Deliberation refers to a thorough exploration process and a careful consideration of different 
aspects and discussions in order to find a way forward. Responsiveness means being able to 
readily respond or address such circumstances due to different needs, requirement, views, 
issues, and values.  Participation denotes the act of taking part or involve in something which 
indicates the involvement of different stakeholders as the condition of RI.   

Based on above elucidation and in particular the definition by Singh and Kroesen (2012), we 
propose the following working definition of RI for the purpose of the case study: Responsible 
Innovation means as an attempt to ensure the accountability of innovation actors (the actors 
involved in the adoption of innovation) through their engagement in anticipation, reflexivity, 
deliberation, responsiveness and participation in the innovation process while focusing on the 
impacts of innovation on three aspects: environment, society and economy. This working 
definition will be used as the frame for analysing our case study in this paper. 

 Case: The Adoption of Solar PV in Telecom Towers in Indonesia 

For the purpose of this study, we obtained data from literature and interviews. Five telephone 
interviews were conducted with practitioners in the telecom and PV sectors in Indonesia 
especially those who involve in the adoption of solar PV in telecom towers. 
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2.3.1 Background 

Telecom tower or Base Transceiver Station (BTS) tower is the main telecom infrastructure in 
Indonesia. Such infrastructure is highly critical for telecom operators in serving more than 240 
million mobile telecommunication customers (MCIT, 2011). The country has more than 95000 
telecom towers in 2011 and most of them are located in the rural and remote areas (Latif, 2012). 
In order to ensure reliable data transmission for telecommunication services, the towers operate 
non-stop which makes them energy intensive. Therefore, in the remote areas with no 
connection to the main grid, power availability becomes the major challenge. To cope with this 
challenge, many telecom operators depend heavily on diesel generators (DG) to power telecom 
towers.  

However, some issues arise from the use of DG, such as the uncertain supply of diesel in the 
remote areas. The difficulty in transporting diesel to the remote areas has made the price of 
diesel in these areas very expensive where the price could be three to five times to its normal 
price. Another issue is about the pollution and noise produced from DG operation. These issues 
pose some major hurdles in operating DG and create problem for the environment. Therefore, 
due to these issues, many telecom operators had been evaluating to gradually replace DG by 
adopting more sustainable and environment friendly technology such as solar PV for powering 
the towers (Kompas.com, 2010, Latif, 2012, Sriram, 2009). 

The adoption of solar PV in telecom towers in Indonesia started in 2005 with  about 60 solar PV 
powered telecom towers (Sriram, 2009). The number has been growing  and was expected to 
considerably increase to more than 4000 by 2010 (Sriram, 2009). Recently, more than 150 have 
been newly installed by some telecom operators in Indonesia (Mitratel, 2010). The adoption of 
solar PV gives several advantages for the operation of telecom towers since it can provide 
supplementary power and solve other problems related to diesel. These are for instances: solar 
PV has lower operational cost compare to DG, less pollution in terms of CO2 emissions, 
noiseless since it produces no sound in the operation (Maksudi et al., 2012, Mitratel, 2010), and 
most importantly it reduces the risk of telecommunication systems collapse due to lack of 
supply of power. Such adoption is considered as an innovation for powering telecom towers in a 
sustainable way (Maksudi et al., 2012, Sriram, 2009). In the long run, it is expected that solar PV 
and other renewable energy technologies can replace fossil-based generators for powering 
telecom towers in the country. 

2.3.2 Problem Description 

Telecom operators are already aware of the kind of benefits and advantages from the adoption 
of solar PV in telecom towers. Despite the advantages, some issues in the post-deployment are 
still remaining notably the field related factors such as the local climate conditions and the lack 
of good cleaning mechanism. PV modules need to be periodically cleaned, especially those in 
the remote areas. In the tropical country like Indonesia, the temperature and humidity are ideal 
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for rapid accumulation of dust in PV modules. This could be worse with the presence of carbon 
and soil particles, acid components, birds dropping and other organic matters that are not 
properly maintained with a good cleaning mechanism (e.g. skills of cleaning, the way to 
transport water to remote areas, et cetera).  

Due to above factors, the power production or output of PV modules is declining. The impact 
of such factors on solar PV performance has been studied in many researches (see e.g. El-
Shobokshy and Hussein, 1993, Elminir et al., 2006, Hassan et al., 2005, Hegazy, 2001, Mani and 
Pillai, 2010, Zorilla-Casanova et al., 2011).  A recent study shows that the daily loss along a year 
caused by dust accumulation on the surface of a PV module varies, but the range could be 
between 4.4% and 20% (Zorilla-Casanova et al., 2011). This could be higher when there is no 
rain, which to some extent acts as a natural cleaning mechanism (Zorilla-Casanova et al., 2011). 
In this study, we take an example of data drawn from a solar PV module adopted in a telecom 
tower located in an area in West Java. The tower consumes at about 26 kWh (kilo-Watt hour) of 
electricity per-day with a maximum power required of less than 1500 Watts for powering a 
microwave transceiver and two BTS equipment installed (3G and 2G units) including lighting. 
The tower is equipped with a polycrystalline PV module consist of 68 units of 200 Wp (Watt-
peak) solar panels. So, the maximum total power output of the system (TPOS) is 13600 Wp.  
The tower is also backed up with a DG. Our findings indicate that the average power output of 
the PV module/system is declining as shown in Figure 2.1 (Source: author’s personal interview 
with a tower company. Due to privacy reason, name of the person and his company cannot be 
mentioned here). By comparing the average power output of the PV system between two 
periods in January-June 2011 (11738 Watt) and January-June 2012 (9661 Watt), we can figure 
out that there is a declining at about 17%. From the data, it is also apparent that the monthly 
average power output of the module in the rainy season (i.e. November to April) is about 80% of 
TPOS, but in the dry season (i.e. May to October) it is less than 73% of TPOS.  

  

Figure 2.1 Average power output of the PV module 
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The problem arises: while the power consumption of the towers remains constant but the power 
production decreases, this will lead to the non-functioning of the towers. At the end, it can lead 
to the collapse of telecommunication systems since the towers have insufficient power for 
operation. Surely such disaster is not expected to occur by telecom operators and the users of 
telecommunication services since the impact will be very severe.  

However, in fact, so far, the field related factors seem to have gotten only little attention. These 
factors are neither properly handled, nor anticipated by the actors involved from the beginning 
of the adoption process. This is as indicated from our findings that so far, the cleaning of PV 
modules in most telecom towers in the remote areas is only performed once a year, especially in 
the dry season. As such, the adoption of solar PV in telecom towers involves several actors 
where each of them actually holds different tasks and responsibilities. But, seemingly the risk of 
telecommunication systems collapses due to field related factors have not yet been seriously 
deliberated by telecom operators and other actors involved in the adoption of solar PV. The 
indication that comes up among the actors involved is that if and when such disaster occurs 
because of these factors, they will most likely be prone to finger-pointing at each other regarding 
the liabilities in the adoption of solar PV.    

While it is imperative for each of actors involved to be held accountable for their tasks, but 
when the incident occurs it would be difficult to pinpoint the accountability. Apparently, it 
would also become unclear about who should be accountable to whom and for what. 
Furthermore, such accountability is not proportionally distributed regarding the tasks should be 
performed by each of actors involved. This has left the issue in the adoption of solar PV in 
telecom towers, and thus in a broader context about the responsibility in managing telecom 
towers. Figure 2.2 portrays a succinct problem description of the case study. 

 

Figure 2.2 Problem description of the case study 
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In order to further analyse this case, in the next section we will undertake Stakeholder and 
Impact Analyses. This will help us in mapping out the tasks and responsibilities of actors 
involved in managing telecom towers and to foresee the possible impact of solar PV adoption. 
Thus, it will also help us in figuring out the kind of solution or way-out that can be proposed. 

2.3.3 Stakeholder and Impact Analyses 

Stakeholders can be generally defined as actors that can influence or are affected by a certain 
problem, decision or action (Chevalier, 2008, Freeman, 1994). Applying this definition to our 
case, stakeholders are considered as actors who are involved in the adoption of solar PV in 
telecom towers as well as in managing telecom towers where that involvement may affect the 
collapse of telecommunication systems. Drawing on data from the literature and interviews, we 
identify and classify at least five groups of relevant actors involved in the adoption of solar PV in 
telecom towers that should be held accountable for their tasks, namely: telecom operators (e.g. 
Telkomsel, Indosat, BTel, XL-Axiata), tower infrastructure companies (e.g. Indonesia Tower, 
Mitratel), solar PV manufacturers (e.g. LEN, Inti, Solarens), solar PV installers (e.g. Imprima, 
Hariff) and regulator (Indonesian Telecommunication Regulatory Authority (BRTI)). 
Following actors’ identification, we also identify important tasks and responsibilities related to 
managing telecom towers as depicted in Figure 2.3. 

 

Figure 2.3 List	of tasks/responsibilities of actors involved in managing telecom towers 

As mentioned in the previous section, the field related factors pose a threat for the adoption of 
solar PV in telecom towers as well as for managing telecom towers. Such factors may cause the 
collapse of telecommunication systems if the actors involved are unable to deliberately 
anticipate them in the adoption. There is an indication that if and when such disaster occurs 
due to these factors, the actors involved will most likely be prone to finger-pointing at each 
other.  Consumers and regulator will be the first parties that finger-pointing at telecom 
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operators and asking for their responsibilities for the occurrence of such disaster. Most likely 
telecom operators do not want either to be entirely blamed, or to take the entire burden by 
themselves. They will be prone to point their fingers at tower companies as the parties who 
perform the maintenance of the towers. However, in order to deal with the field related factors, 
an extra (cleaning) task is needed and it requires extra maintenance cost. It raises a question: 
who should pay for it? As a response, tower companies tend to point their fingers back at 
telecom operators and saying that such task is not ours because the existing contract does not 
cover the cost for the extra task. They also think that such cost should be provided by telecom 
operators. Hence, there is no sense of liability for tower companies to perform such task. 
Following this response, tower companies could also point their fingers at solar PV 
manufacturers as the parties who provide the PV modules. As indicated in the interviews, 
people from the tower companies commonly said, “Cleaning task won’t be periodically needed 
if the PV modules can endure with the local climate conditions, and it is the responsibility of PV 
manufacturers to provide such technology”. The finger-pointing does not end at this point, 
because tower companies as well as solar PV manufacturers could also point their fingers at 
solar PV installers who perform the setting and installation of PV modules. Such task can 
determine the operation and performance of PV modules, e.g. adequate training for tower 
operators concerning maintenance. Furthermore, the finger-pointing could also reach at 
regulator who should provide regulation or standard protocol for managing telecom towers. 
Yet, such specific standard protocol for managing telecom towers powered by solar PV and 
other renewable energy technologies is still absence in Indonesia. Telecom operators could also 
finger-point to the customers since they want only cheap price but are not willing to pay more 
for better service and maintenance. Figure 2.4 illustrates the finger-pointing between actors 
involved in solar PV adoption as the phenomenon that could emerge. 
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Figure 2.4 Finger-pointing between actors involved in the solar PV adoption 

Above elucidation implies that a lack of and difficulty in locating the accountability of actors 
involved create the risk of failure of solar PV adoption and could bring in negative (unexpected) 
impact of innovation in terms of environment, society, and economy. The impact on 
environment is that such failure may lead to the rejection of solar PV adoption and the adoption 
of other renewable energy technologies. The adoption of solar PV can be seen as very 
complicated since it is not easy to deal with the field related factors, especially by the tower 
companies since they are expected to be responsible for the maintenance of the towers. Whereas 
it should be seen to some extent as a joint responsibility of all the actors in the system. Thus, 
there could be a set-back to replace the use of unsustainable and non-environment friendly 
technology such as DG for powering telecom towers.  The impact on society is that the absence 
of sustainable power supply and good maintenance of telecom towers will lead to the unreliable 
telecom systems and infrastructure, and thus suffering the users of telecommunication services. 
Meanwhile the impact on economy is that the failure of the adoption of solar PV creates the risk 
of telecommunication systems collapse.  Thus, if and when such disaster occurs, stakeholders 
will suffer severe economic losses.  

In order to prevent the failure of the adoption as well as the negative (unexpected) impact of 
such adoption, the first thing to do is by clarifying the interests, tasks and responsibilities of 
actors involved as well as their interests. According to Indonesia’s Telecommunication Law No. 
36/1999, telecom operators are those who provide telecommunication network and services to 
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users. They are responsible for reliable telecommunication systems and network infrastructure.  
In addition, they have to provide budget for maintenance cost and other costs related to 
supporting activities in managing telecom infrastructure notably the telecom towers. Ensuring 
the reliability of telecommunication systems and infrastructure is the main concern of telecom 
operators. This concern is most likely driven by their interest to ensure the business can keep 
running and creating profit out of it. In this case, the adoption of solar PV in telecom towers is a 
decision made by telecom operators as an effort in ensuring the availability of power in telecom 
towers, and thus a reliable telecommunication systems and infrastructure. Further, in order to 
perform such tasks and fulfil such responsibilities, telecom operators need to cooperate and 
involve other parties. Most importantly are the tower companies who provide telecom towers 
construction and maintenance services. Tower companies are responsible for site maintenance 
and monitoring system performance of telecom towers. Similar to telecom operators, their 
interest is to make profit from telecom sector as the telecom infrastructure provider. 

Such adoption also involves solar PV manufacturers who provide solar PV modules. They are 
responsible for the production of reliable solar PV modules that can fit with the specification of 
telecom tower equipment. Next to their involvement in the adoption are solar PV installers who 
provide solar PV systems setup and installation services. They are responsible for ensuring solar 
PV modules operating in the best performance according to specification of telecom tower 
equipment and site condition.  The setting and installation determine the performance of solar 
PV modules, any improper setting and installation can cause dysfunction of the tower’s power 
system. Both, PV manufacturers and PV installers have quite similar interest to make profit 
from business in PV technology, as they are concern in renewable energy development. In some 
cases, PV manufacturers could also serve as PV installers, but in this case, we give our emphasis 
to the clarity of the tasks and responsibilities. Therefore, in this case they are considered as two 
different actors with different tasks and responsibilities.  

Furthermore, regulator provides rules and regulation regarding activities in the 
telecommunication sector. Regulator has interest in national economic development through 
telecommunication sector. In general, regulator is responsible for monitoring the functioning 
and performance of telecommunication sector and undertaking any necessary measures to 
ensure telecommunication activities can meet the standard and quality service operations 
(BRTI, 2010). So, in this case, regulator should be held responsible for providing regulation or 
standard for managing telecom towers.  

Looking at aforementioned tasks and responsibilities of actors involved, such fulfilment of these 
tasks and responsibilities will lead to the successful adoption of solar PV as well as to managing 
telecom towers. Thus, it will create values and bring in positive (expected) impact of innovation 
in terms of environment, society and economy. The impact on environment is that the adoption 
of solar PV provides more sustainable and environment friendly power supply for telecom 
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towers. The impact on society can be that sustainable power supply and good tower 
maintenance services lead to reliable use of mobile communication, and thus keep the 
customers service level high. Meanwhile the impact on economy can be associated to the cost of 
energy provision, and to a great extent it may boost the development of renewable energy sector 
such as the PV industry  

Further, such positive impacts of the adoption of solar PV are expected to give benefits to each 
of the actors in accordance with their interests. The adoption of solar PV can reduce the cost of 
powering telecom towers which to a great extent benefiting telecom operators. Telecom 
operators are expecting to keep (and increase) the loyalty of their customers and attract new 
customers, and thus to make more profit out of it. Tower companies can reduce their 
operational cost in the long run by reducing the use of diesel generator. The success adoption of 
solar PV could also increase market for innovation PV technology which creates more 
opportunities for solar manufacturers to make profit out of it. Also, as people/society comes to 
trust in innovation, it could lead to the raising demand of PV technology as expected by PV 
manufacturers and PV installers. These benefits could induce the actors involved to engage in 
collaborative, responsible behaviour in the fulfilment of their tasks and responsibilities. In other 
words, such benefits could be seen as the incentives for the actors involved to cooperate each 
other and to participate in RI. Table 2.1 epitomises Stakeholder and Impact Analyses of the case 
study. 

Table 2.1 Stakeholder and Impact Analyses 

Actor Motivation 

Task/ 
Responsibility 

(Accountable for 
what, & to whom) 

Impact 

Benefit Environ-
ment 

Society Economy 

Telecom  
Operators 
 
 
 

Business 
profit in 
telecom 
sector as the 
network and 
service 
provider 

Providing 
telecommunicatio
n network and 
services 
(Accountable for 
reliable telecom 
systems & network 
infrastructure, i.e. 
adopting solar PV 
in telecom tower, 
providing budget 
for maintenance 
cost, etc., to 
Customers) 

(+) The 
adoption of 
solar PV 
provides 
(more) 
sustainable 
and 
environmen
t friendly 
power 
supply for 
telecom 
towers, e.g. 
less CO2 
emission, 
less noise 
compares to 

(+) 
Sustainable 
power 
supply and 
good tower 
maintenanc
e lead to 
reliable 
telecom 
systems & 
infrastructu
re keep the 
customers 
service level 
high 
(reliable use 
of mobile 

(+) The 
adoption of 
solar PV 
reduces the 
cost of 
energy for 
powering 
the towers. 
This may 
boost the 
developmen
t of 
renewable 
energy 
sector in 
general. 

 

Reliable 
telecom 
service and 
infrastructu
re keep (and 
increase) 
the loyalty 
of the 
customers 
and attracts 
new 
customers. 
Thus, it 
creates 
business 
profit.  
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Actor Motivation 

Task/ 
Responsibility 

(Accountable for 
what, & to whom) 

Impact 

Benefit Environ-
ment 

Society Economy 

Tower  
Companies 

Business 
profit in 
telecom 
sector as the 
telecom 
infrastructur
e provider 

Providing tower 
construction & 
maintenance 
services 
(Accountable for 
site maintenance & 
monitoring 
systems 
performance to 
Telecom 
Operators) 

DG. 
 

(-) The 
failure of 
the 
adoption of 
solar PV 
may lead to 
the rejection 
of using 
renewable 
energy 
technologies
, and a set-
back to the 
use of 
unsustainab
le and non-
environmen
t friendly 
technology 
such as DG 
for 
powering 
telecom 
towers.  

communica
tion). 

 
(-) The 
absence of 
sustainable 
power 
supply and 
good tower 
maintenanc
e will lead to 
unreliable 
telecom 
systems and 
infrastructu
re, low 
customers 
service level 
and thus 
suffering 
the users. 

(-) The 
failure of 
the 
adoption of 
solar PV 
creates the 
risk of 
telecommu
nication 
systems 
collapse, at 
the end if 
and when 
such 
disaster 
occurs, the 
economic 
losses will 
be severe.  

Cost 
reduction in 
business 
operation in 
the long run 
by reducing 
the use of 
diesel 
generator 

Solar PV 
Manufactur
ers 

Business 
profit from 
renewable 
energy 
development 

Providing solar PV 
modules 
(Accountable for 
reliable solar PV 
modules, i.e.  
resistance to 
climate condition, 
to Tower 
Companies and 
Solar PV 
Installers) 
 

Increase 
market for 
innovation 
PV 
technology 
creates 
more 
opportunity 
for making 
business 
profit 

Solar PV  
Installers 

Business 
profit from 
renewable 
energy 
development 

Providing solar PV 
system setup & 
installation 
services 
(Accountable for 
the performance of 
solar PV system 
operation to 
Tower 
Companies) 
 

Rising 
demand for 
the PV 
technology 
as people 
/society 
comes to 
trust in the 
innovation  

Regulator National 
economic 
development 
through 
telecommuni
cation sector 

Providing rules 
and regulation for 
telecommunicatio
n sector activities 
(Accountable for 
appropriate 
regulation or 
standard for 

High 
competitive 
and 
environmen
tally 
friendly 
telecommu
nication 
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Actor Motivation 

Task/ 
Responsibility 

(Accountable for 
what, & to whom) 

Impact 

Benefit Environ-
ment 

Society Economy 

managing 
telecommunicatio
n systems, i.e. 
telecom towers, to 
Telecom 
Operators, Tower 
Companies) 
 

sector  

Notes: (+) = positive impact, (-) = negative impact 

2.3.4 The Proposed Solution or Way-out 

Stakeholder and Impact Analyses in the previous section provides the map of tasks and 
responsibilities of actors involved5. It also briefly portrays the possible impact of solar PV 
adoption in terms of environment, social, and economy. The map sheds some light on how to 
locate the accountability of actors involved and to clarify who should be accountable to whom. 
Following Stakeholder and Impact Analyses, the five dimensions of RI are then further 
elaborated and analysed. In sum, this is simply illustrated by Table 2.2. 

Table 2.2 Analysis of the five dimensions of Responsible Innovation 

Dimension Form of Question Indicative Finding/Answer 
Anticipation What (negative) impacts can 

emerge and should be prevented? 
Impacts on environment, society and economy. 

Reflexivity What causes the problem and 
what effects can it have? 

Causes: field related factors. 
Effects: declining power output/production, 
dysfunction of towers and risk of telecom system 
collapse. 

Deliberation What should be done to address 
the issue? What possible actions 
are proposed? 

Develop innovative solutions: by setting up a 
protocol or adopting technology that considers 
three aspects: environment, society, economy. 

Responsiveness Which issues need to be 
addressed? 

Accountability of actors involved in dealing with 
field-related factors. 

Participation Who should be involved and 
contribute to problem solving? 

Telecom operators, tower companies, PV 
manufacturers, solar PV installers, the regulator. 

                                                    

5 The conduct of activity in Stakeholder and Impact Analyses involves identifying and analysing who the actors 
are, their motivation or interests, tasks and responsibilities, and the impact of the adoption. The information 
gathered from such identification and analysis is mapped out and put into a table (as displayed in Table 2.1). 
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The analysis of the five dimensions of RI suggests that in order to ensure that the accountability 
of actors involved can be proportionally6 distributed, there is a need of an innovative way or an 
adoption of technology that considers three aspects: environment, society and economy. 
Therefore, by engaging these dimensions into consideration, at least two possible solutions or 
ways out can be proposed. The first possible solution is by identifying and developing 
framework which can help in assessing and fixing up the responsibility of actors involved in the 
adoption of solar PV as well as in managing telecom towers. However, to some extent the 
application of such framework could be complicated and time consuming, thus makes it less 
practical. Therefore, as another alternative, the second possible solution can be proposed is by 
adopting technology that can cope with the field related factors namely the self-cleaning PV 
module technology. Such a technology is expected to prevent power losses due to the local 
climate conditions as well as to reduce the cost of maintenance such as periodic cleaning task. 
The self-cleaning PV module technology could be the answer for the problem since it offers 
more practical and cost-efficient PV modules maintenance.  

 Conclusion 

Through a case study, this paper has illustrated the application of the concept of RI in practice 
by undertaking Stakeholder and Impact Analyses, and analysis of five dimensions of RI. 
Through the process of conducting Stakeholder and Impact Analyses, which entails the 
identification of stakeholders with their assigned tasks, roles, motivations and interests, we can 
draw up the map of tasks and responsibilities of actors involved and the possible impact of 
innovation adoption. This map helps us to locate the accountability of actors involved and to 
clarify who should be accountable to whom and for what. In addition to this map is the 
overview of the possible impacts of innovation adoption. While innovation can provide the 
solution to such problem, but it can also bring another problem since the negative impact can 
emerge afterwards. Therefore, such overview can help us to figure out beforehand about what 
(negative) impacts could possibly emerge and should be prevented. Following Stakeholder and 
Impact Analyses, by further elaborating the five dimensions of RI we also get some clues on how 
to proportionally distribute the accountability of actors involved. Therefore, by engaging these 
dimensions into consideration, at least two solutions or ways-out can be proposed: the 
identification and development of accountability assessment framework, and self-cleaning PV 
module technology. This also implies that the five dimensions of RI can serve as the overarching 
anchor points for exploring the possible solutions or ways-out of the issue.  
_______________________                                                    

6 i.e., proportional to each actor’s roles, tasks, and his/her authority in performing the tasks, so as to avoid that 
task overlaps will occur as well as to ensure that there are no accountability gaps.   
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The case study also shows that the absence of responsibility in solar PV adoption can lead to the 
dysfunction of telecom towers. Also, non-consideration of post-deployment factors in designing 
of renewable technology applications can lead to less success at the deployment level. Whilst, 
due to lack of consideration of accountability, it can also lead to conclusions on part of tower 
companies that PV technology is not viable and not a sustainable option for powering telecom 
towers. This issue is becoming important to get more attention in the context of developing 
countries like Indonesia, since the failure in technology adoption often leads to the rejection of 
such technology in the later stage. This phenomenon might happen due to culture, and it is 
therefore different to developed countries where such failure often leads to more 
experimentation for improving such technology, and thus often leads to another innovation. 
Therefore, another lesson that can be learned from this case is that innovation without 
responsibility faces dangers of rejection or less acceptability of even greener and sustainable 
technology. To a greater extent, this case can also be considered as a starting point to discuss 
broader issues associated with the (non) adoption of new technologies in different contexts. 

The paper also concludes that ensuring the accountability of innovation actors can be regarded 
as the way to prevent the unexpected impact of innovation, hence what we may term as RI. 
What also important from the adoption of such innovation is the adaptation with the local 
environment, social, and economic conditions. Furthermore, for such innovation to be 
responsible, it should be inclusive for environment and social life, and stakeholder participation 
should be co-evolved in the innovation process. However, the paper has not yet addressed the 
cross-cultural issue of the adoption into detail, while further elaboration of such particular issue 
would give more insights on the applicability of RI concept in developing countries context. 
Therefore, other avenues that can be suggested for future research are to examine the effect of 
national culture on responsibility in the adoption of solar PV as part of transitions to renewable 
energy; and on the role of actors and institutions in shaping RI in the context of energy 
transitions. Especially regarding the later avenue, it may raise the question such as who could be 
expected to or should take the lead in the anticipatory RI processes as outlined in Table 2.2. 
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 Enhancing Reflexivity and Anticipation in 
Innovation Adoption: Cases of Biodiesel 
and Liquid Petroleum Gas7 

Abstract 

Despite the potential advantages, technology adoption often brings unexpected outcomes and 
even leads to failures on multiple fronts. The accountability of outcomes and failure of 
technology is missed out from technology development and adoption process. This issue has 
increasingly gained attention of researchers and practitioners. Responsible Innovation (RI) has 
emerged as a concept that aims to address such issues through deploying the five dimensions 
(anticipation, reflexivity, deliberation, responsiveness, participation) in different stages of 
innovation process. However, the five dimensions lack of a well identified and developed 
methodology. Therefore, the System Dynamics (SD) modelling is explored as a method for 
enhancing the application of RI approach in practice. SD models on energy technology 
adoption dynamics developed here, enable the demonstration of its applicability in reflexivity 
and anticipation. The paper concludes that the use of SD modelling seems useful for enhancing 
reflexivity and anticipation dimensions of the RI approach. 

 Introduction 

Despite the potential advantages, the adoption of innovation such as the new or emerging 
technologies often brings unexpected (negative) outcomes or undesirable consequences and 
even ends up in failure. The failure to adopt innovation can have many reasons. One reason that 
has increasingly gained attention is the absence of responsibility in the adoption of innovation. 
As a result, Responsible Innovation (RI) emerged as the concept that aims to address such issues 
and has been discussed in the innovation research literature by many scholars (see e.g. Owen et 
al., 2013b, Setiawan and Singh, 2015, Sykes and Macnaghten, 2013, von Schomberg, 2013). 
Central to this concept is that the responsibility should be considered from the ideation stage 
and throughout the innovation process with the goal to achieve sustainability in terms of 
economic, social, and environmental (see e.g. Setiawan and Singh, 2015, Singh and Kroesen, 
2012, von Schomberg, 2012). In light of responsibility aspects, Singh and Kroesen (2012) have 
specifically proposed to engage in anticipation, reflexivity, deliberation, responsiveness and 
participation for ensuring care of certain values in innovation as the five dimensions of RI.  

_______________________                                                    

7 This chapter is a slightly adapted version of the following article (accepted for publication): Setiawan, A. D., 
Sutrisno, A. & Singh, R. in press. Responsible innovation in practice with system dynamics modelling: The 
case of energy technology adoption. Int. J. Innovation and Sustainable Development. 
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The literature (Owen et al., 2013b, Singh and Kroesen, 2012, Setiawan and Singh, 2015, Sykes 
and Macnaghten, 2013, von Schomberg, 2013) suggests that RI approach offers an improved 
applicability for process based innovation approach to address the uncertainties, complexities, 
risks and stakeholder accountability of new and emerging innovations and technologies (Kiran 
et al., 2015, Miller, 2015) e.g. renewable energy technologies, Internet of Things, Internet of the 
Cars, civilian drones, nanotechnology, genetically modified foods, etc. However, so far literature 
does not suggest extensively on aspects of methodologies, that how the five dimensions are 
deployed, which specific method can be deployed and which new methods could be important 
for different RI dimensions. Nevertheless, much effort is still needed in order to enhance the 
capacity of RI approach through identifying and validating effectiveness of more methods for 
dimensions such as anticipation, reflexivity, deliberation, responsiveness and participation, thus 
making RI approach more applicable in practice (Owen et al., 2013a, Singh and Kroesen, 2012). 
Therefore, in order to address above weaknesses in literature and practice, this paper 
demonstrates an alternative methodology, System Dynamics (SD) modelling which may be used 
by RI practitioners due to its flexibility and dynamism. It demonstrates the application of SD 
modelling for reflexivity and anticipation dimension of RI approach proposed by Singh and 
Kroesen (2012) through the case of energy technology adoption. Additionally, another 
motivation of this paper is to see how and to what extent systems modelling method can 
enhance the application of RI approach in practice. And by doing so, this paper will contribute 
to the enrichment of literature in the field of innovation studies as well. 

Correspondingly, literature also suggests that a successful anticipation requires an 
understanding of the dynamics of process that shapes technological futures (Borup et al., 2006, 
Haxeltine et al., 2008, Selin, 2011). Understanding the dynamics of technology adoption means 
to understand the underlying structure and the causal-relationships between elements that play 
roles in the adoption process. Further, such understanding provides insight into the causal 
factors that influence the course of adoption and its potential outcomes. Therefore, obtaining 
the in-depth understanding on the dynamics of technology adoption is important and useful as 
it provides the opportunity to improve the ability to foresee the unexpected (negative) outcomes 
from such adoption. Yet, obtaining such an in-depth understanding requires a holistic view 
about the problem, such as a systems perspective that allows for a better reflection regarding the 
innovation dynamics. Therefore, the knowledge about systems, foresight and its related 
methods is becoming relevant to get more attention for improving the practice of RI approach, 
inter alia, in the context of technology adoption in general.  

Regarding above, the objective of this paper is to propose the use of SD modelling in the 
application of RI approach as one method that can help for reflection and experimentation, thus 
enabling innovation actors to comprehend the dynamics of technology adoption. As a systems 
modelling method, SD modelling offers the ability to capture the key elements of complex 
dynamic systems (systems structure, feedback loops and time delays) which enables us to 
understand the patterns of behaviour on the complex systems in which the innovation occurs 
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(Galanakis, 2006, Sterman, 2000). With computer simulation, SD can help in learning how the 
upcoming trend of outcomes or impacts of innovation may emerge which allows us to come up 
with anticipatory options. 

The remainder of this paper is organised as follows. Section 3.2 reviews and discusses the 
concept of RI and SD modelling method based on different works of different scholars. In this 
section we will further elaborate RI approach notably the five dimensions proposed by Singh 
and Kroesen (2012) and SD as a systems modelling method. Based on such elaboration, we will 
propose a practical guidance for analysing the case studies in Section 3.3. As we approach a 
practical implementation, we will focus on two RI dimensions. The first is reflexivity which 
reflects the attempt of obtaining an in-depth understanding on the dynamics of technology 
adoption, and the second is anticipation which reflects the process of foreseeing the upcoming 
trend of outcomes or impacts of technology adoption through simulation of the models. Two 
case studies of energy technology adoption will be discussed in details: the biodiesel 
development and Liquid Petroleum Gas (LPG) adoption in Indonesia. In both cases, we will use 
SD modelling method for the application of two RI dimensions (reflexivity and anticipation) in 
practice. Section 3.4 further discusses the results from the previous sections. Section 3.5 
concludes and suggests future research for the application of systems modelling method in the 
RI study. 

 Theoretical Framework 

3.2.1 Responsible Innovation 

RI is evolving as the concept that offers a reflexive approach to the development, adoption and 
implementation of innovation. Responsibility is seen here as a pre-requisite which enables an 
innovation to be sustainable, socially accepted and leading to satisfactory outcomes. Further, 
innovation adoption, specifically such as technology adoption is often associated with complex 
interactions and feedbacks between institutions and innovation actors such as technology 
providers, policy makers and other stakeholders (Lundvall, 1992, Verbong et al., 2013). The 
dynamics arise due to complex interactions, time delays and feedbacks within a complex 
dynamic environment in which the technology is adopted (Chen, 2011, Mutingi, 2013). The 
adoption of technology also encompasses the transformation of technology development 
embedded in its wider systems of practices where the impacts and outcomes from such 
transformation are often not immediately known and realised (Jacobsson and Bergek, 2011, 
Jong et al., 2015). This reflects that discrepancy exists in technology adoption, and manifested in 
time delays between the moment the technology is adopted and the moment the actual (positive 
or negative) outcomes or impacts can be seen. In most cases, it would take years or even decades 
to see the outcomes or impacts of technology since it was adopted by innovation actors. As 
such, the ability to foresee undesirable consequences is regarded as a condition for 
responsibility (Nihlén Fahlquist, 2006, van de Poel et al., 2012). This condition of responsibility 
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entails the act of looking forward to anticipate unexpected (negative) outcomes. Henceforth, 
responsibility becomes an increasingly important theme in the innovation practice. 

Different meanings of RI are at play in terms of concept, approach and/or methodology (see e.g. 
Hellström, 2003, Kemp et al., 1998, Lee, 2012, Owen et al., 2013b, Singh and Kroesen, 2012, 
Stilgoe et al., 2013, Sutcliffe, 2011, von Schomberg, 2012). von Schomberg (2012) described RI 
as a transparent and interactive process involving societal actors and innovators in a mutual and 
responsive way with a view to the (ethical) acceptability, sustainability and societal desirability 
of the innovation process and its products. According to von Schomberg (2013), RI covers three 
specific aspects of responsibility: environmental, social and ethical. RI is considered as a 
process-based approach which pays attention to all stages of innovation process (Ubois, 2010) 
and therefore it offers careful observation of the potential impacts since the early stage through 
the inclusion of stakeholders and innovation actors (Jong et al., 2015, Setiawan and Singh, 
2015).  

The environmental aspect suggests for sustainable approach as the key interest for regulatory 
and policy principles for innovation and modern development of natural resources by human 
activity. The social aspect deals with unwanted social effects of technological and innovation 
advances. The key aspect here is to strike the balance between the benefits of innovation 
development and social disadvantages. Therefore, the social aspect suggests that it is important 
to ensure that the quality of life of the recent generation does not compromise the chance for 
future generation’s quality of life. The ethical aspect is based on the common and traditional 
value set of every society which makes such aspect may differ according to the level of 
development of certain societies, areas, or even countries. For less developed areas, satisfying 
basic needs could be more important than paying attention on the ethical aspects of innovation 
development. Here, the ethical responsibility should be undertaken in a way the satisfaction of 
specific needs or interest of certain societies can be assured. Therefore, compared to 
environment and social aspects, ethical aspect is somehow regarded as the most controversial 
aspect of RI (Blaskó et al., 2014, Blok and Lemmens, 2015, von Schomberg, 2013).   

RI is also understood as being care or ensuring care for certain values for social, economic and 
environmental sustainability by engaging in anticipation, reflexivity, deliberation, 
responsiveness and participation in the innovation (Singh and Kroesen, 2012). The RI concept 
proposed by Singh and Kroesen (2012) reflects three major components of RI: sustainability as 
the goal, values that should be embedded in the innovation, and the five dimensions—
anticipation, reflexivity, deliberation, responsiveness, participation—as the guiding mechanism 
to achieving the goal and insuring certain values can be embedded. The first dimension, 
anticipation, is the act of looking forward and foreseeing undesirable outcomes or consequences 
of innovation. Anticipation is about seeking the opportunity, challenge, risk and dealing with it 
beforehand. Being anticipatory means analysing the intended and potentially unexpected 
outcomes and impacts that might arise afterwards, be these economy, social, environment, et 
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cetera (Blaskó et al., 2014). In order to cope with the concerns about the negative side effects of 
innovation, the knowledge about foresight and its methodologies helps in understanding 
innovation and possible applications of it (Singh and Kroesen, 2012, Stilgoe et al., 2013). The 
second dimension is reflexivity which indicates a circular or iterative process of creating and 
shaping innovations. This dimension emphasises the cause-effect relationships through learning 
from accumulating experience with the innovation process. To be reflexive means to allow 
iterative process of plan and action, and to refer back on the consequences of each action.   

The third dimension is deliberation which explores the process and its holistic aspects and to 
find a way to move forward. Being deliberative means inclusively opening up visions, purposes, 
questions, and dilemmas to broad through dialogue, engagement and taking into account the 
perspectives of public and stakeholders (Blaskó et al., 2014). The fourth dimension, 
responsiveness, denotes as being able to readily respond or address such circumstances due to 
different needs, requirements, views, issues and values. Being responsive means using the 
collective process of reflexivity for influencing the pace of innovation and adjusting the course 
of action (Blaskó et al., 2014, Pellizzoni, 2004). The fifth dimension is participation which 
addresses stakeholder interests over the issues. Participation denotes the act of taking part or 
involve in something which indicates the involvement of different stakeholders as the condition 
of RI. The five dimensions as the guiding mechanism can operate as laterally and iteratively. It 
means that the process can begin with the deliberation and participation on an innovative idea. 
The two dimensions i.e. participation and deliberation need to be initiated prior to anticipation, 
responsiveness and reflexivity. It means one cannot anticipate without following deliberation 
and participation. The application process of the five dimensions is iterative to address the 
issues of innovation process from ideation to launch into the market. Figure 3.1 depicts the five 
dimensions of RI based on Singh and Kroesen (2012).  The figure represents a pie format. It 
means the portion of each dimension in an innovation process can vary from one innovative 
idea and area to another. 

 

Figure 3.1 The five dimensions of Responsible Innovation (Singh and Kroesen, 2012) 
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Further, RI has been applied in a number of studies either on the application level or on the 
systems level, in which science and its related technologies are still indicated as the primary 
targets of RI (Jong et al., 2015).  On the level of application, the focus of RI is on responsible 
products with respect to their impacts and risks (see e.g. Shelley-Egan, 2010, Tyl et al., 2011, van 
Burken and van Bezooijen, 2015). While on the systems level, the focus of RI is on the 
transformation of technology development embedded in its wider systems of practices, i.e. 
technology adoption (Jong et al., 2015). As the complexity of today’s issues are increasing, RI 
appears to be the subject of discussion in various sectors and different technical systems like in 
energy (Correljé et al., 2015), health (Arentshorst et al., 2014), infrastructure (Hercheui et al., 
2012), information and communication technology (see e.g. Owen and Goldberg, 2010, Parkhill 
et al., 2013, Setiawan and Singh, 2015, Stahl et al., 2013).  

3.2.2 System Dynamics 

SD is mainly known as a systems modelling method for studying the dynamic behaviour of 
complex systems over time (Forrester, 1994, Sterman, 2000). The understanding about the 
system is central in SD. The term ‘system’, here, refers to an interconnected set of elements that 
is coherently organised in a way that achieves something (Meadows, 2008). This definition 
reflects that a system consists of elements, interconnections and a function or purpose. In a 
complex system, the interconnections between elements are generally dynamic, non-linear, 
having delayed response embedded in certain parts (Richardson, 2011) and capable of self-
organising to sustain their existence (von Bertalanffy, 2011). According to SD terminology, a 
complex system is defined as a high-order, multiple-loop and non-linear feedback structure 
(Samara et al., 2012). The dynamic behaviour of the system is the result of the interactions 
among the elements of the system over time, and the dynamic complexity arises because 
systems themselves are dynamic, tightly coupled, governed by feedback, self-organising and 
adaptive to certain changes (Sterman, 2000). SD builds a fundamental claim that evolutionary 
behaviour of a system over time is explainable in terms of feedback loops and state elements 
(Richardson, 2011). 

Sterman (2000) categorised formal SD modelling process into four major stages: 
conceptualisation, model formulation, validation and experimentation. Each step represents the 
development of the SD model which possesses  a recursive and interconnected manner rather 
than a simple linear regression (Sterman, 2000, Yücel and Meza, 2008). The focus of SD is to 
understand the structural cause of the dynamic behaviour of the system by capturing system 
structure, time delays and feedback loops (Sterman, 2000). It also elicits stakeholder’s mental 
model into a more explicit way to help communicating and converging understanding in the 
issue (Vennix, 1999). In order to do that, SD relies on qualitative as well as quantitative 
approach and data about the system. It models stakeholder’s thought on the issues in the form 
of a plain diagram so called Causal Loop Diagram (CLD). Such diagram serves as the feedback 
structure basis of the model before being translated into a mathematical formulation. Thus, the 
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CLD also went through the four major stages. Moreover, CLD also serves as the modeller’s 
dynamic hypothesis.  

CLD is visualised by the presence of curve lines connecting variable names. CLD uses word-
and-arrow diagrams to express causal links and to explicit closed loops of mutual causation 
(Richardson, 2011). The word-and-arrow representative relies on a single expression along with 
the interaction polarity to convey positive or negative causal hypothesis. A causal link is a one-
way ceteris paribus cause-and-effect hypothesis about two variables. Drawing an individual link 
requires specifying the traditional dependent and independent relationship, as well as its 
polarity. Two or more links can be joined in a closed feedback loop of mutual causation that 
constitutes a feedback process (Wheat, 2009). Figure 3.2 exhibits a simple CLD which 
encompasses a simple feedback mechanism. 

 

Figure 3.2 CLD reinforcing feedback loop 

CLD forms a basis of the model structure. However, as a qualitative description, a CLD is a 
graph which contains no quantitative simulation attributes. Therefore, it is necessary to 
formulate CLD into a mathematical formulation. A Stock Flow Diagram (SFD) is a diagram that 
draws a mathematical formulation in an SD model. It visualises and contains mathematical 
formulation in the SD model as shown for example in Figure 3.3 (Sterman, 2000). SFD 
embraces the accumulative visualisation of any variables. It represents how a stock accumulates 
from the inflow and outflow of corresponding flows. They characterise the state of the system 
and generate the information upon which decisions and actions are based. Stocks give systems 
inertia and provide them with memory. Stocks create delays by accumulating the difference 
between the inflow to a process and its outflow (Sterman, 2000).  SD modelling uses SFD as the 
basis of model calculation; Stocks accumulate or integrate their flows; the net flow into the stock 
is the rate of change of the stock. Hence the structure represented in Figure 4.3 corresponds 
exactly to the following integral equation of the total demand that will be used in the case study 
of this paper as follows:  

Total Demand = Total Demand(t=0) + ∫ (Total Demand * Natural Fractional Demand Growth) dt 
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Figure 3.3 Structure and equation of the total demand 

Through the simulation of the SD model, the dynamic hypothesis is tested and updated based 
on the behaviour shown by the model. This is performed until it is concluded that a proper 
dynamic mechanism is identified that explains the observed behaviour of the system (Yücel and 
Meza, 2008). During the validation and experimentation stage, SD emphasises on the behaviour 
patterns rather than the numerical accuracy (Barlas and Kanar, 1999, Yücel and Barlas, 2007 ). 
This shows that SD does not focus on generating numerical predictions regarding the future 
behaviour of the system, yet it focuses on understanding the structural cause of the dynamic 
behaviour (Forrester, 1994, Yücel and Meza, 2008). Therefore, SD is not merely seen as just a 
modelling tool but also as a method for understanding complex dynamic behaviour (Yücel and 
Meza, 2008). This is one of the issues that differentiates SD with other modelling methods (e.g. 
statistical modelling).  

SD appeal stems from the fact that many of the actual ‘modelling’ do not involve the computer. 
Instead, the key to the SD method is the value of eliciting mental models from participants and 
capturing local knowledge about the systems (Cockerill et al., 2009, Forrester, 1992, Vennix, 
1999). The SD model induces the key elements of real systems and creates a micro world based 
on the mental model of the modeller and the facts arise in the real world. In the SD method, 
computer simulation is used to expand researcher ability to see more comprehensive over 
complex relationships (Forrester, 2007, Vennix, 1999). Nevertheless, the process of verbalising 
and diagramming the relationships in the system being studied is sometimes deemed to be more 
important than running the computer simulation in the SD modelling. While the non-
computer features of collaborative modelling are important, an extensive computer simulations 
is also useful and for gaining the depth of understanding required in the real world situations 
(Forrester, 2007). This is particularly important because humans are proven to be inefficient at 
processing nonlinear relationships or feedback loops at a larger extent, and the computer 
expands our ability to see more comprehensive over complex relationships (Forrester, 2007, 
Vennix, 1999). 

The emphasis to understand the dynamic behaviour of complex systems made SD as favourable 
systems modelling method applied for studying innovation systems (Abrunhosa, 2003, 
Stamboulis, 2008, Urinoa et al., 2012), technology and innovation policies (Cockerill et al., 2009, 
Galanakis, 2006),  technology assessment (Musango and Brent, 2011, Musango et al., 2012), 
technology and innovation adoption (Hidayatno et al., 2011a, Mutingi, 2013), transition 
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dynamics (Schade and Schade, 2005, Yücel and Meza, 2008), urban development (Hidayatno et 
al., in press), amongst others.  

Having discussed above, we arrive on the question that how SD is relevant to RI approach. 
What contributions SD could make to enhance the capacity of responsible innovation 
dimensions deployed to embed the values to achieve social, economic and environmental 
sustainability? Hence, hereafter, this paper demonstrates the practical aspects of RI approach 
where SD has its utility as an important and useful tool. To illustrate the applicability of RI 
approach through SD modelling, this paper has adopted two case studies of energy technology 
adoption: biodiesel development and LPG adoption in Indonesia. The two case studies have 
common focus on energy technologies and a specific geographical and societal context. Further, 
the two cases are also selected because they reflect the dynamics complexity of a system in the 
early stage of adopting an emerging technology or innovation—highlight the multi-layer, multi-
actor interaction within a system—which in turns would enrich the discussion of RI approach 
and demonstrate significance of SD modelling for RI dimensions under study. However, we 
consider only two, not five, dimensions of RI for this illustration. 

 Cases: Biodiesel Development and LPG Adoption 

3.3.1 Methodology Description: The Proposed Practical Guidance 

As we approach a practical implementation, a practical guidance which allows us to 
demonstrate the application of RI approach with SD modelling is proposed. In this regard, we 
will focus on two dimensions which reflect the concerns of this study. The first dimension, 
reflexivity, is related to understanding the dynamics of innovation. And the second, 
anticipation, is related to analysing and dealing with the upcoming trends of outcomes or 
impacts of innovation. In this case, the adoption of energy technology is regarded as an 
innovation. The chosen definition for the dimensions of reflexivity and anticipation is based on 
Singh and Kroesen (2012). Figure 3.4 provides a schematic representation of the proposed 
practical guidance used for our case studies. 
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Figure 3.4 The guiding process for the application of Responsible Innovation dimensions 
with System Dynamics modelling 

3.3.2 Step 1: Defining Goal and Values of Innovation 

In this step, the goal of innovation is defined by putting some criteria, target, or indicators of 
sustainability in economic, environmental, and social. In this way, we put the corner stone for 
considering whether the innovation is regarded as responsible or not, since the goal of RI is to 
achieve sustainability. Further, values of innovation are also identified, be these related to 
economic, environmental, or social. For example, in the case of biodiesel development (i.e. the 
Presidential Decree to boost biodiesel development), the goal is for sustainable supply of 
biodiesel, the associated indicator is biodiesel production rate per-month, and one of the values 
is energy poverty alleviation.  

3.3.3 Step 2: Application of RI Dimensions with SD Modelling 

Step 2 links the features of SD method with the chosen RI dimensions: reflexivity and 
anticipation. This step has two major activities: the first is developing CLD as the conceptual 
model (Step 2A), and the second is developing SFD (SD model) which represents the 
quantitative model used for simulation (Step 2B).  

The first activity of Step 2 (Step 2A), mainly related to reflexivity dimension of RI, constitutes 
the development of CLD or conceptual model. The essential aim of this activity is to build the 
dynamic hypothesis about the system as well as to perform reflexive analysis on the innovation 
dynamics. In this activity, the boundary of the system is defined, the elements (variables) of the 
system are identified and their causal relationships are captured. This will provide an overview 
of the feedback structure as the basis for understanding the dynamics of innovation. The 
conceptual model is used to facilitate a better reflexive analysis for understanding how the 
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innovation is pursued in order to achieve its goal, how the values are embedded, what associated 
elements are influencing the achievement of such goal and values, and what causes of the 
problems can be identified.  

The second activity of Step 2 (Step 2B) constitutes the modelling and simulation of SFD or SD 
model. The essential aim of this activity is to test the dynamic hypothesis by formalising the 
conceptual model as well as to study the behaviour of the system from simulation results. CLD 
as the conceptual model is translated into SFD or SD model which also means modelling the 
innovation dynamics since the model itself reflects innovation dynamics within the system. The 
simulation of SD model is performed by using computer software (e.g. Powersim®, Vensim®, 
Stella®). With respect to practical application, the modelling and simulation of SD model is used 
to facilitate a better analysis of the upcoming trends of (unexpected) outcomes of innovation 
those may emerge which allows us to come up with anticipatory or policy options. The 
developed model can be further used to analyse various scenarios (i.e. to conduct various ‘‘what-
if’’ analyses). 

Inherent to performing Step 2, the goals defined and values identified at Step 1 should always be 
put as the reference point. Regarding reflexivity dimension, one should raise questions for 
examples: why and what causes that the goal is not well achieved, and the values are not or less 
embedded in the innovation. Henceforth, as the anticipation, one should address for examples 
what (negative) outcomes possibly emerge and what action should be taken to prevent or 
minimise such outcomes. So, looking back to the goal and values is essential when performing 
Step 2. Therefore, Step 1 and Step 2 are performed iteratively.  

In the following sub-sections, we will illustrate in detail the application of this practical 
guidance in two case studies of the adoption of energy technology: biodiesel development and 
LPG adoption in Indonesia. Both cases will be elaborated in two separated models. 

3.3.4 Case 1: Biodiesel Development 

The first model is developed to capture the dynamics of biodiesel development as the 
Indonesian Renewable Energy initiative coming from the Indonesian President Decree. Based 
on Hidayatno et al. (2011a), the biodiesel industry business model brings the notion of 
competing resources with allowance-based markets as mandatory (or compliance-led), in the 
sense that the transacting parties in most cases are motivated by regulatory requirements. The 
great majority of transactions in project-based markets are also mandatory in this sense. The 
presented model for biodiesel development is adopted from a simplified model of Threshold-21 
(T21), a model of national development planning with biodiesel industry sector as the key sector 
to analyse (Hidayatno et al., 2011a, Hidayatno et al., 2011b). Building a version of T21 for a 
specific country as well as learning to use the model typically takes two years for a person not 
familiar with SD (Kopainsky et al., 2010). Therefore, in this model we adopt, only, the most 
relevant parts of T21 model which portray the dynamics complexity of the biodiesel 
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development process. Hence, the goal of developing this simplified biodiesel development 
model is for the readers to understand that the biodiesel industry development processes are 
characterised by nonlinear relationships, delays, feedback loops and multiple sources of 
causation requiring long-term policy design across multiple stakeholders. 

3.3.4.1 Step 1: Defining Goal and Values of Biodiesel Development 
In the early 2006, the Indonesian government enacted Presidential Regulation No. 5/2006 
(Regulation No. 5) which formally established Indonesia’s National Energy Policy.  Regulation 
No. 5 formalised the development of biofuels in Indonesia, to include ethanol and biodiesel 
(Singh and Setiawan, 2013). It established rule and guideline for a five per cent biofuel share 
over the total transportation final energy demand mandated in Indonesia by 2025. The main 
goals of this regulation are diversifying and securing the Indonesian energy supplies to support 
sustainable economic development by shifting the diesel-oil demand to biofuels consumption 
(Singh and Setiawan, 2013, Timnas BBN, 2006). Hence, the main goal of such regulation was to 
create a balance and achieve economic and environmental sustainability.    

The regulation intends to have co-benefit values from budget and energy perspectives 
(Hidayatno et al., 2011b). Budget-wise, the Indonesian government will have to give fewer 
subsidies and might free up some space in the government budgetary expenditure to be used in 
the other sectors. On the other hand, and as mentioned above, it will also improve energy 
security and boost economic growth (Hidayatno et al., 2011a, Timnas BBN, 2006, Wirawan and 
Tambunan, 2006).  These aims would be achieved through the substitution of petroleum fuels 
by domestically produced biofuels: gasoline by ethanol; petroleum diesel by biodiesel; and 
kerosene and petroleum diesel for electricity generation with pure plant oil. The plan envisaged 
bringing millions of “non-productive” hectares into production for biofuels feedstock 
cultivation (Dillon et al., 2008). Therefore, it is clearly visible that these steps were aimed at 
embedding values of efficiency, healthiness, freedom from pollution, lowering cost, 
independence from fossil fuel, more productivity, enhancing income, autonomy, etc. These 
values were identified with clear goals more biodiesel production and utilisation for replacing 
fossil fuels. 

3.3.4.2 Step 2: Application of RI Dimensions with SD Modelling 

3.3.4.2.1 Step 2A: Developing Conceptual Model 

The new legislation requires that the fuel blenders should place a higher priority on using 
domestically-produced biofuels. The biofuels producers are expected, wherever possible, to use 
domestic feedstock, equipment and labour. Additionally, the biofuels can also be imported and 
exported under the license. Interestingly, the  blending  percentage  for  the non-Public  Service  
Obligation  (non-PSO) transportation fuels, which are not subsidised, is higher than that for 
Public  Service  Obligation (PSO) transportation fuels (Timnas BBN, 2006). Apparently, the 
government has predicted that the biofuels will continue to be more expensive than the 
petroleum fuels.  Otherwise, the higher blending percentage would presumably be applied to the 
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subsidised fuels, to reduce the burden in the fuel subsidy. Within the framework of Regulation 
No. 32/2008, the Ministry of Energy and Mineral Resources (MEMR) has included following 
measures to increase the biofuels usage in the above mentioned key economic sectors. The 
biodiesel production capacity in year 2009 approached three billion litres, far exceeding the 
volume required to fulfil the mandate for that year (around 266 million litres).  However, the 
Indonesian Biofuels Producers Association (APROBI) noted that the actual production level in 
year 2009 was likely to be approximately 112 million litres (Tjakrawan, 2008). Apparently (at 
the time this research was conducted), some facilities would not come into production until the 
use of two per cent of biofuels in the total fuel consumption was required as of July 1, 2012 
(Dillon et al., 2008).  

The mental model visualised in Figure 3.5 serves as the actors’ mental model elicitation of the 
issue. One of interesting notions envisioned that the biodiesel production is struggling to 
survive against the conventional energy options as a result of competing feedstock price. 
However, the Indonesian government manages to peg the production to a certain level by giving 
a lenient tax measures (Hidayatno et al., 2011a, Tjakrawan, 2008). 

 

Figure 3.5 Causal loop diagram of biodiesel development 

Figure 3.5 visualises the interaction of biodiesel production in the energy market ecosystem. 
Main factors in the model involve Crude Palm Oil (CPO) price as the main feedstock of 
biodiesel and price of conventional energy alternatives namely the diesel oil which represented 
by the crude oil price, both prices compete in the energy market, therefore the relative CPO to 
Crude Oil Price variable serve as an indicator on which way the favour will go to. Furthermore, 
since the CPO Price is the biggest cost driver on the biodiesel production, the biodiesel 
production increases along the growth of biodiesel profitability expectation driven by the 
increase of biodiesel demand and the government fiscal incentives. In addition, increasing 
biodiesel profitability, will then increase biodiesel investment as a result of positive future outlook 
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on the biodiesel commodity, such the investment will eventually increase biodiesel production 
capacity given delay of actual building or expanding biodiesel plant this delay will take for 1-2 
years depends on the production capacity expansion. The increasing capacity leads to the 
decreasing biodiesel price as an effect of the increasing supply capacity of biodiesel. The 
biodiesel industry is very sensitive against the volatility of the conventional energy price 
(Hidayatno et al., 2011a, Mekhilef et al., 2011). It behaves in the opposite direction of the crude 
oil price, which seems to resembling the effect of substitution goods for biodiesel against the 
diesel oil. Figure 3.5 shows that for every crude oil price increase, the biodiesel energy market 
share will also increase. 

3.3.4.2.2 Step 2B: Modelling and Simulation of SD Model 

Following Step 2A, SFD is derived. The biodiesel share comes from the percentage of biodiesel 
consumption against all of the total transportation energy demand needed in Indonesia for one 
year. The total amount of energy demand represented in an energy unit can be distributed to 
either oil-based fuel or biodiesel. The total transportation energy demand (TED) is a function of 
Gross Domestic Product (GDP) per capita and Total Population (TP) of Indonesia. TED is 
driven by the energy elasticity and fuel price factors (Wang et al., 2008) as displayed in the 
Equation 1. 

Total TEDt=n = Total TEDt=0 + ∫(.∆TP x β.(∆GDP/Capita))ɸdt 
 

Where: ɸ = Energy Elasticity x γ (Current (Π Fuel Price)/Initial (Π Fuel Price)) 
α =Population growth energy elasticity; β=Economic growth energy elasticity; γ=energy price elasticity  
  

Equation 1. Total Transportation Energy Demand equation 

 

Figure 3.6 Total Transportation Energy Demand sub-model as translated from Equation 1 

Equation 1 is embedded in the stock and flow diagram as visualised in Figure 3.6. The total 
transportation energy demand ensembles the amount of energy needed in Indonesia to fulfil its 
growing economy and population. However, in this simplified model, the energy elasticity is 
assumed to be in a static condition as it was in the 2006 while the other factors dynamically 
evolve along the simulation time.  
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The total transportation energy demand sub-module serves as the anchor demand to determine 
biodiesel consumption in terms of annual volume. The total transportation energy demand sub-
module will interact with the biodiesel production sub-module and biodiesel market share to 
determine biodiesel consumption. Biodiesel market share is a relative share of total energy 
consumption against the diesel oil energy share. It is driven by the biodiesel price which is a 
reflection of biodiesel production capacity. The biodiesel production capacity itself is a product 
of investor perception over the biodiesel profitability in the long run as investors seek out the 
opportunity based on comparative price of CPO as the biodiesel main feedstock and crude oil 
price. Figure 3.7 visualises the stock and flow diagram of the model for the biodiesel industry 
development sub-module. Details of the model variables can be seen in Appendix 3.1. 

 

Figure 3.7 Sub-model structure of biodiesel industry development 

The biodiesel industry development sub-model explicitly elaborates investment mechanism 
competition and is highlighted in CLD Figure 3.5. This market mechanism visualises the 
occurrence of delays in the biodiesel investment strategy as it does not instantaneously react to 
price changes in the market, instead it lags on responding any changes in the system at large. 
Such kind of delays occurs as a result of accumulation process in the stock variables. The model 
elaborates the actors’ interest by having the price competition determines the number of 
investment and production development. Special attributes on the model includes the domestic 
market obligation (DMO) as an assurance for the feedstock supply, CPO price as the feedstock 
price to calculate the real price of biodiesel, and the government mandatory usage as the 
“steady” demand for biodiesel consumption (Hidayatno et al., 2011a). 
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3.3.4.3 Result of Case Study 1 
Figure 3.8 shows the simulation result of the biodiesel development model. As shown in Figure 
3.8, the development trend of biodiesel usage in Indonesia shows an interesting pattern. The 
investment grows up beyond the targeted value between 2006 and 2008 then plunging to almost 
half of the targeted value in the 2013, and hoping to regain the momentum back to pursue the 
target.   

 

Figure 3.8 Simulation result: trend of biodiesel development 

The biodiesel industry development model suggests to not profiting from the current domestic 
petroleum prices despite the promises of captive market and price subsidies. The problem 
should be analysed not at the macro level, but at the micro level. At the beginning of 2006, a 
combination of very low world CPO price and very high world oil price created rare conditions 
when biodiesel was profitable. This rare condition created a margin that attracted private 
investment in biodiesel production in the beginning, and the government saw this as the 
beginning of growth of biodiesel industry and devised a series of new market mechanism. 
However, this unique condition will not be possible in the future, due to a continuous strong 
demand of CPO as a cheaper source of biodiesel than other sources. It explains the gap 
development in the production trend of biodiesel as shown from the model’s result. 

The result shows the government that if there are no immediate responses to boost the biodiesel 
industry development, the 2008 biodiesel target usage will not be able to catch up. More 
interestingly, the model also shows with the sign of current oil price decreasing trend the 
profitability of biodiesel industry is becoming worse than the 2010–2012 condition which could 
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also translate into further gap between the producing capabilities with the expected target. The 
other important factor is the CPO export price. The model shows the increasing exported CPO 
tends to happen if major exporters such as Indonesia tries to reduce their CPO supplies to the 
world market. This, for most of the reasons, price factor is the most responsible variables in 
determining the attractiveness of biodiesel production. As long as the subsidised diesel oil is still 
in the market, the biodiesel price will have difficulties to win the competition. It is also 
important to see that the government’s consistency also plays important rule in this issue as it 
involves stakeholders from across the sectors apart from the energy players. 

3.3.5 Case 2: LPG Adoption 

MEMR was later appointed as the government’s authorised representative leading the program. 
Pertamina, as the National Oil Company (NOC) possesses a permit to distribute LPG and 
kerosene in Indonesia. Pertamina was eventually appointed as the sole program executor. On 
May 2007, this program was launched in Jakarta. 

3.3.5.1 Step 1: Defining Goal and Values of LPG Adoption 
With an urgent need to reduce subsidy to the energy post, the Indonesian government launched 
massive kerosene to LPG conversion program, or so-called LPG adoption. In terms of 
investment capital, the project was not extraordinarily large, but was of extremely large scale 
throughout the entire country and socially very risky (WLPGA, 2015). A Presidential Decree to 
authorise the program was released in December 2007. Meanwhile, the roadmap and program 
plan were improved as the execution proceeded. Pertamina would finance all aspects of the 
program and then got reimbursement from the government. The program execution was based 
on certain focused area priorities: 1) areas with LPG infrastructure readiness, and 2) areas with 
high consumption of kerosene (Beaton and Lontoh, 2010, Budya and Yasir Arofat, 2011).  

The program was launched in Jakarta. A major effort is required to plan an infrastructure that 
could be built within the first three years, starting immediately, and followed shortly afterwards 
by distribution (Budya and Yasir Arofat, 2011).  The program goals are almost similar to the 
biodiesel development program: to diversify the Indonesian energy supplies in order to reduce 
the amount of subsidy given to the energy sector. 

The program is running by using a business model executed by a business entity deemed 
capable of executing it (WLPGA, 2015). Indonesia has an advantage with a sole NOC as ‘‘the 
leverage arm’’ of the Government. It uses this leverage in an attempt to maximise the role of 
private institutions, particularly those who already participating in the previous commercial 
system and those who effectively active in gaining societal support. The short lead-time and 
program speed has a negative impact on the development of needed capacities, and this should 
be improved in the future. By using a strong social approach, all phases of the implementation 
model can be replicated quickly and efficiently in other conversion areas throughout the 
country (Budya and Yasir Arofat, 2011). This ranges from coordination with local governments 
to withdrawal of the existing fuel. Rapid program execution requires post-program socialisation 
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to increase societal awareness. The program is beneficial to a wide range of parties, including 
government, national industries and end users (Beaton and Lontoh, 2010). However, it requires 
extra efforts to convert the distribution chain, and it increases the risk of market competition. 

3.3.5.2 Step 2: Application of RI Dimensions with SD Modelling 

3.3.5.2.1 Step 2A: Developing Conceptual Model 

The LPG adoption is also a complex mission for the Indonesian government. It requires multi-
actor commitment to roll out full scale implementation throughout the nation. Moreover, 
kerosene supply in Indonesia is reaching its stable point where it needs a lot of intervention to 
shift the equilibrium.  The Indonesian government introduces two-way measures to ensure 
smooth transition to LPG regime. First the government tries to reduce numbers of kerosene 
supply produced by Pertamina to the market with Government Induced Kerosene Supply 
Withdrawal in selected region as displayed in Figure 3.9, while in the same time also increases 
Government Induced LPG Supply. The measures trigger rapid increasing on the kerosene market 
price because it increases kerosene supply scarcity in the market. The market then is flooded by 
the LPG supply and its supporting apparatus. The measures speed up conversion rate up until 
threefold before the measures are introduced. Pertamina as the sole player in both commodities 
quickly reacts to the government mandate by boosting LPG production and supply to the 
market, thus decreases LPG supply scarcity and reduces the LPG price respectively resulted to a 
ramp up of LPG demand in the market. This mechanism is visualised in Figure 3.10 as the LPG 
supply and demand loop.  

  

Figure 3.9 Kerosene conversion map 
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Figure 3.10 Causal loop diagram of LPG adoption 

3.3.5.2.2 Step 2B: Modelling and Simulation of SD Model 

Following CLD in Figure 3.10, an SFD simulation is then derived to give more understanding 
on the relationship and interaction between variables as shown in Figure 3.11. The model 
consists of two sub-modules. The first sub-module shows producer sector of kerosene, while the 
second sub-module shows the LPG development. In this particular model, the distinct 
differences come from both ends of the modules, the kerosene producing modules introduce 
decreasing rate induced by the government, and rapid increasing rate in the LPG supply 
induced by the government. Both variables play important roles that shape the structure and 
behaviour of the model as displayed in Figure 3.10 and Figure 3.11. Details of the model 
variables can be seen in Appendix 3.2. 

 

Figure 3.11 Sub-module structure of LPG adoption 
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While the biodiesel development model followed the logic of free market competition, the LPG 
adoption model is built by using a price protective mechanism by heavy government subsidy.  
Both commodities, biodiesel and LPG, are having their price in a pegging level. This makes the 
government imposes different approaches. In the biodiesel development model, the government 
intervenes by having DMO mechanism and price intervention. In the LPG adoption model, the 
government plays a supply chain instrument limitation as it limits the supply of kerosene to the 
market. The LPG adoption model adds the model limitation supply chain on the inflow of the 
kerosene to the market. 

3.3.5.3 Result of Case Study 2 
Figure 3.12 depicts the simulation result of the LPG adoption model. The result indicates that 
the kerosene to LPG conversion performs better result compared to the case of biodiesel 
development. 

 

Figure 3.12 Simulation result: LPG adoption 

In the first case the current trend lags only 7% from the targeted value whereas in the second 
case targets are far to reach. Therefore, it can be said that in the case of biodiesel development, it 
will be difficult to achieve the 20% blending percentage at the end of 2020 if the government 
continue to rely only on the top-down government mandated blending percentage regulation. 
The kerosene to LPG conversion is successful in embedding values such as autonomy, 
independence, transparency, low emissions, low cost, affordability, safety, security, inclusiveness 
and poverty alleviation. This enabled to achieve economic viability and social acceptance for the 
transition. These goals accentuated the process of environmental sustainability. 
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The dimension of anticipation would be enriched through the use of SD modelling 
methodology (discussed in the next section) to explore plausibility of impacts and results of 
deployment and adoption of new energy technologies such as LPG. 

 Discussion 

We presented SD models for aiding the application of two RI dimensions: reflexivity and 
anticipation. The centre of discussion in these models is to materialise RI dimensions of 
reflexivity and anticipation into a more tangible form in order to gain an in-depth 
understanding regarding the issue. Thus, the models try to incorporate stakeholder’s mental 
model into form of variables interacting in the models which are visualised in the CLD of Figure 
3.5 and Figure 3.10. In general, the models establish two competing entities to take on the 
relative share of the total amount of energy needed. In addition, the total energy needed also 
grows along the way with a steady pace. Hence, one of the main limitations on this model is 
static growth rate on the total demand energy in each model represented by the constant growth 
rate relative to the present demand with the structure and the equation shown in Figure 3.3. 
One of the governing loops on the model follows the shifting paradigm mechanism, it 
constitutes the notion of breaking the energy lock-in (Dangerman, 2013). As a comparison, the 
paradigm shift in energy sector can also be seen in one practice in China where the Chinese 
government tried to transform its economic development model in order to find an appropriate 
way of lower carbon development, which will largely rely upon a clean and efficient 
development engine (Li and Wang, 2012). It is also imperative to underline the function of price 
mechanism which mainly governs the relative share of both entities. The relative share was 
being driven by the availability of both entities which was also a function of investment flow as a 
result of future probability in the market as also shown in Figure 3.5. Further, some key points 
from both case studies can also be derived as shown in Table 4.1. The table highlights SD 
modelling results and model results which support the discussion of RI. 

Table 3.1 Key points derived from the two case studies 

 Biodiesel Development Model LPG Adoption Model 

Modelling Focus Diffusion of Biofuel energy, 
market driven simulation focuses 
on enterprises 

Transition of Kerosene to LPG, 
government driven simulation focus 
on the pricing at final users and 
availability effect of Biofuel in the 
market 

Scope of Model National scale, unbounded to 
state boundaries 

National scale with state constraints 

Interacted Actors Government 
CPO (Biodiesel Enterprises) 

Government 
Final energy users 

Time Horison Following the Regulation 
framework 32/2008 (2006 – 2025) 

Following Pertamina plan (2006 – 
2025) 

Main Variables CPO price, Crude oil price, Kerosene availability, kerosene price, 
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 Biodiesel Development Model LPG Adoption Model 
Biodiesel production capacity, 
Biodiesel Domestic Market 
Obligation 

kerosene market share 

Key Findings The present structure relies 
heavily on the price of crude oil. 
Since the crude oil price and 
biodiesel price assumed to have a 
substitution effect, meaning that 
any push on crude oil price will 
increase the biodiesel investment 
thus produce more biodiesel. 
 
The present structure of Biodiesel 
development shows a possible 
rebound effect on the biodiesel 
production. As the domestic 
market obligation and CPO 
demand increase the biodiesel 
price will also increase exceeding 
benefit ratio against crude oil 
price 
 
The combination of crude oil 
price reliance and possible 
rebound effect create a weak 
transition in Biodiesel 
development. The model shows 
increasing biodiesel production in 
a short run and declining rate of 
growth after a while. 

The present structure of kerosene 
relies heavily on the government 
subsidy and availability in the 
market. 
 
The combination of decreasing 
supply of kerosene along with the 
increasing supply of LPG along with 
heavy governmental incentives on 
providing LPG cookers push the 
diffusion process faster to achieve the 
expected number. 

 

Compared to the LPG adoption case, the complexity of the biodiesel sector makes the gap 
between government expected target and real production larger than the expected (as shown in 
Figure 3.8). The gap creates negative feedbacks in twofold. First, it creates a low profitability 
projection as it indicates there will be not enough scale of biodiesel to take into the market to 
shift the national future oil demand. The biodiesel sector itself is not a single energy entity; the 
sector spans from agricultural production in the upstream to biodiesel distribution in the 
downstream. Different from LPG production and distribution that predominantly controlled by 
government authority and state-owned corporation, most of the biodiesel upstream namely: 
private palm oil producers and small farmer entities. These private and small farmer entities 
decision are affected by the palm oil prices in the international market, making a stable stream 
of feedstock is next to impossible without a stern profitability projection. Second, as the gap 
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show little profitability projection in the future, more and more palm oil plantation 
development in the future will move away from providing to the biodiesel producers. Therefore, 
there will be more land opening in the biodiesel development that might give cost extra pressure 
in the environmental aspects of biodiesel. Furthermore, less palm oil for biodiesel development 
also means less opening of palm oil plantation. Biodiesel represents increasing value in the palm 
oil value chain that might help reduce rural poverty and increase rural labour availability 
through the opening of palm oil plantations. However, with the current development, lower 
value activity in the palm oil plantation might still dominate as the marginal benefit of selling 
palm oil is better than selling biodiesel. This might limit the possibility of the societal impact of 
palm oil plantation.  

3.4.1 Reflexivity Dimension 

Both cases presented in this paper display the complexity of balancing the adoption of 
technology with market mechanism in order to get co-benefit values intended by the 
government. In those cases, the notion of reflexivity plays an integrative part as a technological 
assessment for the policy implementation. It serves the purpose of bridging the gap between 
engineering and technological practices with the governmental and social views. The reflexivity 
process in both models derives stakeholders’ mental model from the voices raise in secondary 
sources like formal report and news. It is translated into a CLD to portray the results of 
stakeholders’ reflection over the system. The results of the reflection have to be introduced to 
the different fields of action (e.g., politics, economics, law). Taking the dimensions of RI studied 
in this research seriously leads to the conclusion that RI approach unavoidably requires a more 
intense inter- and trans-disciplinary cooperation between engineering, social sciences and 
applied ethics. Reflexivity in the SD modelling domain goes beyond its foundation. As Sterman 
(2000) and Forrester (2007) pointed out that the systems behaviour is a result of its endogenous 
structures. It emphasises the interaction of variables within the systems and therefore the nature 
of SD tries to elaborate the point of views. 

This research gathers numbers of researches with both written and oral information within the 
two cases to build up CLD and SD models. The CLD is a result of reflexivity process carried by 
researchers out of point of views from key stakeholders in the cases. It elaborates conflict-and-
align of interests by contrasting the collected data. In SD perspectives, a CLD is first constructed 
from a dynamic hypothesis posted by an issue owner. A dynamic hypothesis is a working theory 
of how the problem arose. It guides modelling efforts by focusing ‘you and your clients’ on 
certain structures. Much of the remainder of the modelling process helps us to test the dynamic 
hypothesis, both with the simulation model and by experiments and data collection in the real 
world. In these cases, the models’ hypotheses are derived from literature reviews and secondary 
data as mentioned before. Endogenous interaction as the core of SD does not entitled SD to 
include everything within the model; it goes to the second part of modelling by creating model 
limitation. The model limitation serves as the boundary of the model to keep addressing the 
issue rather than having a full-scale system, as it follows the notion of modelling which is the 
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representation of the world not the world itself. It means the model represents the world of 
biodiesel and LPG adoption in Indonesia. This serves the purpose of decision makers to 
understand whether their decision and strategies are lacking to achieve the desired goals for 
energy access and sustainable development through the development of biodiesel and adoption 
of LPG in Indonesia. This micro representation can guide what specific changes should be 
brought under pricing, funding, taxing and research and development fronts. Reflexivity would 
be unable to understand that up to what extent the policies and strategies represent the social 
desirability and government vision. By going through an iterative process, the government gets 
an opportunity in the modification of multiple initiative on energy access. 

3.4.2 Anticipation Dimension 

Both modelling cases presented in this paper explore technology adoption process as the 
innovation and technological change process in a social system. It falls into the notion of self-
organising market mechanism to take care the innovation process. The first model, the 
development of biodiesel industry in Indonesia shows an interesting pattern where the model 
implies it follows the opposite trends of fuel price movement. Given the system dependencies 
on the price factor between biodiesel and solar price commodity along with the reality of 
government heavy subsidy to support conventional diesel usage, the biodiesel production will 
most likely never reach the target to fulfil the government target in time. Since the production 
trend currently lacks behind the government given expected condition even the condition has 
been improved to catch on the target. On the other hand, the imposed regulation by the 
government seems unable to lever the biodiesel production to the expected point, even though 
the government has boosted the production through the mandatory production. The model 
reflection tells us that although the government of Indonesia was and is still unable to control 
the international oil price to levy up biodiesel production, it might have the ability to alter 
demands in order to trigger further investment in the biodiesel production.  

One of the possible scenarios for anticipating the unexpected outcomes is to impose more 
biodiesel domestic market obligation to keep biodiesel price attractive to the producers. Such 
measures can be taken by compelling all commercial diesel oil-based vehicles with higher 
percentage of biodiesel mix. The model indicates for every percentage mandatory increases in 
the transportation biodiesel mix will increase 200 thousand kilolitres of biodiesel production 
capacity in the fifth year. By doing so, the government might create a momentum for biodiesel 
producer to invest sufficiently and meet its economic of scale. This means values like 
productivity, affordability and accessibility would be incorporated by actions taken by the 
government. This also means that it might open the opportunity for contributing to the 
reduction of poverty, reduced carbon emission from fossil fuels, better income for producers 
and less dependence on oil imports. Figure 3.13 shows the development of biodiesel production 
simulated in the model if the government successfully imposes two per cent biodiesel mix from 
five per cent blending to seven per cent blending as a maximum biodiesel blending percentage 
to be used in the current commercial diesel oil-based vehicle without altering or harming the 
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vehicle engines. The scenario could immediately kick-in in the beginning of 2015. It shows the 
government’s intention to contribute to environmental sustainability. 

 

Figure 3.13 Simulation result: the anticipation option in biodiesel development 

The second model, the LPG adoption case shows a slightly different result (see Figure 3.14), but 
in more favourable ways for the government. Relatively, the conversion process develops close 
to the government plan. The model result indicates that the number of LPG used in Indonesia 
has significantly increased while the usage of kerosene drops to almost zero level. In this case, 
the Indonesian government approach on limiting the supply of kerosene in the market is 
proven to be a key factor for making sure the consumption level still in line with the 
government plan. However, the anticipated numbers produced by the model shows 
considerable delay and lag to the government target. In order to keep up to the target, at least 
two possible measures can be introduced to the model as the scenario for anticipating the 
unexpected outcomes. These measures were tested as scenario parameters in the model. First, 
by providing more gas stove to the market. And second, by increasing the supply of Pertamina’s 
LPG to the market through fiscal incentives to lower the LPG production cost. In those ways, 
government might drive the market faster to converge with the government targets at the end of 
2025.  
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Figure 3.14 Simulation result: the anticipation option in LPG adoption 

The anticipation through deployment of SD model would have enabled policy makers, decision 
makers and investor to initiate and take actions and step for deciding priority for sustainable 
development and better energy access in Indonesia. A better anticipation prior and during the 
new technology adoption may lead to better outcomes of policies and strategies adopted by 
Indonesian government. The government would have innovated with better accountability and 
responsibility by consideration of future impacts and outcomes at the level of decision making 
and execution of policies. Further, anticipation through the use of SD modelling might address 
many more critical questions faced by the decision makers in the government. The SD 
modelling deployment as part of RI approach would enable government or innovators in 
innovating responsibly. 

 Conclusion 

This paper would be an important contribution for the application of RI approach in practice. 
The existing gaps on the part of deployment of five dimension of RI approach is partially 
addressed in this paper. The findings suggest that for practical purposes, SD modelling 
enhances anticipation of the implication and impacts of energy technology adoption. It is also 
found that the technology development and adoption process and strategy could successfully 
make reflection of the expectation and requirement of adopters and the context of adoption. 
The SD modelling as part of RI can enhance in obtaining an in-depth understanding of how the 
process of technology adoption works by capturing the key-elements and their causal-
relationships that make up the dynamic complexity of the adoption. In regarding anticipation 
dimension, the simulation results of the SD models reflect the behaviours of the underlying 
structures of the models. It means better capability that how government can accelerate 
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innovation and technology adoption process by adopting better strategies based on anticipated 
scenarios derived through SD modelling. This suggests that the sustainable development efforts 
could generate better results through the adoption of RI approach by deploying SD modelling.  

Further, the study shows that different results were produced by varied strategies adopted by the 
Indonesian government in the cases. Interestingly, the key Indonesian government body 
responsible for ensuring the smoothness of biodiesel development and LPG adoption rests on 
the hand of MEMR. However, the interactions of main actors with the other actors are different. 
Moreover, the supply chain structure of biodiesel industry is proven to be more complex than 
the LPG supply chain. In addition, more robust conclusions would be derived by the inclusion 
of additional actors’ perspectives through participation and deliberation dimension of RI 
approach. However, this is not within the scope of this paper. These gaps could be filled by 
taking up further research in the future. Yet, in this respect, the SD models developed by the 
researchers in this paper—as part of the RI approach—at some extent can be used as the tool for 
learning by stakeholders in the later stage, such as in a deliberative stakeholder dialogue. 
Therefore, for a future study, a participatory process in a SD group model building or mediated 
modelling (Vennix, 1999) under RI approach (where the relevant actors involved in the 
adoption process can directly participate in the modelling process) would be scientifically 
interesting. Participatory modelling would also be more relevant to cover the application of 
other RI dimensions in practice, in particular deliberation and responsiveness—which were also 
not covered in this paper. Such a participatory SD modelling seems even promising for 
enhancing the capacity of all five RI dimensions. 

This study, however, has not discussed the anticipation dimension extensively, in particular 
regarding the societal and environmental impacts and risks of biodiesel development (e.g. 
impact on land use). Anticipation is limited to how to deal with the unexpected outcomes of 
biodiesel development from economic aspects, such as investment required to meet the scale of 
production. Meanwhile, reflexivity dimension discussed in this study is also limited to reflection 
on given goals and values (e.g., the government’s target of biodiesel production) and biodiesel 
development processes. It does not reflect on the underlying purpose of biodiesel development. 
Future research could address this issue by broadening the scope of SD models to cover societal 
and environmental aspects more rigorously; and by encompassing the broader questioning of 
underlying goal, values and assumptions of the model. 

The lessons from this paper on deployment of SD modelling as part of RI approach could be 
useful for researchers and practitioners in the area of new and emerging technologies and 
innovations. This study could be replicated in developing countries in the areas of adoption of 
solar energy, drip irrigation, rapid urban transport, genetically modified food and organisms, 
nanotechnology, e-mobility, smart cities and health. Therefore, this paper would provide 
important insights for further potential area of research for adoption of the RI approach 
through using an alternative methodology such as in the form of SD modelling. 
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Appendix 3.1 Biodiesel Development Model (Table of Variables) 

No Name Type Value/Function 
Initial 
Value 

Unit 

1 Available Capital Level Energy Investment.dt -  Biodiesel 
Investment.dt 
Conv Diesel Investment.dt 

2400 MEur 

2 Biodiesel Capital Level Biodiesel Investment.dt - Capital Depreciation 
Biodiesel.dt 

1200 MEur 

3 Conv Diesel 
Capital 

Level Conv Diesel Investment.dt - Capital 
Depreciation Conv Diesel.dt 

5800 MEur 

4 Stock Biodiesel Level Production Rate Ren Energy.dt - Consumption 
rate Conv Diesel.dt 

100 GJ 

5 Stock 
Conventional 
Diesel 

Level Production Rate Conv Diesel.dt - 
Consumption Rate Conv Diesel.dt 

520 GJ 

6 Total Demand Level Demand Change Rate.dt 520 GJ 
7 Biodiesel Elasticity Auxiliary GRAPHCURVE('Biodiesel Price 

Relativity',0,0.3,(1.87,1.85,1.74,1.66,1.19,0.74,0.
44,0.28,0.25,0.2//Min:0; Max:2//)) 

 Unitless 

8 Biodiesel Energy Auxiliary Initial Biodiesel Price'*DELAYINF('Supply 
Demand Price Change 
Biodiesel',6<<mo>>,2,1) 

 EUR/GJ 

9 Biodiesel 
Investment 

Auxiliary Available Capital'*'Ren Capital Share'*'CPO 
Price' 

 Meur/Yr 

10 Biodiesel Price 
Relativity 

Auxiliary Biodiesel Energy'/'Price Conv Energy'  Unitless 

11 Capital 
Depreciation 
Biodiesel 

Auxiliary   2.5 %/Yr 

12 Capital 
Depreciation Conv 
Diesel 

Auxiliary   3.5 %/Yr 

13 Consumption Rate 
Biodiesel 

Auxiliary Total Demand'*'Biodiesel Elasticity'*'Reference 
Share 

 GJ/Yr 

14 Consumption Rate 
Conv Diesel 

Auxiliary Conv Share'*'Total Demand'  GJ/Yr 

15 Conv Diesel 
Investment 

Auxiliary GRAPHCURVE('Profitability Exp 
Conv',0,0.2,(0.04,0.18,0.35,0.45,0.65,1,1.57,1.75,
1.81,1.83//Min:0;Max: 
2//))*'Available Capital'*'Reference Capital 
Share' 

 Meur/Yr 

16 Conv Share Auxiliary 100<<%/yr>>-('Reference Share'*'Biodiesel 
Elasticity') 

 %/Yr 

17 CPO Price Auxiliary   765 EUR/To
n 
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No Name Type Value/Function 
Initial 
Value 

Unit 

18 Demand Change 
Rate 

Auxiliary Total Demand'*'Reference Demand Change'  GJ/Yr 

19 Domestic Market 
Obligation 

Auxiliary   15 %/Yr 

20 Energy Investment 
Inflow 

Auxiliary Available Capital'*'Noise EI Inflow'*'Reference 
Rate EI Inflow' 

 Meur/Yr 

21 Energy Mix Ren 
Energy 

Auxiliary Stock Biodiesel'/('Stock Conventional 
Diesel'+'Stock Biodiesel') 

 Unitless 

22 Forward Conv 
Price 

Auxiliary FORECAST('Price Conv 
Energy',3<<yr>>,2<<yr>>) 

 EUR/GJ 

23 Forward Biodiesel 
Price 

Auxiliary FORECAST('Biodiesel 
Energy',3<<yr>>,2<<yr>>)  

 EUR/GJ 

24 Government 
Mandatory 
Biodiesel Usage 

Auxiliary   10 % 

25 Initial Biodiesel 
Price 

Auxiliary   130 EUR/GJ 

26 Initial Conv Disel 
Price 

Auxiliary   100 EUR/GJ 

27 Noise El Inflow Auxiliary RANDOM(0.6,1.5,0.8)   
28 Price Conv Energy Auxiliary Initial Conv Disel Price'*DELAYINF('Supply 

Demand Price change conv',3<<mo>>,2,1) 
 EUR/GJ 

29 Production Curve Auxiliary GRAPHCURVE('Conv Diesel 
Capital'/INIT('Conv Diesel 
Capital'),0,0.2,(0.1,0.13,0.22,0.46,0.63,1,1.32,1. 
63,1.64,1.65//Min:0;Max:2//)) 

 Unitless 

30 Production Rate 
Conv Diesel 

Auxiliary  'Production Curve'*'Reference Production 
Conv Energy' 

 GJ/Yr 

31 Production Rate 
Ren Energy  

Auxiliary Reference Production Biodiesel'*'Ren 
Production Curve Multiplier'*'Domestic 
Market Obligation' 

  

32 Profitability Exp 
Conv  

Auxiliary 0.5*('Consumption Rate Conv 
Diesel'/DELAYPPL('Consumption Rate Conv 
Diesel',3<<yr>>))+0.5* ('Forward Conv 
Price'/DELAYPPL('Forward Conv 
Price',1<<yr>>)) 

 Unitless 

33 Reference Capital 
Share 

Auxiliary   20 %/Yr 

34 Reference Demand 
Change 

Auxiliary   6 %/Yr 

35 Reference 
Production 
Biodiesel  

Auxiliary   80 GJ/Yr 
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No Name Type Value/Function 
Initial 
Value 

Unit 

36 Reference 
Production Conv 
Energy 

Auxiliary   450 GJ/Yr 

37 Reference Rate El 
Inflow 

Auxiliary   9 %/Yr 

38 Reference Share Auxiliary 13<<%/yr>>*'Government Mandatory 
Biodiesel Usage' 

 %/Yr 

39 Ren Capital Share Auxiliary 100<<%/yr>>-(GRAPHCURVE('Profitability 
Exp 
Conv',0,0.2,(0.04,0.18,0.35,0.45,0.65,1,1.57,1.75,
1.81,1. 
83//Min:0;Max:2//))*'Reference Capital Share') 

 %/Yr 

40 Ren Production 
Curve Multiplier 

Auxiliary GRAPHCURVE('Biodiesel 
Capital'/INIT('Biodiesel 
Capital'),0,0.2,(0,0.1,0.25,0.6,0.8,1,1.2,1.5,1.83,1.
87// Min:0;Max:2//)) 

 Unitless 

41 Supply Demand 
Price Change 
Biodiesel  

Auxiliary Consumption Rate Biodiesel'/'Production Rate 
Ren Energy' 

 Unitless 

42 Supply Demand 
Price change conv  

Auxiliary Consumption Rate Conv Diesel'/'Production 
Rate Conv Disel' 

 Unitless 
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Appendix 3.2 LPG Adoption Model (Table of Variables) 

No Name Type Value/Function 
Initial 
Value 

Unit 

1 Available Capital Level Energy Investment.dt -  LPG Investment.dt 
- Conv Diesel Investment.dt 

6800 MUSD 

2 Capital 
Depreciation 
Kerosene  

Auxiliary   5 %/Yr 

3 Conv Kerosene 
Capital 

Level Kerosene Investment.dt - Capital Depreciation 
Kerosene.dt 

2400 MUSD 

4 Capital 
Depreciation LPG  

Auxiliary   5% %/Yr 

5 Consumption Rate 
Kerosene  

Auxiliary Kerosene Share'*'Total Demand'  GJ/Yr 

6 Consumption Rate 
LPG  

Auxiliary Total Demand'*'LPG Elasticity'*'Reference 
Share' 

 GJ/Yr 

7 Kerosene 
Investment  

Auxiliary GRAPHCURVE('Profitability Exp 
Conv',0,0.2,(0.04,0.18,0.35,0.45,0.65,1,1.57,1.75,
1.81,1.83//Min:0;Max: 
2//))*'Available Capital'*'Reference Capital 
Share' 

 Unitless 

8 Demand Change 
Rate  

Auxiliary Total Demand'*'Reference Demand Change'  GJ 

9 Energy Investment 
Inflow  

Auxiliary Available Capital'*'Noise EI Inflow'*'Reference 
Rate EI Inflow' 

 MUSD/
Yr 

10 Energy Mix LPG Auxiliary Stock LPG'/('Stock Conventional 
Kerosene'+'Stock LPG') 

 Unitless 

11 Forward Kerosene 
Price 

Auxiliary FORECAST('Price 
Kerosene',3<<yr>>,2<<yr>>) 

 USD/GJ 

12 Forward LPG 
Price  

Auxiliary FORECAST('LPG Price',3<<yr>>,2<<yr>>)  USD/GJ 

13 Initial Kerosene 
Price 

Auxiliary   86 USD/GJ 

14 Initial LPG Price Auxiliary   135 USD/GJ 
15 Kerosene Capital Level Kerosene Capital.dt - Capital Depreciation 

Kerosene.dt 
5800 MUSD 

16 Kerosene Share Auxiliary 100<<%/yr>>-('Reference Share'*'LPG 
Elasticity') 

 %/Yr 

17 LPG Capital Share Auxiliary 100<<%/yr>>-(GRAPHCURVE('Profitability 
Exp 
Conv',0,0.2,(0.04,0.18,0.35,0.45,0.65,1,1.57,1.75,
1.81,1. 
83//Min:0;Max:2//))*'Reference Capital Share') 

 %/Yr 
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No Name Type Value/Function 
Initial 
Value 

Unit 

18 LPG Elasticity Auxiliary GRAPHCURVE('LPG Price 
Relativity',0,0.3,(1.87,1.85,1.74,1.66,1.19,0.74,0.
44,0.28,0.25,0.2//Min:0;Max: 
2//)) 

 Unitless 

19 LPG Investment Auxiliary Available Capital'*'LPG Capital Share'*'Gov 
Indusced Investment' 

 MUSD/
Yr 

20 LPG Price Auxiliary Initial LPG Price'*DELAYINF('Supply Demand 
Price Change LPG',6<<mo>>,2,1) 

 USD/GJ 

21 LPG Price 
Relativity 

Auxiliary LPG Price/ Kerosene Price  Unitless 

22 LPG Production 
Curve Multiplier 

Auxiliary GRAPHCURVE('LPG Capital'/INIT('LPG 
Capital'),0,0.2,(0,0.1,0.25,0.6,0.8,1,1.2,1.5,1.83,1.
87//Min:0;Max: 
2//)) 

 Unitless 

23 Noise Inflow Auxiliary RANDOM(0.6,1.5,0.8)  Unitless 
24 Kerosene Price Auxiliary Initial Kerosene Price'*DELAYINF('Supply 

Demand Price change Kerosene',3<<mo>>,2,1) 
 USD/GJ 

25 Production Curve Auxiliary GRAPHCURVE('Kerosene 
Capital'/INIT('Kerosene 
Capital'),0,0.2,(0.1,0.13,0.22,0.46,0.63,1,1.32,1.6
3,1.64,1.65//Min:0;Max:2//)) 

 Unitless 

26 Production Rate 
Kerosene 

Auxiliary Production Curve'*'Reference Production 
Kerosene'*'Supply Limitation by the Gov' 

 GJ/Yr 

27 Production Rate 
LPG 

Auxiliary Reference Production LPG'*'LPG Production 
Curve Multiplier' 

 GJ/Yr 

28 Profitability 
Kerosene 

Auxiliary 0.35*('Consumption Rate 
Kerosene'/DELAYPPL('Consumption Rate 
Kerosene',3<<yr>>))+0.5*('Forward 
Conv Price'/DELAYPPL('Forward Conv 
Price',1<<yr>>)) 

 USD/GJ 

29 Reference Capital 
Share 

Auxiliary   20 %/Yr 

30 Reference Demand 
Change 

Auxiliary   6 %/Yr 

31 Reference 
Production 
Kerosene 

Auxiliary   450 GJ/Yr 

32 Reference 
Production LPG 

Auxiliary   35 GJ/Yr 

33 Reference SHare Auxiliary   13 %/Yr 
34 Stock Kerosene Level Production Rate Kerosene.dt - Consumption 

Rate Kerosene.dt 
680 GJ 

35 Stock LPG level Production Rate LPG.dt - Consumption Rate 100 GJ 
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No Name Type Value/Function 
Initial 
Value 

Unit 

LPG.dt 
36 Supply Demand 

Price change 
Kerosene  

Auxiliary Consumption Rate Kerosene'/'Production Rate 
Kerosene' 

 Unitless 

37 Supply Demand 
Price Change LPG 

Auxiliary Consumption Rate LPG'/'Production Rate LPG'  Unitless 

38 Supply Limitation 
by the Gov  

Auxiliary (step((1-0.2);starttime+5<<yr>>)-
step(0.15;starttime+5<<yr>>)-
step(0.2;starttime+5<<yr>>)) 

 GJ 

39 Total Demand Level Demand Change Rate.dt 520 GJ 
40 LPG Capital Level LPG Investment.dt - Capital Depreciation 

LPG.dt 
3100 MUSD 
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 Stakeholder Perspectives on Carbon 
Capture and Storage8 

Abstract 

Carbon Capture and Storage (CCS) is being considered as an option to reduce CO2 emissions 
worldwide. Yet recent cases show that CCS faces divergent public acceptance issues. This paper 
investigates stakeholder perspectives on CCS in Indonesia. Q methodology was adopted to 
analyse the diversity of stakeholder perspectives. Four perspectives were identified: 1) “CO2 
emissions reduction through clean energy sources rather than CCS”; 2) “CCS as one of the 
options in the transition to a sustainable energy system”; 3) “CCS as the only optimal solution to 
reduce CO2 emissions”; 4) “CCS is only a tactic to keep burning coal forever”. Based on these 
results, we argue that stakeholder acceptance of CCS should be understood as a contextualised 
notion. This means that understanding whether or under what conditions stakeholders would 
be willing to support CCS, requires consideration of stakeholders’ viewpoints about broader 
questions of CO2 emission reduction and energy supply in Indonesia, rather than studying 
attitudes towards CCS in isolation. We discuss how the approach taken in this study can be used 
and followed up in policymaking on CCS in Indonesia. 

 Introduction 

Carbon Capture and Storage (CCS) is being considered as an option in the (future) energy 
portfolio for countries all over the world (Gibbins and Chalmers, 2008, Johnsson et al., 2010). 
CCS refers to a range of technologies that are used to capture CO2 from fossil fuels at large point 
sources (e.g. power plant) and to transport and store that in geological reservoirs (Gibbins and 
Chalmers, 2008). In this way, CCS prevents the emission of CO2 to the atmosphere and 
contributes to the mitigation of climate change. Yet it has become clear that CCS is not 
uncontroversial. Several cases have been reported for example where CCS projects have met 
severe local resistances (e.g. Barendrecht in the Netherlands, Brandenburg in Germany) 
(Brunsting et al., 2011, Dütschke, 2011). So although CCS is considered technically feasible on a 
commercial scale (Gibbins and Chalmers, 2008), a lot of questions remain with regard to non-
technical aspects, such as public acceptance (Huijts et al., 2007, van Alphen et al., 2007). As a 
policy issue, CCS involves different stakeholders, defined as actors involved in, affected by, 
knowledgeable of, or having relevant expertise or experience on the issue at stake (based on van 
Asselt Marjolein and Rijkens-Klomp, 2002). These stakeholders—such as local communities, 

_______________________                                                    

8 This chapter is based on the following article: Setiawan, A. D. and Cuppen, E. 2013. Stakeholder perspectives on 
carbon capture and storage in Indonesia. Energy Policy, 61, pp.1188-1199.  
DOI: https://doi.org/10.1016/j.enpol.2013.06.057  
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industry, governments, science, NGOs and society in a wider sense—may have different ideas 
about the conditions under which it should be implemented or whether it should be 
implemented at all. Whereas some people see CCS as a necessary step towards a more 
sustainable energy system, others may see it as a lock-in of coal-fired power plants (Praetorius 
and Schumacher, 2009). Nevertheless, several countries, developed and developing, consider 
CCS as part of their low-carbon energy portfolio. Indonesia is one of those countries. 

The Indonesian Government has committed to a reduction of the country’s carbon emissions 
up to 26% by 2020 from a business as usual scenario (Reuters, 2009). Following the Presidential 
Regulation on the National Energy Mix Target 2025, policies are geared towards reducing 
carbon emissions, mainly from the energy sector, through energy diversification and 
conservation. In fact, in this target plan fossil fuels (oil, natural gas and coal) remain dominant 
with 83% and renewables have a share of 17%. Coal in particular takes in 33% of total energy 
mix target as to deal with energy demand growth (ESDM, 2006, ICSWG, 2009).  

Within this context, Indonesia considers CCS as a way to reduce CO2 emissions from the energy 
sector (ICSWG, 2009, Simamora, 2008). A preliminary study was carried out in 2009 by the 
Indonesia CCS Study Working Group to analyse the CCS potential in Indonesia. This study 
focused on technical issues such as capture technology, transportation method and subsurface 
geological storage; and non-technical issues such as the regulatory framework, financing, long-
term liability and public acceptance (ICSWG, 2009). According to the study, the barriers for 
CCS concern mainly the non-technical issues. The study however did not address stakeholder 
perspectives or public attitudes on CCS. With this study, we aim to fill this gap, considering the 
importance of societal acceptance for successful implementation of any new technology 
(Johnsson et al., 2010, van Alphen et al., 2007).  

Strategies towards the implementation and diffusion of new energy technologies such as CCS 
involve multiple stakeholders who have different interests, values and beliefs with regard to 
those technologies and the energy transition in general. CCS as a policy issue can be considered 
wicked (Rittel and Webber, 1973) or unstructured (Hisschemoller and Hoppe, 2001), which 
means that stakeholders differ in terms of how they define the problem and the preferred means 
for dealing with the problem. The policy sciences, especially in the field of energy and 
environment, suggest that dealing with wicked issues requires a deliberative approach (Burgess 
et al., 2007, Cuppen, 2012a, Wynne, 1996). Such an approach can be characterised as a learning 
process: through the interaction between stakeholders with different perspectives a better 
understanding of the issue (knowledge and values) at stake can be achieved (Cuppen, 2012a, 
Cuppen, 2012b). This is necessary in order to come to robust policies that integrate divergent 
perspectives in order to contribute to the energy transition. This notion of policy as learning 
(Hisschemoller and Hoppe, 2001) is the starting point for this paper. It suggests that a policy 
process starts with the articulation of divergent perspectives (Cuppen, 2012a, Cuppen, 2012b). 
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A perspective is defined here as the integrated whole of beliefs, values and presumptions that 
stakeholders use to get to grips with a particular problem (Cuppen et al., 2010). 

In this paper, we aim to set the stage for such a policy process by identifying the diversity of 
stakeholder perspectives on CCS in Indonesia. Most studies that have been published in relation 
to policy making on CCS focus on European countries (Pietzner et al., 2011, Radgen et al., 2009, 
Shackley et al., 2009, Shackley et al., 2007, van Alphen et al., 2007) and the United States 
(Chaudhry et al., 2013, Feldpausch-Parker et al., 2011, Stephens and Jiusto, 2010) As such, this 
paper may enrich the policy relevant knowledge base on CCS from a developing country 
perspective.  

This paper is structured as follows. Section 4.2 presents the method used to identify stakeholder 
perspectives and how it was applied. Section 4.3 presents the results of the study. Section 4.4 
discusses the similarities and differences between the resulted perspectives. Section 4.5 discusses 
implications of the study for research and policy making. And finally, Section 4.6 wraps up with 
conclusions and discussions. 

 Methodology 

4.2.1 Selecting a Congruent Method: Q Methodology 

Above we have stated that CCS can be considered as a wicked policy issue. The wicked nature 
implies that problem boundaries are not well defined but need to be probed. Dunn (1997) refers 
to this as ‘estimating the boundaries of ignorance’. This needs to be taken into account when 
selecting a method for the analysis of stakeholder perspectives. Such a method should be 
congruent (Dunn, 1997) with the wicked nature of the CCS issue. Congruency means that it 
facilitates ‘estimating the boundaries of ignorance’, rather than adopting assumptions with 
regard to the problem boundaries or classes within the problem (e.g. who knows or values what, 
or which categories of perspectives there are or need to be taken into account). The social 
sciences have a number of methods at disposal to investigate perspectives in such a way, both 
qualitative and quantitative.  Examples of qualitative techniques that are used quite often are 
interviewing and discourse analysis (e.g. Hajer and Versteeg, 2005). Also qualitative are 
cognitive mapping (Axelrod, 1976, Kitchin, 1994), value-focused thinking (Keeney, 1997) and 
policy Delphi  (De Loe, 1995, Turoff, 1970). Both Q methodology and repertory grid technique 
(Fransella and Bannister, 1977, Kelly, 1995) are examples of combined qualitative-quantitative 
methods that have been used in the policy science field: repertory grid (e.g. Dunn, 1988, van de 
Kerkhof et al., 2009), and Q methodology (e.g. Breukers, 2006, Ellis et al., 2007, Van Eeten, 
2001). Each of these methods obviously has its own values and constraints. Q methodology 
stands out, as shown by the large and growing number of publications in the policy science 
field, (see below) as it allows for investigating perspectives in an open yet structured way, that is 
able to unravel more marginal perspectives next to more dominant perspectives.  
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Developed in 1935 by William Stephenson, Q methodology is aimed to study people’s 
subjectivity (Brown, 1980, Stephenson, 1935). Q methodology has been used in numerous 
accounts in environmental and energy policy research, where analysis of conflicting knowledge 
claims might lead to more effective policy solutions (Clarke, 2002, Cuppen et al., 2010, Ellis et 
al., 2007, Fisher and Brown, 2009, Ockwell, 2008, Reed et al., 2009, Van Eeten, 2001, Webler et 
al., 2001, Wolsink and Breukers, 2010). It has been used as a tool for facilitating stakeholder 
involvement, for example in forest policy and management (Kangas et al., 2010, Steelman and 
Maguire, 1999) and sustainable bioenergy (Cuppen et al., 2010).  

Q methodology typically employs small numbers of respondents and the in-depth study of 
single case is not uncommon (McKeown and Thomas, 1988). It integrates the strength of both 
quantitative and qualitative research methods, where anyone with a basic knowledge of research 
statistics can conduct Q research (McKeown and Thomas, 1988, Webler et al., 2009). It is 
considered quantitative since factor analysis is used as a calculation method and qualitative 
because discourse analysis or a descriptive approach is applied to interpret the Q results.  

The key elements in Q methodology are the 1) ‘concourse’, i.e. the full range of ideas and 
opinions on the issue under study; 2) the ‘Q sample’, i.e. the set of statements that reflect the 
diversity of the concourse; and 3) the ‘P set’, i.e. the group of respondents (Cuppen et al., 2010, 
Davies and Hodge, 2007). The central task in Q methodology is a Q interview, in which each 
respondent sorts the statements (the Q set). The sorting task is usually added upon by follow-up 
questions that can be used to gain more insight into individual perspectives. The Q sort is based 
on a (normally) distributed scale. This scale represents a subjective evaluation, usually 
something like ‘most agree’ to ‘most disagree’. Regular factor analysis is used to analyse the Q 
sorts. The resulting factors are qualitatively interpreted as different perspectives on the issue 
under study.  In the remainder of this section we will subsequently discuss each of the steps of Q 
methodology taken in this study to analyse stakeholder perspectives on CCS in Indonesia. 

4.2.2 Generating and Selecting Q Statements 

This step should lead to a set of statements that reflects the diversity of possible viewpoints on 
CCS in Indonesia. These statements form the basis for the perspectives that will be identified in 
later stages of the procedure. As such, this is a critical step in the procedure. This set will be 
sorted by each respondent in the Q interview. Around two hundred and fifty statements were 
collected in attempts to reflect the variety of ideas and opinions on CCS in Indonesia. 
Statements were taken from scientific articles, cyber-news articles, reports (especially the report 
from the Indonesia CCS study working group), websites, etc. Ideally, statements should come as 
much as possible from the investigated context, in this case the Indonesian discourse on CCS. 
Since CCS was a relatively new issue in Indonesia, finding statements that were specific for 
Indonesia was not so easy. The report from the Indonesia CCS Study Working Group provided 
a good starting point. It included for example capture and transport technology, potential CO2 
sources and storage, and methodology for site selection. Other issues, such as regulatory 
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frameworks and enabling policies, were however hardly covered. Because the report provided 
mainly technical, pro CCS viewpoints, we used more general statements on CCS to make sure 
that the sample represented a wide range of possible viewpoints. Diversity was checked by 
categorising the statements according to different category systems, e.g. categories based on 
elements of the value-chain and categories based on enabling policy and regulation. The Q 
sample of about two hundred and fifty statements needed to be reduced to a manageable size for 
the Q sorts. Using the category systems, overlapping and redundant statements were deleted or 
merged. A final set of forty-five statements remained, which reflected the diversity of ideas and 
opinions on CCS in Indonesia. These statements are listed in Appendix 4.1. 

4.2.3 Selection of Respondents 

The aim of respondents’ selection is to make sure that people with divergent perspectives are 
included. Due to the specific nature of Q methodology, these different viewpoints do not have 
to be balanced (as in a survey or questionnaire). Q methodology relies on purposive sampling, 
which means that when a person who is assumed to have a different point of view this is 
considered enough reason to include him/her in the sample (Cuppen et al., 2010, McKeown and 
Thomas, 1988). This means that, compared to common random sampling (e.g. surveys or 
questionnaires), sample sizes are relatively small (McKeown and Thomas, 1988).  

An initial list of stakeholders was added upon by the snowball-sampling technique: each 
respondent was asked to mention another stakeholder with a similar or different view on CCS 
in Indonesia. This resulted in a final P set of thirty respondents, comprising stakeholders with 
different organisational backgrounds and affiliations: national government, energy/power 
companies, academia and research institutes, NGOs, international counterparts and media. Due 
to privacy reasons, none of their names can be mentioned here.  Table 4.1 gives an overview of 
the stakeholders that participated in the study. 

Table 4.1 Respondents’ organisation/affiliation background. 

Organisation Number of Respondent 
National Government  

Ministry of Energy and Mineral Resources (ESDM)   
Ministry of Environment (KLH)  
Ministry of Research and Technology (RISTEK) 
Investment Coordination Board (BKPM)  

31 

21 
1 
1 

Energy/power companies  
State-Owned Electricity Company (PLN) 
State-Owned Oil & Gas Company (Pertamina) 
State-Owned Gas Company (PGN) 
Medco Energi 
Shell 

21 
2 
1 
1 
11 

Academia and Research Institutes  
Institute of Technology Bandung (ITB) 3 
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Organisation Number of Respondent 
University of Indonesia (UI) 
Institute of Tenth November Surabaya (ITS) 
Indonesia Energy Institute (Indeni) 

3 
1 
2 

Non-Governmental Organisations (NGOs)  
Greenpeace South East Asia 
World Wildlife Fund Indonesia (WWF) 
Institute of Essential Service Reform (IESR) 

1 
1 
1 

International Counterparts  
Foreign and Commonwealth Office United Kingdom Embassy 
at Jakarta (FCO UK) 
World Energy Council – Indonesia Committee (KNEI-WEC) 

11 
 

11 
Media  

Journalists for Indonesian newspaper 2 
Total Respondents 30 

1 Also member of Indonesia CCS Study Working Group 

4.2.4 Collecting the Data 

The Q interviews were held in Jakarta (partly in local language—Bahasa). Twenty-two 
interviews took place face-to-face with printed-out paper cards and distribution chart/score 
sheet. Due to practical reasons, eight interviews were conducted by telephone. These 
respondents did the Q sorting task on their computer or laptop, using a software Q sort 
application; the FlashQ (Braehler and Hackert, 2010). The interviews consisted of the Q sorting 
task and a number of open questions, and took about forty-five to ninety minutes to complete. 
Two opening questions were asked to the respondents: “Could you tell briefly about your 
organisation/company and what you do in the organisation/company?” and “Could you tell me 
your ideas on CCS related to the CO2 emissions reduction target for Indonesia?” The second 
question was asked to support qualitative interpretation of the factors resulting from the 
quantitative factor analysis. Then respondents were asked to do the Q sort. Participants were 
asked to sort these statements reflecting as close as possible their point of view.  

Respondents were first asked to read the statements and then to sort them into three piles of 
indeterminate scores – “Agree” pile, “Neutral” pile, and “Disagree” pile. Next, respondents were 
asked to sort the statements, starting with either the “Agree” pile or the “Disagree” pile, and put 
the cards into a normal distribution score sheet (see Figure 5.1). The rank of scores was from 
one to eleven, with position one as “most disagree” and position eleven as “most agree”.  After 
sorting the statements into the score sheet, respondents were given a chance to change the 
position of the statements. It was emphasised that there is no “right” or “wrong” answer, but 
that is should purely be based on their beliefs and understandings.  

After finishing the Q sorting task, respondents were asked to elaborate on the statements at the 
two extremes of the distribution (“Why do you agree/disagree most strongly?”). They were 
furthermore asked if they missed specific statements and why. This was done to check the 



Stakeholder Perspectives on Carbon Capture and Storage  

   93 

composition of the Q sample.  Finally, the respondent was asked to give any remaining remarks 
on the issue of CCS in Indonesia. 

 

Figure 4.1 Distribution layout for Q sorting task (1 = most disagree, 11 = most agree) 

4.2.5 Analysis of the Data 

Analysis of Q sorts was performed with the help of PQMethod 2.11 (Schmolck, 2002). The Q 
sorts obtained from the interviews were correlated in 30 x 30 matrix and then factor-analysed 
using Centroid in order to find associations among the different Q sorts. By default, Centroid 
analysis produces unrotated factor matrix with seven factors extracted. The unrotated factors 
were then rotated by using Varimax rotation (common in Q analysis). Rotation helps to identify 
significant factors and to maximise the number of individuals associated with just one factor 
(Webler et al., 2009). The number of factors to extract was based on three “rules of thumb”. The 
first rule is the Kaiser’s criterion or Eigenvalue criterion. Factors with Eigenvalue>1 were 
selected for extraction (Brown, 1980). The second is to accept factors that have at least two 
significant loadings (Brown, 1980).  As noted by Brown (1980), “Factor loadings are the 
correlation coefficients representing the degree to which a Q sort correlates with a factor”. 
Loading is calculated as 2.58 * standard error (SE) where SE = 1/√N with N equals the number 
of statements (Brown, 1980, McKeown and Thomas, 1988).  In this case, with 45 statements, SE 
= 1/√45 = 0.149. Loading is accepted as statistically significant at 0.01 level when it is exceeding 
2.58(SE), and at 0.05 level when it is exceeding 1.96(SE) (Brown, 1980, McKeown and Thomas, 
1988). The third “rule of thumb” is to follow Humphrey’s rule. A factor is significant if the 
cross-product of two highest loadings exceeds 2(SE) (Brown, 1980). Based on these rules of 
thumb, two to four factors could be extracted. Besides statistical criteria, also theoretical 
significance of factors can be used to determine the number of factors to extract since the factor 
size is affected by the variables (respondents) which are included in the study (Brown, 1980). 
Theoretical significance follows from insights gained from qualitative interview data. Applying 
both statistical and theoretical criteria, three factors were finally extracted and subjected to 
Varimax rotation.  
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Appendix 4.2 shows the distribution of Q sorts in the factor matrix after Varimax rotation.  The 
sorts which load significantly on a factor are marked by an X. The factor loadings indicate the 
degree to which each Q sort corresponds to each factor.  With significant loadings to be equal to 
or greater than ±0.3846, out of the thirty respondents, sixteen respondents load significantly on 
only one factor, twelve respondents load significantly on more than one factor, and two 
respondents do not load on any of the factors. Respondents who loaded in more than one factor 
were identified as confounders and considered to be eliminated from subsequent analysis 
(Webler et al., 2009). But the elimination of confounders from the final analysis can yield in the 
loss of valuable perspectives. In order to counter this occurrence, the strategy was to raise the 
significance level  to ±0.500 (which will only make the statistical criteria more stringent) (Watts 
and Stenner, 2005). As a result, and taking the qualitative interview data into account as well, 
thirteen respondents load significantly only on one factor. 

Of these thirteen respondents, two respondents loaded significantly on Factor 1, five on Factor 
2, six on Factor 3. Factor 3 had positive and negative significant loadings, where four 
respondents had positive loadings (respondent no. 2, 7, 13, and 20), and two respondents had 
negative loadings (respondent no. 22 and 30). Therefore, Factor 3 is identified as a “bipolar 
factor” and interpreted in section 3 as two contrasting perspectives.  Five respondents did not 
load significantly on any of the factors, and the remaining twelve respondents loaded 
significantly on more than one factor. The total variance explained of the three factors was 48%. 
This is considered relatively low in regular factor analysis, yet for Q methodology it is not 
considered problematic.9  

In order to interpret factors as perspectives (Cuppen et al., 2010, McKeown and Thomas, 1988), 
three things are used: 1) the statements that define each of the factors (statements with highest 
and lowest z-score), 2) the statements that distinguish one factor from another (statements for 
which the z-scores on each of the factors are most different), and 3) the open questions asked in 
the interviews. In the next section, we will present the interpretation of the three factors as four 
perspectives (bipolar factor 3 interpreted as two contrasting perspectives).  

                                                    

9 Variance explained is not considered a relevant measure in Q methodology since one is not interested in the 
question what the percentage of a perspective in the population is. Rather Q methodology is developed to show 
that various factors exist, and what the similarities and differences between these factors are. If the variance 
explained of factor A is higher than that of factor B, it only means that there are more people of factor A in the 
sample. Contrary to for example surveys or questionnaires, the sample is not randomly selected as explained 
earlier. The three factors (with one bipolar factor resulting in four perspectives, see section 4.3) are salient 
perspectives that can be recognised in the policy discourse. They can be interpreted as ideal types. Reality is of 
course more nuanced. 
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 Results: Four Perspectives on CCS in Indonesia 

Factor 1 represents Perspective 1, and Factor 2 represents Perspective 2. Meanwhile Factor 3, 
since it is bipolar, represents two opposing perspectives; Perspective 3 and 4. Perspective 3 is the 
representation of the positive significant loadings, and Perspective 4 is the representation of the 
negative significant loadings. These four perspectives are presented below. For each perspective, 
a table is shown with the eight defining statements (the highest positive and negative scores), 
the most distinguishing statements and some relevant quotes from the interviews. Each 
perspective is labelled by us with a meaningful title covering the narrative belonging to the 
perspective. 

4.3.1 Perspective 1: “CO2 emissions reduction through clean energy sources rather 
than CCS”   

This perspective emphasises the use of clean energy sources in order to reduce CO2 emissions 
and rejects CCS as a major element of a low carbon economy for Indonesia. According to this 
perspective, the use of fossil fuels is the root of climate change itself, as expressed by one 
respondents as follows: “…the truth is that using dirty fossil fuels is the root of the climate 
change problem, therefore using clean energy sources is an inevitable choice if we want to 
significantly reduce CO2 emissions and fight against climate change”. Coal utilisation is not 
believed to be essential to boost economic growth, neither is CCS believed to be the way forward 
to have sustainable growth in developing countries.  

This perspective sees that even if CCS could significantly reduce CO2 emissions, it is not able to 
deal with other harmful emissions of fossil fuels. With respect to this argument, one respondent 
argues: “Not only CO2 is released from burning dirty fuels like coal, but it also releases sulphur 
oxide and nitrogen oxide. Both can retain incoming solar radiation and cause acid rain which 
damages infrastructure and environment”. This perspective emphasises the artificial character 
of storing CO2 in sedimentary basins which creates risks related to storage and transport.  

Although this perspective holds that CCS is not the appropriate solution for climate change, 
CO2 reduction or other problems related to the combustion of fossil fuels, neither for economic 
and/or sustainable growth, it still considers CCS a cost-effective answer to a high carbon tax 
“…since Indonesia is still dominated by the use of fossil fuels”. Still CCS is regarded a very high 
cost technology. A good financial performance and the incentives from government are needed, 
as well as the commitment of and cooperation between stakeholders. Two respondents load 
significantly on this perspective: one from an NGO (WWF) and one from an energy/power 
company (Medco Energi). This means that this perspective is shared by people from different, 
but not all, stakeholder groups. Table 4.2 presents the statements that characterise this 
perspective: statements with highest positive and negative scores, the most distinguishing 
statements and some relevant quotes from interviews. 
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Table 4.2 Statements & quotes characterising Perspective 1 

Rank of Statement Q statement 
Agree (11) 9. A reduction of CO2 emissions from the energy sector should be 

implemented by using clean energy sources. * 
Agree (10) 26. Even if CCS could significantly reduce CO2 emissions, it would not solve 

other problems which are inherent to the combustion of dirty fuels. * 
29. Installing a pipeline for CO2 transport in Indonesia should take into 
account seismic risk and potential leakage over the long term. 
35. Commitment of and cooperation between different stakeholders is a 
crucial condition for the successful implementation of CCS. 

Agree: other 
distinguishing 
statements  

45. CCS could be a cost-effective answer to a high carbon tax. * 

Disagree (1) 31. Storing CO2 in sedimentary basins can be regarded as mimicking the 
natural system. * 

Disagree (2) 1. Coal utilisation is very essential for developing countries in order to boost 
their economic growth. * 
11. CCS can be a major element of low carbon energy economy for 
Indonesia. 
13. CCS is the only way forward for the developing world to have 
sustainable growth. 

Relevant quotes from 
interviews 

“…the truth is that using dirty fossil fuels is the root of the climate change 
problem, therefore using clean energy sources is an inevitable choice if we 
want to significantly reduce CO2 emissions and fight against climate 
change”. 
 “As long as we only rely on CCS which is the use of fossil fuels, we will not 
be able to solve the climate change problem. The use of fossil fuels is the 
root of climate change itself”.  
 “Most of the sources of CO2 come from energy sectors, significant effects 
should come from reducing the biggest sources.” 
“CCS will cost quite an amount of capital. To materialise it, we need good 
financial performance, i.e. IRR (internal rate of return) and NPV (net 
present value). The cost of the technology is considerably high; thus, we 
need incentives from the government”.  
“… but if there is a possible benefit of CCS maybe it can be a good deal for a 
high carbon tax, since the energy sector in Indonesia is still dominated by 
the use of fossil fuels”. 
“Not only CO2 released from burning dirty fuels like coal, but it also 
releases sulphur oxide and nitrogen oxide. Both can retain incoming solar 
radiation and cause acid rain which damages infrastructure and 
environment.”  
“WWF & Ecofys study on energy development argues that the world can be 
supplied with renewables until 100%. The use of clean energy sources in 
large energy sector is not a utopia, it is real and feasible to be done.”  
“Storing CO2 either underground or in sedimentary basins is very risky, 
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Rank of Statement Q statement 
moreover in vulnerable seismic area like Indonesia. And we see that the 
storing system is not similar with natural system. It is artificial, and since it 
is developed in artificial way, its environmental safety cannot be 
guaranteed”.  

Note: Statements with the highest positive (agree score (11) and (10)) and highest negative scores (disagree 
score (1) and (2)) for Perspective 1. Most distinguishing statements are indicated with *.  

4.3.2 Perspective 2: “CCS as one of the options in the transition to a sustainable 
energy system” 

The core belief of this perspective is that climate and energy policies must not rely on one single 
option in order to cut CO2 emissions. As one respondent states: “There are many other options, 
so don’t stick only to CCS. If we rely only on CCS, we will not be able to move forward on the 
sustainable energy way “. Another respondent: “…. many things can be done to reduce CO2 
emissions on the technology side and also the policy side. CCS cannot be regarded as the only 
means. Many options can be utilised to fight climate change”. This perspective considers CCS as 
an option in the CO2 emissions reduction portfolio but, in the long run, favours other, more 
sustainable options. “CCS should be considered as a contingency measure to forcefully 
downgrade the level of CO2 emissions using the current energy source of fossil fuels. Meanwhile 
the proactive approach in the long term should be to find alternative energy”.   

This perspective takes into account socio-economic aspects related to CO2 reduction options. 
As CCS does not benefit local communities in the long term, whereas renewable energy and 
energy efficiency do promote local employment and new economic opportunities, the latter are 
favoured to CCS. This perspective furthermore stresses that concerns about CCS from local 
communities are legitimate and that they should be addressed: “CCS is very specific in terms of 
site selection. The public understanding of CCS is low; therefore, we should inform the public 
on CCS. The decision on site selection of CCS must consider the viewpoints of the public”.  

A point of critique is the high costs of CCS: “it will not be easy to finance CCS, and sole reliance 
on CCS will hamper economic growth”.  This perspective disfavours the carbon market or 
emissions trading scheme as financing mechanism for CCS: “the carbon market is based on 
mechanisms set by CDM principles, while CCS is not yet an approved methodology in CDM. 
Therefore, it will be very difficult and complicated to make CCS works under this scheme”. 
CCS’s close fit with current fossil fuel practices is seen as a potential advantage of the 
technology. “CCS for EOR has been used by oil and gas companies” which makes that this 
perspective disagrees with the statement (25) that “CCS is complex enough in itself, it should 
not be linked to other possible advantages such as Enhanced Oil Recovery” (EOR: see 
Hondroyiannis et al., 2002). However, new applications, such as CCS for biomass or gas 
processing plants, are not favoured that much as “CCS will face many opposition to settle this as 
a requirement in such related industry”. Out of the five respondents who agree with this 
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perspective two are from National Government (KLH and BKPM), two from an energy/power 
company (PGN, PLN) and one from academia (ITB). So, just like perspective 1, perspective 2 is 
shared by people from different, but not all, stakeholder groups. Table 4.3 shows the statements 
that characterise this perspective: statements with highest positive and negative scores, the most 
distinguishing statements and some relevant quotes from interviews. 

Table 4.3 Statements & quotes characterising Perspective 2 

Rank of Statement Q Statement 
Agree (11) 12: In order to achieve substantial global emission reduction, we need all 

options. 
Agree (10) 18. All climate and energy policies must be focused to achieve emission cuts 

level without reliance on CCS. * 
22. Concerns about CCS, e.g. from local communities, are legitimate and 
need to be addressed. * 
35. Commitment of and cooperation between different stakeholders is a 
crucial condition for the successful implementation of CCS. 

Agree: other 
distinguishing 
statements  

15. CCS does not provide long-term benefits to local communities, whereas 
a shift to renewable energy and energy efficiency would promote 
employment and new economic opportunities. * 

Disagree (1) 13. CCS is the only way forward for the developing world to have 
sustainable growth. 

Disagree (2) 2. CCS is only a tactic to keep burning coal forever. 
11. CCS can be a major element of low carbon energy economy for 
Indonesia. 
25. CCS is complex enough in itself, it should not be linked to other 
possible advantages such as Enhanced Oil Recovery. * 

Disagree: other 
distinguishing 
statements 

33. The most promising financing mechanism for CCS is the one that 
utilises the carbon market or emissions trading schemes. * 
14. CCS must also be adopted by other industries, e.g. biomass and gas 
power plants and in the fuel transformation and gas processing sectors. * 

Relevant quotes from 
interviews 

“The cost of CCS is still high for developing countries to adopt, therefore it 
will not be easy to finance CCS, and reliance only on CCS will hamper 
economic growth”. 
 “CCS is also very specific in terms of site selection. The public 
understanding of CCS is also low; therefore, we should inform the public on 
CCS. The decision on site selection of CCS must consider public 
viewpoints”. 
“CCS is used in extractive industries that usually owned by big corporations 
and operated in remote and enclave areas with minimal contact, and thus 
does not benefit the local communities”. 
“The carbon market is based on the mechanism set by CDM principles, 
while CCS is not yet an approved methodology in CDM. Therefore, it will 
be very difficult and complicated to make CCS works under this scheme”. 
“There are many other options, so don’t stick only to CCS. If we rely only to 
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Rank of Statement Q Statement 
CCS, we will not be able to go forward to the sustainable energy way”. 
“CCS will face much opposition to settle this as a requirement in such 
related industry, like CCS for EOR or for gas processing plant”. 
“CCS should be considered as a contingency measure to forcefully 
downgrade the level of CO2 emissions using current energy source of fossil 
fuels. Meanwhile the proactive approach in the long term should be to find 
alternative energy”. 
“CCS for EOR has been used by oil & gas companies, and this seems as one 
of the advantage of this technology. However, CCS is only a tool among 
tools. Many things can be done to reduce CO2 emissions from technology 
side and also policy side. CCS cannot be regarded as the only means. Many 
options can be utilised to fight climate change”. 

Note: Statements with the highest positive (agree score (11) and (10)) and highest negative scores (disagree 
score (1) and (2)) for Perspective 2. Most distinguishing statements are indicated with *. 

4.3.3 Perspective 3: “CCS as the only optimal solution to reduce CO2 emissions” 

This perspective is strongly in favour of CCS. Based on the idea that it is hardly possible for the 
world to be independent from fossil fuels within a reasonable time, CCS is seen as the only 
effective way to remediate the uncaring behaviour in using fossil fuels. CCS is the solution to 
climate change and therefore it is not a temporary but a long-lasting solution. This perspective 
strongly believes that technology is not the problem: “CCS component technologies have been 
used many years in many industries, so no worries about its deliverability, it will be on time…”. 
Also, the costs will not be a problem in the long run: “The cost of CCS is still high since it is not 
yet deployed on a large scale. It is common for such technology in a demonstration phase, but it 
will reach affordable cost”. CCS can be the powerful complement for the development of 
renewable technologies, and therefore it will speed up the penetration of renewables. The reason 
behind this is that CCS will be supported by the price of carbon when the costs of CCS are 
lowered and carbon prices rise as caps on CO2 emissions become tighter. The money from 
carbon trading can then be used to invest in renewables. This perspective stresses that 
government should develop a CCS roadmap and embody it in the national energy plan. 
Furthermore, developed countries should lead the CCS efforts and make sure that CCS is spread 
rapidly to developing countries: “Technology transfer is important for CCS development. It is 
impossible for developing countries to implement CCS by themselves.  There should be 
voluntary efforts from developed countries to support developing countries”. Two respondents 
from National Government (ESDM and BPPT), one from an energy company (Shell) and one 
from academia (University of Indonesia) load significantly on this perspective. This perspective 
is thus also shared by people from different, but not all, stakeholder groups. Table 4.4 shows the 
statements that characterise this perspective: statements with highest positive and negative 
scores, the most distinguishing statements and some relevant quotes from interviews. 
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Table 4.4 Statements & quotes characterising Perspective 3 

Rank of Statement Q Statement 
Agree (11) 21. The developed countries must lead the CCS effort and CCS should be 

spread rapidly to the developing countries. * 
Agree (10) 3. CCS is a measure to remediate previous uncaring behaviour in burning 

fossil fuels. * 
5. Increased adoption of CCS will encourage penetration of renewables. * 
39. Indonesian government should develop a CCS roadmap that is 
embodied in the national energy plan. * 

Disagree (1) 2. CCS is only a tactic to keep burning coal forever. * 
Disagree (2) 17. CCS wastes energy: it uses between 10% and 40% of the energy 

produced by a power station. 
18. All climate and energy policies must be focused to achieve emission cuts 
level without reliance on CCS. 
19. CCS technology will not be ready in time to overcome climate change. * 

Disagree: other 
distinguishing 
statements 

4. The world can fight climate change only by reducing its dependency on 
fossil fuels. * 
6. CCS should be used only temporarily and as a partial solution to the 
climate change problem. * 
15. CCS does not provide long-term benefits to local communities, whereas 
a shift to renewable energy and energy efficiency would promote 
employment and new economic opportunities. * 
20. The pursuit of CCS as a ’solution’ is unwise given its lack of 
technological maturity and the absence of commercial viability. * 

Relevant quotes from 
interviews 

“CCS is not temporary, but it’s still significantly needed for a longer period. 
Unless the level of CO2 concentrations in the atmosphere has been pressed 
below 350ppm”. 
 “Technology transfer is important for CCS development. It is impossible 
for developing countries to implement CCS by themselves.  There should be 
voluntary efforts from developed countries to support developing 
countries”. 
“It is too extreme to say CCS is just a tactic. In fact, we still need coal as 
source of energy and CCS is an option to deal with the emissions”. 
“In fact, CCS component technologies have been used many years in many 
industries, so no worries about its deliverability, it will be on time…”. 
“With CCS, we can be more careful to the environment while using fossil 
fuels. No matter how difficult and expensive the technology, but soon or 
later, CCS will come to affordable cost”. 
“The cost of CCS is still high since it is not yet deployed in the large scale. It 
is common for such technology in a demonstration phase, but it will reach 
affordable cost”. 
“The responsibility of government is vital in order to support CCS 
development, and at the same time to increase public awareness of it”. 

Note: Statements with the highest positive (agree score (11) and (10)) and highest negative scores (disagree 
score (1) and (2)) for Perspective 2. Most distinguishing statements are indicated with *. 
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4.3.4 Perspective 4: “CCS is only a tactic to keep burning coal forever” 

The last perspective portrays the antithesis of Perspective 3. It firmly rejects CCS as a CO2 
reduction option for Indonesia. In the words of a respondent: “CCS is only a tactic from coal-
fired power plants and mine industries to have justification in keep burning coal forever. With 
CCS, they will have more justification that GHG emissions from burning coal will not be a 
problem any longer”. CCS provides no benefits to Indonesia. It will only increase the 
dependency on fossil fuels. The adoption of CCS will be contra-productive to the development 
of renewables: “The adoption of CCS will only make renewable energy technology development 
slow since people will then remain using fossil fuels”. CCS is even not a partial solution to the 
climate change neither will it be ready in time to overcome it. Therefore, there are no reasons to 
rely on this unproven technology either temporarily or in the long run. The only effective way 
to fight climate change is by reducing dependency on fossil fuels. Furthermore, this perspective 
believes that a shift to renewable energy and energy efficiency can promote employment and 
new economic opportunities. Two respondents load significantly on this perspective: one from 
an NGO (Greenpeace) and one from Academia (ITB).  Table 4.5 shows the statements that 
characterise this perspective: statements with highest positive and negative scores, the most 
distinguishing statements and some relevant quotes from interviews. 

Table 4.5 Statements & quotes characterising Perspective 4 

Rank of Statement Q Statement 
Agree (11) 2. CCS is only a tactic to keep burning coal forever. * 
Agree (10) 17. CCS wastes energy: it uses between 10% and 40% of the energy 

produced by a power station. 
18. All climate and energy policies must be focused to achieve emission 
cuts level without reliance on CCS. 
19. CCS technology will not be ready in time to overcome climate change. 
* 

Agree: other 
distinguishing statements 

4. The world can fight climate change only by reducing its dependency on 
fossil fuels. * 
15. CCS does not provide long-term benefits to local communities, 
whereas a shift to renewable energy and energy efficiency would promote 
employment and new economic opportunities. * 
20. The pursuit of CCS as a ’solution’ is unwise given its lack of 
technological maturity and the absence of commercial viability. * 

Disagree (1) 21. The developed countries must lead the CCS effort and CCS should be 
spread rapidly to the developing countries. * 

Disagree (2) 3. CCS is a measure to remediate previous uncaring behaviour in burning 
fossil fuels. * 
5. Increased adoption of CCS will encourage penetration of renewables. * 
39. Indonesian government should develop a CCS roadmap that is 
embodied in the national energy plan. * 
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Rank of Statement Q Statement 
Disagree: 
Other distinguishing 
statements 

6. CCS should be used only temporarily and as a partial solution to the 
climate change problem. * 

Relevant quotes from 
interviews 

 “CCS is not the right way to cut global emissions, it contradicts with 
renewables and energy efficiency”. 
“The adoption of CCS will only make renewable energy technology 
development slow since people then will remain using fossil fuels”. 
“CCS is only a tactic from coal power plants and mine industries to have 
justification in keep burning coal forever. With CCS, they will have more 
justification that GHG emissions from burning coal will not be a problem 
any longer”. 
“Increased adoption of CCS will be contra-productive to the development 
of renewables not only for Indonesia but also the whole world”. 

Note: Statements with the highest positive (agree score (11) and (10)) and highest negative scores (disagree 
score (1) and (2)) for Perspective 2. Most distinguishing statements are indicated with *. 

 Similarities and Differences between Perspectives 

In order to enhance the comprehension of the perspectives, the similarities and differences 
between perspectives are examined. Table 4.6 shows the correlations between the three factors 
resulting from the factor analysis in PQMethod. Please note that due to the bipolarity of the 
third factor it has been split up into two factors to improve interpretation: Factor 3a 
(Perspective 3) and Factor 3b (Perspective 4). The higher the correlation between two factors, 
the more similarity there is between those two perspectives. 

Table 4.6 Correlation between factor scores 

 
Factor 1 

(Perspective 1) 
Factor 2 

(Perspective 2) 
Factor 3a 

(Perspective 3) 
Factor 3b 

(Perspective 4) 
Factor 1 1.0000 0.4346 0.2190 -0.2190 
Factor 2 0.4346 1.0000 0.1983 -0.1983 
Factor 3a 0.2190 0.1983 1.0000 -1.0000 
Factor 3b -0.2190 -0.1983 -1.0000 1.0000 

Table 4.6 shows that Factor 1 and 2 (Perspective 1 “CO2 emissions reduction through clean 
energy sources rather than CCS” and 2 “CCS as one of the options in the transition to a 
sustainable energy system”) are most strongly related (0.4346). Both perspectives are critical 
towards CCS yet see it as an option in the CO2 emissions reduction portfolio. They agree that 
CCS is a high cost technology for developing countries to adopt. However, whereas Perspective 
1 is critical with regard to CCS because of its risks and its lack of solving other fossil-fuel related 
problems (other emissions than CO2), Perspective 2 is critical with regard to CCS because of its 
lack of local benefits (e.g. employment, as compared to renewable energy). Furthermore, 
Perspective 2 is a more policy-oriented perspective focused on the long-term transition to 
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sustainable energy. Perspective 1 is rooted more in current practice and focuses mainly on the 
use of clean energy sources (e.g. renewables) in the energy sector, because this sector is the 
biggest CO2 emitter. Perspective 2 considers not only renewable energy but also energy 
efficiency as the option, which is not explicitly mentioned by Perspective 1.  

Both perspectives 3 and 4 are not strongly correlated to either Perspective 1 or 2 (|.21| and| .20| 
respectively). Whereas Perspectives 1 and 2 are nuanced with regard to the role that CCS can or 
should play, Perspectives 3 and 4 are very explicit. Perspective 3 sees CCS as the solution, 
whereas Perspective 4—being the counterpart of Perspective 3—rejects CCS categorically. 
Perspectives 3 and 4 can be considered believers and disbelievers of CCS respectively. 
Perspective 3 is very much technology-oriented while Perspective 4 is more environment-
oriented. 

 Policy Implications 

The results of this study show that CCS is implicitly linked by all perspectives to centralised, 
coal-fired power plants. Other options such as CCS in conjunction with EOR or natural gas 
plants are not salient in people’s understanding of CCS. Perspective 2 (“CCS as one of the 
options in the transition to a sustainable energy system”) is the only perspective that explicitly 
addresses EOR; it states that CCS should not be linked to EOR. In fact, Indonesia’s oil and gas 
industry may offer significant potential for EOR or EGR (Enhanced Gas Recovery) (ICSWG, 
2009, Pasarai and Utomo, 2012). At the moment, the government sees the use of CO2 for EOR 
as the most suitable near-term deployment of CCS (Pasarai and Utomo, 2012). Our results 
suggest a discrepancy between the current perspective of the government and stakeholder 
perspectives. The CCS and EOR issue might therefore deserve more attention in the Indonesian 
policy debate.  

Apart from CCS for EOR, CCS in bioenergy plants may be an interesting avenue to explore 
further. Bio-energy plants with negative emissions may offer great potential for achieving the 
CO2 emission reduction target, especially considering Indonesia’s bioenergy potential of about 
50 Giga-watts (ESDM, 2011). Yet this option is not an element in any of the perspectives we 
found in this study. This could be due to several issues, such as biomass utilisation being still 
low and the immaturity of biomass industries. At the moment, the scale of biomass industries in 
Indonesia is considered too small for supplying CO2 and retrofitting with the capture 
technology (Pasarai and Utomo, 2012).   

Our findings suggest that most stakeholders tend to be (at least) conditional supporters of CCS. 
This implies that the conditions under which CCS is deemed acceptable need to be mapped out 
clearly in the process of policy formulation. Policymakers should well address the issues 
considered important by stakeholders. In addressing such issues, policymakers should heed the 
importance of deliberative dialogue between stakeholders. In the introduction of this paper we 
argued that ‘policy as learning’ (Hisschemoller and Hoppe, 2001)  is an appropriate approach 
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for dealing with the wicked policy issue of CCS. We argued that ‘policy as learning’ starts with 
the articulation of divergent perspectives; the approach as taken in this study can be seen as a 
first step in such a process. By thinking about stakeholder perspectives in a more contextualised 
and nuanced way than stakeholder “acceptance” or “rejection”, such an approach can 
contribute to opening-up (Stirling, 2008) the policy process. The role of Q methodology for 
opening up policy appraisal has been illustrated before by Ockwell (2008). A next step can be to 
set up a deliberative process with stakeholders to inform policymaking, in which different 
scenarios or visions can be constructed based on the four stakeholder perspectives. Such a 
pluralist process can support the development of new knowledge with regard to emission 
reduction and energy supply in Indonesia, and the identification of robust policy strategies. 
Similar approaches have been followed with regard to the role of hydrogen in the Dutch energy 
system (Hisschemöller and Bode, 2011, van de Kerkhof et al., 2009) and sustainable biomass in 
the Dutch energy system (Cuppen et al., 2010). Also, experiences with approaches such as 
‘backcasting’ (Quist, 2007, Quist and Vergragt, 2006) and transition management (Loorbach, 
2007, Rotmans et al., 2001) may provide good starting points for a policy process geared 
towards the development of robust, long-term and acceptable policy strategies, integrating 
divergent stakeholder perspectives. Yet, acknowledging the importance of context, more 
research is needed into the specific policy, social and cultural context in Indonesia. 

 Conclusions and Discussions 

This study has revealed four shared perspectives on CCS in Indonesia. Two of these are 
opposing perspectives; one embraces CCS as the solution (Perspective 3: “CCS as the only 
optimal solution to reduce CO2 emissions”) while the other one rejects CCS (Perspective 4: 
“CCS is only a tactic to keep burning coal forever”). The other two perspectives (Perspective 1 & 
2) are more nuanced with regard to CCS. Both are critical and emphasise the importance of 
renewable energy rather than CCS, yet see it as an option in the CO2 emissions reduction 
portfolio. These two perspectives differ in terms of their critiques on CCS and their focus on 
either current practice in energy production (Perspective 1) or the long-term energy transition 
(Perspective 2). The findings of this study shed light on the issues on which stakeholders might 
converge and issues for which there is conflict. Stakeholders disagree with regard to the 
necessity and possibility to reduce the role of fossil fuels in the Indonesian energy system. 
Furthermore, for some stakeholders CCS is not an option at all, for some it is a temporary 
option, whereas for others it is a long-lasting option. Related to this, some see CCS as a way to 
stimulate the transition to renewables, whereas others think that CCS hampers the transition to 
renewables. 

The four perspectives we identified are valid for the Indonesian situation. Yet, some of the 
perspectives have articulated issues that may be salient in other emerging countries as well. For 
example, both perspectives 1 and 2 stress the high costs of CCS, in particular for developing 
countries. Perspective 2 is furthermore critical about the lack of local benefits of CCS, which is 
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why this perspective favours renewable energy options. Local benefits may be especially salient 
for less developed regions. Finally, perspective 3 stresses that developed countries should lead 
the development of CCS and work on transfer of the technology to developing countries. On a 
more general level, at least three issues received similarly great attention from most stakeholders 
in the interviews: cost of CCS and its financing mechanism, the need of technology transfer and 
low public awareness. These findings appear quite similarly in other research related to CCS in 
other developing or emerging countries, although the methods used are different. For example 
Duan (2010) conducted survey research on public perspectives on CCS in China. The result 
showed that public awareness of CCS was low, and the acceptance of CCS was mainly 
determined by several factors such as technology maturity, risks and uncertainties and 
government support. Román (2011) interviewed stakeholders in Brazil, South Africa and India; 
and found that costs of CCS and economic considerations form the main factor that decides the 
position of those three countries towards CCS. In addition, the findings of this research also 
displayed the importance of technology transfer for the deployment of CCS in emerging 
countries. This complements the research by Gallagher (2010), Garg and Shukla (2009), and  
Ockwell et al. (2008) which argued that developed countries should take a lead in demonstrating 
CCS in developing countries. Interestingly, to some extent our findings are also quite similar to 
those found in some developed countries. For example, Ashworth and Quezada (2011) reported 
that economic considerations, social responsibility and government support are the issues that 
need to be addressed in the deployment of CCS in Australia. Also Ashworth et al. (2010) found 
public awareness and understanding of CCS in Australia was low. Pietzner et al. (2011) 
concluded that public awareness and perception of CCS in six European countries (Germany, 
Greece, The Netherlands, Norway, Romania and the United Kingdom) were relatively low. 
Meanwhile Chaudhry et al. (2013) carried out semi-structured interviews in four US states and 
found that economic, technical and political risks are perceived as the key issues in the 
deployment of CCS.  Nevertheless, perhaps the main difference between developing and 
developed countries regarding CCS lies in the how CCS is framed as a policy option. For 
developed countries, CCS maybe seen as an option to tackle the challenges of climate change 
and energy security, but for developing countries CCS may only be seen as just an option for 
CO2 emissions reduction (Liu and Liang, 2011). 

We would like to finish with a reflection on the notion of stakeholder acceptance and the 
research methodology. Rather than thinking about stakeholder acceptance of CCS in terms of 
pro and con positions, Q methodology allowed for uncovering the variety of shared perspectives 
amongst stakeholders. As a combined quantitative and qualitative approach, it resulted in a 
meaningful interpretation of stakeholders’ considerations with regard to CCS in Indonesia. 
What our results furthermore show is that stakeholder acceptance of CCS is a complex notion. 
That is, in order to understand why (not) or under which conditions stakeholders would be 
willing to support CCS, it is important to consider their broader ideas and viewpoints about 
CO2 emission reduction or energy supply in Indonesia, rather than considering their attitudes 
towards CCS in isolation. The Q perspectives showed for example that a nuanced opinion vis-à-
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vis CCS can have different motivations. Perspective 1 is critical with regard to CCS because of 
its risks and its lack of solving other fossil-fuel related problems, whereas perspective 2 is critical 
because of the lack of local socio-economic benefits of CCS. Stakeholder perspectives towards 
CCS are thus not one-dimensional, but are integrated wholes of divergent values and issues 
considered as relevant by specific stakeholders. The four perspectives we have identified with Q 
methodology offer a starting point for analysing the issues and values associated with 
stakeholder perspectives on CCS. Our results furthermore show that stakeholders from similar 
affiliations (e.g. government, research, NGOs, etc.) are scattered over the four perspectives, and 
that none of the perspectives is represented by only one group of stakeholders (see Appendix 
4.3). This means that based on the affiliation, it cannot be assumed what kind of perspective a 
particular stakeholder has. This underlines the relevance of our approach. 
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Appendix 4.1 Q statements and the factor arrays (Q factor scores) 

No. Q statement 
Factor Arrays 

F1 F2 F3	
1 Coal utilisation is very essential for developing countries in order to 

boost their economic growth.  
-4 0 0 

2 CCS is only a tactic to keep burning coal forever.  -3 -4 -5 
3 CCS is a measure to remediate previous uncaring behaviour in burning 

fossil fuels. 
-1 1 4 

4 The world can fight climate change only by reducing its dependency on 
fossil fuels. 

1 0 -3 

5 Increased adoption of CCS will encourage penetration of renewables. -3 -1 4 
6 CCS should be used only temporarily and as a partial solution to the 

climate change problem. 
-1 2 -3 

7 Given the uncertain future of renewable energy technologies, investment 
in CCS is necessary. 

1 -2 3 

8 Cost reductions in renewable energies and a reasonable price for CO2 will 
make them competitive with coal and CCS. 

0 0 -2 

9 A reduction of CO2 emissions from the energy sector should be 
implemented by using clean energy sources. 

5 1 -1 

10 Rather than increasing dependency on fossil fuels, efforts should be 
focused on energy efficiency and renewable energy. 

3 2 -1 

11 CCS can be a major element of low carbon energy economy for 
Indonesia. 

-4 -4 1 

12 In order to achieve substantial global emission reduction, we need all 
options. 

1 5 3 

13 CCS is the only way forward for the developing world to have sustainable 
growth. 

-4 -5 -2 

14 CCS must also be adopted by other industries, e.g. biomass and gas 
power plants and in the fuel transformation and gas processing sectors. 

2 -3 1 

15 CCS does not provide long-term benefits to local communities, whereas a 
shift to renewable energy and energy efficiency would promote 
employment and new economic opportunities. 

-1 3 -3 

16 CCS should be approved in the Clean Development Mechanism (CDM) 
in order to provide funding for CCS in developing countries. 

-3 -2 -1 

17 CCS wastes energy: it uses between 10% and 40% of the energy produced 
by a power station. 

-2 -3 -4 

18 All climate and energy policies must be focused to achieve emission cuts 
level without reliance on CCS. 

-3 4 -4 

19 CCS technology will not be ready in time to overcome climate change.  -2 -2 -4 
20 The pursuit of CCS as a ’solution’ is unwise given its lack of technological 

maturity and the absence of commercial viability. 
0 0 -3 

21 The developed countries must lead the CCS effort and CCS should be 
spread rapidly to the developing countries. 

-1 -1 5 

22 Concerns about CCS, e.g. from local communities, are legitimate and 
need to be addressed. 

-2 4 1 

23 CCS gives hope since it has potential to be affordable also to economies 
in transition.  

-1 -2 2 
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No. Q statement 
Factor Arrays 

F1 F2 F3	
24 CCS should be safe on the short term as well as on the long term, both 

for humans as well as for the environment in general. 
2 0 2 

25 CCS is complex enough in itself, it should not be linked to other possible 
advantages such as Enhanced Oil Recovery. 

-1 -4 -2 

26 Even if CCS could significantly reduce CO2 emissions, it would not solve 
other problems which are inherent to the combustion of dirty fuels. 

4 1 -1 

27 To generate public confidence in CCS, health and safety regulations for 
capture, transport and storage should be guaranteed. 

0 3 2 

28 Governments must secure land for CO2 pipeline infrastructure where 
that is deemed to be in the public interest. 

2 -1 0 

29 Installing a pipeline for CO2 transport in Indonesia should take into 
account seismic risk and potential leakage over the long term. 

4 2 0 

30 Pipelines are the most appropriate CO2 transportation option for 
Indonesia. 

-2 -3 0 

31 Storing CO2 in sedimentary basins can be regarded as mimicking the 
natural system. 

-5 -1 -1 

32 CCS may reconcile fossil-fuel use with climate targets, but this presumes 
storage capacity to be available, and safety to be guaranteed. 

0 0 0 

33 The most promising financing mechanism for CCS is the one that utilises 
the carbon market or emissions trading schemes. 

0 -3 0 

34 Governments should take the lead on developing community-tailored 
CCS public engagement strategies. 

2 -1 2 

35 Commitment of and cooperation between different stakeholders is a 
crucial condition for the successful implementation of CCS. 

4 4 2 

36 Acceptance of CCS begins with building awareness of the need and the 
feasibility of CCS deployment through public discussions and media 
coverage. 

0 2 3 

37 A greater understanding of the urgency and severity of the climate 
change problem will make CCS more acceptable. 

3 3 3 

38 Financial incentives are necessary for industry to invest in CCS. 0 1 1 
39 Indonesian government should develop a CCS roadmap that is embodied 

in the national energy plan. 
1 0 4 

40 CCS is only feasible for large point sources of emissions and therefore at 
odds with a more decentralised energy system. 

1 -1 0 

41 To take economic advantage of CCS, storage locations should be near to 
the large and centralised power plants. 

2 2 1 

42 Selection of storage sites needs to be backed up by demonstrative models 
that identify potential migration and seepage paths within the defined 
site boundaries. 

3 3 1 

43 We simply do not know enough about how stored CO2 will behave - safe 
and permanent CO2 cannot be guaranteed. 

-2 1 -2 

44 Even if CCS becomes feasible, capable of long-term storage, safe and 
commercially viable, its impact would be limited and come at a high cost. 

0 1 -2 

45 CCS could be a cost-effective answer to a high carbon tax. 3 -2 -1 
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Appendix 4.2 Q factor loading for each respondent  

Respondents 
Q Sort 

Factor 
1 2 3 

1 0.4116 0.2266 0.5184 
2 0.1819 0.2828 0.5758X 
3 0.2065 0.6683X 0.2125 
4 0.3673 0.0558 0.4613 
5 0.2348 0.6270X 0.0106 
6 0.3459 0.3306 0.1148 
7 0.1963 0.2406 0.5291X 
8 0.5311 0.6215 0.1340 
9 0.4511 0.1127 0.4851 

10 0.1532 0.4788 -0.1624 
11 0.0748 0.5035X 0.1331 
12 0.1452 0.5339X 0.2240 
13 0.1399 0.1280 0.8766X 
14 0.2736 0.3302 0.0536 
15 0.5451X 0.0425 0.1461 
16 0.4299 0.2883 0.2200 
17 0.4060 0.2850 0.3825 
18 0.1769 0.6190X -0.0083 
19 0.5313 0.3695 0.5840 
20 0.1930 -0.0572 0.5513X 
21 0.4336 0.2989 0.5723 
22 0.2476 0.3706 -0.7315X 
23 0.2022 0.5350 0.5834 
24 -0.0282 0.4014 0.0400 
25 0.2344 0.5746 0.4675 
26 0.4003 0.5877 0.4176 
27 0.4356 0.3614 0.5422 
28 0.5524 0.4580 -0.0591 
29 0.7505X 0.2042 0.1838 
30 0.2642 0.3538 -0.5917X 

% expl. Var. 13 17 18 

X indicating a defining sort. 
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Appendix 4.3 Distribution of perspectives among respondents 

 Perspective 1 
CO2 emissions 
reduction 
through clean 
energy sources 
rather than 
CCS 
 

Perspective 2 
CCS as one of 
the options in 
CO2 emissions 
reduction 
portfolio 
 

Perspective 3 
CCS as the 
only optimal 
solution to 
reduce CO2 
emissions  

Perspective 4 
CCS is only a 
tactic to keep 
burning coal 
forever 

Total  
per type of 
organisation/ 
affiliation 

Government  2 2  4 

Energy/power 
companies 

1 2 1  4 

Academia and 
knowledge 
institutes 
 

 1 1 1 3 

NGOs 1   1 2 
Total per 
perspective 

2 5 4 2 13 

 

Notes: 

- The table provides distribution of respondents with a defining sort based on type of 
organisation/affiliation and perspective. 

- Only respondent loads significantly on one perspective and not to other perspectives are put 
into table. 

- International Counterparts and Media are not listed in the table since there are no 
respondents from these actor types with a defining sort. 
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 Responsible Innovation: Moving Towards 
a Culturally Sensitive Approach10 

Abstract 

Responsible Innovation (RI) recently emerged as a central concept and approach that addresses 
issues related to major social and environmental risks and uncertainties in complex innovations. 
At this stage, more inquiry is still required to make the RI approach more contextual and 
applicable in practice, especially in different cultural contexts. To address this issue, we propose 
a conceptual framework based on Hofstede’s dimensions of national culture and core process 
dimensions of RI.  We argue that the cultural dimensions are likely to play distinct roles in 
influencing RI dimensions—how they would be interpreted and applied in practice in different 
societies with different cultures. By doing so, we present an attempt to contextualise the RI 
approach and facilitate its practical applicability in different cultural contexts. Ultimately, the 
paper emphasises the importance of evolving a broader, more comprehensive framework of RI 
which takes cultural aspects explicitly into account. 

 Introduction 

Responsible Innovation (RI) is neither a new nor an old idea. The term reflects the relation 
between innovation and responsibility. Such a notion stresses that responsibility should be 
conceived as a pre-requisite of innovation, which should be in central focus in all stages of the 
innovation process. The fact that innovations create not only positive impacts but possibly also 
undesired negative ones—especially in relation to social and environmental sustainability 
aspects—is a major reason for paying greater attention to responsibility as a central theme of 
innovation practice in recent years (Setiawan and Singh, 2015, Stilgoe et al., 2013). Therefore, RI 
has recently emerged as a central concept and approach that addresses issues related with major 
social and environmental risks associated with complex innovations. 

Various interpretations of RI have proliferated in the literature (see e.g. Hellström, 2003, Owen 
and Goldberg, 2010, Setiawan and Singh, 2015, Singh and Kroesen, 2012, Stilgoe et al., 2013, 
Sutcliffe, 2011, von Schomberg, 2012). In order to enable the RI framework to work, some 
authors have identified different RI dimensions that are considered to be the constitutive 
elements or important aspects in the process of responsible innovation. For example, Stilgoe et 
al. (2013) introduce four specific process dimensions of RI: anticipation, responsiveness, 

_______________________                                                    

10 This chapter is based on the following article: Setiawan, A.D., Singh, R., Romijn, H. Responsible Innovation: 
Moving towards a culturally sensitive approach. In revision for publication in Journal of Responsible Innovation. 
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reflexivity and inclusion; while Singh and Kroesen (2012) define five dimensions of RI, namely 
anticipation, reflexivity, deliberation, responsiveness and participation in the innovation.  

However, the application of RI can be problematic in practice as the concept lacks 
comprehensiveness and specificity without considering the links between innovation and the 
norms and values held in the society in which a particular innovation is supposed to take place. 
In this paper, we refer to these society-specific norms and values as cultural aspects. Culture can 
be reflected in societal goals and goals of innovation in society, as well as in norms about how 
innovation processes are conducted. A large number of studies suggest that culture is to be 
considered as an important determinant of innovation (cf. Ahmed, 1998, Hofstede et al., 2010, 
Kaasa and Vadi, 2008, Shane, 1993, Shane, 1992, Ulijn and Weggeman, 2001, Westwood and 
Low, 2003). These studies reflect that culture and associated values matter, implying that what is 
valued and appreciated, and disliked, by certain societies should be deemed to be a pivotal basis 
for understanding and practising RI. In this sense, the dimensions of RI (i.e. Singh and Kroesen, 
2012, Stilgoe et al., 2013) could also be interpreted differently—depending on societies’ cultural 
features, and therefore the application of such dimensions could also pose different 
requirements in practice. For instance, broad participation by different stakeholders in a plenary 
deliberation forum fits well with liberal democratic values typical of western societies, but one 
cannot assume that this would be a suitable way to engage and empower project stakeholders in 
societies with strong hierarchical social relations. Since the concept of RI has predominantly 
evolved from Western research and innovation practice notably in Europe and North America 
(Macnaghten et al., 2014) and therefore implicitly embodies a western cultural value set, it 
means that it should be challenged and further developed with respect to its applicability 
outside the region of its birth, particularly in other cultural value environments (Fisher, 2016, 
Lukovics et al., 2017, Wong, 2016). Nevertheless, so far, we notice that the existing RI literature 
has hardly addressed the role of culture and cultural value differences in the application of RI 
dimensions. 

Achieving a deeper understanding of RI and its relation to cultural aspects is therefore 
fundamental to evolving a broader, more comprehensive framework of RI which can be 
versatile enough to be fit for use in different cultural contexts. In this regard, the paper has two 
objectives. The first is to contribute to developing a deeper understanding of RI in relation to 
cultural context. For this purpose, we review the literature dealing with the concept and 
approach of RI with the aim to find starting points for elaborating cultural aspects, and we 
follow this by a review of the literature that focuses on the role of culture as an important 
element of innovation. The second objective of the paper is to develop a conceptual framework 
that can be used to investigate the relationship between culture and RI dimensions, drawing on 
those two literature reviews. The conceptual framework is designed to explore how cultural 
specificities could influence the interpretation and application of RI dimensions in practice. By 
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doing so, we present an attempt to contextualise the RI approach and facilitate its practical 
applicability in different cultural contexts. 

The remainder of the paper proceeds as follows. Section 5.2 reviews the concept and approach 
of RI in detail, including the implicit Western values that underlie it. Section 5.3 discusses the 
role of culture in innovation and elaborates some approaches and theories related to culture and 
cultural dimensions. Section 5.4 proposes a conceptual framework for a culture-sensitive 
application of the RI approach based on the key findings from the previous two sections. 
Section 5.5 comes up with conclusions and provides suggestions for future research. 

 Responsible Innovation 

RI has increasingly gained attention as a compelling concept and approach to innovation in the 
last decade, notably in Europe and North America. The concept proposes the importance of 
institutionalising anticipatory and reflexive governance mechanisms for new and emerging 
technologies. The fact that innovations do not only create positive impacts but can also give rise 
to undesired negative impacts that are hard to perceive in advance—especially in relation to 
social and environmental sustainability aspects—is a major reason for paying greater attention 
to responsibility as the central theme of innovation practice (Setiawan and Singh, 2015, Stilgoe 
et al., 2013). For example, in the United States, RI sprung up in the context of discussions about 
the unforeseen impacts of nanotechnology development. In Europe, the concept emerged in 
response to the interest in avoiding a repeat of strong public rejection of controversial 
biotechnologies such as genetically modified organisms (Vasen, 2015). Such examples suggest 
that when technologies become highly advanced, they bring major risks as their detrimental 
unpredictable impacts for society and nature can become extremely invasive and 
uncontrollable. 

Another notable reason for the emergence of RI is the growing complexity of the socio-technical 
and socio-ecological systems in which innovation takes place as it brings great challenges to the 
innovation process and outcomes. So, besides the changing nature of innovation (i.e. the 
advancement of technology), the greater complexity of the systems in which innovations are to 
be embedded may also increase the vulnerability and the risk of systemic failure. Literature 
suggests that dealing with the unpredictability of innovation in an increasingly complex 
environment demands a collective responsibility of innovation actors (Grinbaum and Groves, 
2013). Therefore, from the RI perspective, innovation actors should be held responsible for the 
negative impacts of innovation in terms of economy, environment and society from the very 
beginning and throughout the innovation process. This also implies that stakeholder 
consultation and public participation in the evaluation or assessment of new and emerging 
technologies can be regarded as vital RI instruments. 

Recently, various interpretations or definitions of RI have appeared in the literature (e.g. Blok 
and Lemmens, 2015, Hellström, 2003, Owen and Goldberg, 2010, Setiawan and Singh, 2015, 
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Singh and Kroesen, 2012, Stilgoe et al., 2013, Sutcliffe, 2011, von Schomberg, 2012). Some key 
definitions are discussed here. Von Schomberg (2012) defines RI as a transparent and 
interactive process involving societal actors and innovators in a mutual and responsive way with 
a view to the (ethical) acceptability, sustainability and societal desirability of the innovation 
process and its products. This definition reflects three specific aspects of responsibility: 
environmental, societal and ethical. The environmental aspect considers sustainability as the 
key principle of innovation policy and regulation in the modern development of natural 
resources through human activity. The societal aspect is about how to strike a balance between 
the advantages and disadvantages of innovation to social life, both from an intra-generational 
and inter-generational perspective. In combination with the environmental aspect, this appears 
to align with the famous Brundtland definition of sustainable development. The social aspect 
also partly overlaps with the ethical aspect, which is grounded in the core values held by society 
and which reflects the motivation of societies to achieve certain needs. Ethical values can differ 
between societies, for instance according to their level of socio-economic development (Blaskó 
et al., 2014). In line with Maslow’s hierarchy of needs (Maslow, 1970), in less developed areas, 
the pursuit of innovation for satisfying immediate material basic needs could be considered 
more important than paying attention to issues of self-realisation and popular democracy. In 
this sense, the ethical responsibility surrounding innovation should be undertaken in a way that 
the satisfaction of prioritised specific needs or interests of societies can be assured. Not 
surprisingly, the ethical dimension is regarded as the most controversial aspect of RI (Blaskó et 
al., 2014, von Schomberg, 2013). 

A relatively broad definition of RI is proposed by Owen et al. (2013, 36) as “…a collective 
commitment of care for the future through responsive stewardship of science and innovation in 
the present”. Owen et al. (2013) also define four specific dimensions that make up their RI 
framework: anticipation, reflexivity, deliberation and responsiveness. In another publication, 
the same research group Stilgoe et al. (2013) refers to a slightly different classification in which 
the deliberation dimension is substituted by inclusion. This thus suggests that the deliberation 
process in Owen et al (2013) should entail inclusive participation of stakeholders, and 
conversely, that participation is only truly inclusive if it involves deliberation.  

In a different nuance, Singh and Kroesen (2012, 36) propose a working definition of RI as  

“…being caring or ensuring care for certain values for social, economic and 
environmental sustainability by engaging in anticipation, reflexivity, deliberation, 
responsiveness and participation for bringing up any change in any idea, product, 
process, method, way of doing business, technology, et cetera, in order to bring them 
into a specific market or use them in a society.”  

This RI concept is particularly attractive for the purposes of this paper because it distinguishes 
between, on the one hand, the goals or aims of RI; and on the other hand, the process of RI in 
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order to reach those goals and to ensure the embedding of certain values. More specifically, the 
concept reflects three major components of RI: societal, economic and environmental 
sustainability as the goal; values that should be embedded in the innovation; and five process 
dimensions: anticipation, reflexivity, deliberation, responsiveness and participation. The 
concept suggests that by adopting certain values, the innovation should ensure social, economic 
and environmental sustainability. In doing so, innovation actors should be sensitive to, or 
considerate about certain values, either universal values or culturally specific ones. Therefore, 
innovation actors have to appreciate values, including value differences across actors and 
contexts, for achieving a satisfactory outcome. Further, the process to ensure the achievement of 
RI goals and embedding of certain values is guided by the five dimensions which act as the so 
called guiding mechanisms of RI. Unlike Owen et al. (2013) and Stilgoe et al. (2013), Singh and 
Kroesen (2012) separate participation and deliberation into two different dimensions in 
recognition of their unique features, while also acknowledging their complementary roles for 
ensuring a responsible innovation process, in the sense that the participation of stakeholders 
should be inclusive, while true deliberation requires inclusive participation of stakeholders. This 
paper will follow Singh and Kroesen (2012) by taking deliberation and participation as two 
different dimensions, thereby emphasising the importance of the presence of both dimensions 
during the RI process.  

In general, it is important to note that all RI dimensions are equally important in the sense that 
they should be present all together and work in synergy to make an RI process work well. There 
are different ways in which such synergy can be established. The actions based on the different 
dimensions as the guiding mechanisms of RI could be performed in an iterative or lateral 
fashion, depending on the nature of the innovation, requirements of the situation and 
stakeholders involved. 

Synthesising the information from the different classifications introduced above, the five RI 
dimensions that will be used in this paper are characterised as follows:  

(1) Anticipation. This refers to the act of looking forward by innovation actors or stakeholders 
in order to foresee the undesirable outcomes or consequences of innovation. To anticipate 
also means to seek the opportunity, to overcome the challenge and to deal with risk 
beforehand. In other words, being anticipatory means scrutinizing the potentially 
unexpected outcomes and impacts of innovation that might come afterwards, be these 
environmental, social, or economic (Blaskó et al., 2014). Anticipation takes a forward-
looking or future-oriented perspective, prompting the questions of “what if…” and “what 
else might it do?” (Owen et al., 2013). Therefore the knowledge about foresight and its 
methodologies helps and serves as a useful entry point for reflecting and understanding 
what might arise regarding the outcome and impact of innovation (Singh and Kroesen, 
2012, Stilgoe et al., 2013).  
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(2) Reflexivity. This refers to a circular or iterative process of creating and shaping innovation 
by innovation actors or stakeholders. Reflexivity emphasises the process of learning from 
accumulating experience in order to understand the feedback mechanisms or the cause-
effect relationships of innovation processes. Being reflexive means allowing iterative 
processes of planning and action, and referring back to the consequences of each action. 
Being reflexive also means reflecting on the underlying purposes, potential impacts and 
motivations of innovation (Owen et al., 2013) as the basis to explore and assess the causes 
and effects of innovation and the desirability of going ahead (Blaskó et al., 2014).  

(3) Deliberation. This refers to a thorough exploration process by innovation actors or 
stakeholders, conveying a careful consideration of divergent aspects which involves in-depth 
discussions in order to find agreement about the way forward. Deliberation entails open and 
meaningful exchange between innovation actors. Being deliberative means inclusively 
opening up visions, purposes, questions and dilemmas through dialogue, engagement, and 
taking into account stakeholder and public perspectives (Blaskó et al., 2014, Singh and 
Kroesen, 2012). Deliberation demands sustained interaction between innovation actors or 
stakeholders, starting at the beginning of innovation processes (Jasanoff, 2003, Parkhill et al., 
2013).  

(4) Responsiveness.  Responsiveness is about readily responding or addressing certain 
circumstances by innovation actors or stakeholders, due to different requirements, needs, 
views, issues and values. Being responsive means using the collective process of reflexivity 
and deliberation outcomes to adjust and influence both the course and pace of innovation in 
an adaptive way (Blaskó et al., 2014, Pellizzoni, 2004). Therefore, responsiveness demands 
the ability to respond to changes and the emergence of new knowledge (Stilgoe et al., 2013).  

(5) Participation. This refers to the act of taking part or involving in a process by different 
stakeholders. Participation addresses stakeholder interests in the issues, and recognises the 
value of their specific knowledge and opinion contributions, and therefore stakeholder 
involvement is regarded as a key characteristic of, or a major condition for RI (Koops, 2015, 
Owen et al., 2013, Singh and Kroesen, 2012, von Schomberg, 2013).  

The aforementioned variety in definitions and approaches of RI indicate that RI as a concept 
and approach is still evolving. It is not yet a mature research and action field, which leaves 
ample room for improvement. In this regard, we notice in particular that the discussion about 
RI lacks comprehensiveness without considering the links between innovation and cultural 
aspects or value differences. Culture can be reflected in societal goals and goals of innovation in 
society, as well as how innovation processes can be conducted. What is considered to be 
effective, good and legitimate in one society could be considered doubtful or off-limits in 
another society. Therefore, it is important to understand the role of culture in innovation as the 
starting point to understand RI in relation to cultural context. In the next section we will delve 
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into the literature on the role of culture in innovation, elaborating some approaches and 
theories related to culture and cultural differences (i.e. Hofstede, 1980, Hofstede et al., 2010). 
This elaboration will be used as the basis for developing our conceptual framework—which will 
be used to investigate links between culture and RI dimensions. 

 Culture and Innovation 

As has been widely recognised by innovation systems scholars in particular, innovation 
processes always take place in a specific social, economic, institutional and cultural context. In 
that regard, innovation often faces challenges with regard to its adoption and implementation. 
Among the “Big 10” Innovation Killers presented by Wycoff (2003), ‘culture’ is put forward as 
the first issue. A large number of studies even suggest that innovation requires specific 
conditions for it to occur, and culture is considered as an important determinant (cf. Ahmed, 
1998, Kaasa and Vadi, 2008, Shane, 1993, Shane, 1992, Ulijn and Weggeman, 2001, Westwood 
and Low, 2003). Westwood and Low (2003) argue that culture can and does have an impact on 
innovation, but the relationship is considered as complex, reflexive and not always universal. 
Shane (1993) finds that individualistic, non-hierarchical and uncertainty-acceptance societies 
have a higher national rate of innovation than other societies. These findings were later 
supported by Kaasa and Vadi (2008) whose observations suggest that culture affects the 
capability of a country or region to initiate innovation. They further explain that culture, which 
is reflected in people’s beliefs and behaviour, can contribute or hinder the process of developing 
and implementing new ideas or innovation. Ahmed (1998)  argues that certain cultural norms 
are even needed to facilitate an innovative climate, such as trust and openness, awarding and 
rewarding, autonomy and flexibility. In another study, Tushman and O’Reilly (1997) find that 
culture is one of the most important factors in the management of innovation. In addition to 
influencing the extent of innovativeness, culture can also affect the direction of innovation, in 
that it shapes the pattern dealing with novelty, individual initiatives and collective actions, and 
understandings and behaviour regarding risks as well as opportunities (Kaasa and Vadi, 2008).  

The term culture is of course multi-discursive, having been defined in a variety of ways by many 
scholars (see e.g. Allaire and Firsirotu., 1984, Hofstede, 1980, Hofstede et al., 2010, Schwartz, 
1994, Smith et al., 2002, Taylor, 1871, Trompenaars, 1993). Buono et al. (1985) note that most 
definitions of culture used currently in the social sciences are modifications based on the 
concept of culture by Taylor (1871, 1): “that complex whole which includes knowledge, belief, 
art, morals, law, custom, and any other capabilities and habits acquired by man as a member of 
society”. Based on this view, culture is inextricably constructed through human interaction 
within the society. This view has been exemplified by some scholars who conceptualise culture 
as the shared meanings assigned by culture members to things and people within the 
community (Smith et al., 2002). Kroeber and Kluckhohn (1952) (as quoted in Veiga et al., 2001, 
146) explain that culture consists of  “patterns, explicit and implicit of and for behaviour, … 
[that] may, on the one hand, be considered as products of action, [and] on the other, as 
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conditioning elements of future action”. Westwood and Low (2003) observe that in its broadest 
sense culture has been represented dominantly in terms of shared values, meanwhile Hofstede 
(1980, 21-23) defines culture as “the collective programming of the mind which distinguishes 
the members of one group from another ”. Kaasa and Vadi (2008) additionally, explicate that 
culture holds a twofold function at the societal and individual level. First, culture holds society 
together. And secondly, culture assists individual decision-making and making sense of the 
reality. 

Culture scholars have come up with various classifications of cultural dimensions that capture 
different shared values in societies or nations. For instance, Hofstede (1980) distinguishes four 
cultural dimensions: power distance, uncertainty avoidance, individualism/collectivism and 
masculinity/femininity. In the later study, Hofstede et al. (2010) add ‘long-term orientation’ as a 
fifth cultural dimension. Alternative classifications to Hofstede’s theory on cultural dimensions 
have been proposed by Trompenaars (1993) and Schwartz (1994). Trompenaars (1993) classifies 
seven national cultural dimensions to understand diversity in the global environment, namely: 
universalism/pluralism, individualism/communitarianism, specificity/diffuseness, 
affectivity/neutrality, inner-directedness/outer-directedness, orientation towards achieved-
status/ascribed-status, sequential/synchronic focus and past-orientation/future-orientation. 
Schwartz (1994) proposes seven basic cultural values, including conservation, hierarchy, 
intellectual autonomy, affective autonomy, competence, harmony and egalitarian compromise. 
Hofstede’s cultural dimensions became particularly widely used in innovation studies to study 
the influence of culture on innovation (cf. Hofstede, 2001, Kaasa and Vadi, 2008, Lynn and 
Gelb, 1996, Png et al., 2001, Steenkamp et al., 1999, Yaveroglu and Donthu, 2002). However, we 
notice that of Hofstede’s five cultural dimensions, masculinity/femininity has been the most 
difficult to conceptualise and validate in many cases (Veiga et al., 2001, Veiga et al., 1993, Veiga 
et al., 1995). Therefore, here, we drop the masculinity/femininity dimension from 
consideration. The remaining four cultural dimensions have been constructed and validated in 
research across many nations and touch upon fundamental issues in cultural behaviour of 
people within organisations and institutions. They can be described as follows (Hofstede et al., 
2010): 

(1) Power Distance (PD). The degree to which members of a society accept that power in 
organisations and institutions is unequally distributed. It reveals that power structure and 
hierarchical relations are considered important and legitimate in the given society. 

(2) Uncertainty Avoidance (UA). The way in which members of a society respond to uncertainty 
and ambiguity. It depicts how certain societies support beliefs that insure certainty and 
maintain the rules that protect conformity.  

(3) Individualism/Collectivism (IDV/COL). The degree to which members of a society value the 
preferences and interests of an individual versus those of a group.  
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(4) Long/Short-Term Orientation (LTO/STO). The extent to which members of a society show a 
propensity to deal with the challenges of the present and future. This dimension also 
explains how every society maintains some links with its own past and prioritises its 
existential goals differently. 

In short, the elucidation above strongly indicates that innovation is influenced by various 
human factors, and such influences have been described appropriately by means of the concept 
of culture (Kaasa and Vadi, 2008). As we noted in the previous section, the dimensions of RI 
(i.e. Singh and Kroesen, 2012, Stilgoe et al., 2013) could be interpreted differently in different 
societies. The way in which Western people interpret ‘anticipation’ could be different from 
people from Eastern countries. How Americans interpret and conduct ‘deliberation’ could be 
different from how Asians or Africans conceive of it, and conduct this process. As stated by 
Steers et al. (1996),  “no nation or culture has a monopoly on the best ways of doing something”. 
This is especially so when it comes to the application of RI dimensions in practice in different 
cultural contexts. Therefore, it is reasonable to propose that there has to be an influence of 
(national) culture on RI dimensions; they have to fit in with local norms and values. In the 
following section, we will propose a conceptual framework to flesh out the details of this 
influential relationship. 

 Towards a Conceptual Framework for the Application of RI: Linking Cultural 
Dimensions with RI Dimensions 

Research on the link between cultural dimensions and the dimensions of RI has not explicitly 
been done so far, yet research on the effects of culture on innovation, technology, organisation, 
etc., offers perspectives on possible relationships between those two types of dimensions, as will 
be identified in this section. For this purpose, we take culture as the appropriate concept to 
describe how societies may interpret and apply RI dimensions in different ways in practice. 
Drawing on the theories and approaches reviewed in the previous sections, the conceptual 
framework here is designed to explore how cultural specificities could influence the application 
of RI dimensions in practice. The framework is based upon the four cultural dimensions of 
Hofstede et al. (2010) and the five dimensions of RI of Singh and Kroesen (2012).  

One way to arrive at indicative influences of culture on RI dimensions is by drawing upon 
particular literatures that explain how cultural attributes influence societies’ behaviour. For this 
purpose, these strands of literature are synthesised to highlight findings that provide insights 
about likely relationships between each culture dimension and each RI dimension, as will be 
explained in the following paragraphs. This is followed by articulating the findings, transcribing 
them into a set of indicative influences, which one can view as plausible hypotheses. A few 
tentative influences could not be formulated on the basis of existing sources due to lack of 
relevant literature. In these cases, propositions have been advanced on the sole basis of the 
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authors’ own insights and ideas. All indicative influences and their relevant source(s) of 
information have been compiled into a tabular format (see Table 5.1).  

Power Distance reflects the degree to which members of a society accept that power in 
organisations and institutions is unequally distributed. It reveals that power structure and 
hierarchical relations are considered important in the given society. Power distance is related to 
managing authority; high power distance is characterised by the extensive use of formal rules 
and centralized authority (Karwowski, 2006). In the case of low power distance, the decision 
structure is often more decentralised with less prominent chains of command, and more 
informal, direct and participative communication. van Everdingen and Waarts (2003) find that 
in a society with high power distance, hierarchical structure often hinders the process of 
information sharing and limits the participation of the members. This is effective for innovation 
processes that require tight centralised orchestration, but it could be problematic when 
innovation requires extensive exploration, which requires significant openness to information 
from different actors and sources. In contrast, communication across hierarchical structures is 
commonly found within cultures with low power distance (Shane, 1993, Williams and McGuire, 
2005), which thus opens more opportunity for forming collaborations, sharing ideas and new 
knowledge which can be conducive to creative interactive innovation that requires looking 
beyond established boundaries. Lane et al. (2006) also find that in high power distance cultures, 
people are less likely to speak up or disagree with their superiors, which may hamper team 
reflexivity and group learning. Herbig and Dunphy (1998) find that in societies with high power 
distance, creative activities are often hampered by bureaucracy and people tend to be more 
fatalistic and reluctant to respond to changes, hence as the result they have less incentive to 
innovate and to think about what should be anticipated beforehand. Rigid bureaucracy and too 
many formalities also make people less productive in thinking creatively (Shane, 1992). In the 
case of low power distance, people tend to display more creativity since there is more trust 
between hierarchical levels (Kaasa and Vadi, 2008). This is also supported by Lane et al. (2006), 
who find that deliberative discussion and reflexive group thinking are most likely to occur in 
cultures with relatively low power distance.  

Uncertainty Avoidance explains the way in which members of a society behave towards 
uncertainty and ambiguity. It depicts how certain societies support beliefs that insure certainty 
and maintain the rules that protect conformity and stability. Hofstede regards this dimension as 
the society’s acceptance or rejection of uncomfortable situations such as “what is different is 
dangerous”.  Rules play an important role in the case of strong uncertainty avoidance, and 
therefore the working relation rules are carefully followed by the members of societies that are 
characterised by high uncertainty avoidance. Also, in high uncertainty avoidance cultures, 
people tend to display risk-averse behaviour and prefer to seek consensus and affirmation. In 
the case of low uncertainty avoidance cultures, people consider conflicts as constructive parts of 
life and to some extent people violate organisational rules for pragmatic reasons. In such 



Responsible Innovation: Moving Towards a Culturally Sensitive Approach 

   125 

societies, ambiguous situations are regarded as a natural thing and people tend to be inclined to 
take risks.  Shane (1993) and van Everdingen and Waarts (2003) similarly find in their studies 
that in high uncertainty avoidance cultures, people tend to be more resistant to innovation 
because it brings some kind of change and uncertainty.  

According to Kaasa and Vadi (2008) uncertainty-averse attitudes may lead to a rejection of a 
novel idea. Similar to this, Furrer et al. (2000) indicate in their findings that people in high 
uncertainty avoidance cultures are more cautious about new ideas and tend to avoid risks and 
impacts associated with such ideas. Such attitudes also tend to make people reluctant and slow 
in responding to certain changes (Furrer et al., 2000). In contrast, societies with low uncertainty 
avoidance cultures are typically more open to new things and respond more quickly to new 
ideas (Furrer et al., 2000, Leidner and Kayworth, 2011). According to Hofstede, cultures with 
low uncertainty avoidance prefer an independent decision-making process where individuals 
are not so much involved. Meanwhile the high uncertainty avoidance cultures prefer a 
consultative decision-making process as a way to seek consensus. Low uncertainty avoidance 
cultures also do not tend to encounter anxiety related to an inability to accurately foresee all 
future factors that might be relevant to a decision (Hofstede, 1993, Leidner and Kayworth, 
2011). This also helps in explaining why more longer term planning is typically undertaken in 
high uncertainty avoidance cultures, compared with low uncertainty avoidance cultures 
(Hofstede, 1993, Leidner and Kayworth, 2011). In practical manners it suggests that high 
uncertainty avoidance would typically encourage the use of an extensive data analysis before 
making decisions, while this is less likely to happen in low uncertainty avoidance cultures as 
people may not trust the data and view such data with great scepticism in relation to foreseeing 
the future (Leidner and Kayworth, 2011). The common approach that is often found in low 
uncertainty avoidance cultures is that decisions are made without critical analysis and by just 
assuming in time that all will be accomplished (Hofstede, 1993, Leidner and Kayworth, 2011, 
Moran and Abbot, 1994). Correspondingly, Kras (1995) finds that in low uncertainty avoidance 
cultures, people tend to be less deliberative in dealing with certain issues or changes, and they 
are less inclined to carry out an analysis of detailed data, being are more tolerant of uncertainty.  

Individualism/Collectivism describes the degree to which members of a society value the 
preference of individual versus group interests. This dimension is related to managing 
relationships (Karwowski, 2006). Individualistic societies are characterised by weak 
relationships between members where everyone is assumed to be responsible to take care of 
him/herself and his/her family members. People make their own choices and decide in an 
independent manner based on argument and rational aspects. In contrast, collectivistic societies 
are characterised by strong relationships between individuals, collective decisions and 
community-based regulation. An individual’s act is expected to conform to the group’s norms, 
and people are assumed to be loyal as they connect their identity to groups. And thus, compared 
to individualistic societies, collectivistic societies are more responsive to the changes that occur 
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in the communities and prefer to avoid extreme conditions that may affect the social stability in 
communities (Chen et al., 1995, Smith, 2004). For collectivistic societies, contributions of 
individuals are regarded as belonging to the organisation or community. Collectivistic societies 
prefer to keep harmony, can be more easily influenced by social cues and show least freedom to 
express individual opinions in a deliberation process (Min, 2009). In contrast, individualistic 
cultures value more freedom and independence of individuals, but give less emphasis on the 
loyalty to the organisation or community (Herbig and Dunphy, 1998). According to Min 
(2009), deliberation processes in individualistic cultures are characterised by equal 
participation, freedom to express opinion and reasoned argument in reaching consensus. This 
causes people in individualistic cultures to have more opportunity to try something new based 
on their own choice and to have more reasons to expect reward and recognition for their own 
ideas (Shane, 1992, van Everdingen and Waarts, 2003). The adoption of new ideas or innovation 
is also faster in individualistic cultures than in collectivistic cultures (Rikowski, 2007).  

Long/Short-Term Orientation reflects the orientation of a society in its dealings with the search 
for virtue. This dimension also explains how every society maintains some links with its own 
past and prioritises its existential goals differently. Long-term orientation cultures focus on the 
fostering of virtues oriented toward future rewards, in that they are concerned with future-
oriented goals, encourage thrift and perseverance as the way to prepare for the future. Short-
term orientation cultures focus on the fostering of virtues related to the past and present, in that 
they are concerned with tradition-oriented goals, past and present achievement, norms and the 
fulfilment of social obligations. The most significant element of this cultural dimension is about 
how people perceive future planning. However, it is not about how well they plan or how 
organized their plan is, but how far ahead they envisage and prepare for the future (Hofstede et 
al., 2010). People in long-term orientation cultures usually take a pragmatic approach, as they 
believe that truth depends very much on context, time and situation (Hines et al., 2010). In 
contrast, societies with a short-term orientation prefer to take a more normative approach, 
value the absolute truth and tend to view societal changes with suspicion (Hines et al., 2010). 
According to Hofstede, long-term orientation cultures regard the relationships between 
members as ordered by status. In practical terms, this also suggests that the status of individuals 
matters when they involve in something. In contrast, status is not regarded as a major issue in 
relationships by short-term orientation cultures. For short-term orientation cultures what is 
important is the bottom line of the issues. With respect to acceptance of change, long-term-
oriented societies require a belief in future payoff that justifies the persevering in the present in 
order to consider changes in how things should be done (Veiga et al., 2001). This sheds light on 
the fact that long-term-oriented societies anticipate risks associated with changes by taking into 
account the long-term payoffs (Steensma et al., 2000). In contrast, societies with a short-term 
orientation tend to be more responsive to changes if a need exists, especially when the traditions 
or past success are shown to be wanting (Hofstede, 1993, Veiga et al., 2001). Staying within 
accepted and well-known value traditions seems to be the way short-term-oriented cultures 
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anticipate risks associated with changes (Nakata and Sivakumar, 1996, Steensma et al., 2000). 
Correspondingly, Walter (2014) notes that long-term orientation cultures are more likely to 
emphasise the long-term benefits of innovative activities, while in contrast short-term cultures 
would prefer to emphasise maximising short-term gains based on their experiences of success. 
Nakata and Sivakumar (1996) propose that long-term orientation cultures tend to promote new 
product development with emphasis on future opportunities. On the other hand, short-term 
orientation cultures are more likely to be reluctant to involve in the development of new 
products with the emphasis to keep the past success and present achievement of the existing 
products (Nakata and Sivakumar, 1996). 

Table 5.1 summarises the indicative influences (or hypotheses) of the four cultural dimensions 
on the five dimensions of RI. In practical terms, Table 1 illustrates the structure of the 
conceptual framework. The table consists of four columns containing Hofstede’s cultural 
dimensions: power distance, uncertainty avoidance, individualism/collectivism and long/short-
term orientation; and five rows containing the five dimensions of RI: anticipation, reflexivity, 
deliberation, responsiveness and participation. Relevant sources of literature supporting the 
indicative influences (or hypotheses) are put in each cell in Table 5.1, while the hypotheses 
proposed on the sole basis of the researchers’ own articulation are marked with **. 

Table 5.1 Structure of the conceptual framework for investigating possible effects of 
(national) culture on the dimensions of Responsible Innovation  

Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
Anticipation 

  

Anticipation is likely 
influenced by the 
way an 
authority/power 
structure defines the 
issues that should be 
anticipated and the 
approach taken by an 
authority/power 
structure to address 
such issues. 
- High PD:  

anticipation is 
likely defined/taken 
according to the 
perspective/underst
anding/interest of 
superiors/formal 
authority. 

Anticipation is likely 
influenced by the 
way people behave 
towards uncertainty 
and ambiguity (i.e. 
risks, uncomfortable 
situations, etc.). 
- High UA: 

anticipation would 
be focused more on 
how to avoid risks, 
conflicts, 
ambiguous 
situations and the 
unknown impacts 
of new things. 

- Low UA: 
anticipation would 
be focused more on 

Anticipation is likely 
influenced by 
people’s preferences 
with respect to 
individuals or group 
interest (i.e. to avoid 
certain/extreme 
conditions).  
- IDV: anticipation is 

likely about 
avoiding extreme 
conditions/unpleas
ant situations that 
may affect personal 
interest and needs. 

- COL: anticipation 
is likely about 
avoiding extreme 
conditions/unpleas

Anticipation is likely 
influenced by the 
goal-orientation of 
people when dealing 
with the present and 
future challenges 
- LTO: anticipation is 

likely encouraged 
by future-oriented 
goals, focusing on 
thrift and 
perseverance, 
taking into account 
long-term pay-offs 
as the way to deal 
with present and 
future challenges.   

- STO: anticipation is 
likely encouraged 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
- Low PD: 

anticipation could 
be defined/taken 
according to the 
perspective/underst
anding/interest of 
members across 
hierarchical levels, 
not only by 
superiors/the 
formal authority. 
 

(e.g. Herbig and 
Dunphy, 1998) 

taking the risks to 
deal with 
uncertainty, 
conflict is 
considered as part 
of life, and 
uncomfortable 
situations are 
considered as a 
natural thing. 

 
(e.g. Furrer et al., 
2000) 

ant situations that 
may affect 
communities.     

 
(e.g. Chen et al., 
1995, Smith, 2004) 

by tradition-
oriented goals, the 
past and present 
achievement and 
the fulfilment of 
social obligations as 
the way to deal with 
present and future 
challenges. 

 
(e.g. Steensma et al., 
2000) 

Reflexivity 

 

Reflexivity is likely 
influenced by trust 
between hierarchical 
levels and the 
opportunity for 
learning/understandi
ng certain issues. 
- High PD:  

reflexivity is likely 
limited by rigid 
bureaucracy and 
less opportunity for 
learning/understan
ding certain issues 
due to formal rules. 

- Low PD: reflexivity 
is likely encouraged 
through trust and 
informal relations 
across hierarchical 
levels and equal 
opportunity for 
learning/understan
ding certain issues 
due to the absence 
of rigid rules. 

 
(e.g. Lane et al., 2006, 
Shane, 1993) 
 

Reflexivity is likely 
influenced by 
whether people 
consider the way ‘to 
avoid or to take’ the 
consequences/impact
s/risks associated 
with changes and 
uncertain situations 
in the process of 
learning. 
- High UA: people 

are likely to 
consider ways of 
avoiding 
consequences/impa
cts/risks associated 
with changes and 
uncertain situations 
in the process of 
learning/understan
ding certain issues.  

- Low UA: people are 
likely to consider 
ways of taking and 
dealing with 
consequences/impa
cts/risks associated 
with changes and 
uncertain situations 

Reflexivity is likely 
influenced by the 
way people consider 
the preferences of 
individuals or group 
in the process of 
learning/understandi
ng certain issues. 
- IDV: reflexivity 

typically prioritises 
more the 
individuals’ 
interest/needs in 
the process of 
learning/understan
ding certain issues. 

- COL: reflexivity 
typically prioritises 
more to the group’s 
interest/needs in 
the process of 
learning/understan
ding certain issues.  

 
(**) 

 
 
 

Reflexivity is likely 
influenced by the 
way people take into 
account their goal-
orientation in the 
process of 
learning/understandi
ng certain issues.  
- LTO: reflexivity is 

likely encouraged 
by taking into 
account future-
oriented goals in 
the process of 
learning/understan
ding certain issues. 

- STO: reflexivity is 
likely encouraged 
by taking into 
account tradition-
oriented goals in 
the process of 
learning/understan
ding certain issues. 

 
(**) 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
 in the process of 

learning 
/understanding 
certain issues. 

(**) 
Deliberation Deliberation is likely 

influenced by the 
way of 
communication and 
the opportunity to 
collaborate and share 
information between 
hierarchical levels: 
- High PD: 

deliberation is 
likely limited by 
formal 
communication 
and less 
opportunity to 
collaborate and 
share information 
between superiors 
and subordinates 
and limited 
communication 
across different 
departments and 
organisations. 

- Low PD: 
deliberation is 
likely supported by 
communication 
across hierarchical 
levels and equal 
opportunity for 
collaborating, 
sharing 
information and 
open discussion. 
 

(e.g. Shane, 1993, van 
Everdingen and 
Waarts, 2003, 

Deliberation is likely 
influenced by the 
preference level of 
analysis of people 
when dealing with 
certain issues or 
changes.     
- High UA: 

deliberation would 
typically involve 
intellectual pursuit 
at the abstract level 
and less critical 
analysis when 
dealing with certain 
issues or changes.    

- Low UA: 
deliberation would 
typically be 
encouraged 
through the 
analysis of detailed 
data and critical 
analysis when 
dealing with certain 
issues or changes. 
 

(e.g. Hofstede, 1993, 
Leidner and 
Kayworth, 2011, 
Moran and Abbot, 
1994) 
 

Deliberation is likely 
influenced by 
people’s approach in 
taking into account 
the interest of 
individuals versus 
groups. 
- IDV:  deliberation 

is typically 
characterised by 
equal participation, 
freedom to express 
individuals’ opinion 
and reasoned 
argument in 
reaching consensus. 

- COL: 
deliberation is 
typically 
characterised by 
willingness to 
keep harmony, 
be considerate to 
social cues and 
with limited 
freedom to 
express 
individual 
opinion. Persons 
of authority are 
deemed to be the 
legitimate 
spokespersons 
on behalf of 
groups in 
gatherings, so 
there is less 
direct plenary 
deliberation. 

Deliberation is likely 
influenced by the 
concern of people 
regarding long-term 
and short-term 
benefits/payoffs.     
- LTO: people would 

likely place more 
concern on the 
long-terms payoffs.   

- STO: people would 
likely place more 
concern on 
maximising short-
term gains.    

 
(e.g. Steensma et al., 
2000, Veiga et al., 
2001) 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
Williams and 
McGuire, 2005) 

(e.g. Min, 2009) 

Responsiveness 

 

 

Responsiveness is 
likely influenced by 
the degree of 
formality in doing 
things and getting 
things done. 
- High PD: being 

responsive 
to/responding to 
changes is likely 
tied with rigid 
bureaucracy and 
formalities in doing 
things. 

- Low PD: being 
responsive 
to/responding to 
changes is 
encouraged 
through fewer 
formalities in doing 
things. 

 
(**) 

 

Responsiveness is 
likely influenced by 
the acceptance of 
people to 
uncomfortable 
situations due to 
certain issues or 
changes.  
- High UA: 

responsiveness is 
typically 
characterised by 
reluctance, caution 
and slow response 
to certain issues or 
changes.     

- Low UA:  
responsiveness is 
typically 
characterised by 
openness and quick 
response to certain 
issues or changes.  

 
(e.g. Furrer et al., 
2000, Leidner and 
Kayworth, 2011) 

 

Responsiveness is 
likely influenced by 
the way people weigh 
the interest of 
individuals versus 
group. 
- IDV: individualistic 

cultures tend to be 
responsive to 
changes that affect 
the individual’s 
interest.   

- COL: collectivistic 
cultures tend to be 
responsive to 
changes affecting 
communities.   

 
(e.g. Chen et al., 
1995, Smith, 2004) 

Responsiveness is 
likely influenced by 
the way people 
consider the 
past/present 
achievement versus 
future opportunities 
associated with 
certain issues or 
changes. 
- LTO: response to 

changes is likely 
characterised by a 
pragmatic approach 
with emphasis on 
future 
opportunities.  

- STO: response to 
changes is likely 
characterised by a 
normative 
approach and 
encouraged when 
the traditions or 
past success are 
shown to be 
wanting.  

 
(e.g. Veiga et al., 
2001) 

Participation 

 

Participation is likely 
influenced by 
formality and the 
role of power 
structure in giving 
the opportunity to 
participate by the 
innovation actors:  
- High PD: 

participation of 
people is likely 
indirect and guided 

Participation is likely 
influenced by the 
extent to which 
people consider 
consensus or 
conflicts as the way 
to deal with certain 
issues or changes.  
- High UA: people 

typically regard 
affirmation and 
consensus as the 

Participation is likely 
influenced by 
people’s value 
principles in 
managing 
relationships. 
- IDV: participation 

of people is 
typically 
characterised by the 
principle that each 
individual takes 

Participation is likely 
influenced by the 
way people regard 
status and 
relationships. 
- LTO: status and 

relationships are 
likely regarded as 
important in the 
participation of 
people. 

- STO: status is likely 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
by formality, 
regulated. 

- Low PD: people 
tend to take 
initiative to 
participate and this 
is deemed to be 
socially acceptable, 
participation is 
typically based on 
equal rights and 
with less formality.  

 
(e.g. van Everdingen 
and Waarts, 2003) 

way to deal with 
certain issues or 
changes.    

- Low UA: people 
typically regard 
disagreement and 
conflicts as 
constructive parts 
of processes in 
dealing with certain 
issues or changes. 

 
(e.g. Hofstede et al., 
2010) 

his/her own 
responsibilities, 
tends to encourage 
competition 
between 
individuals. 

- COL: participation 
of people is 
typically 
characterised by 
regarding 
individuals’ 
contributions as 
belonging to the 
organisation, and 
encourages 
collaboration 
between 
individuals. 

 
(e.g. Karwowski, 
2006, Min, 2009) 

not regarded as a 
major issue, but 
bottom line of the 
issues is typically 
regarded as more 
important than 
relationships in the 
participation of 
people.  

 
(e.g. Hofstede et al., 
2010) 
 

** Based on authors’ articulation 

Since Table 5.1 highlights only indicative influences, we might raise a question: how to use it in 
practice? One can refer first to Hofstede’s cultural dimensions’ scores for identifying which 
cultures a country/society belongs to. As the rule of thumb, a culture dimension with a score 
below 50 is regarded as Low, and if it scores above 50 it is regarded as High. A Low score for 
Individualism is regarded as Collectivism, while a Low score for Long-Term Orientation is 
regarded as Short-Term Orientation. When linking cultural dimensions with RI dimensions, 
one can also concentrate one’s focus on cultural dimensions with the highest or the lowest 
scores rather than those with medium scores, so as to single out those linkages between 
dimensions that will most likely reflect significant influences of culture on RI. For example, in a 
society that scores highest in PDI, lowest in LTO, but medium in IDV and UAV, one can 
concentrate on the hypothesised linkages of PDI and LTO with RI dimensions in Table 5.1. 
However, since Table 5.1 does not provide ready prescriptions on “how to do” RI in different 
cultural contexts, we also recommend researchers and innovation actors to engage in more 
detailed examination of these linkages. To facilitate this, we propose a number of practical 
questions that could be useful to researchers and innovation actors attempting to apply the 
approach of RI in different cultural contexts. These are summarised in Table 5.2. The table 
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should be seen as a general guidance frame. The number of practical questions could still be 
extended, depending on the researchers’ purposes, needs and context of the issue.  

The knowledge achieved from applying Table 5.1 and Table 5.2 for the purpose of undertaking a 
particular RI process at hand in a particular cultural context can shed light on how to 
appropriately conduct the five dimensions of RI in that context; what values should be 
particularly considered in the process of innovation in accordance with the culture of that 
society. In practical terms, for example, the exercise would provide information or ideas about 
the kind of approach that can be effective for involving stakeholders in a deliberative dialogue 
about a plan for adopting a new or emerging technology. To summarise, Table 1 can be used as 
a starting point to sensitise researchers and innovation actors to the relevant issues. This can 
then trigger the right kind of focus points and questions presented in Table 5.2, as a guide to 
how the five dimensions of RI can be conducted most effectively and ethically according to 
certain cultural contexts. 

Table 5.2 Questions to consider for a culturally sensitive conduct of Responsible Innovation 

Responsible 
Innovation 
Dimensions 

Diagnostic questions to gain insight into the influence of cultural dimensions 

Anticipation  Power Distance:  
How do people foresee and anticipate certain issues? To what extent are they affected 
by the superiors’ approach? 

 Uncertainty Avoidance:  
How do people cope with uncertainty? Do they prefer to avoid or to take risks and can 
accept unknown impacts of new things?  

 Individualism/Collectivism:  
Does people’s anticipation of a certain condition come from interests of individuals or 
group? 

 Long/Short-Term Orientation: 
Do people consider future-oriented goals or look at present achievement when dealing 
with the challenges ahead? 

Reflexivity  Power Distance: 
Is the learning process on certain issues bound by formal rules and strict procedures? 
How? 

 Uncertainty Avoidance: 
Do people take into account the way to avoid risks associated with certain changes or 
uncertain situations in the learning process?  

 Individualism/Collectivism: 
How do people take into account the preference of individuals or group in the process 
of learning? Which preferences or interests do they prioritise more? 

 Long/Short-Term Orientation: 
Do people take into account future-oriented goals in the process of learning and 
understanding certain issues, or do they use existing norms and value sets as their 
dominant frame of reference when making sense of new experiences?  
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Responsible 
Innovation 
Dimensions 

Diagnostic questions to gain insight into the influence of cultural dimensions 

Deliberation  Power Distance: 
How do people usually communicate and share their ideas with each other? To what 
extent do the formalities or hierarchical levels and official lines of authority matter in 
communication between individuals?  

 Uncertainty Avoidance: 
Are people used to embrace critical analysis and more detailed data when planning or 
discussing something? 

 Individualism/Collectivism: 
Which interests matter most to be considered, individuals or group related interests? 

 Long/Short-Term Orientation: 
Do people take into account long-term pay-offs when exploring new things? 

Responsiveness  Power Distance: 
How do people see and respond to changes or new things? Do they accept changes due 
to order from authorities? 

 Uncertainty Avoidance: 
Does people’s uncertainty avoidance make them cautious to respond to certain 
changes or new things? 

 Individualism/Collectivism: 
Do people show fast response to certain changes that affect the individuals’ interest? 

 Long/Short-Term Orientation: 
Do people aim for future pay-offs when adopting new things? 

Participation  Power Distance: 
Do people get involved in something through formal orders or in voluntary ways? 
Are they in equal positions to express their ideas in a discussion, and to attend 
meetings and to receive information about opportunities to become involved in 
deliberation?   

 Uncertainty Avoidance: 
Do people seek for participatory consensus and affirmation when dealing with certain 
issues or changes? 

 Individualism/Collectivism: 
Are participatory contributions regarded as belonging to individuals or group? Do 
people take their own initiatives and responsibilities when getting involved in 
something? 

 Long/Short-Term Orientation: 
Is an individual’s status regarded as important when involving someone in a 
discussion? 

_________________________________________________________________________ 

 Conclusion 

This paper has presented literature reviews on the concept and approach of RI, and the relation 
between culture and innovation, for the purpose of exploring how (national) cultural attributes 
can affect attitudes towards, and the conduct of innovation in societies, which is a first step 
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towards fostering a culture-sensitive application of RI. Our reviews show that RI is still an 
evolving idea and approach, in need of further refinement.  In particular, we find that more 
inquiry is required into how to make the RI approach more contextual, especially in different 
cultural contexts. We see this as a way forward to make the approach more applicable in 
practice. In this paper we address that issue by proposing a conceptual framework that can be 
used to investigate the relationship between culture and RI dimensions—that is, by linking the 
four cultural dimensions elaborated by Hofstede with the five RI dimensions that are commonly 
adopted in the RI literature. By making cultural factors more explicit, we have further evolved 
RI towards a culturally sensitive innovation approach. 

Further, this paper advanced the argument that Hofstede’s four cultural dimensions are likely to 
play distinct roles in influencing the five RI dimensions, i.e., in how these RI dimensions would 
be interpreted and can be suitably applied in practice in different societies with different 
cultures. Therefore, linking the cultural dimensions and RI dimensions (as shown in Table 5.1) 
has three practical benefits. Firstly, it suggests that the application of RI can be tailored by taking 
into account key cultural aspects, which is likely to contribute to enhanced effectiveness of the 
approach by enhancing the social acceptability of RI. Secondly, the conceptual framework 
highlights the important issues or unique influences of cultural dimensions on RI dimensions, 
thereby identifying or proposing indicative influences that can be further examined by 
researchers across different cross-cultural contexts. In this way, the conceptual framework offers 
a broad-based approach, i.e. one is not bounded by comparisons between particular national 
cultures. Thirdly, the framework in Table 5.1 makes it possible to clarify and further investigate 
the linkages between (national) culture and RI dimensions in a more effective, focused and 
structured way.  

In addition to the above, we also see that the conceptual framework can also be useful beyond 
furnishing a normative tool for the application of RI dimensions in practice in specific cultural 
contexts. The conceptual framework could also be useful as a framework for analysing or 
studying RI processes, in order to discover the reasons why they achieved success or failure. The 
framework suggests that this could be related to how well (or badly) the implementation of the 
processes denoted by the five RI dimensions are aligned with certain cultural characteristics. 

The issues discussed in this paper however still need to be taken further through testing and 
validating the proposed linkages in the proposed conceptual framework. Therefore, as the 
follow up to this paper, the conceptual framework has been used and tested in a real 
experimental case of adoption of an emerging energy technology in a developing country 
context, namely CO2 utilisation in Indonesia—which will be presented in another paper 
(Setiawan, in preparation) or Chapter 6 of this dissertation. The case reflects the influence of 
cultural dimensions—in particular power distance and collectivism as the most dominant 
cultural attributes in Indonesia’s context according to Hofstede—on the application of RI 
dimensions in practice in CO2 utilisation.  
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We also recommend future research to use the proposed conceptual framework in other real 
cases which would reflect the pursuit of RI in different cultural contexts, for example, in the 
development and adoption of new or emerging energy technologies in certain countries or by 
comparing the innovation experiences and processes in two or more countries. The results can 
then be used to further improve and validate the proposed conceptual framework. Ultimately, 
what the paper tries to emphasise is the importance of evolving a more comprehensive 
framework of RI which has relevance across different cultures by making the key cultural 
aspects explicit, in this way facilitating a well-tailored design and implementation of the 
different RI dimensions. This finally suggests another avenue for future research to use not only 
Hofstede’s cultural dimensions, but also other types of cultural dimensions (i.e. Trompenaars’ 
and Schwartz’s cultural dimensions) to link with RI dimensions.  
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 The Influence of National Culture on 
Responsible Innovation: A Case of CO2 
Utilisation11 

Abstract 

Responsible Innovation (RI) offers a promising step towards a more responsible adoption of 
innovations, such as new and emerging technologies. However, how RI would be practised in 
different cultural contexts is still less studied, especially in the context of developing countries. 
Taking the utilisation of CO2 in Indonesia as an empirical case, the purpose of this paper is to 
explore this issue through examining the influence of key characteristics of Indonesia’s national 
culture on core dimensions of RI: anticipation, reflexivity, deliberation, responsiveness and 
participation. The different RI dimensions are applied in practice in a Focus Group Discussion 
(FGD) and a round of interviews with different stakeholders that explored CO2 utilisation in the 
country. Hofstede’s classification of national cultural dimensions is used in order to single out 
key focus points for attention in these RI processes in the Indonesian context. The results from 
the experiment illustrate that culture matters in the application of RI dimensions in practice, in 
the sense that in order for RI to work well, the governance of core RI processes such as 
participation and deliberation has to be adjusted to social norms of what is considered 
legitimate, desirable and good behaviour. These norms differ across societies. The findings 
suggest that for the RI approach to become more applicable in different contextual conditions, it 
is important to take the cultural aspects explicitly into account in the application of RI 
dimensions in practice and suggests ways of doing this.   

 Introduction 

The Responsible Innovation (RI) approach proposes a set of procedures by which innovation 
processes become more responsive to societal challenges with regard to inevitable uncertainties, 
ambiguities and risks of new and emerging technologies (Macnaghten et al., 2014). The RI 
concepts and approaches, which have been developed by a few notable authors (i.e. Owen et al., 
2013, Singh and Kroesen, 2012, von Schomberg, 2013), suggest that RI can be implemented 
through certain processual mechanisms. For instance, Owen et al. (2013) propose anticipation, 
inclusion, reflexivity and responsiveness as the core dimensions that guide the implementation 
of RI through developing institutional capacities for researchers and other stakeholders. Singh 
and Kroesen (2012) propose RI as a mechanism for ensuring care for certain values for social, 
_______________________                                                    

11 This chapter is based on the following article: Setiawan, A.D. The influence of national culture on Responsible 
Innovation: A case of CO2 utilisation in Indonesia. Submitted to Technology in Society. 
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economic and environmental sustainability through engaging in five dimensions that capture 
essentially the same, namely anticipation, reflexivity, deliberation, responsiveness and 
participation in the innovation process.  

RI has been applied in various studies in which science and its related technologies are still 
indicated as its primary targets (Jong et al., 2015). As the complexity of today’s innovations is 
increasing and their potential effects increasingly far-reaching, the need for RI and emerging 
practices in that direction appear to be subject of discussion in various sectors like in energy 
(Correljé et al., 2015), infrastructure (Hercheui et al., 2012), geoengineering (Owen and 
Goldberg, 2010, Parkhill et al., 2013), information and communication technology (Setiawan 
and Singh, 2015, Stahl et al., 2013). Yet, this wide application of the RI approach will lack 
comprehensiveness when the discussion about RI does not consider the links between culture 
and innovation. A rich literature about the relation between culture and innovation has 
suggested that culture is considered to be an important determinant of innovation (i.e. Ahmed, 
1998, Hofstede, 1980, Kaasa and Vadi, 2008, Ulijn and Weggeman, 2001, Westwood and Low, 
2003). These literatures have greatly informed our understanding that culture can be reflected in 
societal goals and goals of innovation in society, as well as how innovation processes are to be 
conducted or managed. This implies that what is valued and appreciated, and disliked by certain 
societies should be deemed to be a pivotal basis for understanding the scope for RI. In this 
sense, the underlying dimensions that guide the implementation of RI (i.e. as proposed by Singh 
and Kroesen, 2012, Stilgoe et al., 2013) could also be differently interpreted and applied in 
practice in different societies in different cultures. 

Therefore, the RI concept and approach which largely evolved from the Western research and 
practice notably in Europe and North America, should be challenged in terms of its applicability 
in practice outside its birth region, in other cultural contexts, i.e. in Asian, Latin American or 
African contexts (Fisher, 2016, Macnaghten et al., 2014, Wong, 2016). Different cultural 
attributes might provide contextual conditions for the applicability of RI approach, or at least 
for the way in which its core process dimensions could be made applicable in specific situations. 
It is not prudent to assume that “one RI size fits all”. Nevertheless, only a very limited number 
of empirical studies have focused on understanding the relationship between cultural aspects 
and RI dimensions. The author conducted an extensive survey of RI publications, but did not 
find any studies that examine the influence of cultural aspects on the application of RI 
dimensions in practice. One recent study examined differences in RI practices in research 
consortia in the Netherlands and Hungary (Lukovics et al., 2017) but these countries are 
culturally not very distant. Still, this study found remarkable differences, which supports the 
idea that the issue should be explored further, extending to RI in non-Western settings. 
Therefore, the objective of this study is to address the following question: How does—or 
should—national culture influence the application of RI dimensions in practice? An answer to 
this research question would help to make the RI approach more fit for use in different 
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contextual conditions—in different cultural contexts and in accordance with local practices and 
values.  

The empirical base of this paper is a case of carbon-dioxide (CO2) utilisation in Indonesia. The 
reasons for choosing this case are mainly twofold. First, CO2 utilisation is an example of an 
emerging energy technology that has received increasing attention in the climate change and 
environmental debate as it promises to offer—at least potentially—a significant contribution to 
mitigation of anthropogenic CO2 emissions (see e.g. Goeppert et al., 2012, Meylan et al., 2015). 
However, some complex issues related to CO2 utilisation relating to economy, society and 
environment are relevant to be discussed under an RI framing. Second, the concept of RI is 
relatively new for developing countries and the application of the concept needs special study 
(Singh and Kroesen, 2012). As a developing country, Indonesia is adopting many new and 
emerging technologies. Cultural aspects may play an important role in the success or failure of 
the adoption of such technologies. The application of RI in that context could be valuable for 
negotiating such complexities. The approach of RI should be able to address cultural 
specificities to make it more applicable to different cultural contexts such as the context of 
developing countries like Indonesia. Therefore, it is of scientific interest to study the adoption of 
CO2 utilisation technology in a developing-country context like Indonesia from the perspective 
of RI.   

To address the research gap, the paper introduces a conceptual framework which links the core 
RI dimensions identified by key writers in the RI literature with Hofstede’s dimensions of 
national culture. In this way, the paper will profile the key indicators or factors influencing the 
conduct of RI dimensions, by placing emphasis on the cultural specificities inherent in these 
factors. In this way, the paper attempts to facilitate the application of the RI approach in a more 
contextual manner by taking cultural aspects explicitly into account in the application of RI 
dimensions in practice.  

The remainder of this paper is structured as follows. Section 6.2 briefly explains the conceptual 
framework that will be used in the case. Section 6.3 presents the case. Section 6.4 further 
discusses the findings of the case. Section 6.5 proposes suggestions for conducting RI in 
Indonesia’s context. Section 6.6 concludes and suggests avenues for future research.  

 The Conceptual Framework: Linking Culture with Responsible Innovation 
Dimensions 

The conceptual framework discussed here has previously been developed in a submitted article 
by Setiawan et al. (in preparation)—Chapter 5 of this dissertation. The conceptual framework 
intends to help us to explore the influence of cultural aspects or specificities on the 
interpretation and application of RI dimensions in practice. The construction of this framework 
was based on the following two major components: RI dimensions, and cultural dimensions. 
Here the concept of RI and its dimensions will be described first (section 6.2.1), followed by 



Chapter 6 

142    

descriptions of cultural context and its dimensions (section 6.2.2). By crossing the two 
classifications, a set of indicative influences (hypotheses) of cultural dimensions on RI 
dimensions will be proposed in section 6.2.3.  

6.2.1 Responsible Innovation Dimensions 

The term RI reflects the connection between innovation and responsibility. How an innovation 
should be adopted and managed to anticipate and deal with unexpected impacts beforehand as 
well as to lead to satisfactory outcomes is among fundamental concerns that raise the concept of 
RI. Further, this has encouraged the development and experiment of RI approaches by many 
scholars to address the issue of responsibilities in the adoption of innovation (e.g. Balkema and 
Pols, 2015, Owen et al., 2013, Singh and Kroesen, 2012, von Schomberg, 2013). Numerous RI 
concepts and approaches have been proposed by notable scholars (e.g. Owen et al., 2013, Singh 
and Kroesen, 2012, Ubois, 2010, von Schomberg, 2013). Some of them translate the RI approach 
into dimensions—the constitutive elements or important aspects in the process of RI. For 
example, Owen et al. (2013) propose four specific RI dimensions, namely: anticipation, 
reflexivity, deliberation and responsiveness. Similar to Owen et al. (2013), Stilgoe et al. (2013) 
also name four RI dimensions: anticipation, reflexivity, inclusion and responsiveness. 
Meanwhile, Singh and Kroesen (2012) define five RI dimensions, namely: anticipation, 
reflexivity, deliberation, responsiveness and participation.  

Drawing from already introduced RI dimensions (i.e. by Owen et al., 2013, Singh and Kroesen, 
2012, Stilgoe et al., 2013), the five RI dimensions used in this paper can be summarised as 
follows: 

(1) Anticipation refers to the act of looking forward and plausibility of foresight by innovation 
actors or stakeholders. It takes a forward-looking or future perspective, prompting the 
questions of “what if…” and what else might do?” (Owen et al., 2013). Therefore, the 
knowledge about foresight and its methodologies can help in understanding innovation and 
its impacts and possible applications (Singh and Kroesen, 2012). Further, such 
understanding can help in making decisions or adopt a strategy about adoption and policy 
on innovation. 

(2) Reflexivity refers to a circular or iterative process of creating and shaping innovation by 
innovation actors or stakeholders. Being reflexive also means reflecting on the underlying 
purposes, potential impacts and motivations of innovation (Owen et al., 2013). 

(3) Deliberation refers to a thorough exploration process by innovation actors or stakeholders, 
conveying a careful consideration of divergent aspects which displays in-depth discussions 
in order to find agreement about the way forward. It demands sustained interaction between 
stakeholders, starting at the beginning of innovation processes (Parkhill et al., 2013). 
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(4) Responsiveness is about readily responding to certain circumstances by innovation actors or 
stakeholders, due to different requirements, needs, views, issues and values. Being 
responsive means using the collective process of reflexivity and deliberation outcomes to 
adjust and influence both the course and pace of innovation in an adaptive way (Blaskó et 
al., 2014, Pellizzoni, 2004).  

(5) Participation refers to the act of taking part or involving in a process by different 
stakeholders. It addresses interests of stakeholders regarding the issues, and recognises the 
value of their specific knowledge and opinion contributions, and therefore stakeholder 
involvement is regarded as a key characteristic of, or a major condition for RI (Koops, 2015, 
Owen et al., 2013, Singh and Kroesen, 2012).  

Singh and Kroesen (2012) suggest that RI is about being sensitive to certain values, so that 
innovation actors or stakeholders could ensure social, economic and environmental 
sustainability of innovation. Further, although certain core human values are universal, they can 
be interpreted in many different ways since every society has a different culture (Setiawan and 
Singh, 2015). The values appreciated by Western society or the developed part of the world may 
be disliked by developing parts of the world, and vice versa. Even within the same society, such 
value differences can exist.  

In the context of innovation adoption in developing countries, the question that commonly 
arises is whether or how developing countries should adopt innovations from developed 
countries. These innovations also embody certain values through the ways they were 
conceptualised and created, so they also reflect the societal context in which they were born. 
The question therefore arises to what extent such innovations can be compatible with, and 
culturally appreciated by actors in developing countries. As noted by Singh and Kroesen (2012), 
being sensitive to certain values in the innovation process is important for it to lead to 
satisfactory outcomes. This notion also seemingly suggests that the cultural differences in which 
the values are appreciated or even disliked by certain societies should be taken into account in 
the innovation process, although this proposition has not been further elaborated and 
empirically investigated. In this regard, it is important to build an understanding of the concept 
of culture. This forms the second component of the proposed conceptual framework, to be 
discussed in the following section. 

6.2.2 Cultural Dimensions 

Culture is taken as the appropriate concept to describe how societies may differently interpret 
and apply RI dimensions in practice. In this paper, Hofstede’s cultural model is adopted as the 
basis for the proposed conceptual framework. Hofstede (1980) defines culture as people’s shared 
values within a certain national environment. This concept of culture has been widely 
recognised as an explanatory variable in the relationship between culture and innovation (see 
e.g. McGrath and O'Toole, 2014, Png et al., 2001, Shane, 1993, van Everdingen and Waarts, 
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2003, Williams and McGuire, 2005). Hofstede (2001) argues that people in different countries 
interpret and perceive their world in various ways along four dimensions that characterise 
national culture, namely: power distance, individualism/collectivism, uncertainty avoidance and 
long-term/short-term orientation.  

Although Hofstede’s cultural dimensions have received significant attention in the innovation 
literature to study the influence of culture on innovation, it has not been without criticism. 
Concerns have been raised for instance in terms of methodology used (Triandis, 1982), and the 
period of study which was mostly carried out prior to the advancements in communication 
technology and the leap of globalization (McGrath and O'Toole, 2014). However, Hofstede’s 
work on cultural dimensions has proved useful and valuable in explaining people’s behavioural 
preferences in many business organisations, and has been called one of the major “landmarks of 
cross-cultural research” (Triandis, 1982).  

Cultural dimensions can give indications about the way certain societies operate (Hofstede et 
al., 2010). For the purpose of the conceptual framework in this paper, Hofstede’s four cultural 
dimensions are adopted. These four cultural dimensions, which have been constructed and 
validated from research across many nations to address issues in cultural behaviour of people 
within organisations, are described as follows (Hofstede et al., 2010):  

(1) Power Distance (PD) refers to the extent to which members of a society accept that power in 
organisations and institutions is distributed unequally. Power Distance reveals that power 
structure and hierarchical relations are considered important and legitimate in the given 
society. 

(2) Uncertainty Avoidance (UA) refers to how members of a society behave towards uncertainty 
and ambiguity. This cultural dimension describes how certain societies support beliefs that 
ensure certainty and maintain the rules that protect conformity. 

(3) Individualism/Collectivism (IDV/COL) refers to the degree to which members of a society 
value the preferences and interests of an individual versus those of a group. 

(4) Long-term/Short-term Orientation (LTO/STO) refers to the extent to which members of a 
society show a propensity to deal with the challenges of the present and future. This cultural 
dimension explains how every society maintains some connections with its own past and 
prioritizes its existential goals differently. 

Steers et al. (1996) note that no nation or culture has a monopoly on the best ways of doing 
something. So, by taking cultural dimensions into consideration, it can be argued that there is a 
likelihood that national culture will influence how RI dimensions can be conducted effectively 
within particular contexts. This implies that the dimensions of RI could be differently 
interpreted and applied in practice in different societies in different cultures. For instance, the 
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way Europeans define and conduct ‘anticipation’ could be different from Asians or African 
ways of conceiving and doing. In the following section RI dimensions and cultural dimensions 
will be linked, so as to propose a set of indicative influences or hypotheses that will be used for 
empirical investigation of the case in this paper. 

6.2.3 Linking Cultural Dimensions with Responsible Innovation Dimensions 

Following the previous discussion about RI dimensions and cultural dimensions, both types of 
dimensions are linked, leading to a set of indicative influences or hypotheses that can be 
examined further. To come up with the proposed indicative influences, relevant literatures that 
explain how culture affects the behaviour of societies have been reviewed and synthesised with a 
view to highlight findings that indicate the likely relationships between culture and RI 
dimensions. The literature review is discussed in detail in a submitted article (Setiawan et al., in 
preparation). The summary of the proposed indicative influences of Hofstede’s cultural 
dimensions on the five RI dimensions that arise from the literature review are presented in 
Table 6.1. In this paper, the main focus is on the application of the results of this work to a real 
case. The table displays the structure of the conceptual framework, where each of four 
Hofstede’s cultural dimensions (displayed in the columns) is linked to the five RI dimensions 
(listed in the rows). Each cell describes the influence of one cultural dimension on one 
particular RI dimension—based on supporting literature, it proposes how such an RI dimension 
would likely be interpreted and applied in practice in a particular cultural context. Relevant 
sources of literature supporting the indicative influences are given in each cell. There are a few 
propositions for which no supporting literature could be found. There, the hypotheses are 
formed on the sole basis of the author’s own articulation. Those cells are marked with **.  

Table 6.1 Structure of the conceptual framework for investigating possible effects of 
(national) culture on the dimensions of Responsible Innovation 

Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
Anticipation 

  

Anticipation is likely 
influenced by the 
way an 
authority/power 
structure defines the 
issues that should be 
anticipated and the 
approach taken by 
an authority/power 
structure to address 
such issues. 
- High PD:  

anticipation is 

Anticipation is likely 
influenced by the 
way people behave 
towards uncertainty 
and ambiguity (i.e. 
risks, uncomfortable 
situations, etc.). 
- High UA: 

anticipation would 
be focused more 
on how to avoid 
risks, conflicts, 
ambiguous 

Anticipation is likely 
influenced by 
people’s preferences 
with respect to 
individuals or group 
interest (i.e. to avoid 
certain/extreme 
conditions).  
- IDV: anticipation 

is likely about 
avoiding extreme 
conditions/unpleas
ant situations that 

Anticipation is likely 
influenced by the 
goal-orientation of 
people when dealing 
with the present and 
future challenges 
- LTO: anticipation 

is likely 
encouraged by 
future-oriented 
goals, focusing on 
thrift and 
perseverance, 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
likely 
defined/taken 
according to the 
perspective/unders
tanding/interest of 
superiors/formal 
authority. 

- Low PD: 
anticipation could 
be defined/taken 
according to the 
perspective/unders
tanding/interest of 
members across 
hierarchical levels, 
not only by 
superiors/the 
formal authority. 
 

(e.g. Herbig and 
Dunphy, 1998) 

situations and the 
unknown impacts 
of new things. 

- Low UA: 
anticipation would 
be focused more 
on taking the risks 
to deal with 
uncertainty, 
conflict is 
considered as part 
of life and 
uncomfortable 
situations are 
considered as a 
natural thing. 

 
(e.g. Furrer et al., 
2000) 

may affect personal 
interest and needs. 

- COL: anticipation 
is likely about 
avoiding extreme 
conditions/unpleas
ant situations that 
may affect 
communities.     

 
(e.g. Chen et al., 
1995, Smith, 2004) 

taking into 
account long-term 
pay-offs as the way 
to deal with 
present and future 
challenges.   

- STO: anticipation 
is likely 
encouraged by 
tradition-oriented 
goals, the past and 
present 
achievement, and 
the fulfilment of 
social obligations 
as the way to deal 
with present and 
future challenges. 

 
(e.g. Steensma et al., 
2000) 

Reflexivity 

 

Reflexivity is likely 
influenced by trust 
between hierarchical 
levels and the 
opportunity for 
learning/understand
ing certain issues. 
- High PD:  

reflexivity is likely 
limited by rigid 
bureaucracy and 
less opportunity 
for 
learning/understan
ding certain issues 
due to formal 
rules. 

- Low PD: reflexivity 
is likely 
encouraged 
through trust and 
informal relations 
across hierarchical 

Reflexivity is likely 
influenced by 
whether people 
consider the way ‘to 
avoid or to take’ the 
consequences/impac
ts/risks associated 
with changes and 
uncertain situations 
in the process of 
learning. 
- High UA: people 

are likely to 
consider ways of 
avoiding 
consequences/imp
acts/risks 
associated with 
changes and 
uncertain 
situations in the 
process of 
learning/understan

Reflexivity is likely 
influenced by the 
way people consider 
the preferences of 
individuals or group 
in the process of 
learning/understand
ing certain issues. 
- IDV: reflexivity 

typically prioritises 
more the 
individuals’ 
interest/needs in 
the process of 
learning/understan
ding certain issues. 

- COL: reflexivity 
typically prioritises 
more to the 
group’s 
interest/needs in 
the process of 
learning/understan

Reflexivity is likely 
influenced by the 
way people take into 
account their goal-
orientation in the 
process of 
learning/understand
ing certain issues.  
- LTO: reflexivity is 

likely encouraged 
by taking into 
account future-
oriented goals in 
the process of 
learning/understan
ding certain issues. 

- STO: reflexivity is 
likely encouraged 
by taking into 
account tradition-
oriented goals in 
the process of 
learning/understan
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
levels and equal 
opportunity for 
learning/understan
ding certain issues 
due to the absence 
of rigid rules. 

 
(e.g. Lane et al., 
2006, Shane, 1993) 
 

 

ding certain issues.  
- Low UA: people 

are likely to 
consider ways of 
taking and dealing 
with 
consequences/imp
acts/risks 
associated with 
changes and 
uncertain 
situations in the 
process of learning 
/understanding 
certain issues. 

 
(**) 

ding certain issues.  
 
(**) 

 
 
 

ding certain issues. 
 
(**) 
 

Deliberation Deliberation is likely 
influenced by the 
way of 
communication and 
the opportunity to 
collaborate and 
share information 
between hierarchical 
levels: 
- High PD: 

deliberation is 
likely limited by 
formal 
communication 
and less 
opportunity to 
collaborate and 
share information 
between superiors 
and subordinates 
and limited 
communication 
across different 
departments and 
organisations. 

- Low PD: 
deliberation is 

Deliberation is likely 
influenced by the 
preference level of 
analysis of people 
when dealing with 
certain issues or 
changes.     
- High UA: 

deliberation would 
typically involve 
intellectual pursuit 
at the abstract level 
and less critical 
analysis when 
dealing with 
certain issues or 
changes.    

- Low UA: 
deliberation would 
typically be 
encouraged 
through the 
analysis of detailed 
data and critical 
analysis when 
dealing with 
certain issues or 

Deliberation is likely 
influenced by 
people’s approach in 
taking into account 
the interest of 
individuals versus 
groups. 
- IDV:  deliberation 

is typically 
characterised by 
equal participation, 
freedom to express 
individuals’ 
opinion and 
reasoned argument 
in reaching 
consensus. 

- COL: 
deliberation is 
typically 
characterised by 
willingness to 
keep harmony, 
be considerate 
to social cues 
and with limited 
freedom to 

Deliberation is likely 
influenced by the 
concern of people 
regarding long-term 
and short-term 
benefits/payoffs.     
- LTO: people would 

likely place more 
concern on the 
long-terms payoffs.   

- STO: people would 
likely place more 
concern on 
maximising short-
term gains.    

 
(e.g. Steensma et al., 
2000, Veiga et al., 
2001) 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
likely supported by 
communication 
across hierarchical 
levels and equal 
opportunity for 
collaborating, 
sharing 
information and 
open discussion. 
 

(e.g. Shane, 1993, 
van Everdingen and 
Waarts, 2003, 
Williams and 
McGuire, 2005) 

changes. 
 

(e.g. Hofstede, 1993, 
Leidner and 
Kayworth, 2011, 
Moran and Abbot, 
1994) 
 

express 
individual 
opinion. 
Persons of 
authority are 
deemed to be 
the legitimate 
spokespersons 
on behalf of 
groups in 
gatherings, so 
there is less 
direct plenary 
deliberation. 

(e.g. Min, 2009) 
Responsiveness 

 

 

Responsiveness is 
likely influenced by 
the degree of 
formality in doing 
things and getting 
things done. 
- High PD: being 

responsive 
to/responding to 
changes is likely 
tied with rigid 
bureaucracy and 
formalities in 
doing things. 

- Low PD: being 
responsive 
to/responding to 
changes is 
encouraged 
through fewer 
formalities in 
doing things. 

 
(**) 

 

Responsiveness is 
likely influenced by 
the acceptance of 
people to 
uncomfortable 
situations due to 
certain issues or 
changes.  
- High UA: 

responsiveness is 
typically 
characterised by 
reluctance, caution 
and slow response 
to certain issues or 
changes.     

- Low UA:  
responsiveness is 
typically 
characterised by 
openness and 
quick response to 
certain issues or 
changes.  

 
(e.g. Furrer et al., 
2000, Leidner and 
Kayworth, 2011) 

 

Responsiveness is 
likely influenced by 
the way people 
weigh the interest of 
individuals versus 
group. 
- IDV: 

individualistic 
cultures tend to be 
responsive to 
changes that affect 
the individual’s 
interest.   

- COL: collectivistic 
cultures tend to be 
responsive to 
changes affecting 
communities.   

 
(e.g. Chen et al., 
1995, Smith, 2004) 

Responsiveness is 
likely influenced by 
the way people 
consider the 
past/present 
achievement versus 
future opportunities 
associated with 
certain issues or 
changes. 
- LTO: response to 

changes is likely 
characterised by a 
pragmatic 
approach with 
emphasis on future 
opportunities.  

- STO: response to 
changes is likely 
characterised by a 
normative 
approach and 
encouraged when 
the traditions or 
past success are 
shown to be 
wanting.  

 
(e.g. Veiga et al., 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
2001) 

Participation 

 

Participation is 
likely influenced by 
formality and the 
role of power 
structure in giving 
the opportunity to 
participate by the 
innovation actors:  
- High PD: 

participation of 
people is likely 
indirect and 
guided by 
formality, 
regulated. 

- Low PD: people 
tend to take 
initiative to 
participate and this 
is deemed to be 
socially acceptable, 
participation is 
typically based on 
equal rights and 
with less formality.  

 
(e.g. van Everdingen 
and Waarts, 2003) 

Participation is 
likely influenced by 
the extent to which 
people consider 
consensus or 
conflicts as the way 
to deal with certain 
issues or changes.  
- High UA: people 

typically regard 
affirmation and 
consensus as the 
way to deal with 
certain issues or 
changes.    

- Low UA: people 
typically regard 
disagreement and 
conflicts as 
constructive parts 
of processes in 
dealing with 
certain issues or 
changes. 

 
(e.g. Hofstede et al., 
2010) 

Participation is 
likely influenced by 
people’s value 
principles in 
managing 
relationships. 
- IDV: participation 

of people is 
typically 
characterised by 
the principle that 
each individual 
takes his/her own 
responsibilities, 
tends to encourage 
competition 
between 
individuals. 

- COL: participation 
of people is 
typically 
characterised by 
regarding 
individuals’ 
contributions as 
belonging to the 
organisation and 
encourages 
collaboration 
between 
individuals. 

 
(e.g. Karwowski, 
2006, Min, 2009) 

Participation is 
likely influenced by 
the way people 
regard status and 
relationships. 
- LTO: status and 

relationships are 
likely regarded as 
important in the 
participation of 
people. 

- STO: status is 
likely not regarded 
as a major issue, 
but bottom line of 
the issues is 
typically regarded 
as more important 
than relationships 
in the participation 
of people.  

 
(e.g. Hofstede et al., 
2010) 
 

 
Table 6.1 highlights the theoretical hypotheses, a set of proposed indicative influences of each 
cultural dimension on each RI dimension that can be examined further by researchers across a 
wide range of cross-cultural contexts. On the other words, Table 6.1 is used as a starting point to 
sensitise researchers to the relevant issues.  To use it in practice, one can refer first to the index 
score of Hofstede’s cultural dimensions for defining which cultures the country/society under 
study belongs to. Cultural dimensions with index scores below 50 are regarded as Low, and 
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those with index scores above 50 are regarded as High. Further, one can focus to choose cultural 
dimensions with the highest or lowest index scores rather than those with medium index scores 
as to recognise effectively which cultural dimensions that will most likely give the most 
significant influences to RI dimensions. For instance, a society or country scores the highest in 
IDV, the lowest in PDI, but medium in LTO and UA. In this case, one can focus to study the 
influence of IDV and PDI on RI dimensions. Following this identification, accordingly Table 6.1 
applies.  

However, Table 6.1 does not provide ready prescriptions on “how to do” RI in different cultural 
contexts. Therefore, following Table 6.1, a set of diagnostic questions are proposed as to 
facilitate more detailed examination regarding the proposed indicative influences. The examples 
of the diagnostic questions are presented in Table 6.2. In this way, Table 6.1 and Table 6.2 help 
researchers to gain knowledge regarding the relationships between cultural dimensions and RI 
dimensions. More importantly, such knowledge could provide the clues to the researchers about 
how RI dimensions would be interpreted and applied in practice according to certain cultural 
specificities. For example, in a society with very high PDI index score, one could consider a 
formal approach to encourage the participation of individuals in a stakeholder dialogue.  

Table 6.2 Questions to consider when linking cultural dimensions with RI dimensions 

Responsible 
Innovation 
Dimensions 

Diagnostic questions to gain insight into the influence of cultural dimensions 

Anticipation  Power Distance:  
How do people foresee and anticipate certain issues? To what extent are they affected 
by the superiors’ approach? 

 Uncertainty Avoidance:  
How do people cope with uncertainty? Do they prefer to avoid or to take risks and can 
accept unknown impacts of new things?  

 Individualism/Collectivism:  
Does people’s anticipation of a certain condition come from interests of individuals or 
group? 

 Long/Short-Term Orientation: 
Do people consider future-oriented goals or look at present achievement when dealing 
with the challenges ahead? 

Reflexivity  Power Distance: 
Is the learning process on certain issues bound by formal rules and strict procedures? 
How? 

 Uncertainty Avoidance: 
Do people take into account the way to avoid risks associated with certain changes or 
uncertain situations in the learning process?  

 Individualism/Collectivism: 
How do people take into account the preference of individuals or group in the process 
of learning? Which preferences or interests do they prioritise more? 
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Responsible 
Innovation 
Dimensions 

Diagnostic questions to gain insight into the influence of cultural dimensions 

 Long/Short-Term Orientation: 
Do people take into account future-oriented goals in the process of learning and 
understanding certain issues, or do they use existing norms and value sets as their 
dominant frame of reference when making sense of new experiences?  

Deliberation  Power Distance: 
How do people usually communicate and share their ideas with each other? To what 
extent do the formalities or hierarchical levels and official lines of authority matter in 
communication between individuals?  

 Uncertainty Avoidance: 
Are people used to embrace critical analysis and more detailed data when planning or 
discussing something? 

 Individualism/Collectivism: 
Which interests matter most to be considered, individuals or group related interests? 

 Long/Short-Term Orientation: 
Do people take into account long-term pay-offs when exploring new things? 

Responsiveness  Power Distance: 
How do people see and respond to changes or new things? Do they accept changes due 
to order from authorities? 

 Uncertainty Avoidance: 
Does people’s uncertainty avoidance make them cautious to respond to certain 
changes or new things? 

 Individualism/Collectivism: 
Do people show fast response to certain changes that affect the individuals’ interest? 

 Long/Short-Term Orientation: 
Do people aim for future pay-offs when adopting new things? 

Participation  Power Distance: 
Do people get involved in something through formal orders or in voluntary ways? 
Are they in equal positions to express their ideas in a discussion, and to attend 
meetings and to receive information about opportunities to become involved in 
deliberation?   

 Uncertainty Avoidance: 
Do people seek for participatory consensus and affirmation when dealing with certain 
issues or changes? 

 Individualism/Collectivism: 
Are participatory contributions regarded as belonging to individuals or group? Do 
people take their own initiatives and responsibilities when getting involved in 
something? 

 Long/Short-Term Orientation: 
Is an individual’s status regarded as important when involving someone in a 
discussion? 

Source: Setiawan et al. (in preparation) 



Chapter 6 

152    

The proposed conceptual framework as discussed above still needs empirical support. 
Therefore, the following section will illustrate the use of the framework in a real case. 

 Case: CO2 Utilisation in Indonesia 

6.3.1 Context of the Case 

In the light of the recent global environmental agenda, the Indonesian government is pursuing 
policies to make significant contributions to reducing greenhouse gas emissions, especially CO2. 
The government put the energy sector as its main target. However, the challenge is to lower the 
CO2 emissions while the country is still producing and consuming oil and gas. Carbon Capture 
and Storage (CCS) and CO2 utilisation are among the options that are being considered by the 
Indonesian government (Setiawan and Cuppen, 2013). However, unlike CCS that ends up with 
storing CO2 underground, CO2 utilisation offers significant untapped opportunities from the oil 
and gas sector. In addition, the CO2 utilisation might also add other multiplier benefits for the 
Indonesian economy at large, for instance by converting the emitted CO2 into chemicals or 
valuable products in the short and medium term (Goeppert et al., 2012). Furthermore, CO2 
utilisation also has the potential to decrease the dependency on fossil fuels, such as by creating 
substitute products for transportation fuels (which, although possible, is still not yet 
economically feasible) (Dimitriou et al., 2015, Mennicken et al., 2016, Meylan et al., 2015). CO2 
utilisation could thus shift the focus of the CCS discourse from just the disposal of CO2 towards 
the production of useful products (Bennett et al., 2014) which offers opportunities for 
sustainable development in a broader context. 

The CO2 utilisation narrative also aligns with the interest of Indonesia’s National Oil and Gas 
Company (NOC). As the national flag carrier and the government arm of energy business, the 
NOC not only has business interests but also partakes in the development of the Indonesian 
economy at large. One of the main areas in which the NOC is very interested is the Enhanced 
Oil Recovery (EOR) application of CO2. This is compelling, considering that CO2 is a side 
product of oil and gas production. Furthermore, the NOC also considers to monetise CO2 by 
offering it to other industries. Currently, the NOC operates two plants for removing CO2 from 
natural gas and is engaged in CO2 business activities (Pertamina, 2014, Sindotrijaya.com, 2016). 
Yet, so far it is limited only to selling CO2 to major CO2 traders and distributors (Okezone.com, 
2016, Pertamina, 2014). As a matter of fact, CO2 utilisation has been around for a while. Many 
industrial applications, e.g., beverage carbonation and pulp and paper processing, have been in 
place and there are a broad range of innovations in CO2 utilisation technologies emerging, e.g. 
carbon mineralisation and liquid fuels (Maroto-Valer, 2010, Mennicken et al., 2016).  

Given the opportunities of CO2 utilisation practices, many scientists agree that the utilisation of 
CO2 must be thoroughly assessed and considered as an integrated process, from the capture of 
CO2 until the final transformation (Meylan et al., 2015). Such a thorough assessment requires 
stakeholders to consider the potential impact of CO2 utilisation from the very start as well as its 
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economic, social and environmental sustainability. This includes for instance the associated 
risks, standard values and technological issues. Within this context, the NOC considers to 
further develop CO2 utilisation and get benefits out of it (Pertamina-EP, 2014, Sindotrijaya.com, 
2016). In this regard, NOC took a few initiatives as well as invited and encouraged other 
interested parties such as universities to explore areas for the potential opportunities and 
challenges of CO2 utilisation business and development from its gas fields. The author was 
presented with an opportunity to facilitate a project initiative through a Focus Group 
Discussion (FGD) and interviews together with researchers from the Industrial Engineering 
Department, Universitas Indonesia. This initiative allowed the author to apply the proposed 
conceptual framework. 

6.3.2 Case Design and Methodology 

Using the proposed conceptual framework, the preceding section provided a frame of reference 
to investigate the influence of national culture on RI dimensions. Due to the exploratory nature 
of the research, qualitative methods were employed which took the form of FGD and interviews. 
In order to reflect the application of the proposed conceptual framework, the case study was 
performed in three steps, namely by identifying the most relevant aspects of cultural specificity 
based on Hofstede’s cultural index scores at first, followed by selecting the participants for the 
FGD and interviews, and finally by performing the FGD and interviews. These steps are 
described in the following paragraphs. 

6.3.2.1 Defining cultural specificity  
According to Hofstede’s cultural index (scale 0 to 100), Indonesia scores 78 on power distance, 
62 on uncertainty avoidance, 14 on individualism and 48 on long-term orientation (Hofstede et 
al., 2010). As suggested by Hofstede, the higher or the lower the score of cultural dimensions, 
the more significant their influence. Looking at these scores, the dimensions of power distance 
and individualism/collectivism are of special interest for the case study since they possess the 
highest (power distance) and the lowest (individualism) scores, respectively. The lowest score 
on individualism makes Indonesia a collectivist society. Based on these score results, the case 
study focused on the influence of power distance and individualism/collectivism on the five RI 
dimensions: anticipation, reflexivity, deliberation, responsiveness and participation. Following 
this identification, the proposed indicative influences of power distance and 
individualism/collectivism in Table 1 were used for further examination in the case. 

6.3.2.2 Selecting the participants 
The participants were selected with purposeful sampling, a method which defends the use of 
small samples once contextualisation is preserved (Cope, 2011). Such a method was used to 
select relevant and information-rich participants in order to acquire detailed knowledge 
regarding CO2 utilisation. In doing this, an initial list of participants was made and added upon 
by the snowball-sampling technique where each participant was asked to mention another 
participant that could be invited in the FGD and interviews. As a result, ten participants 
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(Indonesian nationality) were selected which consisted of stakeholders from government, oil 
and gas companies, food and beverage companies, academia and the consultancy sector. Table 
6.3 provides an overview of participating stakeholders in this research.   

Table 6.3 Overview of participating stakeholders 

Stakeholder group Number of 
participants 

Short profile 
(gender, education, function/position) 

Government 2 Participant 1 (male, master level, senior officer) 
Participant 2 (female, master level, senior officer) 

Oil and Gas Company 3 Participant 3 (male, master level, manager) 
Participant 4 (male, bachelor, senior engineer)  
Participant 5 (male, bachelor, engineer) 

Food and Beverage Company 2 Participant 6 (male, bachelor level, manager) 
Participant 7 (female, master level, analyst) 

Academia 2 Participant 8 (male, doctoral level, senior researcher) 
Participant 9 (male, doctoral level, researcher) 

Consultancy 1 Participant 10 (male, master level, senior consultant) 

 

6.3.2.3 The FGD setting and interviews 
The FGD and interviews were held in January and February 2016 in Jakarta. The FGD and 
interviews were combined for two reasons: the first is to generate complementary findings, and 
the second is for pragmatic/practical reasons (Barbour and Kitzinger, 1999), namely to give a 
chance to participants who were unable to join the FGD to still take part in the interviews, 
although all the participants were invited both for the FGD and interviews. Therefore, in this 
case study, the FGD was performed first, followed by individual interviews.  

The author with the help of one researcher from Universitas Indonesia acted as facilitators who 
guided the participants in the FGD without contributing to the FGD outcomes. Three thematic 
issues were formulated to associate with the relevant RI dimensions, namely the potential areas 
of application and impacts of CO2 utilisation, considerations for CO2 utilisation development 
and strategic actions for CO2 utilisation development. Out of ten selected participants, nine 
could attend. The FGD was performed into three sessions where each session discussed one 
thematic issue, starting with the first theme. The facilitators guided the FGD by inviting 
participants to collectively discuss and elaborate the presented thematic issues. In each thematic 
issue, the participants were challenged to reflect on the aspects that they thought were 
important or that all stakeholders should be accountable for. The FGD outputs were then 
synthesised and summarised. The detail of the FGD setting is described in in Table 6.4.  
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Table 6.4 Overview of the FGD setting 

Thematic issues Relevant RI 
dimensions 

Settings 

1. Potential areas of 
applications and 
impacts of CO2 

utilisation 
 

Anticipation, 
reflexivity 

The participants were asked: 
- to reflect upon their understanding with regard to CO2 

utilisation in practice so far (i.e. market condition, supply 
and demand, production, etc.) 

- to identify the potential areas of applications for CO2 
utilisation in their present area of practice (i.e. in oil and gas 
industry, food and beverage industry, fisheries, etc.).  

- to identify what could be the problems, risks or the 
(negative) impacts possibly emerge (if they see any) in the 
future and should be prevented regarding the utilisation of 
CO2. 

2. Considerations 
for CO2 
utilisation 
development 

Reflexivity The participants were asked to reflect upon the requirements 
needed for CO2 utilisation development in other areas than oil 
and gas—i.e. food and beverage, fisheries (cold storage), etc. 

3. Strategic actions 
for CO2 
utilisation 
development 
 

Responsiveness, 
reflexivity 

The participants were asked: 
- to reflect upon the government regulation on the CO2 

utilisation—if there is any, and if not, then what do they 
expect should be. 

- to explore and suggest recommendations for accelerating 
CO2 utilisation development in terms of technology, policy, 
etc. 

Following the FGD, individual interviews were held. Ten selected participants, including the 
one who could not attend the FGD, participated in the interviews. The interviews were semi-
structured, consisting of some questions where they were first asked one opening question: 
“Could you tell briefly about your organisation/company and what do you do / what is your role 
in the organisation/company?”. After that, the outputs of the FGD were briefly presented to the 
respondents. They were then asked to give their opinions on the outputs, whether they agree 
with them or not and whether there were any points that they wanted to add or complain about. 
This was done to further elaborate the outputs of the FGD from each respondent’s point of 
view. Finally, the respondents were asked to give any remaining remarks on the issue of CO2 
utilisation in Indonesia. 

Both, the FGD and interviews notably reflected the occurrence of a participation and 
deliberation process. Participation was reflected by the involvement of different stakeholders in 
the FGD and interviews, starting from the selection process, while the process of discussion and 
elaboration that occurred in the FGD and interviews reflected the deliberation dimension.  
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6.3.2.4 Data analysis 

Following Following data collection through the FDG and interviews, the data was analysed. In 
line with Yin (2003, 109), data analysis for this study consisted of examining and categorising 
the evidence (in this case field notes of the FGD and interviews scripts) to address the proposed 
indicative influences of power distance and individualism/collectivism on the five RI 
dimensions. The data and relevant literature were iteratively examined with the help of the list 
of questions in Table 2 and the key indicators developed based on a consistent pattern between 
the data and the relevant proposed indicative influences in the conceptual framework. This was 
done to identify convergence of patterns and the key indicators across the case (Miles and 
Huberman, 1994, Yin, 2003). Categorising the data in this manner facilitated insight into the 
findings (Hammersley and Atkinson, 1983). The results are presented in Table 6.5.    

Table 6.5 The key factors influencing RI dimensions: findings from the CO2 utilisation case 

RI  
dimensions 

The key factors influencing RI dimensions 
Power distance Individualism/collectivism 

Anticipation Deference towards the views and 
approach of the designated authority 
(i.e. the representatives of government) 
should be anticipated. 

Willingness to prioritise the 
anticipation of those issues that have 
impact on shared interests or 
collective goals. 

Reflexivity Deference towards the views, 
underlying purpose and motivation of 
the designated authority (i.e. the 
representatives of government) should 
be expected in the understanding or 
exploration of certain issues.  

Willingness to learn about, or 
understand issues that account for 
shared interests or collective goals. 
 

Deliberation Discretion in expressing opinions in 
discussions. 
Indirect way of communicating an idea 
or sharing information. 
 

Preference to avoid debate in 
discussions. 
Willingness to discuss issues that 
address shared interests or collective 
goals.  

Responsiveness Acknowledgment of the status of the 
designated authority (i.e. the 
representatives of government) in 
responding to, and addressing the 
issues. 

Willingness to focus on issues that 
address shared interests or collective 
goals. 
Willingness to engage in joint 
problem solving. 

Participation Preferred use of a formal approach in 
inviting and encouraging participation.  

Willingness to expand connections.  
Willingness to enter collaborations 
that address shared interests or 
collective goals. 

6.3.3 Findings 

The findings highlighted in each cell of Table 6.5 will be detailed below. They demonstrate that 
national culture influences the application of RI dimensions in practice in various ways. Some 
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statements from participants that support or reflect certain indicative cultural influences are 
highlighted in quotations.  

6.3.3.1 Anticipation 

Power distance  
Findings reflect the influence of power distance on anticipation in the sense that participants, 
stemming from Indonesia’s high power distance culture, were prone to refer to or include the 
government’s approach or objectives in anticipating problems or issues regarding CO2 
utilisation, i.e. as part of a future plan. Participants from the government noted that the 
problems that might arise in the development of CO2 utilisation would be related to market, 
regulation, technology and standards for safe use of CO2, as this was not part of the existing gas 
market regulation or government roadmap. Based on their opinions, these conditions were 
anticipated by aligning interests of stakeholders and lawmakers, to ensure that a well-crafted 
regulation support framework is on the table. Like one participant from a food and beverage 
company opined that: “…we use CO2 that is in compliance with food grade standard. We have to 
use such standard for human safety, and avoid risk that our product could be banned in the 
market if we don’t comply with such a standard”. Meanwhile, other stakeholders agreed with the 
government’s participants that technology-related issues are important to anticipate, such as 
technological advancement for purifying CO2 and its relation to cost of the capture and 
transport of CO2. These issues are apparently important elements that should be anticipated to 
play a role in CO2 utilisation development. According to one participant from an oil and gas 
company, “…one of the big challenges for us is technology advancement for CO2 purification, and 
yes, reducing the cost of CO2 capture technology is part of that”.   

Individualism/Collectivism  
It is found that the shared interests in, and collective goals of stakeholders play a relevant part in 
the discussion. This might indicate the importance of a collectivist society in the Indonesian 
context for anticipation toward future technological application. Besides regulatory issues and 
factors holding back CO2 utilisation (as noted above in relation to power distance), most 
participants shared similar interests in aspects that may prevent negative impacts from the use 
of CO2 in food and beverages and fisheries, as they have direct impacts to humans. As noted by 
a participant from a food and beverage company “…for CO2 to be safe in use for food and 
beverages, it should comply with food grade CO2 standard, which involves a thorough assessment 
of source qualification, quality standards, processing CO2, and verification”. Another participant 
from academia who described CO2 utilisation for the fisheries sector, observed that “CO2 dry ice 
could be an option for cold storage, yet, we should anticipate potential risk from the use of CO2 dry 
ice for human consumption of the fish, which has to be mitigated for example by using certain 
standards”.   
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6.3.3.2 Reflexivity 

Power distance  
The findings also indicate that in high power distance culture like Indonesia, acknowledgment 
of the importance of the purpose and motivation of CO2 utilisation by the stakeholder in 
authority, i.e., the government was prevalent and seemed to guide the way participants reflected 
upon their understanding of CO2 utilisation. This pattern was signalled when participants were 
asked to reflect upon their understanding with regard to CO2 utilisation in practice, about what 
they know regarding the technology, market conditions, key requirements, etc. Some notable 
keywords mentioned by participants from government reflecting their view about CO2 
utilisation were, for example, “among the options for addressing the CO2 emissions issue”, “an 
alternative for EOR”, “a new business opportunity for industry”, “reliability of CO2 supply”, and 
“infrastructure readiness”. Interestingly, a participant from an oil and gas company took into 
account these mentioned keywords, noting that, “…in principle, the company’s plan and action 
taken regarding CO2 utilisation development will be very much in similar direction with 
government’s motivation to address the CO2 emission issue”. A participant from a food and 
beverage company also added, “We are on the same path with the government thinking about 
CO2 utilisation as a new business opportunity for industry that needs to be supported with reliable 
supply of CO2 in the market”. The consultancy participant supported the government’s view by 
saying, “Agreed, infrastructure readiness and reliability of CO2 supply are the keys, these should be 
supported also with other technical aspects such as the location of CO2 sources and its purification 
plant, specification of the gas product, and design of the purification plant based on the load of 
contaminants”. 

Individualism/Collectivism 
Findings regarding reflexivity support that it is typically influenced by the way individuals pay 
attention to the issues that address shared interests and/or collective goals of stakeholders. 
Participants showed high willingness to understand and explore potential areas of CO2 
utilisation development that address the national interest. Participants, realising that Indonesia 
is a maritime country, were enthusiastic about the use of cold storage based on CO2 dry ice to 
improve the fisheries output as it would give an opportunity for boosting the economy and CO2 
market to develop in tandem. A participant from academia noted, “Converting CO2 to dry ice 
would be a good alternative for the government in dealing with the cold storage problem in 
fisheries sector. And this is also an opportunity for gas companies and traders to supply its CO2 to 
the market”. Regarding this, most participants thought that investment, technology and a dry ice 
standard were needed for its readiness in developing the cold chain infrastructure. The 
consultancy participant suggested, “Producing dry ice from CO2 would be of interest, in that case 
the cost of production would be one of investors’ points of consideration to invest”.  
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6.3.3.3 Deliberation 

Power distance 
Findings regarding deliberation show that most participants, living in a culture with high power 
distance score, had a tendency to respect and defer ideas or knowledge shared by participants 
from government, as also noted in section 6.3.3.1. Discretion in expressing opinions was 
prevalent among the participants, which was shown by the tendency of most non-government 
participants to let the participants from government share and communicate their thinking 
about CO2 utilisation first before adding their own opinions. One of the key reasons was that 
this enabled the non-government participants to capture the government’s ideas, knowledge, or 
plan regarding CO2 utilisation beforehand, as that would give them the opportunity of adapting 
the government’s idea or plan in their opinions or thinking. For example, the government was 
found to aim for a market-friendly environment for the CO2 players and customers with 
regulatory support. However, the absence of specific regulation designated for CO2 utilisation in 
Indonesia, which in fact should be handled by the government, was not drawing criticism from 
non-government participants. Rather, they conveyed a humble expectation for the government 
to act. One participant from an oil and gas company reflected this, “Creating a market friendly 
for CO2 business is a good idea, but a really friendly governmental regulation is strongly expected 
to be there”. Another noted, “Government support, in terms of friendly regulation to the industry, 
can help us to sustain the CO2 utilisation business”. 

Individualism/Collectivism 
A collectivist society like Indonesia is typically characterised by willingness to keep harmony 
and being considerate to social cues during discussions. Such a notion is reflected in the fact 
that participants tended to avoid unnecessary debate in the forum as they favoured to discuss 
issues that posed less conflict of interests among them. In line with the findings about the 
influence of power distance on deliberation, participants were also inclined to show acceptance 
of ideas coming from each of them with regard to CO2 utilisation. Moreover, they tended to 
support each other in sharing ideas or information. Among the evidence of this was the 
following expression by a participant from a food and beverage company: “We can share our 
experience from using CO2 in food and beverages to help government in designing regulation or 
standards used for other sectors”. An academic participant then followed by saying “We often 
discuss with gas companies, and here, we are more than willing to share with them some 
alternative ideas for an effective way to remove contaminants from CO2”. A similar sentiment was 
voiced by a participant from an oil and gas company: “We have received advice on the on-line 
monitoring in the production of CO2 from academia and consultants that might be used by 
government as a consideration for safety regulation”.   
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6.3.3.4 Responsiveness 

Power distance  
Findings support the influence of a formal setting to the stakeholders’ responsiveness. Most of 
the participants in the discussion pivoted their opinions toward a formal authority figure, in this 
case the government’s participants. Indonesia’s high score on the power distance dimension is 
also compatible with the finding that stakeholders from business and academia waited for policy 
and decisions on CO2 utilisation by the government authority before making their own moves. 
Such behaviour was shown at the time participants were asked to explore and suggest 
recommendations for accelerating CO2 utilisation development. According to a participant 
from an oil and gas company, “We are expecting a government direction regarding CO2 
utilisation for EOR. So far, there has been no specific regulation on it”. A participant from 
government responded that the government support for accelerating CO2 utilisation 
development will include “regulation, fiscal incentives and supported incentives for EOR which is 
also part of CCS implementation”. Corresponding with findings on the influence of power 
distance on anticipation, most participants acknowledged government regulation as a necessary 
instrument to accelerate CO2 market deployment and therefore such a policy intervention is 
also important for addressing other issues related to CO2 utilisation development. A participant 
from the food and beverage sector noted, “We are encouraged to reduce CO2 emissions, and our 
company works along that way by at least utilising CO2 for carbonation of beverages. Though, 
such an incentive policy from the government could accelerate other types of CO2 utilisation, like 
dry ice for fisheries”. Research funding and incentives from government or major players like oil 
and gas companies were also expected to address issues such as cost reduction, as noted by an 
academic, “What is also important to accelerate CO2 utilisation market deployment is reducing 
the cost of CO2 utilisation, in technological ways this could be through funding research to 
improve catalysis for CO2 reduction and electrolysis to produce hydrogen. Research funding from 
government or oil and gas companies is strongly expected and very welcome”.   

Individualism/Collectivism 
The influence of collectivism on responsiveness is reflected in the finding that a collectivist 
society like Indonesia tends to be responsive to issues that address shared interests and goals. 
For example, when asked what aspects should be addressed first to accelerate CO2 utilisation 
development, most participants favoured “a clear government policy on CO2 utilisation”, which 
also corresponded to participants’ acknowledgment of the government taking the lead in setting 
out an approach, as found in the case of power distance. Further, findings also indicate that 
participants were willing to engage in joint problem solving with regard to CO2 utilisation 
issues, which shows a culture of cooperation. As a participant from a food and beverage 
company noted “Since we share similar interests, it is unreasonable to work alone. We need 
universities to solve technological problems by research, and security of CO2 supply from gas 
companies to keep our business running”.   
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6.3.3.5 Participation 

Power distance 
Findings support that participation of people is encouraged through a formal RI approach 
which reflects the influence of high power distance on participation. Most participants were 
willing to join the FGD and interviews if or when their superiors or organisation asked or 
permitted them to do so; their participation was not initiated by personal initiative. Participants 
were mostly reluctant to join when no formal invitation was sent to them or their organisation, 
even when they had been permitted informally to participate by word of mouth of their 
superiors. As expressed by a participant from a food and beverage company, “You better send 
me the invitation so I can get an official permission”. It was found that to ensure that all selected 
participants could join the FGD and interviews, a formal procedure required by each 
participant’s organisation had to be followed. This included sending formal invitations to all 
selected participants’ organisations to comply with such a formal procedure. As noted by a 
participant from government: “We would like to join, but formal invitation is necessary”. Only 
participants from academia were not limited by a formal invitation to join, the reason for this 
was because their participation was part of the research itself. Another influence of power 
distance on participation was found when holding the FGD and interviews. Although mediating 
participation of stakeholders through interviews after the FGD was initially intended for 
generating complementary findings and for practical reasons, it was also found useful to explore 
salient ideas and opinions from stakeholders with lower power or authority position.   

Individualism/Collectivism 
Findings supporting the influence of collectivism on participation of people became manifest by 
willingness of participations to enter into collaboration that address the shared interests of their 
organisations and majority of them. This was evidenced in relation to participants voicing 
similar concerns and interests on certain issues regarding CO2 utilisation (e.g. supply of CO2). 
As noted by a participant from an oil and gas company, “This is a good opportunity to make 
cooperation with other parties that share similar interests with us, because we need them for our 
business. For sure, they will need us because we are the source of CO2. Our goals in business are 
similar”. Correspondingly, a participant from a food and beverage company stated, “We are 
looking for security of supply, cooperating with a very big local supplier could help us to avoid 
buying CO2 from outside Indonesia”. A sense of community which reflects Indonesia’s 
collectivist culture was also prevalent amongst participants in that they were willing to expand 
connections and manage future relationships between them. According to a participant from a 
food and beverage company, the oil and gas companies are “important partners for our business, 
we need to keep the relation with them in a good mood”. One participant from an oil and gas 
company also stated, “We want our CO2 to be sold, so it is necessary to expand connections with 
prospective buyers”.  
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 Discussion 

This study was carried out to examine the influence of national culture on the application of RI 
dimensions in practice. Findings from the case study support the propositions about the 
indicative influences of power distance and individualism/collectivism on anticipation, 
reflexivity, deliberation, responsiveness and participation, indicating that culture matters for the 
governance and conduct of RI. In particular, the findings support Hofstede et al. (2010) who 
suggest that power distance and collectivism are the most dominant cultural dimensions in the 
Indonesian context. In addition, similar to McGrath and O'Toole (2014), the findings suggest 
that to some extent these cultural dimensions do not stand alone, rather they are connected 
each other with blurred boundaries. For example, collectivist cultures such as Indonesia have a 
preference towards keeping harmony and avoiding unnecessary debate in plenary forums 
especially in relation to those with higher position of authority. Related to this, there is a 
prevalence of discretion or polite ways of expressing opinions, thus reflecting also the influence 
of power distance.  

The study shows that the acknowledgment of government officials’ views and approach to the 
issues is an important factor. These notions appeared to be the major factor influencing the way 
non-government participants looked forward regarding which issues might arise in the 
utilisation of CO2 and thus should be anticipated. This is in keeping with the literature (e.g. 
Herbig and Dunphy, 1998, Lane et al., 2006) from which it can be argued that in the Indonesian 
context, participants’ mentality to acknowledge people in higher authority or certain formal 
position posed a significant inhibitor for the participants to think freely about what should be 
anticipated beforehand. Moreover, the participants appeared more interested in the issues that 
appealed to a broader spectrum of stakeholders compared to their own position. Somehow, this 
was in line with government’s concern (e.g. how to prevent unwanted additional CO2 

production, and the use of food grade standard CO2). These findings support Chen et al. (1995) 
and Smith (2004) who suggest that collectivist cultures tend to focus on prevention of issues or 
problems that affect community goals or interests.  

Further, with regard to the deliberation process, discretion in expressing opinions, sharing ideas 
and information seemed to be factors influencing the way participants explore and discuss the 
issues at stake. This is in line with van Everdingen and Waarts (2003) who find that in high 
power distance cultures, sharing of ideas or information is somehow limited, and people are 
least likely to express their opinions freely in front of those with higher status or position. 
Apparently, as noted in the previous paragraph, this is also related with culture in a collectivist 
society that is in favour of keeping harmony of relationships among members. This is similar to 
Min (2009) who finds that people in collectivist cultures show least freedom to express 
individual opinions in a deliberation process. The acknowledgment of government officials’ 
underlying purpose or motivation in understanding the issues surrounding CO2 utilisation 
development was also present and impacted the way participants reflected upon their 
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understanding on CO2 utilisation. As Karwowski (2006) and Lane et al. (2006) suggest, in high 
power distance cultures, keeping alignment with superior’s or authority’s views and 
understanding regarding certain issues is commonly found. In addition, participants’ 
willingness to take into account the national interest (e.g. that as a maritime country, Indonesia 
needs to develop/advance its fisheries sector) seemed to be the factor influencing the way they 
reflect upon the potential areas of CO2 utilisation development. This illustrates how collectivist 
cultures highly value the interests and goals of community, as also suggested by Rikowski 
(2007). 

The findings support Hofstede et al. (2010) and Karwowski (2006) who suggest that in high 
power distance cultures, the use of formal or top-down approaches are often found. With regard 
to responsiveness, the use of a top-down approach also seemed obvious in this case. This was 
reflected in the way participants acknowledged the approach offered by the government (as 
expressed by the government participants) to accelerate CO2 utilisation development with 
emphasis on regulation and policy intervention, As the other participants saw similarities in 
interests at play regarding the need for regulation and policy intervention, they showed a 
willingness to support this approach, seeking consensus. This finding shows a culture of 
cooperation which is very much characteristic of collectivist cultures as suggested by Herbig and 
Dunphy (1998) and Karwowski (2006). The use of a formal approach, such as the need for 
formal invitations for encouraging or inviting participants to join in the FGD and interviews, 
also appeared to matter for participation of stakeholders. This is not a surprising finding in 
relation to how people in high power distance cultures regard formality as an important thing 
(Karwowski, 2006). Meanwhile, participants’ willingness to expand connections or to form 
collaborations that address shared interests regarding CO2 utilisation seemed to be the common 
underlying motives of participants to participate in the FGD and interviews, though a formal 
approach was at play. This is in line with Shane (1993) and Min (2009) who suggest that in 
collectivist cultures, people are motivated to contribute something when similar concerns or 
goals are at stake.  

The findings of this study furthermore show that CO2 utilisation is not a new thing in the food 
and beverage sector in Indonesia. Yet, when it comes to the effort of addressing the CO2 
emission issue, then CO2 utilisation can be considered as an innovative option (e.g. CO2 for dry 
ice in the fisheries, CO2 for EOR). This complements the research by Setiawan and Cuppen 
(2013) who find that the utilisation of CO2 for EOR in Indonesia is seen by the government as 
the most suitable near-term deployment of CCS. Participants’ opinions and expectations 
regarding CO2 utilisation to a large extent were oriented towards addressing shared interests or 
collective goals, such as the use of CO2 for the cold chain in the fisheries sector. Government 
support in terms of regulation and policy incentives seems like a top-down approach, which is 
awaited by most participants to enable or accelerate the development of CO2 utilisation in 
Indonesia. In terms of technology, the efficiency of CO2 capture technology seemed to hold 
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great attention from participants as it plays an important role in reducing the cost of CO2 
utilisation. Nevertheless, CO2 utilisation as a potential option to decrease the dependency on 
fossil fuels, such as by creating substitute products for transportation fuels, received  only little 
attention from participants (one of the reasons was because the existing technology is not 
economically feasible as also indicated by Dimitriou et al. (2015)). At the current stage, this 
might be similar to what Setiawan and Cuppen (2013) found about CCS, where CCS is still 
framed as a policy option in addressing the CO2 emission issue in Indonesia, whereas for 
developed countries, the utilisation of CO2 and CCS may be seen as an option to tackle the 
climate change challenges and energy security (Liu and Liang, 2011). 

 Lessons for Conducting Responsible Innovation in Indonesia’s Context 

This paper generates lessons and yields suggestions for conducting the RI approach in 
Indonesia’s context—a collectivist society with high power distance culture. The proposed 
suggestions can also be considered to be translated and applied to the adoption of innovations 
in other developing countries with similar cultural specificities. 

(1) The owner of the innovation project or program is recommended to take the lead in the RI 
process. A project or program owner can be from government, a non-government body or 
the private sector. It should be someone who owns the authority to realise or execute the 
project or program, including to find a solution to problems that might arise during or after 
the implementation. Therefore, the project or program owner is highly recommended to 
have an adequate understanding of the RI concept and approach. Researchers or academia 
can help to build such adequate understanding, for example by transferring knowledge 
about RI (what the concept is, what could be the benefits from and challenges in conducting 
RI processes, and other relevant issues) through a workshop for the project or program 
owner. 

(2) An understanding about the roles and positions of involved innovation actors or 
stakeholders according to the hierarchy in their organisations should be developed prior to 
engaging them in the innovation process. This is to provide adequate information to the 
project or program owner in determining who should be involved and how to involve them. 
For this purpose, the project or program owner can conduct a stakeholder analysis with the 
help of researchers.  

(3) It is recommended to use a formal approach in the participation process of stakeholders. 
One should proceed wisely when inviting innovation actors or stakeholders to join a certain 
stage of innovation process, especially ones with similar or higher position of authority, or 
ones who require official permission from their superior in their organisations. Such a 
formal invitation seems more credible and has a higher chance to be fulfilled when it is sent 
in a formal way. Therefore, to encourage the participation of stakeholders, it is 
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recommended for the project or program owner to extend a formal invitation to them, 
especially if the project or program owner is a private or non-government party. 

(4) In addition to point (3), to maintain the participation and motivation of innovation actors 
or stakeholders for contributing to the project or program until the end, it is recommended 
for the project or program owner to pay more attention to stakeholders’ common 
underlying motives or interests. Because, in a collectivist culture, people are motivated to 
contribute to something (i.e. an innovation project or program) when similar concerns or 
goals are at stake. The stakeholder analysis as undertaken in point (1) can also be expanded 
towards identifying the potential similar interests between stakeholders regarding the 
project or program. And the results can also be used to help the project or program owner to 
map or determine in which stage(s) of an innovation process an innovation actor or 
stakeholder can or should be invited. 

(5) Different power positions can limit the willingness to express ideas or personal views, 
especially from stakeholders with lower positions of power in a forum of discussion. This 
may result in limited deliberative discussion, less exploration of (un)desired impacts and 
potential outcomes of innovation, or exclusion of potentially good ideas and solutions. To 
ensure the safeguarding and accommodation of the willingness to express ideas or personal 
views, the project or program owner can adopt a mediated participation approach (Poustie 
et al., 2016), especially if the project or program owner is a private or non-government party. 
Such an approach is used to gather additional information and salient ideas by hearing 
voices of stakeholders with lower positions of power who are often reluctant to voice their 
opinions in the same forum of discussion with the higher ranked ones, and who may express 
silent disagreement. Taking the lessons from holding the FGD and interviews, the mediated 
approach can also be practised by holding a separate or additional forum of discussion, for 
example one big forum involving all stakeholders, and another one which is organised as a 
forum with a small group of participants, i.e. stakeholders with lower positions of power). 
The project or program owner can lead this mediation process with the help of researchers. 

 Conclusion 

This research advances the academic literature on RI by examining the influence of national 
culture on RI dimensions. The paper also contributes to the application of the RI approach in 
practice in different cultural contexts and settings. In particular, the conceptual framework 
allows researchers to examine and analyse the influence of national culture by addressing factors 
influencing the application of RI dimensions in practice, in this case in a developing country 
context like Indonesia. The findings of this study support the hypothesis on the importance of 
cultural context for RI in practice. It indicates that RI dimensions might (need to) differ in their 
application in practice based on national cultural context.  
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The findings of this research underscore the importance of taking cultural aspects explicitly into 
account in the application of RI dimensions in practice for the applicability of the RI approach 
in different cultural contexts. The findings furthermore imply that the adoption of technology 
entails the sensitivity of innovation actors to local socio-cultural values as a form of 
responsibility. In this sense, the findings of this research could have implications for innovation 
actors or stakeholders when applying the RI approach. Taking into account cultural specificity, 
for example power distance and collectivism as illustrated in this case, could shed light on some 
clues and indications beforehand about how participants in a collectivist society with high 
power distance culture would most likely behave. Such clues or indications could also allow 
innovation actors to be sensitive about how RI dimensions could be suited and conducted 
effectively according to certain cultural contexts. For example, they can sensitise researchers 
about how to set up an affective stakeholder dialogue. However, this is not within the scope of 
this paper. This could be addressed through doing further (action-) research in the future. The 
conceptual framework developed here could be used by researchers as a tool for designing or 
preparing a stakeholder dialogue or mediating stakeholder participation. This is similarly 
favoured by Poustie et al. (2016) who suggest that cultural considerations are important to be 
taken into account in mediating the participation of different stakeholders.  

A limitation of the present study is that the application part relied on one case with a relatively 
small number of participants. Although purposeful sampling was used to develop a 
comprehensive understanding of the culture-related issues, further research could address this 
through other RI experiments in the same or different non-Western settings, involving larger 
numbers of stakeholders, and encompassing an RI process of longer duration. Similar 
qualitative methodologies but also a mix with quantitative approaches could be applied.  Future 
research could also use a larger scale of empirical testing—with the comparison of two or more 
contrast cases with different cultural contexts—in order to establish a relation between cultural 
dimensions and RI dimensions. Such an attempt might be needed to further advance knowledge 
about, as well as foster the practice of a suitably contextualised RI approach in different cultural 
contexts. 
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 Conclusion 

This dissertation presents an attempt to translate Responsible Innovation (RI) from concept to 
application. The overall aim, to research ways to make RI more practically useful, has two 
overarching concerns: (1) the practical application of RI in general, and (2) a culture-sensitive 
application of RI in a particular non-Western context. To address the first overarching concern, 
this study initially analysed how to apply RI more effectively as a process-based approach to 
ensure innovation actors’ accountability. It examined appropriate and innovative methods to 
aid the practical usefulness of RI, especially ways of improving stakeholders’ learning, foresight 
and participation. To address the second overarching concern, a conceptual framework was 
developed to investigate the influence of culture on the application of RI dimensions. This was 
then further tested in a real-world case, bringing together the major stakeholders involved in an 
innovation project and encouraging them to apply the key RI action principles. The cases in this 
study describe the adoption of energy technologies in Indonesia.  

This chapter, which highlights and reflects on the main conclusions of the study, is structured as 
follows: Section 7.1 summarises the conclusions from the previous chapters, forming the 
answers to the guiding research questions. Topics ensuing from the main conclusions are 
discussed in the next four sections. Section 7.2 provides recommendations for practising RI—in 
general and in the Indonesian context as a particular non-Western setting. Section 7.3 lists the 
study’s scientific contributions and Section 7.4 discusses the implications for innovation policy 
and practice and what lessons can be learned. Finally, Section 7.5 concludes with some of the 
study’s limitations and recommendations for future research.  

 Conclusions regarding the Research Questions 

This study noted that responsibility is often referred to as accountability, meaning that there 
should be (dis)incentives for stakeholders for (not) fulfilling their liabilities or obligations 
(Halle, 2011), in circumstances where three basic questions are at play: ‘accountability to 
whom?’, ‘accountability for what?’, and ‘what type of accountability is required?’ (Leat, 1996). In 
addition, the study reviewed in more detail some key concepts and dimensions of RI in 
prominent contributions to the literature (i.e. Owen et al., 2013, Singh and Kroesen, 2012, von 
Schomberg, 2013). Based on this elaboration, anticipation, reflexivity, deliberation, 
responsiveness and participation were taken as the five dimensions of RI. Anticipation denotes 
the innovation actors’ act of looking forward and dealing with risks beforehand. Anticipation 
also indicates innovation actors foreseeing the plausible impact of innovation. Reflexivity means 
being reflexive or refers to cause-effect relationships, emphasising the innovation actors’ 
learning process. It indicates a circular or iterative process of creating and shaping innovations. 
Deliberation refers to a thorough exploration process and careful consideration of different 
aspects and discussions by innovation actors in order to find a way forward. Responsiveness 
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means the ability of innovation actors to readily respond to or address circumstances arising 
due to different needs, requirements, views, issues and values. Participation denotes the act of 
taking part or engaging in an innovation process, thus indicating the involvement of various 
stakeholders.  

Furthermore, this dissertation proposes a contextualised working definition of RI: Responsible 
Innovation is an attempt to ensure the accountability of innovation actors through their 
engagement in anticipation, reflexivity, deliberation, responsiveness and participation in the 
innovation process while focusing on the impacts of innovation on three aspects: environment, 
society and economy.  

7.1.1 The Practical Application of Responsible Innovation in General 

The first overarching concern deals with the practical application of RI in general, guided by the 
first main research question: 

1. How can Responsible Innovation be made practically applicable? 

To answer the above research question, this study analysed concrete cases and further examined 
the use of appropriate and innovative methods that can aid the application of RI. Prior to 
answering the first question, two research sub-questions were formulated under this main 
heading: 

1.a How can Responsible Innovation be made practically applicable to ensure the accountability of 
innovation actors? 

Chapter 2 addressed this sub-question. The analysis of a case showed how RI can be made 
practically applicable as a process-based approach to ensure the accountability of innovation 
actors when adopting innovation. A useful way to achieve this was by defining and distributing 
innovation actors’ accountability in proportion to stakeholders’ authority and tasks 
(responsibility with regard to their tasks) for the adoption of innovation. The framework 
developed for this purpose was based on (a) Stakeholder and Impact Analyses and (b) analysis 
of the five RI dimensions, as described below.  

The case in Chapter 2 illustrated the complexities as well as the importance of distributing 
innovation actors’ accountability for adopting solar photovoltaic (PV) technologies in telecom 
towers in Indonesia. The improper distribution of accountability was indicated as the cause of 
finger-pointing phenomena between actors when a disaster occurred, i.e. the collapse of the 
telecom systems due to the malfunctioning solar PV technology in the telecom towers. To 
analyse the case, Stakeholder Analysis mapped the tasks of the actors involved, and the Impact 
Analysis explored the possible negative impacts of adopting solar PV on the environment, 
society and the economy. The mapping of stakeholder tasks shed light on how to locate the 
accountability of the actors involved and clarify who should be accountable to whom and for 
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what. Following the Stakeholder and Impact Analyses, a set of questions addressed each of the 
five dimensions of RI. Questions on the anticipation dimension included: ‘What (negative) 
impacts possibly emerge and should be prevented?’ and on the reflexivity dimension: ‘What 
causes the problem and what effects can it have?’ (see Table 7.1).  

Table 7.1 Analysis of the five dimensions of Responsible Innovation 

Dimension Form of Question Indicative Finding/Answer 
Anticipation What (negative) impacts can emerge 

and should be prevented? 
Impacts on environment, society and economy. 

Reflexivity What causes the problem and what 
effects can it have? 

Causes: field related factors. 
Effects: declining power output/production, 
dysfunction of towers and risk of telecom 
system collapse. 

Deliberation What should be done to address the 
issue? What possible actions are 
proposed? 

Develop innovative solutions: by setting up a 
protocol or adopting technology that considers 
three aspects: environment, society, economy. 

Responsiveness Which issues need to be addressed? Accountability of actors involved in dealing 
with field-related factors. 

Participation Who should be involved and 
contribute to problem solving? 

Telecom operators, tower companies, PV 
manufacturers, solar PV installers, the 
regulator. 

Based on the Stakeholder and Impact Analyses combined with an analysis of the five RI 
dimensions, two possible solutions could ensure the proportional distribution of accountability 
among the actors involved. The first was to develop an assessment framework or protocol for 
assessing and assigning the necessary responsibility to actors involved in the adoption of solar 
PV; also, to manage telecom towers, especially when dealing with field related factors in remote 
areas (dust, bird droppings, acid rain). However, the application of such a protocol can be 
complicated and time consuming, making it less practical. This led to exploring practical ways 
to fill the responsibility gaps created by certain actors’ inability to fulfil certain tasks when 
dealing with field related factors in remote areas. The periodic cleaning of PV modules was 
indicated as a vital task when dealing with field related factors. However, such a task could be 
difficult to carry out in remote areas. The exploration suggested an alternative and practical way 
to ensure all the actors involved could be accountable in proportion to their tasks, by adopting 
self-cleaning PV module technology. This technology could be the preferred solution since it 
offers a more practical way to clean PV modules in remote areas, less field work for the actors 
involved and cost-efficient PV module maintenance. 

1.b Which methods can be useful for aiding the practical application of Responsible Innovation?  

The cases in Chapter 3 (biodiesel development and Liquid Petroleum Gas (LPG) adoption) and 
Chapter 4 (CCS) were used to answer this sub-question.  
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Chapter 3 examined System Dynamics (SD) modelling (Forrester, 1994) as a useful innovative 
method to aid the  application of RI  for research activities, in particular for improving learning 
related to the reflexivity dimension, and foresight which is related to the anticipation 
dimension. SD modelling was used in two cases: biodiesel development and LPG adoption in 
Indonesia. Both illustrated the complex dynamic processes of innovation adoption. In both 
cases, SD modelling was used to gain an in-depth understanding of the dynamic complexity of 
the adoption, and to analyse/apply foresight to the possible outcomes. A practical guidance 
method was developed for this purpose (see Figure 7.1), consisting of two steps: the first was to 
define the goals and values of biodiesel development and LPG adoption in the Indonesian 
context; the second was to develop the conceptual models (using causal loop diagrams) in order 
to understand the adoption process in more detail and simulate the developed models for 
experimentation and results analysis. These were undertaken in an iterative manner.   

 

Figure 7.1 The guiding process for the application of Responsible Innovation dimensions 
with System Dynamics modelling 

The findings suggest that SD modelling enabled a better reflection of causal relationships 
between the elements (actors, institutions, markets, etc.) that impacted the process of biodiesel 
development and LPG adoption. The interactions between main actors and other actors varied 
in the two cases. The findings also show that the supply chain structure in biodiesel 
development is more complex than in LPG adoption. For example, biodiesel development is 
very much influenced by the crude oil price, biodiesel production capacity, the crude palm oil 
price and the obligation to supply the domestic market. On the other hand, LPG adoption is 
very much influenced by kerosene availability or price and the LPG market price. What also 
differs is that biodiesel development relies heavily on market conditions, unlike LPG adoption, 
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which relies heavily on government subsidies. These factors lead to differences in how the 
adoption of such energy technologies progresses. The findings suggest that LPG adoption 
progresses better and has better prospects than biodiesel development. 

SD modelling is apparently also useful for engaging in foresight regarding the possible outcomes 
of adoption, because the simulation results can be further analysed to seek anticipatory options. 
The study shows that the Indonesian government’s various strategies for biodiesel development 
and LPG adoption produced different results. The simulation results show that biodiesel 
development will most likely never achieve the government’s target in time. One possible 
scenario for dealing with this issue is imposing a greater biodiesel domestic market obligation to 
keep such technology attractive. The simulation results also show that LPG adoption can 
proceed favourably in line with the government’s plan. The model results indicate that the 
amount of LPG used in Indonesia has significantly increased, while kerosene usage has dropped 
to almost zero. In order to maintain this target level, in line with the anticipatory options, the 
model suggested policies to support providing the market with more gas stoves and fiscal 
incentives to lower LPG production costs.  

Chapter 4 examines the use of Q methodology (Brown, 1980) as a compelling method to aid the 
application of RI, in particular for understanding issues, which refers to the reflexivity 
dimension, and enabling the early involvement of stakeholders, which refers to the participation 
dimension. Prior to this study, little was known in Indonesia about stakeholder perspectives on 
Carbon Capture and Storage (CCS), as the implementation of such a controversial technology is 
considered mainly the government’s concern. Uncovering different stakeholder perspectives 
can improve knowledge and serve as a starting point for early stakeholder involvement in CCS 
plans. The case illustrates how Q methodology was used to investigate stakeholder perspectives 
on CCS in Indonesia. Stakeholders participated through the Q sort (a self-assessment procedure 
for measuring congruence or internal consistency in viewing the CCS issue) and interviews. The 
findings reveal four perspectives on CCS in Indonesia: (1) CO2 emissions reduction through 
clean energy sources rather than CCS, (2) CCS as one of the options in the transition to a 
sustainable energy system, (3) CCS as the only optimal solution to reduce CO2 emissions, and 
(4) CCS is only a tactic to keep burning coal forever.  

Thus, Q methodology enabled the divergent perspectives on CCS in Indonesia to be uncovered. 
This was a starting point for analysing the associated issues and values, which helped 
stakeholders learn about matters relating to CCS. Articulating divergent perspectives gave 
stakeholders a nuanced understanding of why or under which conditions the implementation of 
CCS can lead to satisfactory outcomes, rather than thinking in terms of accepting or rejecting 
the adoption of such technology outright. Q methodology also proved useful for enabling 
stakeholder involvement right from the early stages of innovation policy formulation, rather 
than in the middle or near the end of the process.  
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The responses to the two research sub-questions above enable us to draw the following 
conclusions on the practical application of RI in general:  

Firstly, the analysis in Chapter 2 shows that RI can be applied in a practical manner as a 
process-based approach, by assigning a relevant set of questions to each RI dimension, 
combined with Stakeholder and Impact Analyses. These analyses provide instruments for 
identifying the problem and its underlying cause (responsibility gaps due to the lack of 
innovation actors’ accountability) as well as the potential impact. Moreover, the five RI 
dimensions serve as overarching anchor points for exploring solutions or ways out of the issue 
at stake. They fill the responsibility gaps by ensuring the proportional distribution of all 
innovation actors’ accountability. 

Secondly, the choice and use of appropriate and innovative methods such as SD modelling and 
Q methodology support RI application. SD modelling has been widely used for studying the 
dynamic behaviour of complex systems over time (Forrester, 1994, Sterman, 2000).  And as 
demonstrated in Chapter 3 (biodiesel and LPG adoption), SD modelling provided an in-depth 
understanding of innovation dynamics in biodiesel development and LPG adoption, also for 
improving learning processes, which relates to the reflexivity dimension. It helped in analysing 
and foreseeing the outcomes of biodiesel development and LPG adoption, which relates to the 
anticipation dimension. In Chapter 4, Q methodology to uncover perspectives (Brown, 1980) 
also proved useful for enhancing stakeholders’ learning about CCS, which relates to the 
reflexivity dimension, and for enabling early involvement of stakeholders, which relates to the 
participation dimension. These findings all suggest that SD modelling and Q methodology seem 
innovatively useful to aid the application of RI. Both methods can be used for research activities 
that support the process of RI. However, it should be noted that neither method is very practical 
in all circumstances, because the intense activity required can be very time consuming. 
Especially SD modelling seems more feasible at the program rather than project level.   

7.1.2 A Culture-Sensitive Application of Responsible Innovation 

The second overarching concern is the context-based application of RI—with culture as an 
important element, guided by the second main research question: 

2. How can Responsible Innovation be made practically applicable in a culturally sensitive 
manner? 

A useful way to investigate whether RI can be adapted to different cultural contexts is by 
breaking down the RI approach into its constitutive elements or dimensions and unpacking the 
concept of culture in a way that allows it to be linked to these dimensions. The first step towards 
context-based application of RI is gearing research sub-questions to investigating the 
relationship between culture and RI dimensions. Prior to answering the second main research 
question, the research sub-questions are as follows: 
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2.a How can the concept of culture be unpacked to enable the application of Responsible 
Innovation in a non-Western context? 

Chapter 5 provided a literature review of the theory relating to culture and discussed the 
relationship between culture and innovation. Culture was taken as the appropriate concept to 
describe how societies differently interpret and apply RI dimensions in practice. Hofstede’s 
cultural model was adopted to investigate the relationship between culture and RI dimensions, 
in other words as basis for the conceptual framework to investigate the role of culture in RI 
application.  

Culture is defined by Hofstede (1980) as people’s shared values within a certain national 
environment. This concept of culture has been widely recognised as an explanatory variable in 
the relationship between culture and innovation (see e.g. McGrath and O'Toole, 2014, Png et al., 
2001, Shane, 1993, van Everdingen and Waarts, 2003, Williams and McGuire, 2005). As argued 
by Hofstede (2001), people in different countries interpret and perceive their world in various 
ways via dimensions that characterise their national culture. Based on cultural considerations, 
these  dimensions can shed light on the way certain societies operate (Hofstede et al., 2010). 
Four of Hofstede’s cultural dimensions were adopted for developing the conceptual framework, 
namely power distance, individualism/collectivism, uncertainty avoidance and long-term/short-
term orientation.  

The conceptual framework is presented in the form of a table (see Table 7.2), providing a set of 
proposed indicative influences (or hypotheses) on the four cultural dimensions of the five RI 
dimensions (anticipation, reflexivity, deliberation, responsiveness and participation). Table 6.1 
in chapter 6 shows a more detailed set of hypotheses. The indicative influences in Table 7.2 are 
generally supported by the literature, a few being based solely on the researcher’s own 
articulation (marked with **). Subsequently, a set of diagnostic questions facilitated a more 
detailed examination of the hypothesised indicative influences.  

Table 7.2 Structure of the conceptual framework for investigating possible effects of 
(national) culture on the dimensions of Responsible Innovation 

Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
Anticipation 

  

Anticipation is likely 
influenced by the 
way an 
authority/power 
structure defines the 
issues that should be 
anticipated and the 
approach taken by 

Anticipation is likely 
influenced by the 
way people behave 
towards uncertainty 
and ambiguity (i.e. 
risks, uncomfortable 
situations, etc.). 
(e.g. Furrer et al., 

Anticipation is likely 
influenced by 
people’s preferences 
with respect to 
individuals or group 
interest (i.e. to avoid 
certain/extreme 
conditions). 

Anticipation is likely 
influenced by the 
goal-orientation of 
people when dealing 
with the present and 
future challenges. 
(e.g. Steensma et al., 
2000) 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
an authority/power 
structure to address 
such issues. 
(e.g. Herbig and 
Dunphy, 1998) 

2000) 
 

(Chen et al., 1995, 
Smith, 2004)  

 

 
 

Reflexivity 

 

Reflexivity is likely 
influenced by trust 
between hierarchical 
levels and the 
opportunity for 
learning/understand
ing certain issues. 
(e.g. Lane et al., 
2006, Shane, 1993) 
 

Reflexivity is likely 
influenced by 
whether people 
consider the way ‘to 
avoid or to take’ the 
consequences/impac
ts/risks associated 
with changes and 
uncertain situations 
in the process of 
learning. 
(**) 

Reflexivity is likely 
influenced by the 
way people consider 
the preferences of 
individuals or 
groups in the 
process of 
learning/understand
ing certain issues. 
(**) 
 

Reflexivity is likely 
influenced by the 
way people take into 
account their goal-
orientation in the 
process of 
learning/understand
ing certain issues.  
(**) 
 

Deliberation Deliberation is likely 
influenced by the 
way of 
communication and 
the opportunity to 
collaborate and 
share information 
between hierarchical 
levels. 
(e.g. Shane, 1993, 
van Everdingen and 
Waarts, 2003, 
Williams and 
McGuire, 2005) 

Deliberation is likely 
influenced by the 
preference level of 
analysis of people 
when dealing with 
certain issues or 
changes. 
(e.g. Hofstede, 1993, 
Leidner and 
Kayworth, 2011, 
Moran and Abbot, 
1994)     
 

Deliberation is likely 
influenced by 
people’s approach in 
taking into account 
the interest of 
individuals versus 
group. 
(e.g. Min, 2009) 
 
 

Deliberation is likely 
influenced by the 
concern of people 
regarding long-term 
and short-term 
benefits/payoffs. 
(e.g. Steensma et al., 
2000, Veiga et al., 
2001)         
 

Responsiveness 

 

 

Responsiveness is 
likely influenced by 
the degree of 
formality in doing 
things and getting 
things done. 
 
(**) 

Responsiveness is 
likely influenced by 
the acceptance of 
people to 
uncomfortable 
situations due to 
certain issues or 
changes. 
(e.g. Furrer et al., 
2000, Leidner and 
Kayworth, 2011)  

Responsiveness is 
likely influenced by 
the way people 
weigh the interest of 
individuals versus 
group. 
(e.g. Chen et al., 
1995, Smith, 2004) 

Responsiveness is 
likely influenced by 
the way people 
consider the 
past/present 
achievement versus 
future opportunities 
associated with 
certain issues or 
changes. 
(e.g. Veiga et al., 
2001) 
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Responsible 
Innovation 
Dimensions 

Cultural Dimensions 
Power Distance Uncertainty 

Avoidance 
Individualism/ 

Collectivism 
Long/Short-Term 

Orientation 
Participation 

 

Participation is 
likely influenced by 
formality and the 
role of power 
structure in giving 
the opportunity to 
participate by the 
innovation actors.  
(e.g. van Everdingen 
and Waarts, 2003) 

Participation is 
likely influenced by 
the extent to which 
people consider 
consensus or 
conflicts as the way 
to deal with certain 
issues or changes. 
(e.g. Hofstede et al., 
2010)  

Participation is 
likely influenced by 
people’s value 
principles in 
managing 
relationships. 
(e.g. Karwowski, 
2006, Min, 2009) 
 

Participation is 
likely influenced by 
the way people 
regard status and 
relationships. 
(e.g. Hofstede et al., 
2010) 
 
 

 

2.b How does (national) culture influence the application of Responsible Innovation dimensions in 
practice? 

This sub-question was addressed in Chapter 6, describing the conceptual framework developed 
in Chapter 5. The conceptual framework was used to investigate the influence of culture on the 
application of RI dimensions in a case of carbon-dioxide (CO2) utilisation in Indonesia. Before 
applying the framework, cultural specificities had to be defined, thereby looking at the cultural 
dimensions with the highest index scores in the Indonesian context. This was done to achieve a 
more effective and focused explanation of why certain cultural dimensions are most likely to 
significantly influence how RI dimensions are applied in practice. According to Hofstede, the 
higher the score, the more significant the influence of high-scoring cultural dimensions on how 
certain societies behave. Of Hofstede’s four cultural dimensions, Indonesia scores highest on 
power distance and lowest on individualism (i.e. highest on collectivism). On this basis, the 
study specifically honed in on the impact of power distance and collectivism on the five RI 
dimensions.  

The conceptual framework was tested through a Focus Group Discussion (FGD) and interviews 
with stakeholders in the proposed project. The FGD and interviews were combined for two 
reasons: (1) to generate complementary findings, and (2) for pragmatic/practical reasons—to 
give participants who were unable to join the FGD the opportunity to take part in the 
interviews. The FGD was held first, followed by individual interviews. The key 
indicators/factors influencing the application of RI dimensions were also identified, so that the 
data collected from FGD and interviews could be analysed. The key indicators/factors were 
developed based on a consistent pattern between the data and the theoretical hypotheses.  

The findings suggested that cultural dimensions do influence the application of RI dimensions 
in practice. Stakeholder participation was found to be encouraged through a formal approach, 
reflecting the influence of high power distance on the participation dimension; participants’ 
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acknowledgment of the government or major stakeholders’ underlying purpose and motivation 
regarding CO2 utilisation was prevalent; this seemed to influence how participants considered 
CO2 utilisation, reflecting the influence of power distance on the reflexivity dimension. Another 
impact of power distance on the participation dimension could be seen during FGD and 
interviews. Although the mediating participation of stakeholders through FGD and interviews 
was initially meant to generate complementary findings and for practical reasons, later it was 
also found useful for exploring salient ideas and opinions from stakeholders with lower power 
positions or authority. It emerged that in a society with high power distance, it is also important 
to mediate the participation of stakeholders in a proper way—to allow all participants room for 
expressing their ideas or opinions. 

Similar to McGrath and O'Toole (2014), the findings suggest that cultural dimensions do not 
stand alone, rather they are connected to each other with blurred boundaries. For example, in a 
collectivist culture such as in Indonesia, people prefer to maintain harmony and avoid 
unnecessary debate in a forum, especially with those in a higher position or authority. 
Correspondingly, a kind of discretion or polite or indirect way of expressing opinions prevails, 
thus reflecting the influence of power distance.  

The answers to the two research sub-questions above provide the following conclusions 
regarding a culture-sensitive application of RI: 

Firstly, the conceptual framework allows us to examine and analyse the influence of key 
elements of (national) culture on the application of RI dimensions, concentrating on the 
cultural specificities based on Hofstede’s cultural dimensions with the highest or lowest index 
scores. The conceptual framework offers the following three practical benefits. 

(1) The application of RI can be tailored by taking into account important cultural aspects.  
(2) It highlights the important aspects or unique influences of cultural dimensions on RI 

dimensions, thereby identifying indicative influences that can be further examined by 
researchers across cross-cultural contexts. In this way, the conceptual framework offers a 
more general approach, one that is not constrained by comparisons between particular 
national cultures.  

(3) It is possible to clarify and further investigate the link between (national) culture and RI 
dimensions in an effective, focused and structured way. 

Secondly, the findings suggest that in practice, the application of RI dimensions can differ based 
on (national) cultural context. The two cultural dimensions investigated, power distance and 
individualism/collectivism, are likely to play distinct roles in influencing the five dimensions of 
RI—and how these dimensions are interpreted and applied in different ways in different 
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cultures. This suggests that by considering culture, RI can be made applicable in a culturally 
sensitive manner, which will further improve its practical applicability in different contexts.  

Thirdly, in the Indonesian context, the findings of the case described in Chapter 6 can provide 
clues beforehand about how participants in a collectivist society with high power distance would 
most likely behave, using the information in Table 7.2. Such indications also allow innovation 
actors to be sensitive about conducting an RI process effectively in accordance with certain 
cultural contexts. For example, they can anticipate how to set up a stakeholder dialogue 
effectively by considering cultural specificities. We will look at similar suggestions for RI in the 
Indonesian context in the following section. 

 Suggestions for Responsible Innovation in Practice 

The study findings generate lessons and suggestions for conducting RI in general and 
particularly in non-Western contexts such as Indonesia. The following recommendations are 
based on the findings in Chapters 2, 3, 4 and 6. 

(i) The process of RI needs to be well prepared. This study suggests that an important 
preparation is to clarify and define the accountability of innovation actors right from the 
start. This can be done by conducting a stakeholder analysis to map their tasks or roles at 
each stage of the innovation process and their interests in the innovation project. This is 
also useful for selecting participants for the project.  

(ii) The choice and use of appropriate methods play an important role in supporting RI in 
practice. Various RI dimensions can be made practically applicable using different 
methods. When choosing which methods to use, it is important to consider their 
feasibility with regard to the scope of work, time and complexity of the innovation 
project. For example, in the case of biodiesel development (Chapter 3), SD modelling 
seemed feasible for supporting the application of the following dimensions for research 
at policy/program level: (a) a reflexivity dimension for understanding plausible biodiesel 
developments; and (b) an anticipation dimension to derive anticipatory options for the 
outcomes of biodiesel development. This can be used as a method or analytical tool for 
designing, setting up and planning a program. However, once the program owner starts 
implementing the program, this method might no longer be very useful except for 
monitoring purposes, for example to generate the right data for program performance 
feedback. During the monitoring phase, the program owner can use the method to 
reflect on how the program is actually being conducted, what has gone wrong in the 
process and so on. In a technical way, it is possible to revisit the structure of the SD 
model, recheck the parameters and evaluate the results. Consequently, the program 
owner can draw lessons and think about how to improve the program in order to achieve 
its goal. 
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(iii) In addition to point (ii), FGD or stakeholder workshops are recommended to enable 
early deliberation processes, as well as stakeholder participation. An FGD among the 
main stakeholders could clarify the main responsibilities in a project, in line with the 
preparation activity suggested in point (i). The participating stakeholders can then work 
out who should address what and how. In this way, FGD can be used not only for data 
collection (as in Chapter 6), but also to enable early deliberation on the project, when the 
goals are formulated and main activities begin to be defined.  

(iv) Researchers play an important role in making the RI processes to work. Or in other 
words they have certain abilities to apply or guide the use of appropriate techniques, 
methods or tools when applying each RI dimension. 

RI processes seem to be conducted effectively if culturally related practice conditions and 
behaviours are taken into account. Based on the findings in Chapter 6, the following 
recommendations apply to a collectivist society with high power distance like in Indonesia or in 
other developing countries’ contexts with similar cultural specificities.  

(i) The owner of the innovation project or program should lead the RI process. They can 
belong to the government, a non-governmental body or the private sector and should 
have the authority to execute the project and solve any problems that might arise during 
or after implementation. The project owner should therefore have an adequate 
understanding of the RI concept and approach. Researchers or academics can help to 
form an adequate understanding, for example by transferring knowledge about RI (the 
concept, the potential benefits and challenges in practising RI, and other relevant issues) 
by means of a workshop for the project owner.  

(ii) Develop an understanding about the roles and positions of the innovation actors or 
stakeholders involved, according to the hierarchy in their organisations, prior to 
engaging them in the innovation process. This will provide the project owner with 
sufficient information to determine who should be involved and how to involve them. 
For this purpose, the program or project owner can conduct a stakeholder analysis 
supported by researchers. 

(iii) Adopt a formal approach for the stakeholder participation process. Proceed wisely when 
inviting innovation actors or stakeholders to join a certain stage of the innovation 
process, especially if it concerns persons with a similar or higher position of authority, or 
actors who require permission from a superior in their organisation. Using a formal 
invitation procedure conveys credibility and has a higher chance of being accepted. To 
encourage stakeholder participation, the project owner (especially a private or non-
government party) should therefore extend formal invitations.    

(iv) In addition to point (iii), to maintain the participation and motivation of innovation 
actors or stakeholders in the project until the end, the project owner needs to pay close 
attention to stakeholders’ common underlying motives or interests. In a collectivist 
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culture, people are more motivated to contribute to something (an innovation project) if 
similar concerns or goals are at stake. The stakeholder analysis as undertaken in point 
(ii) can be expanded to identify the potential similar interests between stakeholders 
regarding the project. And the results can also be used to help the project owner map or 
determine at which stage(s) of an innovation process an innovation actor or stakeholder 
can or should be invited. 

(v) Different power positions can limit stakeholders’ willingness to express ideas or personal 
views in a forum discussion, especially those in lower positions of power. This may result 
in limited deliberative discussion, less exploration of (un)desirable impacts and potential 
outcomes of innovation, or exclusion of potentially good ideas and solutions. To ensure 
that the willingness to express ideas or personal views can be accommodated and 
safeguarded, the project owner (especially a private or non-government party) can adopt 
a mediated participation approach (Poustie et al., 2016). Such an approach is used to 
gather additional information and salient ideas by hearing the voices of stakeholders in 
lower positions of power who are often reluctant to express their opinions—or who 
sometimes express silent disagreement in the same forum discussion with higher ranked 
actors. Taking the lessons from FGD and interviews in Chapter 6, the mediated 
participation approach can also be employed in practice by holding a separate or 
additional forum discussion; for example, one big forum involving all stakeholders, and 
another one with a small group of participants (stakeholders in lower positions of 
power).  

(vi) Researchers have a unique position in mediating the process of RI. They can act as 
suitable mediators between different parties, filling the gap of communication between 
the project owners (or those with power or authority) and other stakeholders with less 
power in order to bring the salient ideas or disagreement can be taken into 
consideration. They are respected for their knowledge (e.g. have a good view of the 
problem) and the independent position they are in—making them as trusted parties 
since they do not have too much of an active direct stake in a specific solution. However, 
this also comes with responsibilities. Academics are supposed to keep some 
independence from politically engaged parties with specific interests, otherwise they risk 
losing their independence and then they will lose their reputation as trustworthy 
academics who speak truth.  

 Scientific Contributions  

This study makes several scientific contributions by advancing the academic literature on RI, 
and innovation studies in general. This study has reviewed the RI concepts (i.e. Owen et al., 
2013, Singh and Kroesen, 2012, von Schomberg, 2013) elaborating on the dimensions as the 
elements that create the RI approach. This study further identifies that as an emerging field of 
research, RI has no clear-cut approach (Blok and Lemmens, 2015) and therefore requires 
further development of suitable conceptualisation and application (Macnaghten et al., 2014, 
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Vasen, 2015). Blaskó et al. (2014) also note that making RI (more) practically applicable is still a 
less researched area. This study responds to these calls by researching the practical application 
of RI in general. Through a number of concrete cases, this study contributes to (i) how RI can be 
applied in a more practical manner as a process-based approach (Chapter 2), (ii) the use of 
methods that aid the application of RI—such as at the program level (Chapter 3) and research 
activities supporting the RI process (Chapter 4). This study thereby advances the recent 
literature on RI as reviewed by Lubberink et al. (2017) by identifying and suggesting key 
activities to support the application of RI dimensions.  

This study focuses on the notion that the ability to foresee undesirable consequences of 
innovation is a condition for responsibility (Nihlén Fahlquist, 2006, van de Poel et al., 2012). 
Literature on RI suggests understanding the impact of innovation is essential for a responsible 
adoption of innovation, including the dynamic relationships between the innovation and the 
system in which it is developed and implemented (Lubberink et al., 2017). Blaskó et al. (2014) 
along with Singh and Kroesen (2012) suggest that to cope with concerns about the possible 
negative impacts of innovation, it is necessary to reward and enhance the use of an anticipatory 
approach, for example with technology assessment, foresight and scenario development in RI. 
This study takes into account these calls by carrying out a prospective project impact assessment 
(Chapter 2) and SD modelling and simulation (Chapter 3). The results can help innovation 
actors to improve their ability to foresee the unexpected or negative impacts of innovation in a 
more rigorous way. The research adds to the literature on the dynamics of technology adoption 
modelling (Musango et al., 2012, Mutingi, 2013), and also enriches the literature on energy 
technology development (biodiesel) in Indonesia (Hidayatno et al., 2011). 

Koops (2015) notes that stakeholder participation plays an important role in RI processes. In 
the debate about including different stakeholders in an RI process, Owen and Goldberg (2010) 
and Blok and Lemmens (2015) call for more research on incorporating the relevant ethical, 
societal aspects and stakeholders’ concerns in the design and development of innovation. 
Responding to these calls, this study pleads in favour of Q methodology. The use of Q 
methodology provides a meaningful interpretation of stakeholder considerations with regard to 
CCS, whereby the country’s context and priorities are taken into account (Chapter 4). This 
study also broadens the role of Q methodology for the purpose of opening up policy processes 
(Stirling, 2007) or policy appraisal (Ockwell, 2008) of innovation adoption in the preparation 
phase. Furthermore, this study’s use of Q methodology to aid the application of the reflexivity 
dimension and enhance stakeholders’ learning, will add to the works on Constructive 
Technology Assessment (Schot and Rip, 1997) and Constructive Conflict Methodology 
(Cuppen, 2009). This is because both works emphasise the importance of guiding and involving 
stakeholders when dealing with complex problems during the adoption of emerging 
technologies.  
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Recent literature suggests the need to locate and engage the concept of RI within the context 
and practice it is implemented in order to make a positive difference in a rapidly changing 
global environment (see e.g. Jong et al., 2015, Macnaghten et al., 2014, Vasen, 2015). In other 
words, RI needs to be made fit for applying within the specific context where it is used, and for 
addressing specific issues (Jong et al., 2015). The literature even suggests that the concept of RI 
needs specific research, especially in the developing country context (Singh and Kroesen, 2012, 
Vasen, 2015). This study responds to these calls by taking a further step to research the context-
based application of RI, focusing on culture as an important element of context.  

This study focuses on the role of culture as an important determinant of innovation (e.g. as 
suggested by Ahmed, 1998, Hofstede et al., 2010, Kaasa and Vadi, 2008, Shane, 1993). These 
studies reflect that culture and associated values matter, implying that what is valued, 
appreciated and disliked by certain societies should be deemed a pivotal basis for understanding 
the scope of RI. As indicated in Chapter 5, RI dimensions (i.e. Singh and Kroesen, 2012, Stilgoe 
et al., 2013) can also be differently interpreted and applied in practice in different societies and 
different cultures. This study addresses that issue by proposing and developing a conceptual 
framework based on Hofstede’s model of culture to investigate the relationship between culture 
and RI dimensions. Such a conceptual framework was then applied to a concrete experiment 
(Chapter 6), indicating the influence of culture on the application of RI dimensions in practice. 
In this way, this study further evolves RI towards a culturally sensitive approach, making it 
more explicit by taking the cultural aspects into account. This dissertation can therefore serve as 
a valuable stepping stone for the theoretical and practical development of RI in general and its 
appropriate contextualisation specifically. 

 Lessons for Policy and Practice 

This study provides a set of concrete cases to draw lessons on how to consider RI as an 
alternative approach for innovation policy and practice. The lessons can apply in the context of 
a developing country like Indonesia, where innovation policy is apparently in need of 
innovation. The study findings provide several lessons for (responsible) innovation policy and 
practice.    

This study demonstrates that practising innovation without addressing the issue of 
responsibility risks rejection or less acceptability of the innovation itself. As indicated by the 
findings in Chapter 2, failure to pay attention to this in the early stage of technology adoption 
often leads to the rejection of using such technology at a later stage. This phenomenon could 
occur in a developing country like Indonesia due to its culture of innovation, in which the 
motivation to make a profit often dominates the motivation to innovate. For example, the 
profit-making behaviour from using new technology often appears in projects, so if the 
technology fails to be adopted, the project owner tends to replace the technology with another 
profitable one. In developed countries, such a failure often leads to more experimentation for 
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technology improvement, resulting in another innovation. Dealing with such cultural behaviour 
is not an easy task and needs considerable time and effort to change or improve. However, if 
there is a certain effort to encourage the motivation for innovating beyond profit making, 
instigating an innovation policy incentive that rewards such behaviour can be worthwhile. For 
example, policymakers can try to provide the project owner with incentives for collaborating 
with universities or research institutes to do further research for improving the technology that 
failed to be adopted.   

The cases in this study suggest that the scope of the RI concept is not limited to advanced 
technologies such as nanotechnology and biotechnology, which most developing countries only 
access as finished products. Yet, RI can also be relevant for the dynamics and complex adoption 
of non-advanced technologies or technologies which raise controversial issues due to their 
fundamental newness to the world. The adoption of LPG (Chapter 3) for households might be 
outdated in developed countries and beyond the scope of RI from Western or developed 
countries’ perspectives. As found by Jong et al. (2015), advanced technology in the sense of 
innovation that is novel to the world, is still seen as the focus of RI. However, the adoption of 
LPG reflects dynamic and complex processes, with some issues needing to be anticipated to 
prevent undesirable outcomes and others still relevant for analysis under the concept of RI. The 
CCS (Chapter 4) and CO2 utilisation (Chapter 6) cases demonstrate controversial issues 
regarding their adoption and implementation with regard to environmental issues or public 
acceptance. The adoption and implementation of both technologies are also dynamic and 
complex. They are both relevant examples of RI cases.  

The study findings are particularly relevant and significant for the stakeholder participation 
model in the developing country context and for practising RI processes. This concerns the 
finding in Chapter 4 that stakeholder participation can be started by articulating their divergent 
perspectives. It also suggests that a particular stakeholder’s type of perspective cannot be 
assumed just on the basis of their affiliation or power position. In a developing country with 
high power distance culture like Indonesia, this can be useful for accommodating the 
perspectives and views of stakeholders with lower positions of power. Thinking about 
stakeholder perspectives in a more contextualised and nuanced way than stakeholders 
“acceptance” or “rejection”, can contribute to opening up and smoothing a deliberative 
discussion among stakeholders through a stakeholder dialogue.  

The finding in Chapter 6 stresses the importance of taking cultural aspects explicitly into 
account when practising RI. This can provide clues or indications that allow innovation actors 
to be sensitive about how the RI process could be conducted effectively according to cultural 
contexts. This furthermore implies that the adoption of innovation entails the sensitivity of 
innovation actors to local socio-cultural values as a form of responsibility. In a society with high 
power distance, fewer checks and balances on the use of power might increase the tendency for 
people—especially those invested with high authority—to illegally enrich themselves, for 
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example by corrupting an innovation project funded by the government. Such illegal acts have 
caused many projects to fail, especially government projects in developing countries (see e.g. 
Aladwani, 2016). Creating a transparent and open system of project spending is an alternative 
way to enable a proper checks and balances mechanism for the use of power—that is to say, a 
more accountable system for preventing illegal acts among stakeholders. However, it should be 
borne in mind that project owners probably play key roles, and as such, must be the first 
responsible parties for making the checks and balances mechanism work properly. Otherwise, it 
might not work so effectively.  

The findings of this study are valid for Indonesia’s situation. The cases about adopting energy 
technologies reflect the country’s effort to make the transition to renewable and clean energy 
sources. However, the lessons from this study can be useful for researchers and practitioners in 
the area of new and emerging technologies in general. Not only can this study be replicated in 
developing countries with similar characteristics as Indonesia, it also provides important 
insights for further development of RI in different countries’ settings.  

 Recommendation for Future Research 

This dissertation presents an attempt to make RI more practically useful, concentrating on two 
overarching concerns: its application in general, and a culture-sensitive application. Despite 
focusing on the analysis of concrete cases, the findings shed light on suggestions for practising 
RI and show that more actions and research are needed to make the necessary improvements.  

Among the lessons that can be taken from this study, is that RI should not be introduced in the 
course of an innovation adoption process. Rather, it should be put in place in the pre-adoption 
stage or before the actual innovation project begins. This is because it could be difficult and 
problematic to define the accountability of innovation actors after adoption has started. This is 
the nature of RI as clearly reflected in the five dimensions, in particular the anticipation 
dimension. It is apparent that RI is currently more suited as a precautionary measure for 
preventing unsatisfactory outcomes of innovation adoption, as this study attempted to show in 
Chapter 6 through the CO2 utilisation case. Many areas in the context of new and emerging 
technologies adoption need an early and strong focus on innovation actors’ accountability. This 
provides opportunities for future research on the application of RI in different areas of 
innovation in emerging energy technologies, for example smart grids, fuel cells and hydrogen 
storage.  

Nevertheless, this study has not extensively addressed the responsiveness dimension—how it 
should be practised in general or particularly in the Indonesian context.  More robust 
conclusions could be derived by undertaking further research on the responsiveness 
dimension—changing the shape or direction of the innovation in response to stakeholder or 
innovation actors’ needs. This was not within the scope of the study. Responsiveness requires a 
collective response from the actors involved, whereas this study did not apply RI in practice 
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throughout the entire project cycle. Future research could involve a case study where the five 
dimensions of RI are applied in practice. In the case of biodiesel development or solar PV 
adoption, stakeholders can do participatory modelling or group model building (i.e. Vennix, 
1999). This is mediated participation and modelling incorporated in RI, whereby actors 
involved in the adoption process can directly participate in the modelling process and 
collaborate in directing or adjusting the adoption process.  

Further, the reflexivity dimension discussed in this study is still predominantly limited to first-
order reflection or learning—reflection in which aims and values are taken as given, in which 
learning typically comes from observing a certain action and assessing the result. Such as 
learning about or better understanding the dynamics of innovation adoption process and the 
underlying causal relations—as discussed in Chapter 3 in particular (in the biodiesel 
development and LPG adoption cases). Although this type of reflection is useful to get better 
understanding, there can be more to learning than just observing certain actions and assessing 
the result from the SD model. Reflexivity should also be about reflecting on underlying values, 
goals, expectations and assumptions or what we term as second-order reflection or learning. 
This type of learning takes a further step by not just observing a certain action, but focusing on 
how we observe that certain action, and how such observation may determine the outcomes or 
results we achieve. It is also important to note that while first-order reflection can contribute to 
second-order reflection, it is certainly not enough to achieve second-order reflection. RI 
requires purposive efforts to achieve second-order reflection, not just first-order reflection. 
Future research could open up another improvement to the SD model and the modelling 
process itself with second-order reflection, for example by focusing on how we conduct the 
modelling process.       

This study has proposed the conceptual framework for investigating the relationship between 
culture and RI dimensions. Although the application of the framework as a tool for examination 
was limited, FGD and interviews showed how the cultural dimensions of collectivism and 
power distance influence the application of the five RI dimensions in practice. This can be 
further improved and evaluated, for example by using the study results to design a stakeholder 
dialogue or mediate stakeholder participation. In this way, the conceptual framework could be 
more useful for facilitating the application of RI in different cultural contexts. Future research 
could use other cultural models (e.g. Trompenaars (1994) or Schwartz (2012)) and link these 
with RI dimensions.  

Future research could replicate the findings with a larger sample, in different countries and with 
different cases. For example, comparing two or more countries with different cultural 
specificities may reveal other cultural factors that affect the practice of RI. Larger scale empirical 
testing could advance knowledge as well as develop RI for different cultural contexts.  
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Summary 

Responsible Innovation (RI) is emerging as a compelling concept and promising approach for 
conducting innovation processes more responsibly in order to address the uncertainties, 
complexities, risks and stakeholder accountability in new and emerging technologies. The term 
RI itself reflects the responsibility dimension within innovation, addressing issues associated 
with the roles, duties or obligations of innovation actors—the actors involved in the 
development, adoption, customisation, assimilation and use of innovation. As the term 
responsibility is also often referred to as accountability and is often used interchangeably, RI 
requires the accountability of innovation actors. Stakeholders should, therefore, be motivated to 
take responsibility for addressing the consequences of unexpected impacts and developing 
awareness about the need to do so; also, that incentives or disincentives should be in place to 
ensure the fulfilment of their obligations with assigned tasks in innovation processes. 

RI, however, presents considerable challenges in its implementation, which can make it difficult 
to realise its promise. Although RI is a promising approach in principle, it is less suitable for 
practical application. More specifically, RI still lacks guidelines for general application. In 
particular, the core RI processes (the different dimensions of RI) are still lacking a well 
identified and developed methodology for their practical use, which can undermine the 
practical applicability of the concept. Thus, RI is not yet a mature approach, and there is ample 
room for improvement. Research is therefore required on the application of RI for practical use 
in innovation processes.  

RI very much uses processes that are reasonably well accepted and familiar in the West 
European context, like methods of bottom-up participatory governance, citizen consultation 
and participation. To what extent RI, built according to practices based on Western values, can 
also be practically applicable outside the Western context, has remained an open question. This 
dissertation argues that one important and relevant aspect of context is culture, which can be 
reflected in societal goals, and goals of innovation in society, as well as how innovation 
processes are conducted. RI has to be practised at a particular time and place—it can never be a 
socially disembedded process. This implies that the different RI dimensions can also be 
interpreted differently, depending on the cultural contexts. Thus, the application of such 
dimensions could also pose different requirements in practice. Research is needed to investigate 
whether, or how RI can be adapted for use outside the Western cultural context. 

This dissertation aims to research ways to make RI more practically useful with two overarching 
concerns: (1) the practical application of RI in general, and (2) a culture-sensitive application of 
RI in a particular non-Western context. It presents an attempt to translate RI from concept to 
application, guided by two main research questions:  
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(1) How can Responsible Innovation be made practically applicable?   
(2) How can Responsible Innovation be made practically applicable in a culturally sensitive 

manner?  

The first question concerns different methodologies for the further application of RI in general; 
the second question refers to a culture-sensitive application of core RI processes in a particular 
non-Western context. In order to answer these questions, the study takes as its scope the 
adoption of emerging energy technologies in Indonesia, namely: solar photovoltaic (PV), 
biodiesel, Liquid Petroleum Gas (LPG), Carbon Capture and Storage (CCS) and carbon-dioxide 
(CO2) utilisation. Such a multiple case approach is taken to allow the employment and 
experimentation of different methods and tools for analysing cases and aiding the application of 
RI in general. This study also draws on Hofstede’s cross-cultural management theory as a 
further step to add cultural context for RI application.  

Recently, various RI concepts and approaches have been proliferating in the literature. These 
mostly transcribe the process of RI in terms of dimensions—constitutive elements or important 
aspects. Based on the elaboration of prominent RI concepts and approaches, this dissertation 
proposes five RI dimensions: anticipation, reflexivity, deliberation, responsiveness and 
participation. Anticipation denotes innovation actors looking ahead and dealing with risks 
beforehand. Anticipation also indicates the ability of innovation actors to foresee the plausible 
impact of innovation. Reflexivity means being reflexive or refers to cause-effect relationships, 
emphasizing the innovation actors’ learning process. It indicates a circular or iterative process of 
creating and shaping innovations. Deliberation refers to a thorough exploration process and 
careful consideration of different aspects and discussions by innovation actors in order to 
progress. Responsiveness means innovation actors are able to readily respond to or address 
circumstances arising from different needs, views, issues and values. Participation denotes the 
act of taking part or being involved in an innovation process, indicating the involvement of 
various stakeholders.  

In order to deal with accountability issues, all five RI dimensions have to be combined. 
Henceforth, this dissertation proposes the working definition of RI as an attempt to ensure the 
accountability of innovation actors through their engagement in anticipation, reflexivity, 
deliberation, responsiveness and participation, while focusing on the impacts of innovation on 
three aspects: environment, society and economy.  

Chapters 2, 3 and 4 deal with the application of RI in general. Chapter 2 presents the first case, 
the adoption of solar PV in telecom towers. It illustrates how Stakeholder and Impact Analyses 
can aid the application of the various RI dimensions, thereby defining and distributing 
innovation actors’ accountability in proportion to their authority and tasks in the adoption 
process. Chapter 3 presents the second and third cases, biodiesel development and LPG 
adoption respectively. This chapter focuses on the application of two RI dimensions: 
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anticipation and reflexivity. It examines how System Dynamics (SD) modelling can aid the 
application of RI with regard to learning about contentious issues and foreseeing possible 
outcomes. Chapter 4 presents the fourth case, CCS, focusing on the application of reflexivity 
and participation dimensions. This chapter examines how Q methodology—to uncover the 
divergent stakeholder perspectives—can aid the application of RI with regard to learning about 
key issues and encouraging early stakeholder participation in CCS.  

From Chapters 2, 3 and 4, we can conclude the following: Firstly, various methodological 
instruments can assist the application of RI in a practical manner as a process-based approach. 
Importantly the Stakeholder and Impact Analyses applied in Chapter 2 can be used for 
assigning a relevant set of questions to each RI dimension.  Stakeholder and Impact Analyses 
thus provide instruments to identify a problem and its underlying causes (such as responsibility 
gaps due to the lack of innovation actors’ accountability) and potential impacts of the problem. 
The five RI dimensions serve as overarching anchor points for exploring potential solutions or 
ways out of the issue at stake; they fill the responsibility gaps by ensuring the distribution of all 
innovation actors’ accountability in a manner that befits their authority, interests and likely 
future gains. 

The choice and use of appropriate and innovative methods in Chapters 3 and 4, SD modelling 
and Q methodology, also aid the application of RI in general. SD modelling proved to be useful 
for providing an in-depth understanding of innovation dynamics in biodiesel development and 
LPG adoption, also for improving learning processes, which refers to the reflexivity dimension. 
It helped in analysing and foreseeing the possible outcomes of biodiesel development and LPG 
adoption, which refers to the anticipation dimension. Q methodology proved a useful way to 
reveal four perspectives on CCS in Indonesia: 1) CO2 emissions reduction through clean energy 
sources rather than CCS; 2) CCS as one of the options in the transition to a sustainable energy 
system; 3) CCS as the only optimal solution to reduce CO2 emissions; and 4) CCS is only a tactic 
to keep burning coal forever. By uncovering such perspectives, Q methodology also proved to 
be useful for enhancing stakeholders’ learning about CCS—which refers to the reflexivity 
dimension; also, for enabling early stakeholder involvement, which refers to the participation 
dimension. Both methods can be useful for research activities that support the RI process. 
However, neither method is very practical in all circumstances, in the sense that applying them 
can be really time-consuming, involving intense activity. SD modelling seems more feasible for 
aiding RI at program level rather than project level. 

Chapters 5 and 6 deal with a culture-sensitive application of core RI processes. Chapter 5 
reviews various bodies of literature to find useful theories and concepts that build an 
understanding of culture and explain the relationships between culture and innovation. The 
conceptual framework in this chapter was developed to explore the influence of culture on the 
application of each RI dimension in practice. This framework is based on Hofstede’s four 
cultural dimensions (power distance, uncertainty avoidance, individualism/collectivism and 
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long/short-term orientation) and the five RI dimensions. The linkages identified in Chapter 5 
should be conceived as a set of propositions that should be probed through further empirical 
research. Chapter 6 makes a start with this. It presents the fifth case of the thesis, CO2 
utilisation. Its aim is to test and validate the conceptual framework developed in Chapter 5 
through a Focus Group Discussion and interviews in an actual RI experimental setting. It zooms 
in specifically on the cultural elements of power distance and collectivism and their 
relationships with the five RI dimensions in view of the importance of these two cultural aspects 
in the Indonesian context.  

From Chapters 5 and 6, we can conclude that culture matters for the context-based application 
of RI in many ways. The conceptual framework developed in Chapter 5 offers three practical 
benefits: 1) it can be used to tailor the application of RI by taking into account likely important 
cultural aspects in the conduct of core RI processes; 2) it highlights the issues that are—in all 
likelihood—the important issues or unique influences of cultural dimensions on the five RI 
dimensions; 3) it allows an effective, focused and structured investigation of the links between 
(national) culture and the five RI dimensions. In addition, the study findings strongly suggest 
that the application of RI dimensions in practice can differ depending on (national) cultural 
context. The two cultural dimensions investigated in this study (power distance and 
individualism/collectivism) appeared to play distinct roles in influencing the five RI dimensions. 
This suggests that the effectiveness of RI can be enhanced if culturally compatible practice 
conditions and behaviours are taken into account throughout the processes, thereby improving 
RI’s practical applicability in different contexts.  

Having integrated all the findings, the concluding Chapter 7 provides suggestions for practising 
RI in general and in a particular non-Western context like Indonesia. The following 
recommendations are formulated for practising RI in general:  

(1) The process of RI needs to be well prepared, one way to do this is by defining innovation 
actors’ accountability right from the start.  

(2) The choice and use of appropriate methods play an important role in supporting RI in 
practice. Thus, it is important to consider the feasibility of methods regarding the scope of 
work, time and the complexity of the innovation project. 

(3) Methods such as Focus Group Discussions (FGD) or stakeholder workshops are 
recommended, not only as a method for data collection but also to enable early deliberation 
on the project, when goals are being formulated and main activities defined.  

(4) Researchers play an important role in making the RI processes to work as they have certain 
abilities to use appropriate techniques for applying each RI dimension. 

For practising RI in the Indonesian context—as a collectivist society with high power distance, 
this study recommends:  
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(1) The owner of an innovation project—someone who has the authority to realise or execute it, 
should take the lead in an RI process, including finding a solution to problems that might 
arise during or after implementation.  

(2) An understanding should be developed about the roles and positions of the innovation 
actors or stakeholders involved, according to the hierarchy in their organisations, prior to 
engaging them in the innovation process.  

(3) A formal approach should be adopted for the stakeholder participation process.  
(4) The project owner should pay close attention to stakeholders’ common underlying motives 

or interests.  
(5) The project owner should adopt a mediated participation approach to accommodate and 

safeguard the willingness to express ideas or personal views—especially from stakeholders 
with lower positions of power in a forum discussion. These suggestions can also be 
considered for translation or application when adopting innovation in other developing 
countries’ contexts that present similar cultural specificities as Indonesia. 

(6) Researchers have a unique position in mediating the process of RI. They can act as suitable 
mediators between different parties. 

Lastly, through a number of concrete cases, this study advances the literature on RI by 
examining various methods to aid the application of different RI dimensions. The cases in this 
study suggest that the scope of RI is not limited to, for example, advanced technologies 
(nanotechnology, biotechnology, etc.) which most developing countries access only as finished 
products. RI can also be relevant for dealing with the dynamics of complex adoption processes 
of relatively non-advanced technologies, such as those with many diverse stakeholders, or that 
raise controversial issues. This study also further evolves RI towards a culturally sensitive 
approach, by taking the cultural aspects more explicitly into account. The dissertation can, 
therefore, serve as a valuable stepping stone for further theoretical and practical development of 
RI in general and for its appropriate contextualisation. 
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Samenvatting 

Maatschappelijk Verantwoord Innoveren (MVI) is recentelijk naar voren gekomen als een 
overtuigend concept en beloftevolle aanpak voor de uitvoering van innovatieprocessen. Het 
wordt gezien als een manier om op een meer verantwoordelijke wijze om te gaan met 
onzekerheden, complexiteiten, risico’s en verantwoording door betrokken partijen in relatie tot 
nieuwe en opkomende technologieën. De term MVI (RI in het engels) verwijst naar de dimensie 
van verantwoordelijkheid in innovatie, die betrekking heeft op de rollen, taken, en 
verplichtingen van de innovatie-actoren—de partijen die betrokken zijn in de ontwikkeling, 
acceptatie. aanpassing, assimilatie en gebruik van innovaties. De term verantwoordelijkheid 
wordt ook wel aangeduid met verantwoording, en de twee worden vaak als synoniemen 
gebruikt. MVI impliceert derhalve verantwoording van de innovatie-actoren.  De betrokken 
actoren moeten dus de motivatie hebben om verantwoordelijkheid te nemen voor de 
consequenties van onverwachte uitkomsten van innovatie, en om een bewustzijn te ontwikkelen 
aangaande de noodzaak om dit te doen; ook moeten positieve en negatieve prikkels aanwezig 
zijn om de invulling van hun verplichtingen te waarborgen ten aanzien van de taken die aan hen 
zijn toegewezen.  

MVI brengt echter grote uitdagingen met zich mee in de daadwerkelijke implementatie, die het 
realiseren van haar belofte in de weg kunnen staan. Hoewel  MVI in principe een beloftevolle 
aanpak is, is het minder geschikt voor praktische toepassing. Specifieker gezegd ontbeert MVI 
tot op heden richtlijnen voor algemene toepassing. In het bijzonder ontbreekt er een heldere en 
goed uitgewerkte methodologie voor praktisch gebruik van de essentiele MVI processen (de 
verschillende proces-dimensies van MVI), hetgeen de praktische toepassingsmogelijkheden van 
het concept kan ondermijnen. Men kan dus stellen dat MVI nog geen volwassen aanpak is, en 
dat er nog ruimschoots mogelijkheden voor verbetering zijn. Onderzoek is nodig naar de 
toepassing van MVI voor gebruik in innovatieprocessen in de praktijk.  

MVI gebruikt nadrukkelijk processen die vrij algemeen geaccepteerd en bekend zijn in de 
westeuropese context, zoals methoden van decentrale sturing van onderop, consultaties onder 
de bevolking, en participatie. In hoeverre MVI, gebaseerd als zij is op westerse waarden, ook 
praktisch toepasbaar kan zijn buiten de westerse context is nog een open vraag. Een centraal 
argument in dit proefschrift is dat cultuur een belangrijk aspect van context is. Cultuur vindt 
zijn weerslag in maatschapppelijke doelen en doelen van innovatie in de betrokken 
samenleving, alsook in de manier waarop processen van innovatie ten uitvoer worden gebracht. 
MVI moet gepraktiseerd worden op een bepaalde tijd en plaats—het kan nooit een process zijn 
dat losgezongen is van de maatschappelijke context in een bepaald tijdvak. Dit houdt in dat de 
essentiele proces-dimensies van MVI verschillend geinterpreteerd en gewaardeerd kunnen 
worden afhankelijk van de culturele setting. Aldus kan de toepassing van die dimensies 
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verschillende eisen stellen in de praktijk in een specifieke setting. Onderzoek is nodig om vast te 
stellen of MVI geschikt is om te worden aangepast voor gebruik buiten de westerse culturele 
context, en zo ja, wat dit dan zou moeten behelzen.  

De doelstelling van dit proefschrift is om het praktische nut van de MVI approach te 
onderzoeken, met twee allesomvattende aandachtspunten: (1) de praktische toepassing van 
MVI in het algemeen, en (2) een cultuur-specifieke invulling van MVI in een niet-westerse 
omgeving. Het proefschift beoogt dus om MVI van concept naar toepassing te vertalen. De 
volgende twee onderzoeksvragen zijn hierbij leidend:  

(1) Hoe kan Maatschappelijk Verantwoord Innoveren praktisch toepasbaar worden gemaakt? 
(2) Hoe kan Maatschappelijk Verantwoord Innoveren praktisch toepasbaar worden gemaakt 

op een cultuur-gevoelige wijze?  

De eerste vraag doelt op verschillende methodologieen voor de verdere toepassing van MVI in 
de praktijk; de tweede vraag gaat specifiek over de cultuur-sensitieve toepassing van de 
essentiele MVI processen in een bepaalde niet-westerse context. Om deze vragen te 
beantwoorden richt de dissertatie zich op de adoptie van nieuwe energietechnologieën in 
Indonesië, namelijk: inzet van zonnecellen (PV); ontwikkeling van biodiesel; gebruik van 
vloeibaar gas uit petroleum (LPG), het afvangen en de opslag van CO2 (CCS); en hergebruik van 
CO2. De hantering van een dergelijke multi-casus aanpak maakt het mogelijk om verschillende 
methoden en gereedschappen in te zetten  en hiermee te experimenteren voor het analyseren 
van gevalsstudies en de toepassing van MVI in het algemeen. De dissertatie maakt voorts 
gebruik van Hofstede’s cross-culturele management theorie om het begrip ‘cultuur’ uit te 
pakken voor de toepassing van MVI in een niet-westerse context.  

Diverse MVI concepten en benaderingen zijn recentelijk verschenen in de literatuur. In het 
algemeen vertalen deze studies het MVI proces in termen van een aantal dimensies—
basiselementen of belangrijke aspecten. Deze dissertatie gebruikt de volgende vijf MVI 
dimensies, welke gebaseerd zijn op de uitwerking van prominente MVI concepten en 
benaderingen: anticipatie, reflexiviteit, beraadslaging, vermogen en bereidheid tot reactie, en 
participatie.  

Anticipatie betreft toekomstgerichtheid van innovatie-actoren—het aktief proberen om risico’s 
van te voren te onderzoeken en in te schatten en hiermee adequaat om te gaan.  Anticipatie 
impliceert ook het vermogen van innovatie-actoren om gevolgen van innovatie die 
mogelijkerwijs kunnen optreden, te overzien. Reflexiviteit betekent dat men actief reflecteert 
over oorzaak en gevolg relaties en de eigen verantwoordelijkheid hierin, met de nadruk op het 
doorlopen van een leerproces door de innovatie-actoren.  Het verwijst naar een circulair of 
iteratief proces dat nodig is voor de ontwikkeling en het vormen van innovaties. Beraadslaging 
refereert aan een diepgaand exploratieproces en een zorgvuldige overweging van verschillende 
aspecten en discussies van innovatie-actoren om vooruit te komen. Vermogen en bereidheid tot 
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reactie betekent dat innovatie-actoren in staat en bereid zijn om te reageren op omstandigheden 
die het gevolg zijn van verschillen in behoeften, inzichten, problemen en waarden. Participatie 
betreft de activiteit van deelname aan, of het zich bezig houden met een innovatieproces; het 
verwijst naar de betrokkenheid van diverse innovatie-‘stakeholders’.   

Alle vijf MVI dimensies moeten worden gecombineerd om adequaat met verantwoording om te 
kunnen gaan. Deze dissertatie hanteert derhalve een werkdefinitie voor MVI als het proberen 
om de verantwoording van innovatie-actoren zeker te stellen door middel van hun 
betrokkenheid in anticipatie, reflexiviteit, beraadslaging, vermogen en bereidheid tot reactie, en 
participatie, waarbij zij gefocust  zijn op de uitwerking van innovatie in drie domeinen: 
omgeving, maatschappij en economie.  

Hoofdstukken 2, 3, en 4 gaan over de toepassing van MVI in het algemeen. Hoofdstuk 2 
presenteert de eerste casus, de adoptie van energieopwekking door middel van PV in 
telecommunicatietorens.  Het hoofdstuk illustreert hoe ‘stakeholder-analyse’ en gevolg-analyse 
(‘impact analyse’) kunnen helpen bij de toepassing van de diverse MVI dimensies, waarbij de 
verantwoording van de innovatie-actoren wordt gedefinieërd in verhouding tot hun 
bevoegdheden en taken in het adoptieproces.  Hoofdstuk 3 behandelt de tweede en derde casus, 
respectievelijk de ontwikkeling van biodiesel en de adoptie van LPG. Dit hoofdstuk richt zich op 
de toepassing van twee MVI dimensies in het bijzonder: anticipatie en reflexiviteit. Het 
onderzoekt hoe modellering met systeemdynamiek (‘System Dynamics modelling’) behulpzaam 
kan zijn bij de toepassing van MVI als het gaat om het leren over controversiële zaken en het 
voorzien van mogelijke uitwerkingen van innovaties. Hoofdstuk 4 gaat over de vierde casus, 
CCS, en richt zich specifiek richt op de toepassing van de MVI dimensies van reflexiviteit en 
participatie. Dit hoofdstuk analyseert hoe Q methodologie—een methode voor het 
onderkennen en ordenen van uiteenlopende perspectieven van stakeholders—kan helpen in het 
toepassen van MVI met betrekking tot  leerprocessen over essentiele zaken en het aanmoedigen 
van vroegtijdige participatie van ‘stakeholders’ in CCS.  

Uit de hoofdstukken 2, 3 en 4 kunnen we het volgende concluderen: Ten eerste kunnen diverse 
methodologische instrumenten behulpzaam zijn voor de praktische toepassing van MVI  als 
proces-gebaseerde benadering. Het is belangrijk dat de stakeholder-analyse en de gevolg-analyse 
die werden toegepast in hoofdstuk 2 gebruikt kunnen worden voor het koppelen van een 
relevante vragenset aan elke MVI dimensie.  Deze analyses fungeren dus als instrumenten voor 
het identificeren van problemen en hun onderliggende oorzaken (zoals verantwoordelijkheden 
die niet zijn afgedekt vanwege een gebrek in de verantwoording van de innovatie-partijen) en 
potentiële uitwerkingen van die problemen. De vijf MVI dimensies fungeren als omvattende 
ankerpunten voor het onderzoeken van mogelijke oplossingen of uitwegen voor de 
voorliggende zaken; ze vullen de gaten in de verantwoordelijkheden doordat de processen ertoe 
leiden dat de verantwoording van de innovatie-actoren wordt verdeeld op een manier die in 
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overeenstemming is met hun bevoegdheden, belangen en voor-  en nadelen die de innovatie 
naar verwachting in de toekomst voor hen zal opleveren.  

De keuze en de inzet van doelmatige en innovatieve methoden in hoofdstuk 3 en 4, SD 
modellering en Q methodologie, komen eveneens ten goede aan de toepassing van MVI in het 
algemeen. SD modellering bleek nuttig voor het verkrijgen van een diepgaand begrip van 
innovatiedynamiek in de ontwikkeling van biodiesel en de adoptie van LPG, alsmede voor het 
verbeteren van leerprocessen, hetgeen verwijst naar de dimensie van reflexiviteit in MVI. Het 
was tevens behulpzaam voor het analyseren en voorspellen van mogelijke uitkomsten van de 
ontwikkeling van bioediesel en de adoptie van LPG, hetgeen verwijst naar de dimensie van 
anticipatie in MVI. Q methodologie bleek een nuttige methode om vier verschillende 
perspectieven ten aanzien van CCS in Indonesië te onderkennen en naar voren te brengen: 1) 
reductie van CO2 emissies door middel van schone energiebronnen in plaats van CCS; 2) CCS 
als één van de opties in de transitie naar een duurzaam energiesysteem; 3) CCS als de enige 
optimale oplossing om CO2 emissies omlaag te brengen;  en 4) CCS is slechts een tactiek om 
permanent door te kunnen gaan met het verbranden van kolen. Door het onderkennen van dit 
soort gezichtspunten bleek Q methodologie ook van nut te zijn voor het aanmoedigen van het 
leren over CCS door de betrokken partijen, hetgeen verwijst naar de dimensie van reflexiviteit 
in MVI; alsmede voor het mogelijk maken van vroegtijdig engagement door de betrokkenen, 
hetgeen betrekking heeft op de dimensie van participatie. Beide methoden kunnen nuttig zijn 
voor onderzoeksactiviteiten die een MVI proces ondersteunen. Echter, geen van beide 
methoden is onder alle omstandigheden praktisch bruikbaar, in die zin dat hun toepassing 
tijdrovend kan zijn, ze vereisen intensief werk. SD modellering lijkt meer haalbaar om te 
worden ingezet voor het ondersteunen van MVI op het niveau van omvangrijke 
beleidsprogramma’s dan op het niveau van individuele projecten.  

Hoofdstukken 5 en 6 behandelen de cultuur-sensitieve toepassing van de essentiele MVI 
processen. Hoofdstuk 5 beschouwt diverse literatuurvelden om nuttige theorieen en concepten 
te vinden voor een goed begrip van ‘cultuur’ en het leggen van verbanden tussen cultuur en 
innovatie. Met gebruikmaking hiervan wordt in dit hoofdstuk een conceptueel raamwerk 
ontwikkeld om de invloed van cultuur op de toepassing van elk van de RI dimensies te 
onderzoeken in de praktijk. Dit raamwerk is gebaseerd op Hofstede’s vier culturele dimensies 
(mate van machtshierarchie; het omarmen versus vermijden van onzekerheid; individualisme 
versus collectivisme; en orientatie op de lange versus korte termijn) en de vijf MVI dimensies. 
De verbanden die worden geidentificeerd in hoofdstuk 5 kan men opvatten als een set van 
proposities die verder empirisch validatie-onderzoek behoeven. Hoofdstuk 6 maakt hier een 
begin mee. Het hoofdstuk behandelt de vijfde casus van de thesis, CO2 hergebruik. Het doel is 
om het conceptuele raamwerk uit hoofdstuk 5 te toetsen en te valideren door middel van een 
focus groep discussie en een serie interviews met innovatie-actoren in een daadwerkelijke 
experimentele MVI setting. Het hoofdstuk richt zich specifiek op de culturele elementen van 
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machtshierarchie en collectivisme en hun relaties tot de vijf MVI dimensies, gezien het belang 
van deze twee culturele aspecten in de Indonesische context.   

Men kan concluderen uit hoofdstukken 5 en 6 dat cultuur er voor de context-specifieke 
toepassing van MVI op veel manieren toe doet. Het conceptuele raamwerk uit hoofdstuk 5 
levert drie praktische voordelen op: 1) het kan worden gebruikt voor het leveren van maatwerk 
in de toepassing van MVI, door het in beschouwing nemen van culturele aspecten die 
waarschijnlijk belangrijk zullen zijn bij de uitvoering van de sleutelprocessen in  MVI in een 
specifieke omgeving en tijdsbestek;  2) het  laat een licht schijnen op zaken die—naar alle 
waarschijnlijkheid—de belangrijke zaken of unieke culturele invloeden zijn op de vijf MVI 
dimensies in een specifieke context en tijdgewricht; 3) het maakt een effectief, gericht en 
gestructureerd onderzoek mogelijk naar de relaties tussen (nationale) cultuur en de vijf MVI 
dimensies. Ook laten de resultaten van het onderzoek zien dat een toepassing van de MVI 
dimensies op een effectieve manier in de praktijk een verschillende aanpak kan inhouden 
afhankelijk van de (nationale) culturele setting. De twee culturele dimensies die voorwerp van 
onderzoek waren in hoofdstuk 6 (machtshierarchie en collectivisme) bleken een duidelijke 
invloed te hebben op de manier waarop de MVI dimensies al dan niet konden worden 
toegepast. Dit suggereert dat de effectiviteit van MVI kan worden verhoogd indien het gehele 
proces wordt uitgevoerd op een manier die voldoet aan praktijkvoorwaarden, opvattingen en 
gedragingen die in overeenstemming zijn met de cultuur ter plaatse. Hiermee kan de praktische 
toepasbaarheid van MVI worden verbeterd in verschillende contexten.  

Het conclusiehoofdstuk 7 integreert alle bevindingen uit de voorgaande hoofdstukken en komt 
met suggesties voor het uitoefenen van MVI in het algemeen en in een niet-westerse context 
zoals Indonesië in het bijzonder. De volgende aanbevelingen worden gedaan voor praktisch 
gebruik van MVI in het algemeen:  

(1) Het MVI proces moet zorgvuldig worden voorbereid; een manier om dit te doen is door de 
verantwoording van de actoren reeds in de eerste fase van het innovatietraject te definiëren.  

(2) De keuze en het gebruik van gepaste methoden spelen een belangrijke ondersteunende rol 
voor MVI in de praktijk; daarom is het belangrijk om de haalbaarheid van methoden in 
beschouwing te nemen in relatie tot de strekking, het tijdpad en  de complexiteit van het 
onderhavige innovatieproject. 

(3) Methoden zoals focus groep discussies of stakeholder workshops worden aanbevolen, niet 
alleen als dataverzamelingsmethoden maar ook om vroegtijdige beraadslaging over een 
project mogelijk te maken, in het stadium dat de doelen geformuleerd worden en de 
essentiële activiteiten gedefinieërd worden.   

(4) Onderzoekers kunnen een belangrijke rol spelen in het werkbaar maken van MVI processen 
omdat zij bepaalde kennis en capaciteiten hebben om gepaste technieken in te zetten voor 
toepassing in elk van de MVI dimensies.   
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Voor het uitoefenen van MVI in de Indonesische context—een collectivistisch ingestelde 
samenleving met een sterke machtshierarchie, beveelt deze studie het volgende aan:  

(1) De eigenaar van een innovatieproject—degene die de bevoegdheid heeft om het te realiseren 
of uit te voeren, moet de trekker zijn in het MVI proces, inclusief voor het vinden van 
oplossingen voor problemen die zich kunnen voordoen gedurende of na de implementatie.   

(2) Begrip moet worden ontwikkeld voor de rollen en posities van de innovatie-actoren of de 
betrokken ‘stakeholders’, volgens de hierarchische relaties die gevolgd worden in hun 
organisaties, alvorens hen te betrekken in het innovatieproces. 

(3) Een formele benadering moet worden gevolgd in het participatieproces van de innovatie-
actoren. 

(4) De project-eigenaar moet zorgvuldig nagaan waar gemeenschappelijke onderliggende 
motieven en belangen van partijen kunnen liggen.  

(5) De project-eigenaar moet een intermediaire participatiebenadering gebruiken om het 
mogelijk te maken en ervoor te zorgen dat alle innovatie-‘stakeholders’ bereid zullen zijn om 
hun ideeën en persoonlijke opvattingen uit te spreken, vooral diegenen die zich in een 
ondergeschikte positie bevinden in een discussieforum. Deze suggesties kunnen ook worden 
betrokken op de vertaling of toepassing van MVI in andere ontwikkelingslanden die 
culturele karakteristieken hebben die soortgelijk zijn aan die van Indonesië.  

(6) Onderzoekers verkeren in een unieke positie om als intermediair op te treden in een MVI 
proces. Zij kunnen mediëren tussen verschillende partijen.  

Tenslotte draagt deze dissertatie bij aan vooruitgang in het MVI literatuurveld door middel van 
een aantal concrete gevalsstudies waarin verscheidene methoden worden geanalyseerd die 
kunnen helpen bij de toepassing van diverse sleuteldimensies van het MVI concept. De casussen 
in deze studie suggereren dat de relevantie van de MVI benadering niet beperkt is tot, 
bijvoorbeeld, geavanceerde technologieën (nanotechnologie, biotechnologie, etc.) waartoe de 
meeste ontwikkelingslanden slechts toegang kunnen krijgen in de vorm van uitontwikkelde 
producten of procédés. MVI kan ook relevant zijn voor het geven van sturing aan dynamiek van 
complexe adoptieprocessen van relatief minder geavanceerde technologieën, zoals 
technologieën waarbij sprake is van een grote diversiteit aan ‘stakeholders’, of technologieën die 
aanleiding geven tot controverses. Deze studie brengt MVI ook in de richting van verdere 
evolutie in termen van een cultuur-sensitieve aanpak, door het expliciet betrekken van culturele 
aspecten in de analyse.  De dissertatie kan daarom dienen als een waardevolle stap in de riching 
van verdere theoretische en praktische ontwikkeling van MVI in het algemeen en een 
doelmatige en gepaste contextualisering in het bijzonder. 
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