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Responsible Research and Innovation (RRI) is a currently important proposal for doing 

science and innovation with and for society. Sustainability has for the last 30 years had 

a similar function in providing limits and direction for societal activities, including 

science and innovation. In this discussion paper, we ask what RRI can learn from 

sustainability and how RRI and sustainability can strengthen each other, focusing 

especially on social sustainability. We suggest that the social life cycle approach of the 

United Nations Environmental Programme and the Society of Environmental 

Toxicology and Chemistry may address the product aspect of RRI, provide resources 

for governance in the face of the problem of anticipation, facilitate a useful value-chain 

approach and offer several other benefits in an RRI perspective. Conversely, we show 

that RRI can complement sustainability models by more specifically addressing the 

responsibilities of the different actors involved in the research, innovation and 

marketing process. 

Keywords: social sustainability; social life cycle assessment; responsible research and 

innovation; life cycle assessment 
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Introduction: RRI and sustainable development  

The concept of Responsible Research and Innovation (RRI) has become increasingly 

important in science and innovation policy. It represents an attempt at redefining what is 

termed the Social Contract for Science in what Owen, Macnaghten, and Stilgoe (2012) 

describe as a move away from ‘Science in Society’ towards ‘Science for Society’. The 

European Commission (EC) has embraced the concept, expressing the relationship as 

‘Science with and for Society’.1 The EC highlights the importance of RRI as a ‘‘cross-cutting 

issue’ in Horizon 2020, which will be promoted throughout Horizon 2020 objectives’2. RRI is 

also embraced by national research funders e.g. in the Netherlands (NWO), the UK (the 

EPSRC) and in Norway (the Research Council of Norway). RRI is rapidly gaining traction as 

a general policy goal in European research and innovation policy.  

RRI builds on established traditions such as research ethics, studies of Ethical, Legal 

and Social Aspects of new technologies (ELSA), technology assessment (TA) and Science 

                                                 

1 http://ec.europa.eu/programmes/horizon2020/en/h2020-section/science-and-society 
2 https://ec.europa.eu/programmes/horizon2020/en/h2020-section/responsible-research-innovation 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



3 
 

and Technology Studies (STS), but the new conceptualization has spurred a large amount of 

new research and development work (von Schomberg 2012, 2013; Stilgoe, Owen, and 

Macnaghten 2013; Grunwald 2011). RRI is a general approach to science and innovation, but 

the discussions have largely revolved around how to make responsible technology 

development and governance decisions when new technologies generate novel consequences 

where we have limited means for scientific knowledge for risk assessment. How to tackle the 

inherent uncertainties generated by new technologies is therefore a main motivation for 

developing RRI approaches, but also a main challenge for RRI approaches in practice.  

An important issue for RRI is the notion of a ‘responsibility gap’. This refers to a 

situation inherent in innovation where there is no single agent who considers herself or 

himself singularly blameworthy for negative impacts or damages to others because 

‘[i]nnovation is not a simple, linear model with clear lines of sight from invention to impact, 

and where accountability for such impacts can be traced. It is an undulating path, sometimes 

with dead ends, involving many, often loosely-connected actors’ (Owen et al. 2013, 33). 

Another foundation for RRI is a forward-looking notion of responsibility. Henry 

Richardson (1999) and Luigi Pellizzoni (2004) have developed such notions from different 

grounds. Richardson’s notion of prospective responsibility suggests that responsibility 

transcends rules and demands that a responsible agent responds to novel situations. Pellizzoni 

proposes four categories of responsibility, developed in the context of policies for 

environmental protection, of which two have an anticipatory nature. The two retrospective 

responsibility dimensions are liability and accountability and the two anticipatory dimensions 

are conceptualized as care and responsiveness. Pellizzoni argues that the radical uncertainties 

we are facing today render liability and accountability as weak instruments for ensuring 

environmental protection. Moreover, he claims that the belief in a state that truly cares for the 

environment started to shatter in the 1950s-1960s, leaving responsiveness as the most potent 
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responsibility strategy for environmental protection in the light of uncertainty. Central RRI 

scholars such as Owen and Stilgoe have emphasized the importance of care and 

responsiveness in their accounts of RRI. 

Much discussion about RRI has so far focused on overarching principles of 

responsibility; e.g. what does it mean to act in a responsive and reflexive way and how should 

this be accomplished. Von Schomberg shows that responsibility in the context of science and 

innovation has a process and product side (von Schomberg 2013). Examples of the process 

side are Owen et al.’s four main dimensions of RRI; that the innovation process needs to 

include anticipation, reflection, deliberation and responsiveness (2013, 38). Examples of the 

product side are that products should be ‘ethically acceptable, sustainable and socially 

desirable’ (von Schomberg 2013, 64). The requirement of being socially desirable also relates 

to the notion of ‘right impacts of research’ (von Schomberg 2013, 56). Von Schomberg 

suggests that products should be evaluated and designed with a view to normative anchor 

points ‘with a high level of protection to the environment and human health, sustainability, 

and societal desirability’ (2013, 65).  

The process and product sides of RRI are not clearly separated, but refer to different 

perspectives or emphases. The process side (i.e. how to do anticipation, stakeholder 

involvement, etc.) is much explored. Such topics are central in the TA and STS fields, which 

are important foundations for RRI. The product side, with its focus on the specifics of 

particular outcomes of innovation, has been more explored in economy and environmental 

sciences, and remains less discussed in the RRI field. This makes it interesting to allocate 

more attention to it in RRI.  

In order to address the product side an RRI informed integrated risk-benefit 

assessment could be developed, though this could clearly not be a traditional risk-cost-benefit 

analysis (Owen et al. 2013, 29). The right impacts approach stresses that such benefit 
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assessment cannot simply be a matter of economic benefits to the company or contribution to 

GNP; generating right impacts involve responding to societal needs (von Schomberg, 2013, 

56). Such societal needs must be identified by society and/or stakeholders without prior 

framing from one disciplinary perspective (such as economics). Current RRI approaches do 

not include specific procedures for the assessment of benefits versus risks. However, the 

sustainability tradition may offer tools for this.  

Sustainable development has been an important political goal since the United 

Nation’s (UN) World Commission on Environment and Development. In their report Our 

Common Future, published in 1987, it is defined as meeting ‘the needs of the present without 

compromising the ability of future generations to meet their own needs’ (World Commission 

on Environment and Development 1987, 43). It is commonly held that economic 

development, social development and environmental protection are interdependent and 

mutually reinforcing components of sustainable development (UN 1997, 23). 

There is a 30 year long discussion about sustainability assessment and numerous 

models for calculating economic sustainability (economic impact assessments) and 

environmental sustainability (most importantly life cycle analysis) are developed (Stern 2007; 

Finnveden et al. 2009; EPA 2012; Morgan 2012). Social life cycle assessment approaches 

have also been developed, addressing the social dimension of sustainability. These practical 

approaches to sustainability assessments appear prima facie relevant for assessing benefits 

and risks in an RRI perspective since the social sustainability dimension explicitly address 

societal values, goods and risks. 

To date, it is mainly the environmental LCAs that have been considered for 

assessment of emerging science and technologies. Here, a range of new ways of applying data 

and new assessment processes have been promoted (Wender et al. 2012; Wender et al. 
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2014b). The resources of social sustainability have not been sufficiently explored as a way to 

facilitate responsible development and governance of new technologies.  

Social sustainability has mostly been connected to issues concerning developing 

countries (Littig and Greissler 2005; Dillard, Dujon, and King 2009). However, our starting 

point in this article is that S-LCA may currently have more resources for RRI than currently 

acknowledged. As we have seen above, sustainability already has a place in an RRI 

framework, but it has so far not been much developed. We will therefore here explore 

resources for addressing the product side of RRI, and we will do this by combining RRI 

(emphasizing the responsible agent) with the notion of sustainable development (more 

specifically in the form of social life cycle assessment (S-LCA)). In the paper we will discuss 

how S-LCA and RRI may strengthen each other with regard to developing the RRI 

perspectives on assessments of specific product developments or innovation projects.  

In the following we will first present some important approaches to social 

sustainability assessment, centering in on S-LCA, and present some key challenges to this 

approach. Then we will discuss whether S-LCA is at all applicable in an RRI perspective, and 

in particular in the context of new technologies. We will proceed to discuss the value in the 

RRI context of taking the value chain perspective that S-LCA allows, followed by a 

discussion of other potential benefits. In the conclusion we summarize how we have made the 

case for the value of S-LCA for RRI. 

Social sustainability assessments as an integrated product assessment approach 

As with the concept of sustainability generally the concept and content of social sustainability 

is not unequivocal or easily operationalized. Several approaches to social sustainability and its 

assessment exist, and different scholars and institutions emphasize different fundamental 

concepts of social sustainability. Magis and Shinn (2009) highlight human well-being, 
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equality, democratic government and democratic society as central aspects of social 

sustainability. Littig and Dreisler (2005) focus on basic needs, quality of life, social justice 

and social coherence, and suggest that (paid) work and the inclusion of women in work 

should be the preferred strategy to fulfill such goals. McKenzie (2004, 12–13) underlines 

equity (of key services and between generations), cultural values, participation, socialization 

systems, and a sense of community as social mechanisms to identity and fulfill needs and to 

facilitate participation. Colantonio (2009) documents a change from ‘hard indicators’ as Gini, 

employment and GNP to ‘soft indicators’ as happiness and sense of place in the debates on 

the content and meaning of social sustainability. Murphy (2012) finds that the different 

discourses on social sustainability can be grouped together under the four categories ‘equity’, 

awareness for sustainability’, ‘participation’, and ‘social cohesion’. 

On the policy side the World Economic Forum (WEF) defines social sustainability as ‘the 

institutions, policies, and factors that enable all members of society to experience the best 

possible health, participation, and security; and that maximize their potential to contribute to 

and benefit from the economic prosperity of the country in which they live’ (Bilbao-Osorio et 

al. 2013, 59). In this article we do not find it useful to present a specific unequivocal 

definition of social sustainability, but take a pragmatic approach by referring to approaches 

that are presented as social sustainability approaches.  

WEF further proposes to measure social sustainability by three main categories, each 

with three sets of indicators. The first category is ‘Access to basic necessities’, understood as 

‘Access to sanitation, access to improved drinking water, and access to healthcare services’. 

The second category is ‘Vulnerability to shocks’, understood as ‘Vulnerable employment as a 

percentage of total employment, the extent of informal economy, and social safety net 

protection’. The last category in WEF’s understanding of social sustainability is ‘Social 

cohesion’, measured by the income Gini index (income inequality), social mobility, and youth 
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unemployment (Bilbao-Osorio et al. 2013, 58–63). However, in these accounts it is not clear 

how the social sustainability approach may assist in specific evaluations of products. But 

more resources exist. Catherine Benoît and Gina Vickery-Niederman take a broader stance in 

a review of social sustainability tools and identifies six main types of references and 

instruments as relevant to social sustainability assessment: ‘International Policy Frameworks, 

Codes of Conduct and Principles, Sustainability Reporting Frameworks, SR Implementation 

Guidelines, Auditing and Monitoring Frameworks and Financial Indices’ (2010, 7). In 

addition, the Life cycle initiative of the United Nations Environmental Programme (UNEP), 

in collaboration with the Society of Environmental Toxicology and Chemistry (SETAC), set 

up a working group that developed a more product-oriented approach to social sustainability 

assessment (Benoît Norris & Revéret 2015). This approach, developed in 2009, is particularly 

relevant as it has been developed in a comprehensive process involving experts and 

stakeholders, and is consequently not only the suggestion of an individual social sustainability 

research group. The approach uses established models for Corporate Social Responsibility 

(CSR) as a starting point for social sustainability assessments.  

Describing this approach, Benoît and Vickery-Niederman explain: 

We can look at CSR in a horizontal manner, where the focus is on the impacts of ‘one’ 

organization, often the end producer or brand. We can also look at CSR in a vertical 

manner, where the spotlight is on the impacts associated with a product life cycle. The 

term ‘product’ refers to both goods and services. By definition, a product’s life cycle 

includes ‘all stages of a product system, from raw material acquisition or natural resource 

production to the disposal of the product at the end of its life, including extracting and 

processing of raw materials, manufacturing, distribution, use, re-use, maintenance, 

recycling and final disposal (i.e., cradle-to-grave)’ (2010, 4).  
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They explain that the horizontal view has been dominant in CSR, for instance in ISO 26 0003 

and Global Compact,4;5 and suggest that ‘adopt[ing] a product life cycle view for the 

assessment of social responsibility, looking at impacts one product at a time, may be new in 

several business contexts.’ (2010, 5). The main benefit of a social sustainability assessment is, 

in Benoît and Vickery-Niederman’s view, that ‘[s]ocial Life Cycle Assessment provides 

added value to the evaluation of Social Responsibility because it provides a comprehensive 

and targeted analysis of a product’s social footprint. When enterprises adopt a product life 

cycle perspective, they prevent the shifting of negative impacts from one life cycle stage to 

another, or from one social issue to another.’ (2010, 5). It should be noted that social life 

cycle analysis is only one alternative approach to social sustainability assessment,6 but that it 

is held to be particularly useful as it is easily combinable with environmental LCA, making 

the tool truly integrative (UNEP-SETAC 2009; Franze & Ciroth 2011). S-LCA follows the 

ISO 14040 and ISO 14044 frameworks on Life Cycle Analysis in Environmental 

Management.7  

The UNEP-SETAC S-LCA approach is structured by stakeholder groups and social 

impact categories. There are two types of impact categories. Type 1 impacts are those actually 

studies in the S-LCA and ‘represent social issues of interest that will be expressed regarding 

                                                 

3 ISO, 26000 Social responsibility, http://www.iso.org/iso/home/standards/iso26000.htm  
4 Global Compact. Geneva: UN. 

http://www.unglobalcompact.org/AboutTheGC/TheTenPrinciples/index.html. 
5 We would suggest that the horizontal view also is dominant in RRI, where ‘one organization’ may 

be, for instance, a research team. 
6 Others include combinatory approaches between environmental and social analysis as the social and 

environmental life cycle assessment (SELCA) (O’Brien, Doig, and Clift 1996) and the 
SEEbalance (Schmidt et al. 2004); the development of Social Impact Indicators (Brent and 
Labuschagne 2007); focus on social acceptability (Assefa & Frostell 2007), on business and 
human rights (Ruggie 2008); on urban development (Cuthill 2010); and on subjective and 
objective wellbeing (Stiglitz, Sen, and Fitoussi 2009). For a review of different types and 
developments of social life cycle assessments, see Fan et al. (2015).  

7 ISO 14040:2006 Environmental management – Life cycle assessment – Principles and framework, 
http://www.iso.org/catalouge_detail?csnumber=37456; ISO 14044:2006 Environmental 
management – Life cycle assessment – Requirements and guidelines, 
http://www.iso.org/catalouge_detail?csnumber=38498;  
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the stakeholders affected and may cover health and safety, human rights, working conditions, 

socio-economic repercussions, cultural heritage and governance’ (UNEP/SETAC 2009, 71), 

while type 2 impacts are connected to human capital, cultural heritage and human well-being. 

The main literature on and tests of S-LCA looks at type 1 impact (Wu, Yang and Chen 2014; 

Garrido et al. 2016), so the current study will limit itself to type 1 and refer to these as ‘social 

impacts’. Social impacts are defined as ‘consequences of positive or negative pressures on 

social endpoints (i.e. well-being of stakeholders).’ (UNEP-SETAC 2009, 44). Subcategories 

of impacts are the basis of an S-LCA assessment and each particular assessment project needs 

to explicitly consider these. The subcategories are socially significant themes or attributes that 

are classified according to stakeholder and impact categories and are assessed by the use of 

inventory indicators, measured by unit of measurement (or variable). Several inventory 

indicators and units of measurement/reporting types may be used to assess each of the 

subcategories. Inventory indicators and units of measurement may vary depending of the 

context of the study (UNEP/SETAC 2009, 44).  

Wender et al. (2014a) criticize traditional LCA for lacking an emphasis on stakeholder 

engagement. In contrast to such traditional LCA approaches the UNEP-SETAC S-LCA 

approach opens up for stakeholder engagement for identification and ranking of impacts (see 

figure 1). In the UNEP-SETAC S-LCA approach the impact categories have a central place 

that serves to ensure the inclusion of stakeholders. It is stated that ‘the impact categories 

should reflect internationally recognized categorizations/standards […] and/or result from a 

multi-stakeholder process.’ (UNEP/SETAC 2009, 44). That social/socio-economic 

subcategories are related to the general stakeholder categories facilitates operationalization 

and ensures the comprehensiveness of the framework (see figure 1).  
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Figure 1. Assessment system from categories to unit of measurement from UNEP-SETAC 

(2009, 45).  

Examples of specifications of the stakeholder ‘local community’ are access to material 

resources, access to immaterial resources, delocalization and migration, cultural heritage, safe 

and healthy living conditions, respect of indigenous rights, community engagement, local 

employment and secure living conditions. Similar examples are given for the other 

stakeholders (Benoît Norris et al., 2013). The strength of such a list is that it does not only 

include process recommendations (such as community engagement), but also specific impact 

requirements (such as secure living conditions).  

Many details need to be established when carrying out such an assessment. In the case 

of mass products certain use scenarios must be established. Where information on more 

specific use scenarios is lacking or for the purpose of learning in order to avoid potential 

negative impacts or create positive impacts, as in the case of technologies of an emerging 

character, there is also an option to conduct so-called ‘hotspots assessments’, which are on a 

more generic level. Similar to the environmental LCA, the hotspot assessment start out with 
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generic data in order to uncover the need for more specific data in the assessment process 

(Benoît Norris, Norris & Aulisio 2014).  

A hotspots assessment mostly provides information about where controversies and 

problems are most likely to be found. This may also help to identify the greatest improvement 

potentials. A Social Hotspots Database (SHD) has been developed providing data for S-LCA 

assessments (http://socialhotspot.org/). This database can allow users to screen for social risks 

and opportunities in order to focus the data collection strategies. UNEP/SETAC (2009, 60) 

suggest that uncertainty levels for social hotspots assessment should be assessed in the future 

in order to indicate validity and reliability of hotspot assessments. Revéret, Couture and 

Parent (2015, 47) see the hotspot assessment as suitable for upstream analysis of value chains. 

Pelletier et al. (2016) use the hotspot assessment method on the macro-scale in order to 

investigate social risks connected to traded commodities to the 27 EU countries and conclude 

that ‘the life cycle-based approach provides insight as to the distribution of risk along supply 

chains, which may be low in the sector of a given country exporting products to Europe, but 

high overall for those products due to the social risks associated with the supply chain 

activities that support production in that sector’ (Pelletier et al. 2016, 7). This suggest that the 

S-LCA has usefulness in discovering distributed risks that might shed light on future 

production. 

An obvious strength of the S-LCA approach is its proximity with Environmental LCA. 

The S-LCA is in principle possible to combine with Environmental Life Cycle Analysis (E-

LCA) and Life Cycle Costing (UNEP/SETAC 2009, 16; 76–77). This renders possible 

integration between the different dimensions of sustainability (Ciroth & Franze 2011). In the 

European EST-Frame project, the current authors found that although sustainability figures as 

an overarching value in most assessment reports in the field of emerging technologies, it was 
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seldom operationalized and the social dimension was particularly hard to integrate 

(Thorstensen et al. 2013).  

The S-LCA is a decision support resource. Its primary use is for ‘collecting, analyzing 

and communicating information about the social conditions and impacts associated with 

production and (in some applications) consumption’ (Benoît Norris, Norris & Aulisio 2014, 

6974). The outcomes of an S-LCA application can be used in policymaking, for company-

internal development and improvement, for measuring distributive justice, and for assessing 

and comparing the ‘social footprint’ of companies and products (Benoît Norris, Norris & 

Aulisio 2014). Jørgensen, Dreyer and Wangel (2012) show that the use S-LCA can impact for 

example workers through two mechanisms. The first is that outcomes from an S-LCA can 

influence how a given company produces, and the second mechanism is then how a given 

company conducts itself towards its employees and the local community. Consequently 

Jørgensen, Dreyer and Wangel differentiate between three different types of S-LCA: a 

consequential S-LCA that ‘presumably creates its effect through influencing the production 

levels in companies’ (2012, 829); a lead firm S-LCA that seeks to create impacts through 

influencing the behaviour of a given company; and an educative S-LCA that uses both 

mechanisms. The S-LCA can cause changes through both mechanisms and through their 

combination. However, as Jørgensen, Dreyer and Wangel point out, all these three 

specifications of S-LCA create new challenges for the S-LCA method.  

Problematic points and current discussions in S-LCA 

There are many discussions about still problematic points in S-LCA and we will here 

address some of the most important. 

Andrea Colantonio (2009) points out that the notion of ‘social sustainability’ is itself 

in change and since it is approached by different disciplines for different purposes a common 

definition is difficult to achieve (see also our overview of different approaches above).  
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The institutional logic of a Life Cycle Assessments is also discussed. Heiskanen 

(2002) claims that in the case of LCA, we see the world through the eyes of a social planner. 

Similarly, according to Hobson and Lynch (2015), S-LCA carries with it an epistemology 

based on ecological modernization; ‘the convergence of environmental interests and state 

imperatives’ (Dryzek et al. 2003, 165). In contrast to this, however, is the claim that the 

reconfiguration of the LCA method in the social domain is a social innovation (Benoît Norris 

& Revéret 2015). Arie Rip states: ‘[a]s with technological innovation, a social innovation is 

new and uncertain, and distributed. Because of the many and varied inputs, the eventual shape 

of the innovation will be a de facto pattern, with dedicated inputs. To get taken up, 

institutional changes and sub-cultural changes (where different actors have to change their 

practices) are necessary’ (2014, 8). Thus, an S-LCA approach does not need to imply a linear, 

rigid view on development and does not necessarily conflict with more ecologically based 

approaches (Deblonde 2015). Rather, the S-LCA has a potential to ‘realise […] a locally 

feasible and globally justifiable humane and sustainable response to a context-specific 

sustainability challenge’ (Deblonde 2015, 28) within the social domain. 

The challenge of stakeholder involvement in practice has been addressed by several 

scholars, including Benoît Norris and Revéret (2015) and Mathe (2014). Mathe (2014) points 

out that the normative impact categories presented in the UNEP-SETAC guidelines might not 

be intelligible for stakeholders at a local level, and that the role and identification of 

stakeholders varies between different projects. Mathe states: ‘Stakeholders may be considered 

in four ways: (1) as LCA method users, (2) as LCA result users, (3) as victims or beneficiaries 

of impacts, or (4) as actors in the definition of either the types of relevant impact or more 

generally LCA methodology’ (2014, 1508). Arcese, Di Pietro and Guglielmetti Mugion 

(2015) suggest that in order to develop a practical implementation of stakeholder inclusion in 

S-LCA, it is necessary to identify the service or the product that is to be produced. Wender et 
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al. (2014a) also point out a need for additional methods for identifying and engaging with 

stakeholders in S-LCA.  

Mathe (2014) develops a five-step method for selecting stakeholders for S-LCA. As a 

first step, she follows Gene Rowe and Lynn Frewer (2000) in using the criteria impact, 

legitimacy, and completeness for identifying and selecting stakeholders. The second step is a 

literature and data review that will serve to ‘reveal the social principles and impacts which are 

the most significant for stakeholders’ (Mathe 2014, 1511). The input from step one and two 

are then investigated by a S-LCA team that creates a list of social principles and impacts, 

which in the fourth step is discussed with the stakeholders identified in the first step. The fifth 

and last step is first a literature and database review of the outcomes from the fourth step 

followed by a choice of impact indicators by the researchers for the case in question. This 

approach responds to a call in this journal for ‘[e]xchanges between local problem-solving 

initiatives and rather globally oriented professional knowledge and know-how’ (Deblonde 

2015, 29).  

Another issue for debate has been the normative foundation for the assessment of 

impacts. The UNEP-SETAC S-LCA provides such a normative foundation for its assessment 

of impacts. However, Arvidsson et al. (2015) point out that some of these normative 

foundations are ambiguous and should be better grounded in the scientific literature, just as 

environmental LCA is based on natural science. They show that there are assumptions on the 

effects of working hours, child labour, and property rights in the UNEP-SETAC S-LCA that 

lack refinements and are – in their present description – not sufficiently fine-grained to 

account for combining the potential positive and negative aspects of country variations in 

working hours, child labour, and property rights. They suggest that S-LCA should be 

amended to account for both ambiguous social topics and unambiguous ones. Whereas 

Arvidsson et al. might be right in their theoretical point, it seems that the S-LCA will lose 
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relevance if the demands for theoretically informed viewpoints should take up too much place 

in the actual performance of an S-LCA.  

Similarly, Pizzirani, McLaren and Seadon (2014) address the importance of including 

cultural specificities and values at an early stage in LCAs in general, and for S-LCA in 

particular. They recognize that S-LCA to some extent have tools to address aspects of culture, 

but agree with Hutchins and Sutherland who claim that S-LCA ‘have tended to focus on 

social measures that are closely linked to environmental issues (e.g., human health) as 

opposed to the impacts on the culture and institutions of a society’ (2008, 1689). Susanne 

Freidberg suggests overcoming the difficulty in including cultural values through recognition 

among LCA-practitioners that they themselves are the agents conducting an assessment 

instead of presuming a ‘view from nowhere’ (2015, 3). The issue of culture and cultural 

values can to a certain extent be solved by the reflexive method suggest by Mathe (2014) for 

stakeholder inclusion. The advantage of Mathe’s stakeholder approach over LCA-

practitioners engaging in cultural anthropology, is that one avoids a reified view on culture, 

and places cultural conditions as a possibility for development and sustainability (Sen 2004 & 

2007).  

Fan et al. formulate the following main challenges for S-LCA: ‘(1) the definition of 

human well-being; (2) the selection of social indicators for SLCA; (3) the preference of site-

specific data or generic data; and (4) the method for quantifying the social impacts’ (2015, 4). 

With regard to the topic of site-specific vs. generic data, this is connected to the ambition in 

S-LCA to be able to conduct comparisons. Access to specific data might be most relevant to 

study specific cases, but the process of obtaining these is cumbersome and might also 

jeopardize the quality of the comparative ambitions (Jørgensen et al. 2009).  

With regard to the other challenges identified by Fan et al., this is acknowledged also 

by UNEP-SETAC. It is clear that many methodological aspects are still debated and will 
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continue to be debated, both in principle and also in practice in specific assessment projects. 

For instance, the following decisions must be taken, all of which can be easily contested: 

• Step 1. Describe the product by its properties including the product’s social utility. 

• Step 2. Determine the relevant market segment 

• Step 3. Determine the relevant product alternatives. 

• Step 4. Define and quantify the functional unit, in terms of the obligatory product 

properties required by the relevant market segment. 

• Step 5. Determine the reference flow for each of the product systems. (Weidema et al. 

2004 in UNEP/SETAC 2009, 53) 

Thus, though S-LCA appears to have many benefits Benoît and Vickery-Niederman 

(2010, 13) acknowledge that ‘standalone social LCA methods have advanced to the point 

where it is left with many of the same issues as Environmental LCA’, namely: 

(1) The challenges of tracking down site specific data  

(2) The challenges of integrating location sensitive information 

(3) The challenges of integrating information collected at different scale (from general 

sectors to specific unit processes) 

(4) Developing characterization method (Benoît and Vickery-Niederman 2010, 13). 

Such uncertainties would have to be faced no matter the tool, but a more fine-grained 

approach (such as the one presented here) may be better positioned to more clearly specify the 

relevant uncertainties and therefore suggest more specific research or knowledge generation 

needs. 
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Is S-LCA at all applicable for RRI related to emerging technologies? 

The methodological challenges within the social sustainability field should not discourage us 

from considering how we could take advantage of its resources in the RRI field. The above 

accounts of social sustainability indicate that the dimension of social sustainability correspond 

with RRI’s focus on creating right impacts and right products. Moreover, an advantage of the 

social sustainability dimensions as opposed to the environmental and economic varieties is 

that substantive values such as autonomy, well-being, freedom and fairness are inherently 

integrated into this dimension (Reitinger et al. 2011). S-LCA approaches and methodologies 

are continuously evolving and we will therefore here not focus on reviewing the validity or 

viability of details of the UNEP-SETAC model. For our concern here it is the principled 

viability of S-LCA approaches in RRI that is the issue. 

The most interesting set of criticism against S-LCA for our purposes is the claim that 

LCA in general is not useful for studying emerging technologies. These sets of criticisms are 

generally raised in the environmental LCA context. 

There are several varieties of this objection. Braden R. Allenby (2013) observes that 

technology systems do not have life cycles. With reference to Freeman and Louçã (2001), 

Allenby explains that technology systems refer to the combination of science, technology, 

economics, politics and culture, and suggest that since LCAs do not aim at such a complex 

level this is an important limitation in the approach. However, these would be arguments 

against assessing an emerging technology system as such, but not against assessing specific 

applications of emerging technologies. 

Berube (2013) voices skepticism towards the use of LCA in nanotechnologies since so 

much is unknown about nanotechnologies, because of incompleteness of data and because 

there is no real place for societal concerns in LCA. Berube’s concerns can be met with by 

references to other studies. Gavankar, Suh, and Keller (2012) find 14 LCAs of manufactured 
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nanomaterials, but none of them meet the ISO 14040 standard for LCA since many are 

limited to material and energy flow, lack focus on the use and end phases, and/or avoid issues 

as nano-specific fate, transport, and toxicity. However, in contrast to Berube, Gavankar, Suh, 

and Keller call for an integration of Life Cycle Inventories with data on nanomaterials and 

show that even if there currently are no complete LCAs on nanomaterials such a task is 

possible. 

Ness et al. (2007) propose to analyze sustainability assessments according to a 

temporal dimension in order to tackle the problem of uncertain future consequences. In their 

analytic framework, indicators are based on retrospective analysis while integrated 

assessments are anticipatory. In between these two dimensions lie the product-related 

assessments. With reference to Ness et al. (2007), Hischier and Walser write: ‘For engineered 

nanomaterials, product-related assessment tools make the most sense, as this category consists 

of tools that focus on production and consumption of physical goods and services’ (2012, 

272). Hetherington et al. (2013) point to similar concerns as Gavankar et al., but continue to 

propose an overview of an LCA process for emerging technologies based on case studies of 

nanotechnologies, biofuels, and novel foods. Hetherington et al. recommend using an early 

stage LCA in order to discover environmental hot spots.  

Wender et al. (2014b) make a similar point about the possibility of doing LCA of 

emerging technologies that are experiencing rapid rates of innovation even as they mature: 

‘critical data are unknown or highly uncertain, including: technology-specific commercial-

scale manufacturing inventories, use-phase product performance, end-of-life disposal 

pathways, life cycle material releases, and risk-relevant properties’ (Wender et al. 2014b, 

10532). Focusing on environmental LCA they claim that no amount of increased effort in 

inventory data collection will yield representative data sets. In their opinion a more process-

based approach, such as their anticipatory LCA, is useful in such a situation. Wender et al.’s 
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framework does not directly address social issues, but is concerned with how to achieve 

transparency and increase validity in making anticipatory environmental LCA under 

uncertainty. This is an approach to environmental sustainability that  

is not predicative, but rather systematically and iteratively explores uncertainties across 

the life cycle of an emerging technology to prioritize research with the greatest potential 

for environmental improvement and contributions to responsible innovation by 

redirecting a technology’s development pathway (Wender et al 2014b, 10536).  

In our opinion, this is approach is more process- than product-focused and is not a 

competitive, but a complementary approach to the UNEP-SETAC approach. While Wender et 

al. focus on environmental responsibility, the UNEP-SETAC approach focuses on societal 

goals. Moreover, their proposal confirms that useful approaches to tackle uncertain 

consequences of emerging technology can be developed. 

The viability of using social LCA in the context of emerging technologies is less 

discussed. While advocating further study into S-LCA, Cummings, Frith and Berube (2013) 

state that LCA has a highly deterministic view of technology and its social use, but that in 

reality the use phase and the end-of-life phase of products are often different from what has 

been anticipated. Further, they stress the products’ influence of the whole of the social lives of 

citizens and consumers. Such end-of-life uncertainty would need to be accounted for within 

the S-LCA, and S-LCA should be carried out in an iterative way, with stakeholders 

broadening the range of end-points considered, as exemplified in Mathe’s (2014) stakeholder 

approach and/or Wender et al.’s (2014b) anticipatory governance LCA. In this way S-LCA 

should be considered a process, even if it is oriented towards products.  

Finally, in an RRI perspective, any prospective LCA in general should be able to 

address the difficult issue of abstaining from producing specific goods. The ‘no-development 

option’ is an integrated part in Social Impact Assessment (SIA) (Vanclay 2003). Although the 
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SIA provided input to the social indicators to S-LCA (Benoît Norris et al. 2011), the later 

developments of the S-LCA methodology do not seem to consider the ‘no development 

option’. However, this can be included in further developments of the method.  

In sum, it does not appear that any of the objections raised towards LCA are sufficient 

to disregard S-LCA’s potential significance as an RRI tool. Methodological development is 

ongoing and RRI scholars should provide input to this discussion in order to contribute to 

refining S-LCA as a tool for RRI. S-LCA is not about preparing for a future that is just like 

today or radically different because of technological or societal changes, but rather a well-

informed estimation of well-known processes in the present that are projected into current and 

future production chains. S-LCA is rather about increasing the epistemic quality of the 

information available for making considered judgements in the face of uncertainty, which is a 

crucial concern in RRI (see e.g. Gunnarsdottir and van Dijk 2015). The combination of a 

specified process, a clear purpose, inclusion of stakeholders, available data and a transparent 

framework are all factors that can improve the assessment of a given product.  

The usefulness of a value-chain approach in RRI 

In the above discussion, we have suggested that S-LCA is a relevant approach for considering 

the product aspect of RRI. After having considered the objections to applying S-LCA for 

emerging technologies we would in this and the following section like to highlight the 

strengths. Here we will in particular highlight the fact that emerging technologies often enter 

into society in the form of more complex products (for instance nanoparticles as part of paint) 

that contain diverse components; many of which are from conventional technologies. With 

reference to the issues ‘responsibility gap’ of ‘organized irresponsibility’, ‘division of moral 

labour’, and ‘forward-looking responsibility’ (Richardson 1999; Beck 2002; Pellizzoni 2004; 

Shelley-Egan 2010; Owen et al. 2013), we will present how S-LCA can be used to map and 
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discover how and where different social impacts of technologies might occur. Here we will 

therefore present the benefits of S-LCA for considering RRI for emerging technologies in a 

value-chain approach. 

The LCA and S-LCA concept allows for addressing not only (for instance) the nano 

part of the product, but also all aspects of the product, which allows for a more authentic 

assessment of the product that is enabled by the emerging technology. S-LCA analysis may 

potentially reveal a great complexity of impacts, where in many cases (at least in the 

nanotechnology context) only some can be attributed to the nanoparticle used in the product. 

A case study of a laptop computer provides a good example on how this can be done in 

practice (Ekener-Petersen and Finnveden, 2013). Ekener-Petersen and Finnveden apply the 

UNEP-SETAC S-LCA on the total social impacts of a ‘generic’ laptop computer through a 

hotspots assessment of the countries involved in the production. Using a Bill of Materials, a 

service providing information on the materials and assemblies of a given product which is 

available by different providers,8 Ekener-Petersen and Finnveden identified the resources 

used in a laptop, and the material categories were divided into specific materials according to 

data from the Global e-sustainability initiatives.9 The main supplying countries of these 

materials were identified through existing datasets on supply chains and resource 

extractions.10 The countries were divided into their activities in the different phases. The 

authors then highlighted the countries in the worst and second worst quartile and in addition 

marked the countries with no available data. The authors summarized the findings according 

                                                 

8 See EuP Ecodesign Preparatory Study - Computers and Monitors http://www.ecocomputer.org/ or 
Intertek’s Bill of MaterialAssessment Services http://www.intertek.com/green/bom/  

9 See for example the Global e-sustainbility initative’s project reports 
http://gesi.org/ICT_sustainability_studies_and_reports  

10 RESOLVE 2010, GreenhouseGasMeasurement.com 2008, Ecoinvent (www.ecoinvent.org), U.S. 
Energy Information Administration 2013 
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to the activity (low>high) and the number of identified hotspots and divided them into 

countries with both high activity and severe impacts.11 

We can here see that related to value chains, the S-LCA approach would allow 

scrutiny of what role new technologies play in concrete product developments. Are they used 

in products with clear societal benefits, or do they contribute to products that are controversial 

or lack societal benefits? This may help make responsible decisions in the face of 

uncertainties of the long-term environmental impacts of the emerging technologies 

themselves.12 

The laptop case demonstrates that S-LCA can be used to address the ‘responsibility 

gap’ that might accompany complex products. Firstly, the responsibility of the researchers 

that have contributed with the element of interest, for instance the nanoparticle, is highlighted. 

Secondly, it becomes apparent how the effects of the nanoparticle will be modulated by other 

aspects of the product. There needs therefore to be a certain distribution of responsibility of 

the final product over the manifold of actors involved. So including social sustainability in 

RRI may help establishing ‘responsibility teams’ in value chains. We believe it is necessary to 

discuss further the notions of value chains in discussions of RRI. 

When doing this it might be found that the different notions of responsibility as set out 

by Richardson (1999) and Pellizzoni (2004) are mobilized. For some impacts (such as 

occupational health) and some agents, there will be accountability and liability requirements. 

For other impacts, such a cultural heritage, the notions of care and responsiveness, may be 

more appropriate. 
                                                 

11 A similar example is provided by France and Ciroth (2011). In their investigation of a laptop, they 
address the production of lithium-ion batteries. 

12 Please note that to add a value chain approach to RRI does not imply excluding system approaches 
to grand challenges. In the case of biofuels as a mitigation effort to climate change, a pure LCA 
approach will not be able to address all the indirect effects, such as indirect land-use change or 
rural development, that might occur (McKone et al. 2011; Boucher, Smith & Millar. 2014). In 
cases where there are a range of diverse impacts, these should be considered and assessed as 
complex systems with internal interactions, and this is beyond the scope for an S-LCA.  
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Other benefits of using S-LCA in RRI 

In the above section, we saw that S-LCA could be helpful for articulating responsibilities in 

the value chain. It can provide instruments for assessing the product side of RRI, whether or 

not the product itself is an application of an emerging technology (e.g. a genetically modified 

crop) or it is part of a more complex product (paint with nano particles). Here we will mention 

several other potential benefits of applying S-LCA in the context of RRI. 

(1) S-LCA could contribute to partially solving the problem of uncertainties of harms and 

benefits of emerging technologies. We can here distinguish between uncertainties 

about current and future harms and benefits. With regard to current uncertainties, 

some of the impact categories allow addressing social structure issues that may be 

immediately affected by the introduction of new technologies (a new genetically 

modified plant, a new nano-enhanced packaging material, a new nano-remediation 

project), in particular: human rights, working conditions, cultural heritage, governance 

and socio-economic repercussions. In other words, even if we do not have information 

about long-term health and environmental effects we can still possess significant 

information about what current social effects a technology/product may cause. For 

instance, will they cause worry in the affected societies/cultures? Will they contribute 

to making people more autonomous or making societies more democratic? Will they 

increase economic differences, for instance by reinforcing power in supply chains? 

Clarifying such issues may show a pattern of impacts that is clear enough to make 

governance decisions even if longer-term scientific uncertainties reign in several 

areas.13 Admittedly, there may be problems with gaining this kind of social data, but 

stakeholder processes may give sufficient insight for the assessment purpose. The 

                                                 

13 Though we do not suggest that it an S-LCA will provide solutions in all cases.  
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UNEP-SETAC report provides guidance on a number of such methodological points. 

Moreover, gaining information on the existence of relevant democratic and knowledge 

generating institutions (universities, research facilities, schools) will also provide a 

basis for considering the acceptability of future risks. When local societies have such 

capacities they will be better able to monitor, and potentially handle, future risks, 

while societies without this infrastructure will be much more vulnerable. 

(2) Another apparent benefit of S-LCA is to allow for more refined assessments of 

potential impacts of science and innovation. It may for instance turn out that it is 

responsible to produce and market an innovation in one country, but not in another. 

This will depend upon the social benefits (work and income for local communities, 

enhanced technological infrastructure, etc.) and the social risks (the lack of 

appropriate governance infrastructure, the breach with cultural heritage, etc.). Such 

information may reduce the risk of the actor (an innovator, a state department, etc.) 

universalizing one’s own cultural heritage and making assumptions about the 

conditions in the receiving end. For instance, marketing GM plants is opposed by the 

majority in Norway, but experience tells us that other countries find GM variants 

ethically acceptable and not in conflict with their cultural heritage.  

(3) S-LCA can also contribute in showing potentials for values-sensitive design (van den 

Hoven 2013). When looking at a generic product it will become clear what the hot 

issues will be and measures can be taken at the design phase to counteract negative 

side effects. For instance, if the availability of ground water is a problem in the 

intended producing countries, measures can be taken to reduce water expenditure in 

the production process. Or, if patent protection of the innovation will seriously reduce 

the benefits to local societies, the responsible innovator can agree to licensing deals or 

patent pooling systems that ensure such benefits. Similarly, S-LCA can be used as an 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



26 
 

instrument in midstream modulation (Fisher, Mahajan, and Mitcham 2006; Fisher and 

Rip 2013) or Real Time Technology Assessment (Guston and Sarewitz 2002). As a 

mechanism for upstream assessment, the hotspot variant may be the most appropriate 

version (see Revéret, Couture & Parent 2015). 

(4) In the report of the Expert Group on the State of Art in Europe on Responsible 

Research and Innovation (Jacob et al. 2013) an approach based on standards, like the 

S-LCA, is endorsed as one possible and recommended way forward since it could be 

effective and transparent while minimizing risks for interference on issues like non-

tariff and/or technological barriers to trade – and as such could constitute an instance 

of ‘trading-up’, i.e. that stronger local/regional/national environmental regulations 

lead to an environmentally qualitatively improved global exchange of goods and 

services (Vogel 2003).  

(5) We would also like to suggest that a benefit of taking a product/project oriented 

perspective is that public deliberations may become more fruitful. Thorstensen (2014) 

shows that public deliberation on too generic technology narratives is problematic 

because it appears to reinforce stereotypes that are not related to specific technology 

applications, and are therefore not very informative when it comes to governance 

questions related to emerging technologies. The ethics of emerging technologies may 

remain abstract for lay people until they can see the impacts of specific 

products/projects. Doing an S-LCA assessment with stakeholders and/or lay people 

may provide a substantive framework for discussion.  

(6) S-LCA provides one way to operationalize ethical concerns in RRI. Ethical concerns 

are frequently voiced with regard to emerging technologies and such concerns have 

been interpreted by a number of researchers (Allhoff et al. 2007; Lein Kjølberg and 

Wickson 2010; Gordjin and Cutter 2013). RRI is meant to involve taking 
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responsibility for such ethical issues and S-LCA can assist here. Ethical concerns 

related to emerging technologies can very crudely be split into three categories; 

inherent concerns about the acceptability of manipulating (and not showing respect 

for) human beings, animals or the environment; concerns about equality, equity or 

justice; and concerns about human and environmental safety and security and how to 

have responsible governance in the face of uncertainties and ambiguities (Forsberg 

2007). We will argue that all three kinds of concerns can be informed by S-LCA and 

the same concerns can be used to further develop the S-LCA as an ethical resource. 

First; intrinsic concerns may be argued to form a part of different societies’ cultural 

heritage. Perceiving genetic modification of plants as tampering with creation is a 

cultural expression. Acknowledging this does not diminish the force of such 

arguments, but it does mean that they can be placed under ‘cultural heritage’ in the 

UNEP-SETAC framework. Second; concerns about justice may be addressed under 

‘socio-economic repercussions’ and by studying the balance between the impacts of 

products on different stakeholder groups (the innovating company and different 

stakeholders). Third; uncertainties about risks and benefits are considered in the 

determination of impacts; including social, environmental and economic impacts.  

(7) Finally, S-LCA might also be able to assist in anticipation. RRI has an inherent 

temporal dimension. Anticipation of potential futures, as Guston (2014) suggests, is 

not to be confused with prediction, and prediction is not the strength of any LCA – 

including the S-LCA approach (Wender et al. 2014a). If RRI is interpreted as being 

essentially about societal deliberation on future scenarios of technologies not yet 

developed, the S-LCA framework is not likely to be useful. However, for instance the 

European Commission Directorate General for Research and Innovation sees RRI as a 

broader framework to be applied in ongoing applied research and innovation projects. 
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Since users hold RRI to be applicable in current research and innovation, RRI should 

then not be limited to varieties of forecasting. S-LCA seems to be applicable both in 

the context of current technology applications and in longer-term applications. On the 

S-LCA side the UNEP-SETAC report states that the framework can be used for 

generic products, using hotspots and other heuristics tools, besides for specific 

applications. This means that the framework can be used before the final product 

system is determined (i.e. the end-product with all its component parts). The level of 

specificity of the framework can therefore be adapted to the stage in the technology 

development. We would like to suggest that such a generic framework would enhance 

reflection on potential future impacts in potential future use scenarios. The S-LCA 

assessment scheme does not in itself address future generations, but such an 

anticipatory dimension may easily be integrated by including future generations as a 

stakeholder in the assessment tool.  

Concluding reflections  

We have above indicated several ways in which S-LCA can strengthen RRI. RRI, on 

its side, can strengthen social sustainability as it addresses explicitly the responsibilities of 

agents in the innovation system. This is important for mobilizing actions on different levels, 

by different actors and at different times. However, will such detailed assessment frameworks 

as S-LCA turn off potential subscribers to RRI? RRI is not supposed to be a purely academic 

exercise, but supposed to be acceptable also to individual researchers, innovators and other 

stakeholders. Will such complex assessment mechanisms turn off private companies? Will 

mapping out such a complexity of impacts put people off RRI instead of motivating them? 

Further research should be carried out on the reception of different RRI approaches among 

stakeholders. 
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The methodological uncertainties of the S-LCA may be another reason for not using 

this in RRI product assessments. However, it is not necessarily better to refrain from 

systematically gathering information just in order to avoid the uncertainties related to the 

results. Abstract discussion, decoupled from real world information, may yield interesting 

arguments, but may still be less informative for the making of decisions, - which will be made 

whether we believe we have sufficient information or not. Other alternatives to social 

assessments are also available and some have been considered in this article (e.g. Wender et 

al. 2012 and Deblonde 2015). These should be considered as complementary tools in a 

toolbox rather than competitors to S-LCA. However, an advantage of S-LCA (in the UNEP-

SETAC version) is that it is more established in broad institutions than the many other 

approaches.  

We have here argued that sustainability, and in particular social sustainability, can 

provide resources for the current RRI discussion. Methods from the social sustainability field 

may inform both the process and the product side of RRI, but relatively established 

approaches are already in place for the process side (Owen et al. 2012). Thus, the benefits of 

S-LCA apply especially when considering the product-side of innovation. As sustainability 

focuses on the state of development and not on the particular responsible (or irresponsible) 

agent, sustainability and RRI seem to complement each other. Here we showed one example 

of a promising S-LCA approach. Further research should be conducted systematically 

evaluating the strengths and weaknesses of different approaches in an RRI context, but 

perhaps more important would be to establish forums for learning between social 

sustainability scholar and RRI scholars. Both working towards a better future from slightly 

different angles, it seems there are many synergies to harvest from joining the two discourses.  

In conclusion, we believe that when RRI is becoming central in European research 

policy and funding it is necessary not to forget the important domain of sustainability. A focus 
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on responsibility cannot come at the cost of a focus on sustainability. Rather the two must be 

seen together. This article has been an attempt to do this.  

 

References 

Allenby, Braden R. 2013. “Assessing Emerging Technology Systems: Why LCA Fails.” In 

Emerging Technologies: Socio-Behavioral Life Cycle Approaches, edited by Nora 

Savage, Michael A. Gorman, and Anita Street, 17–39. 

http://www.panstanford.com/books/9789814411004.html. 

Allhoff, Fritz, Patrick Lin, James Moor, and John Weckert, eds. 2007. Nanoethics: The 

Ethical and Social Implications of Nanotechnology. Hoboken, N.J.: Wiley-

Interscience. 

Arcese, G., L. Di Pietro, and R. Guglielmetti Mugion. 2015. “Social Life Cycle Assessment 

Application: Stakeholder Implication in the Cultural Heritage Sector.” In Social Life 

Cycle Assessment, edited by Subramanian Senthilkannan Muthu, 115–46. Singapore: 

Springer Singapore. http://link.springer.com/10.1007/978-981-287-296-8_4. 

Arvidsson, Rickard, Henrikke Baumann, and Jutta Hildenbrand. 2015. “On the Scientific 

Justification of the Use of Working Hours, Child Labour and Property Rights in Social 

Life Cycle Assessment: Three Topical Reviews.” The International Journal of Life 

Cycle Assessment 20 (2): 161–73. doi:10.1007/s11367-014-0821-3. 

Assefa, Getachew, and Bjørn M. Frostell. 2007. “Social Sustainability and Social Acceptance 

in Technology Assessment: A Case Study of Energy Technologies.” Technology in 

Society 29 (1): 63–78. doi:10.1016/j.techsoc.2006.10.007. 

Beck, Ulrich. 2002. Ecological Politics in an Age of Risk. Cambridge ; Malden, MA: Polity 

Press. 

Benoît, Catherine, and Gina Vickery-Niederman. 2010. Social Sustainability Assessment 

Literature Review. White Paper 102. The Sustainability Consortium, Arizona State 

University, and University of Arkansas. http://www.sustainabilityconsortium.org/wp-

content/themes/sustainability/assets/pdf/whitepapers/Social_Sustainability_Assessmen

t.pdf. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



31 
 

Benoît Norris, Catherine, Gregory A. Norris, and Deana Aulisio. 2014. “Efficient Assessment 

of Social Hotspots in the Supply Chains of 100 Product Categories Using the Social 

Hotspots Database.” Sustainability 6 (10): 6973–84. doi:10.3390/su6106973. 

Benoît Norris, Catherine, and Jean-Pierre Revéret. 2015. “Partial Organization and Social 

LCA Development: The Creation and Expansion of an Epistemic Community.” In 

Social Life Cycle Assessment. An Insight, 199–226. Environmental Footprints and 

Eco-Design of Products and Processes 1. Singapore: Springer. 

Benoît Norris, Catherine, Marzia Traverso, Sonia Valdivia, Gina Vickery-Niederman, Juliane 

Franze, Lina Azuero, Andreas Ciroth, Bernard Mazijn, and Deana Aulisio. 2013. The 

Methodological Sheets for Subcategories in Social Life Cycle Assessment (S-LCA). 

Life Cycle Initiative (United Nations Environment Programme and SETAC). 

http://www.lifecycleinitiative.org/wp-content/uploads/2013/11/S-

LCA_methodological_sheets_11.11.13.pdf. 

Benoît Norris, Catherine, Gina Vickery-Niederman, Sonia Valdivia, Juliane Franze, Marzia 

Traverso, Andreas Ciroth, and Bernard Mazijn. 2011. “Introducing the UNEP/SETAC 

Methodological Sheets for Subcategories of Social LCA.” The International Journal 

of Life Cycle Assessment 16 (7): 682–90. doi:10.1007/s11367-011-0301-y. 

Berube, David M. 2013. “Socialis Commodis and Life Cycle Analysis: A Critical 

Examination of Uncertainty.” Edited by Nora Savage, Michael A. Gorman, and Anita 

Street. Emerging Technologies: Socio-Behavioral Life Cycle Approaches, 139–64. 

Bilbao-Osorio, Beñat, Jennifer Blanke, Edoardo Campanella, Roberto Crotti, Margareta 

Drzeniek-Hanouz, and Cecilia Serin. 2013. “Assessing the Sustainable 

Competitiveness of Nations.” In The Global Competitiveness Report 2013–2014: Full 

Data Edition, edited by Klaus Schwab, 53–82. Geneva. 

Boucher, P., R. Smith, and K. Millar. 2014. “Biofuels under the Spotlight: The State of 

Assessment and Potential for Integration.” Science and Public Policy, May. 

doi:10.1093/scipol/scu028. 

Brent, Alan C., and Carin Labuschagne. 2007. “An Appraisal of Social Aspects in Project and 

Technology Life Cycle Management in the Process Industry.” Management of 

Environmental Quality: An International Journal 18 (4): 413–26. 

doi:10.1108/14777830710753811. 

Colantonio, Andrea. 2009. “Social Sustainability: A Review and Critique of Traditional 

versus Emerging Themes and Assessment Methods.” In Sue-Mot Conference 2009: 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



32 
 

Second International Conference on Whole Life Urban Sustainability and Its 

Assessment: Conference Proce, edited by M. Horner, A. Price, J. Bebbington, and R. 

Emmanuel, 865–85. Loughborough: Loughborough University. http://www.sue-

mot.org/conference/. 

Cummings, Christoffer, Jordan Frith, and David Berube. 2013. “Unexpected Appropriations 

of Technology and Life Cycle Analysis: Reframing Cradle to Grave Approaches.” In 

Emerging Technologies: Socio-Behavioral Life Cycle Approaches, edited by Nora 

Savage, Michael E. Gorman, and Anita Street, 251–71. CRC Press. 

Cuthill, Michael. 2010. “Strengthening the ‘social’ in Sustainable Development: Developing a 

Conceptual Framework for Social Sustainability in a Rapid Urban Growth Region in 

Australia.” Sustainable Development 18 (6): 362–73. doi:10.1002/sd.397. 

Deblonde, Marian. 2015. “Responsible Research and Innovation: Building Knowledge Arenas 

for Glocal Sustainability Research.” Journal of Responsible Innovation 2 (1): 20–38. 

doi:10.1080/23299460.2014.1001235. 

Dillard, Jesse F., Veronica Dujon, and Mary C. King, eds. 2009. Understanding the Social 

Dimension of Sustainability. Routledge Studies in Development and Society 17. New 

York: Routledge. 

Dryzek, John S, David Downes, Christian Hunold, David Schlosberg, and Hans-Kristian 

Hernes. 2003. Green States and Social Movements Environmentalism in the United 

States, United Kingdom, Germany, and Norway. Oxford: Oxford University Press. 

Ekener-Petersen, Elisabeth, and Göran Finnveden. 2013. “Potential Hotspots Identified by 

Social LCA—part 1: A Case Study of a Laptop Computer.” The International Journal 

of Life Cycle Assessment 18 (1): 127–43. 

EPA (United States Environmental Protection Agency). 2012. “The History of Risk at EPA.” 

July 31. http://www.epa.gov/risk_assessment/history.htm. 

Fan, Yi, Ruqun Wu, Jiquan Chen, and Defne Apul. 2015. “A Review of Social Life Cycle 

Assessment Methodologies.” In Social Life Cycle Assessment. An Insight, 1–23. 

Environmental Footprints and Eco-Design of Products and Processes 1. Singapore: 

Springer. 

Finnveden, Göran, Michael Z. Hauschild, Tomas Ekvall, Jeroen Guinée, Reinout Heijungs, 

Stefanie Hellweg, Annette Koehler, David Pennington, and Sangwon Suh. 2009. 

“Recent Developments in Life Cycle Assessment.” Journal of Environmental 

Management 91 (1): 1–21. doi:10.1016/j.jenvman.2009.06.018. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



33 
 

Fisher, Erik, Roop L. Mahajan, and Carl Mitcham. 2006. “Midstream Modulation of 

Technology: Governance From Within.” Bulletin of Science, Technology & Society 26 

(6): 485–96. doi:10.1177/0270467606295402. 

Fisher, Erik, and Arie Rip. 2013. “Responsible Innovation: Multi-Level Dynamics and Soft 

Intervention Practices.” In Responsible Innovation, edited by Richard Owen, John 

Bessant, and Maggy Heintz, 165–83. John Wiley & Sons, Ltd. 

http://onlinelibrary.wiley.com/doi/10.1002/9781118551424.ch9/summary. 

Forsberg, Ellen Marie. 2007. “A Deliberative Ethical Matrix Method: Justification of Moral 

Advice on Genetic Engineering in Food Production.” Dr. Art, Oslo: Faculty of 

Humanities, University of Oslo. 

Franze, Juliane, and Andreas Ciroth. 2011. Lca of an Ecolabeled Notebook - Consideration of 

Social and Environmental. [S.l.]: Lulu Com. 

Freeman, Christopher, and Francisco Louçã. 2001. As Time Goes by: From the Industrial 

Revolutions to the Information Revolution. Oxford ; New York: Oxford University 

Press. 

Freidberg, Susanne. 2015. “From behind the Curtain: Talking about Values in LCA.” The 

International Journal of Life Cycle Assessment, April, 1–5. doi:10.1007/s11367-015-

0879-6. 

Garrido, Sara Russo, Julie Parent, Luce Beaulieu, and Jean-Pierre Revéret. 2016. “A 

Literature Review of Type I SLCA—making the Logic Underlying Methodological 

Choices Explicit.” The International Journal of Life Cycle Assessment, February, 1–

13. doi:10.1007/s11367-016-1067-z. 

Gavankar, Sheetal, Sangwon Suh, and Arturo F. Keller. 2012. “Life Cycle Assessment at 

Nanoscale: Review and Recommendations.” The International Journal of Life Cycle 

Assessment 17 (3): 295–303. doi:10.1007/s11367-011-0368-5. 

Gordijn, Bert, and Anthony Mark Cutter, eds. 2013. In Pursuit of Nanoethics. The 

International Library of Ethics, Law and Technology 10. Dordrecht; London: 

Springer. 

GreenhouseGasMeasurement. 2008. Social and Environmental Responsibility in Metals 

Supply to the Electronic Industry. Guelph, Ontario, Canada. 

Grunwald, Armin. 2011. “Responsible Innovation: Bringing Together Technology 

Assessment, Applied Ethics, and STS Research.” Enterprise and Work Innovation 

Studies 7 (November): 9–31. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



34 
 

Gunnarsdottir, Kristrun, and Niels van Dijk. 2015. “PREPRINT: Responsibilising 

Interdisciplinarity and Integration in Horizon 2020: Teamwork, Leadership and the 

‘Sufficient Assessment’.” doi:10.13140/RG.2.1.3428.6563. 

Guston, David H. 2014. “Understanding ‘anticipatory Governance.’” Social Studies of 

Science 44 (2): 218–42. doi:10.1177/0306312713508669. 

Guston, David H., and Daniel Sarewitz. 2002. “Real-Time Technology Assessment.” 

Technology in Society 24 (1–2): 93–109. doi:10.1016/S0160-791X(01)00047-1. 

Heiskanen, Eva. 2002. “The Institutional Logic of Life Cycle Thinking.” Journal of Cleaner 

Production, Integrating greener product development perspectives, 10 (5): 427–37. 

doi:10.1016/S0959-6526(02)00014-8. 

Hetherington, Alexandra C., Aiduan Li Borrion, Owen Glyn Griffiths, and Marcelle C. 

McManus. 2013. “Use of LCA as a Development Tool within Early Research: 

Challenges and Issues across Different Sectors.” The International Journal of Life 

Cycle Assessment, 1–14. doi:10.1007/s11367-013-0627-8. 

Hischier, Roland, and Tobias Walser. 2012. “Life Cycle Assessment of Engineered 

Nanomaterials: State of the Art and Strategies to Overcome Existing Gaps.” Science of 

The Total Environment 425 (May): 271–82. doi:10.1016/j.scitotenv.2012.03.001. 

Hobson, Kersty, and Nicholas Lynch. 2015. “Ecological Modernization, Techno-Politics and 

Social Life Cycle Assessment: A View from Human Geography.” The International 

Journal of Life Cycle Assessment, November, 1–8. doi:10.1007/s11367-015-1005-5. 

Hutchins, Margot J., and John W. Sutherland. 2008. “An Exploration of Measures of Social 

Sustainability and Their Application to Supply Chain Decisions.” Journal of Cleaner 

Production, Sustainability and Supply Chain Management, 16 (15): 1688–98. 

doi:10.1016/j.jclepro.2008.06.001. 

Jacob, Klaus, Linda Nielsen, Françoise Roure, Laima Rudze, Jack Stilgoe, Knut Blind, Anna-

Lena Guske, and Carlos Martinez Riera. 2013. Options for Strengthening Responsible 

Research and Innovation. EUR25766 EN. Luxembourg: Publications Office of the 

European Union. http://ec.europa.eu/research/science-

society/document_library/pdf_06/options-for-strengthening_en.pdf. 

Jørgensen, Andreas, Louise C. Dreyer, and Arne Wangel. 2012. “Addressing the Effect of 

Social Life Cycle Assessments.” The International Journal of Life Cycle Assessment 

17 (6): 828–39. doi:10.1007/s11367-012-0408-9. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



35 
 

Jørgensen, Andreas, Matthias Finkbeiner, Michael S. Jørgensen, and Michael Z. Hauschild. 

2010. “Defining the Baseline in Social Life Cycle Assessment.” The International 

Journal of Life Cycle Assessment 15 (4): 376–84. doi:10.1007/s11367-010-0176-3. 

Jørgensen, Andreas, Michael Z. Hauschild, Michael S. Jørgensen, and Arne Wangel. 2009. 

“Relevance and Feasibility of Social Life Cycle Assessment from a Company 

Perspective.” The International Journal of Life Cycle Assessment 14 (3): 204–14. 

doi:10.1007/s11367-009-0073-9. 

Lein Kjølberg, Kamilla Anette, and Fern Wickson, eds. 2010. Nano Meets Macro: Social 

Perspectives on Nanoscale Sciences and Technologies. Singapore: Pan Stanford 

Publishing. 

Littig, Beate, and Erich Griessler. 2005. “Social Sustainability: A Catchword between 

Political Pragmatism and Social Theory.” International Journal of Sustainable 

Development 8 (1): 65–79. 

Magis, Kristen, and Craig Shinn. 2009. “Emergent Principles of Social Sustainability.” 

Understanding the Social Dimension of Sustainability, 15–44. 

Mathe, Syndhia. 2014. “Integrating Participatory Approaches into Social Life Cycle 

Assessment: The SLCA Participatory Approach.” The International Journal of Life 

Cycle Assessment 19 (8): 1506–14. doi:10.1007/s11367-014-0758-6. 

McKenzie, Stephen. 2004. Social Sustainability: Towards Some Definitions. Hawke Research 

Institute, University of South Australia. 

http://unisa.edu.au/hawkeinstitute/publications/downloads/wp27.pdf. 

McKone, T. E., W. W. Nazaroff, P. Berck, M. Auffhammer, T. Lipman, M. S. Torn, E. 

Masanet, et al. 2011. “Grand Challenges for Life-Cycle Assessment of Biofuels.” 

Environmental Science & Technology 45 (5): 1751–56. doi:10.1021/es103579c. 

Morgan, Richard K. 2012. “Environmental Impact Assessment: The State of the Art.” Impact 

Assessment and Project Appraisal 30 (1): 5–14. 

Murphy, Kevin. 2012. “The Social Pillar of Sustainable Development: A Literature Review 

and Framework for Policy Analysis.” Sustainability: Science, Practice, & Policy 8 (1): 

15–29. 

Ness, Barry, Evelin Urbel-Piirsalu, Stefan Anderberg, and Lennart Olsson. 2007. 

“Categorising Tools for Sustainability Assessment.” Ecological Economics 60 (3): 

498–508. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



36 
 

O’Brien, Martin, Alison Doig, and Roland Clift. 1996. “Social and Environmental Life Cycle 

Assessment (SELCA).” The International Journal of Life Cycle Assessment 1 (4): 

231–37. doi:10.1007/BF02978703. 

Owen, Richard, Phil Macnaghten, and Jack Stilgoe. 2012. “Responsible Research and 

Innovation: From Science in Society to Science for Society, with Society.” Science 

and Public Policy 39 (6): 751–60. doi:10.1093/scipol/scs093. 

Owen, Richard, Jack Stilgoe, Phil Macnaghten, Mike Gorman, Erik Fisher, and Dave Guston. 

2013. “A Framework for Responsible Innovation.” In Responsible Innovation, edited 

by Richard Owen, John Bessant, and Maggy Heintz, 27–50. John Wiley & Sons, Ltd. 

http://onlinelibrary.wiley.com/doi/10.1002/9781118551424.ch2/summary. 

Pelletier, Nathan, Eda Ustaoglu, Catherine Benoit, Greg Norris, Eckehard Rosenbaum, 

Alessandro Vasta, and Serenella Sala. 2016. “Social Sustainability in Trade and 

Development Policy.” The International Journal of Life Cycle Assessment, March. 

doi:10.1007/s11367-016-1059-z. 

Pellizzoni, Luigi. 2004. “Responsibility and Environmental Governance.” Environmental 

Politics 13 (3): 541–65. doi:10.1080/0964401042000229034. 

Pizzirani, Stefania, Sarah J. McLaren, and Jeffrey K. Seadon. 2014. “Is There a Place for 

Culture in Life Cycle Sustainability Assessment?” The International Journal of Life 

Cycle Assessment 19 (6): 1316–30. doi:10.1007/s11367-014-0722-5. 

Reitinger, Claudia, Matthias Dumke, Mario Barosevcic, and Rafaela Hillerbrand. 2011. “A 

Conceptual Framework for Impact Assessment within SLCA.” The International 

Journal of Life Cycle Assessment 16 (4): 380–88. doi:10.1007/s11367-011-0265-y. 

RESOLVE. 2010. Tracing a Path Forward: A Study of the Challenges of the Supply Chain 

for Target Metals Used in Electronics. Washington, D.C. http://www.resolv.org/site-

eiscm/files/2011/02/Tracing_a_Path_Forward-

A_Study_of_the_Challenges_of_the_Supply_Chain_for_Target_Metals_Used_in_Ele

ctronics.pdf. 

Revéret, Jean-Pierre, Jean-Michel Couture, and Julie Parent. 2015. “Socioeconomic LCA of 

Milk Production in Canada.” In Social Life Cycle Assessment. An Insight, 45–69. 

Environmental Footprints and Eco-Design of Products and Processes 1. Singapore: 

Springer. 

Richardson, Henry S. 1999. “Institutionally Divided Moral Responsibility.” Social 

Philosophy and Policy 16 (02): 218–49. doi:10.1017/S0265052500002454. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



37 
 

Rip, Arie. 2014. “The Past and Future of RRI.” Life Sciences Society and Policy 10 (1): 17. 

doi:10.1186/s40504-014-0017-4. 

Rowe, Gene, and Lynn J. Frewer. 2000. “Public Participation Methods: A Framework for 

Evaluation.” Science, Technology & Human Values 25 (1): 3–29. 

doi:10.1177/016224390002500101. 

Ruggie, John Gerard. 2008. “Protect, Respect and Remedy: A Framework for Business and 

Human Rights. Report of the Special Representative of the Secretary-General on the 

Issue of Human Rights and Transnational Corporations and Other Business 

Enterprises, John Ruggie.” A/HRC/8/5. Geneva: United Nations. 

Schmidt, Isabell, Manfred Meurer, Peter Saling, Andreas Kicherer, Wolfgang Reuter, and 

Carl-Otto Gensch. 2004. “SEEbalance.” Greener Management International 2004 

(45): 78–94. doi:10.9774/GLEAF.3062.2004.sp.00007. 

Sen, Amartya. 2004. “How Does Culture Matter?” In Culture and Public Action, edited by 

Vijayendra Rao and Michael Walton, 37–58. Stanford, Calif.: Stanford University 

Press : Stanford Social Sciences. http://site.ebrary.com/id/10058807. 

———. 2007. Identity and Violence: The Illusion of Destiny. Penguin Books. 

Shelley-Egan, Clare. 2010. “The Ambivalence of Promising Technology.” NanoEthics 4 (2): 

183–89. doi:10.1007/s11569-010-0099-2. 

Stern, Nicholas H. 2007. The Economics of Climate Change: The Stern Review. Cambridge, 

UK; New York: Cambridge University Press. 

Stiglitz, Joseph, Amartya Sen, and Jean-Paul Fitoussi. 2009. Report by the Commission on the 

Measurement of Economic Performance and Social Progress. Paris: The Commission. 

Stilgoe, Jack, Richard Owen, and Phil Macnaghten. 2013. “Developing a Framework for 

Responsible Innovation.” Research Policy 42 (9): 1568–80. 

doi:10.1016/j.respol.2013.05.008. 

Thorstensen, Erik. 2014. “Public Involvement and Narrative Fallacies of Nanotechnologies.” 

NanoEthics 8 (3): 227–40. doi:10.1007/s11569-014-0202-1. 

Thorstensen, Erik, Philip Boucher, Ellen-Marie Forsberg, Erik de Bakker, Marc-Jeroen 

Boegaardt, Nina Bryndum, Davy van Doren, et al. 2013. “EST-Frame Deliverable 1.2: 

The Current and Future Context for EST Analysis.” 

UN. 1997. “Agenda for Development.” General Assembly A/RES/51/240. , 

http://www.un.org/documents/ga/res/51/ares51-240.htm. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



38 
 

UNEP/SETAC. 2009. Guidelines for Social Life Cycle Assessment of Products: Social and 

Socio-Economic LCA Guidelines Complementing Environmental LCA and Life Cycle 

Costing, Contributing to the Full Assessment of Goods and Services within the 

Context of Sustainable Development. Edited by Catherine Benoît and Bernard Mazijn. 

[Paris, France]: United Nations Environment Programme. 

U.S. Energy Information Administration. 2013. “Countries.” http://www.eia.gov/countries/. 

Vanclay, Frank. 2003. “International Principles For Social Impact Assessment.” Impact 

Assessment and Project Appraisal 21 (1): 5–12. doi:10.3152/147154603781766491. 

van den Hoven, Jeroen. 2013. “Value Sensitive Design and Responsible Innovation.” In 

Responsible Innovation, edited by Richard Owen, John Bessant, and Maggy Heintz, 

75–83. John Wiley & Sons, Ltd. 

http://onlinelibrary.wiley.com/doi/10.1002/9781118551424.ch4/summary. 

Vogel, David. 2003. “International Trade and Environmental Regulation.” In Environmental 

Policy, 370–88. Routledge Introductions to Environment: Environment and Society 

Texts. London: Routledge. 

von Schomberg, René. 2012. “Prospects for technology assessment in a framework of 

responsible research and innovation.” In Technikfolgen abschätzen lehren, edited by 

Marc Dusseldorp and Richard Beecroft, 39–61. VS Verlag für Sozialwissenschaften. 

http://link.springer.com/chapter/10.1007/978-3-531-93468-6_2. 

———. 2013. “A Vision of Responsible Research and Innovation.” In Responsible 

Innovation, edited by Richard Owen, John Bessant, and Maggy Heintz, 51–74. John 

Wiley & Sons, Ltd. onlinelibrary.wiley.com/doi/10.1002/9781118551424.ch3/pdf. 

Weidema, Bo, Henrik Wenzel, Claus Petersen, and Klaus Hansen. 2004. “The Product, 

Functional Unit and Reference Flows in LCA.” 70. Environmental News. København: 

Miljøstyrelsen. http://www2.mst.dk/Udgiv/Publications/2004/87-7614-233-7/pdf/87-

7614-234-5.PDF. 

Wender, B.A., R.W. Foley, D.H. Guston, T.P. Seager, and A. Wiek. 2012. “Anticipatory 

Governance and Anticipatory Life Cycle Assessment of Single Wall Carbon Nanotube 

Anode Lithium Ion Batteries.” Nanotechnology Law and Business 9 (3): 201–16. 

Wender, Ben A., Rider W. Foley, Troy A. Hottle, Jathan Sadowski, Valentina Prado-Lopez, 

Daniel A. Eisenberg, Lise Laurin, and Thomas P. Seager. 2014. “Anticipatory Life-

Cycle Assessment for Responsible Research and Innovation.” Journal of Responsible 

Innovation 1 (2): 200–207. doi:10.1080/23299460.2014.920121. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 



39 
 

Wender, Ben A., Rider W. Foley, Valentina Prado-Lopez, Dwarakanath Ravikumar, Daniel 

A. Eisenberg, Troy A. Hottle, Jathan Sadowski, et al. 2014. “Illustrating Anticipatory 

Life Cycle Assessment for Emerging Photovoltaic Technologies.” Environmental 

Science & Technology 48 (18): 10531–38. doi:10.1021/es5016923. 

World Commission on Environment and Development. 1987. Our Common Future. Oxford: 

Oxford University Press. 

Wu, Ruqun, Dan Yang, and Jiquan Chen. 2014. “Social Life Cycle Assessment Revisited.” 

Sustainability 6 (7): 4200–4226. doi:10.3390/su6074200. 

 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

xe
te

r]
 a

t 0
4:

42
 2

1 
A

pr
il 

20
16

 




