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Abstract 

In the debate on technological innovations, emerging technological opportunities e.g. in 

information and communication technology, biotechnology or nanotechnology are promoted 

as a key for achieving global sustainability. At the same time there is a growing body of 

evidence that evolving technologies do not automatically contribute to a sustainable 

development. Innovative concepts and methods are needed to assess and govern 

technology development considering the implications for global sustainability. This paper 

examines a participatory approach to developing a sectoral sustainability indicator set as 

means to govern technological innovations towards sustainability. The consideration of 

agendas and initiatives by international organisations as a basis for the development of 

criteria for sustainable technological development is presented in a case study: the 

development and practical application of social sustainability indicators for biotechnological 

production.  

First, the paper provides examples on how international organisations aim at promoting more 

sustainable technological development. Examples are given for major organisations such as 

the United Nations, European Commission, OECD, NGOs and financial institutions. Then the 

authors argue for the value of a sectoral indicator set as a crucial basis to monitor and 

promote a global change towards sustainability. The sectoral approach provides the 

opportunity for policy formulation and to engage corporate actors in voluntary activities on 

corporate social responsibility. Next, a methodology highlights how to consider these 

initiatives in the development of a sectoral sustainability indicator set. Experiences from 

applying the methodology in practice, where social sustainability indicators have been 

developed for the biotech sector and integrated in a software tool, will be presented. 

Conclusions will be drawn on the governance of new technologies towards a more 

sustainable development.  
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1 Introduction 

Sustainability is an emergent international norm (Lafferty, 1996) that merges ideas relating to 

the promotion of human welfare, the protection of the biosphere, the interests of future 

generations and public participation in environment and development decision-making. This 

norm is increasingly relevant for new technologies (NT), which have attracted widespread 

attention and funding in recent years and are believed by many to start the next industrial 

revolution.  

Currently technological developments, e.g. in Information and Communication Technology 

(ICT), biotechnology and nanotechnology, pick up momentum to an increasing degree and  

emerge in a number of markets. On the one hand, there are a number of arguments for the 

further promotion of those technologies, such as job creation potential, economic growth or 

contributions to sustainable development (e.g. OECD, 1998, UN Task Force on Science, 

Technology and Innovation, 2005). On the other hand, there is a growing body of evidence 

that they do not automatically contribute to a sustainable development (see e.g. Hilty et al. 

2003; Kuhndt et al., 2003; Loerincik, Suh and Jolliet, 2003; Wallbaum, 2004). Today’s 

technological innovations raise concerns about their possible risks (e.g. genetically modified 

plants may introduce new sources of allergens; ICT facilitates international crime or drug 

trade). Potential risks can be managed and their likelihood reduced through systematic 

scientific research, regulations and institutional capacity. When these capacities are of 

sufficient strength, it is more likely that technological change becomes a positive force for 

sustainable development (UN Task Force on Science, Technology and Innovation, 2005).  

In order to take full advantage of the sustainability opportunities locked within them, 

technological progress has to be provided with an appropriate direction. New policy 

approaches, concepts and practical tools are needed to govern technology development 

towards sustainability. Especially in early stages of technology design a large share of 

economic implications as well as environmental and social effects are determined, while at 

the same time information on sustainability implications is still limited (Geibler, Wallbaum and 

Liedtke, 2005). 

This paper addresses the question how international organisations can make new 

technological developments contribute to sustainable development, and thus ensuring long- 

term economic and societal benefits. Apart from highlighting initiatives of international 

organisations to promote more sustainable technological developments (Chapter 2), a 

methodology for indicator set development is presented, which allows operationalising the 

concept of sustainability to specific contexts drawing on the stakeholder concept (Chapter 3). 

The paper then describes the experiences of applying the methodology in a case study 

(Chapter 4). The case study addresses the development of an indicator set for the 

assessment of the social dimension of sustainability in the biotechnology industry following a 

participatory stakeholder approach, which includes international organisations. Furthermore, 

the integration of the indicator set with a practical software tool for use by companies in the 

early design phase is described. Finally, conclusions regarding the governance of technology 

development are drawn (Chapter 5).  
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2 International Organisations governing new technologies  

This section highlights the demand for governance of NT and points out examples how 

international organisations can promote a more sustainable technological development.  

2.1 Demand for governance of NT 

With the emergence of new technologies, different groups voice the need for their 

governance. Different reasons are given.  

One reason for the demand for more governance is rooted in the global dimension of 

technological development. Policy regulations by single national governments need to be 

enhanced considering the global spread of new technologies often pushed by trans-national 

corporations in the on-going process of globalisation. Over the past two decades, national 

governments throughout the world have stepped back from their traditional regulating roles: 

the governmental regulation concerning risk reduction on a global level being limited; 

privatisation programmes have seen the state withdraw from many sectors and there is now 

a widespread reluctance to intervene in society as much as in the past (Kuhndt et al., 2004). 

The result is higher expectations at governance at the international level. At the same time, 

the accelerating pace of globalisation has empowered corporations to influence 

developments often more effectively than national governments. This also applies to the 

development of new technologies. Consequently, innovative concepts and practical tools 

need to be developed to enable the technology industry to govern new technologies in a 

more sustainable way.  

Another reason links to the innovative character of new technologies. For some new 

technological developments no ethical norms have historically been established to judge 

technology application. For example the “cloning” has not been possible before and thus no 

related norms have been established or implemented in regulation, as the controversial 

discussions about the sheep “Dolly” have shown. From a civil society perspective there is 

fear that such innovations could get out of control. (European Commission, 2003)  

In the aftermath of the debate on genetically modified organisms it has become clear that in 

order to harness new technologies for economic and social benefit, the concerns expressed 

by consumers and other societal groups need to be addressed at an early stage of 

technology development. Governments, civil society and businesses are recommended to 

engage in an international dialogue on the social, ethical and environmental concerns to 

steer future innovations, avoid considerable time, frustration and unnecessary expenditures 

at later stages and ultimately ensure the long-term success of new technologies.  

With increasing complexity of the sustainability debate bringing issues such as poverty, 

gender, climate change, land use, waste management and resource flows, etc. on the 

agenda,1 questions about priorities arise: Which are priority issues to consider when 

governing new technologies? What are the most important actions needed? There is 

increasing recognition that international partnerships and networks among businesses, 

government and civil society organisations offer the possibility of specifying pressing social, 

economic and environmental challenges. The existing international initiatives can be a 

starting point to specify sustainability issues. Internationally shared use of specific skills, 

resources, capabilities, expertise and collaboration can provide both strategic solutions 

making use of the similarities between corporations within one technological sector and the 

potential to develop innovative and practical solutions in a more integrated manner.  

                                                
1
 See for example: The Millennium Development Goals (www.milleniumgoals.org) 
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2.2 International organisations addressing NT and sustainability 

Different international organisations put forward initiatives for a more sustainable 

development of new technologies. The most influential organisations for NT include: 

intergovernmental organisations and multi-stakeholder initiatives, financial institutions and 

NGOs.  

(Inter-)Governmental organisations and multi-stakeholder initiatives at the international 

level show a growing interest in the promotion of more sustainable technological 

developments.  

The Nanotechnologies and Nanoscience Action Plan for Europe (European Commission, 

2005) is a good example for the importance attributed to the consideration of societal and 

sustainability issues in the role out of new technologies by the European Commission. It 

includes respecting ethical principles and encouraging dialogue with citizens, addressing the 

environmental and consumer risks of nanotech-based products and providing favourable 

conditions for industrial innovations to ensure that research and development is translated 

into affordable and safe wealth-generating products and processes. An example for the 

Commission’s more concrete activities is the “Nanologue project” funded under the 6th 

Framework Programme. Nanologue aims at establishing an understanding on ethical, legal 

and social aspects (ELSA), i.e. benefits and potential impacts, of nanotechnologies and 

providing information and guidance to societal actors (Türk et al., 2005). The European 

Commission has also installed the European Group on Ethics in Science and New 

Technologies to advise the Commission on ethical aspects of science and NT in connection 

with the preparation and implementation of Community legislation or policies. It provides 

opinions about ethical issues such as: patenting inventions involving human stem cells or 

ICT implants in the human body.2  

On the international level, the United Nations is a key intergovernmental organisation 

addressing sustainability and NT. The UN Millennium Project aims at the effective application 

of science, technology and innovation to achieving the Millennium Development Goals. Its 

Task Force on Science, Technology and Innovation makes recommendations on the 

improvement of policies and institutions for science and technology as their effective 

utilization requires a process of accelerated innovation within governments, institutions of 

higher education, and business enterprises.3  

With regard to specific new technologies, there are also a number of activities supported by 

the United Nations. For ICT, the Global e-Sustainability Initiative (GeSI) - an initiative of ICT 

service providers and suppliers, with the support of the United Nations Environment 

Programme and International Telecommunication Union is one example. Within its Supply 

Chain Activities, GeSI explores ways for more effective management of social and 

environmental risks in supply chains of ICT. In 2004, the GeSI commissioned an 

independent study into best practice in CSR supply chain management amongst GeSI 

members in order to provide GeSI members with a harmonised online questionnaire facility 

that they can use with their suppliers.4 On the applicative side of ICT, GeSi also initiated a 

study “A Comprehensive Approach for Assessing Risks and Opportunities of the ICT sector 

                                                
2
 For more information on the European Group on Ethics in Science and New Technologies see: 

http://europa.eu.int/comm/european_group_ethics/index_en.htm 

3
 For more information on UN Task Force on Science, Technology and Innovation see: 

http://www.unmillenniumproject.org/who/task10.htm 

4
 For more information on the Global e-Sustainability Initiative see: www.gesi.org 
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and ICT applications”, which addressed the contributions of the ICT sector to the 

achievement of the Millennium Development Goals.5  

The Global Reporting Initiative (GRI) is an example of promoting accountability of NT 

corporations with respect to their sustainability performance. GRI is a multi-stakeholder 

process and independent institution whose mission is to develop and disseminate globally 

applicable Sustainability Reporting Guidelines. (GRI, 2000) In the Telecommunications 

Sector Supplement, released in 2003, the GRI provides guidance on how to report economic, 

environmental and social performance indicators for the telecommunications sector.6  

With respect to biotechnology and as example of a multinational agreement set up under the 

United Nations Convention on Biological Diversity, the Cartagena Protocol on Biosafety 

regulates international trade of living modified organisms. The protocol focuses on an 

appropriate level of protection in the field of the safe transfer, handling and use of living 

modified organisms resulting from modern biotechnology. It establishes an advance informed 

agreement (AIA) procedure for ensuring that countries are provided with the information 

necessary to make informed decisions before agreeing to the import of such organisms into 

their territory. The Protocol contains reference to a precautionary approach and reaffirms the 

precaution language in Principle 15 of the Rio Declaration on Environment and 

Development.7  

Financial institutions and insurance companies are increasingly considering 

sustainability in decisions about NT financing and insuring related risks. As a response to the 

“UNEP Statement by Financial Institutions on the Environment and Sustainable 

Development” (UNEP, 2000), an increasing number of financial institutions have developed 

or are developing investment funds with an ecological and/or social and/or ethical focus also 

addressing NT.  

An example is the UNEP Sustainable Energy Finance Initiative (SEFI), whose goal is to 

foster investment in sustainable energy projects and to catalyse public-private alliances that 

share the costs and lower the barriers to sustainable energy investment. Relevant for the 

energy depended ICT sector, it acts as an international platform providing financiers with 

tools, support, and global network needed to conceive and manage investments in the 

complex and rapidly changing marketplace for clean energy technologies (e.g. wind power, 

solar energy).8 Another example is Sustainable Asset Management (SAM). SAM does 

systematic research to identify successful companies that meet criteria of sustainability in 

their profiles. Hereby, SAM also considers NT sectors such biotechnology and 

telecommunication and their specific sustainability risks. According to the analyses carried 

out by SAM in 2004, Novozymes A/S from Denmark earned the leading position in the 

biotechnology industry for the third year in a row thanks to its outstanding performance in 

terms of sustainability.9 

Also multinational reinsurance companies do haven an impact on the development of 

technologies, as the active and early participation of various re-insureres in the debate on 

benefits and risks of Nanotechnology proves. The study of Munich Re „Nanotechnology – 

                                                
5
 For more information on see: www.wupperinst.org/download/3410-summary.pdf 

6
 For more information on the GRI Telecommunications Sector Supplement see: www.globalreporting.org 

7
 For more information on UN Convention on Biological Diversity, the Cartagena Protocol on Biosafety see: www.biodiv.org 

8
 For more information on UNEP Sustainable Energy Finance Initiative see: http://www.sefi.unep.org/ 

9
 For more information on Sustainable Asset Management see: http://www.sam-group.com/htmld/main.cfm 
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What is in store for us?” (Schmid, 2002) provides an overview of the safety concerns related 

to nanotechnologies and how these can be described on the basis of the current state of the 

art. The report concludes that the risks of nanotechnologies lie in our ability to control it. At 

this stage insurances cannot provide accurate answers to the nano risk problem. Risk 

management tools designed to prevent and reduce losses need to be developed instead, so 

that the third-party liability insurer covers only the residual risk. “However, what is even more 

important is to establish an ongoing dialogue between insurers and the manufacturers and 

consumers of nanotechnical products and procedures, so as to reduce the risk for all 

concerned”. Also the Swiss Re provides information in a report from 2004 „Nanotechnology - 

Small matter, many unknowns.“ (Hett, 2004) and warns that uncertainty about risks from 

nanotoxicity and nanopollution means there is insufficient information to offer insurance to 

the industry. As further example what insurance company can do is cooperating with 

international organisations. The insurance company “Allianz” cooperated with the OECD 

International Futures Programme and provided a report on nanotechnology „Small sizes that 

matter: Opportunities and risks of Nanotechnologies (Allianz and OECD, 2004). 

Non-governmental organisations (NGOs) address technological developments directly by 

targeting NT business or indirectly by influencing other relevant stakeholders of industry, 

such as mass media to reach customers of companies. Hereby, NGOs take cooperative or 

conflicting approaches towards technological developments as the following examples 

highlight.  

World Wildlife Fund (WWF) together with European Telecommunications Network Operators’ 

Association (ETNO) has established a joint initiative “Saving the climate in the speed of light” 

looking for a strategy for the reduction of CO2 emissions in Europe by means of ICT 

application: video-conferencing, audio-conference calls, flexi-work, online billing, web-based 

tax-return. (WWF and ETNO, 2004) The initiative provides good coordination of actions 

among the stakeholders involved but also policy enhancement.  

Initiated by Greenpeace, a Shopping Guide to GM-free food helps consumers to choose 

‘food without genetic engineering’. Addressing the lack of labelling in many countries 

Greenpeace publishes guidebooks on specific groups of food in which consumers can find 

useful information on the risks resulting from using biotechnology and advice on how to avoid 

them (a list of un-/healthy food products).10 As a consequence, in Germany alone over 400 

companies declared non-use of genetic engineering in their products.11  

Another Greenpeace´s initiative is “Environmental Trust: Future technologies, Today’s 

Choices. Nanotechnology”: a report that provides a balanced review of the issues 

surrounding the developments in nanotechnology. (Greenpeace, 2003) It calls for immediate 

dialogue and a dramatic increase in research on the impact of nanotech on the environment 

and mammalian systems etc. The discussion here is set within the context of potential social 

and environmental risks.  

In summary, different international organisation demand and provide information on 

sustainability effects of new technological developments. In doing so international 

organisations can influence technological development in different sectors. The following 

table summarizes the above given examples (table 1).  

                                                
10 

For more information on Greenpeace’s Shopping Guide to GM-free food see: 
http://www.greenpeace.org.au/truefood/guide2.html 

11
 For more information on Greenpeace EinkaufsNetz in Germany see: 

http://de.einkaufsnetz.org/gentechnik/lebensmittel/10588.html 
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Table 1: Sectoral initiatives of international organisations and institutions promoting 

sustainable technology development in different sectors  

 Nanotechnology ICT Biotechnology 

Financial 

institutions 

• Allianz/OECD 
Report „Small sizes 
that matter: 
Opportunities and 
risks of 
Nanotechnologies” 

• Munich Re report 
„Nanotechnology – 
What is in store for 
us?” 

• Telecommunication 
sector rating for 
Dow Jones 
Sustainability 
Indexes 

• UNEP 

Sustainable 
Energy Finance 

Initiative 

• Biotechnology 
sector rating 
for Dow Jones 
Sustainability 
Indexes  

Intergovernmental 

and multi-

stakeholder 

organisations 

• Nanotechnologies 
and Nanoscience 
Action Plan for 
Europe   

• Nanologue project 

• European Group on 
Ethics in Science 
and New 
Technologies  

• Global e-
Sustainability 
Initiative: GeSI 
Supply Chain 
Activities and GeSI 
- MDG Study 

• United 
Nations: 
Cartagena 
Protocol on 
Biosafety  

 

NGOs 

• Greenpeace 
Environmental Trust 

• WWF/ETNO: 
Saving the climate 
in the speed of 
light  

• Greenpeace 
Shopping 
Guide to GM 
free food  

 

The review of international initiatives addressing NT and sustainability as well as related 

literature provides valuable insights regarding considerations to be taken into account when 

assessing NT and sustainability (adopted from Türk and Carvajal, 2005). 

• The uncertainties about sustainability effects of NT require a preventative approach. 

A thorough assessment of these effects should be conducted at early stage of 

technology development and not after its widespread diffusion. (Eversheim and 

Bortler, 1995, Tischner and Charter, 2001).  

• An integrated approach should be taken for the assessment of effects: All life-cycle 

phases of the technology’s existence, from raw-material extraction till the end-of-life 

treatment should be considered. Also a broad range of sustainability aspects should 

be considered, including environmental, social and ethical aspects.  

• Different levels of effects need to be addressed. First order or direct effects are 

created by the direct physical existence of a technology and the processes involved. 

Second order or indirect effects are created by its ongoing use and application while 

third order effects (or rebound effects) are aggregated effects of its broad application 

over a medium to long term time perspective. (Fichter, 2001, Kuhndt et al., 2003)  

The major part of NT development takes largely place without the consideration of 

sustainability criteria. There is still a lack of harmonised assessment criteria of sustainability 

effects of new technologies. (Carvajal, 2004) Making sustainability assessments a widely 

accepted, integral component of technology development is needed. 
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3 Sectoral indicator sets to govern new technologies 

This section will highlight the value of sectoral sustainability indicator sets for governing new 

technologies and present a methodology to develop a such an indicator set. 

3.1  The value of sectoral sustainability indicator sets  

Promoting sustainability of technological developments requires reliable information on what 

the opportunities and challenges of each technology are. To supply a reliable information 

base for decision making, the value of sectoral indicators has been recognised by business 

in non-technological sectors. (e.g. Kuhndt, Geibler and Liedtke, 2002).  

The business perspective reveals that companies and sectors increasingly recognise the 

value of a detailed and balanced information basis on sustainability. The advantages of an 

integrated approach to social, environmental and economic effects of corporate action have 

been shown in literature. (e.g. Hroch and Schaltegger, 2001, Figge et al., 2001). In that 

sense, sustainability performance information can be useful at different levels: It can support 

management at the operational level to evaluate and continuously improve its performance 

and progress in order to benefit from cost-saving potentials and to comply with the regulatory 

framework, at the tactical level to improve products and services, as well as at the strategic 

level to benchmark the company or sector against competitors or to give guidance on 

investment decisions.  

In this context, indicators and indicator sets can be used, as a communication tool, for target 

setting, for monitoring and steering performance, benchmarking or reporting to internal and 

external stakeholders. However, sustainability indicators differ among companies and 

sectors, thus complicating the search for them and their selection process. For example, an 

aluminium processing company has different sustainability effects than an SME in the 

service sector. On the other hand, the similarities between companies within a sector, e.g. 

their common process technologies and related impacts, common framework conditions and 

similar market positions, can be used to specify what sustainable development means for 

companies within this sector. Developing and promoting sustainability indicator sets for 

specific technologies is seen as driver to develop a critical mass of leading companies with 

improved sustainability performance.  

Recognising the need of decision-makers in business for a reliable information base of 

different aspects and considering this role of sectoral indicators as effective governance tools 

for new technologies, a methodology of developing an indicator set and its application in the 

biotech industry is presented below. 

3.2 Methodology for indicator set development 

One of the key challenges for the selection of sustainability indicators for sectors is the 

variety of different business characteristics. While it is tempting to presume that there could 

be one “universal” set of indicators that would apply to all sectors, in practice decision 

making groups have to distinguish between core and specific sustainability indicators. Core 

indicators are generally internationally agreed indicators. They relate to a global sustainability 

concern or value and they are relevant and meaningful to virtually all businesses. In contrast, 

specific indicators depend upon the specific nature of a business.  

Since theoretical concepts like sustainability are too abstract and broadly formulated to 

directly define indicators to measure them, it is necessary to specify their content first. For 

this purpose, a method called concept-specification or dimensional analysis can be used 

(see figure 1). This method has been developed by the social sciences and can be used to 
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break down the concept of sustainable development into dimensions, categories and 

aspects. (see e.g. Kuhndt, Geibler and Eckermann, 2002).  

 

Sustainable
Development

Theoretical
Concept Dimensions Categories Aspects Indicators

Content of the concept

 

Figure 1: Concept specification for sustainable development. 
(adopted from Köhler, 1987, p. 85) 

The identification of relevant dimensions, categories, aspects and indicators helps to 

understand a sector’s main sustainability issues by “drawing a picture” of the sector-specific 

sustainability context. The two-step approach for concept specification suggests as a first 

step the splitting of theoretical construct in descriptive dimensions, which are further 

specified into more detailed categories and aspects. This first step is based on the 

consideration of internal and external stakeholder expectations including international 

organisations. The second step, the selection of indicators, aiming to enable the “condensed 

representation of something more complex” (Persson, 2001). The indicators make qualitative 

performance observable for internal as well as external stakeholders (De Colle and Gonella, 

2002).  

The identification of key aspects is based on subjective viewpoints and thus involves the 

risk that relevant issues are not included, which might lead to a loss of information or 

irrelevant issues being taken into account without any information gain. (Rennings, 1994, 

144; Fürtjes, 1982, 38) To minimise those risks and to assure the selection of key aspects, a 

systematic approach has been developed, which includes the following issues: a 

sustainability agendas review and a consideration of stakeholder expectations. 

Different sustainability agendas have been set up at national and international level. A review 

of those agendas is an useful input for sector-specific stakeholder consultations as it 

provides information to the questions what the stakeholders’ demands on companies and 

whole business sectors towards sustainable development are. These could be, for example, 

sustainability reports by the sustainability pioneers within the sector, risk evaluations for the 

main product groups or scientific sector-specific information. The review of sustainability 

agendas provides an overview of the broader sustainability debate and the sector specific 

issues. To cover supply chain responsibility and product stewardship, it is beneficial to apply 

a life-cycle-wide approach. The outcome of the analysis is specific categories and aspects 

related to the different dimensions of sustainability. The results from the agenda review and 
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the focus area analysis serve as essential input for the consideration of expectations by 

internal and external stakeholders.  

Stakeholder consideration starts with an analysis of the organizational environment. 

According to stakeholder theory, societal actors have different forms of relationships with 

many constituent groups (“stakeholders”) that affect and are affected by its decisions 

(Freeman, 1984). The interests of the (legitimate) stakeholders have intrinsic value 

(Clarkson, 1995; Donaldson and Preston, 1995). Descriptive, instrumental, and normative 

approaches to stakeholder theory have – despite the different underlying rationales – the 

common assumption that corporations can profit from a mutual relationship with stakeholders 

(Geibler et al. 2004). Depending on different scholars, rewards may be of instrumental or of 

moral value (Jones and Wicks, 1999). From a strategic perspective stakeholders can 

influence the fate of an organisation due to their ability to support or penalize certain actions 

(Gibson, 2000).  

Following a general accepted format, stakeholder groups are identified, distinctions are 

drawn between internal and external stakeholders, the two being separated by the 

boundaries of the firm. (Schaltegger, 1996, 5) For each stakeholder group, the core 

sustainability issues and level of influence is assessed. The influence has to be seen in 

relation to the actual importance of the specific stakeholder for the issue at hand (Gibson, 

2000). This warrants a balanced and representative involvement of affected groups. 

Regarding the external stakeholder, international organisation play as outlined above a key 

role.  

The process of indicator selection should also consider relevant international initiatives, 

i.e. those initiatives which promote the standardisation and harmonisation of indicators, such 

the Global Reporting Initiative. From a first collection of existing indicators for the identified 

aspects, the selection of indicators takes place based on selection criteria that should be 

defined. Such criteria help to evaluate indicators and assure the selection of adequate 

indicators. Selection criteria are, for example, reliability, validity, relevance, 

comprehensibility, data availability, and reasonable cost for data gathering. The final 

indicator selection should then be pilot tested involving the potential users of the indicator 

set.  

4 Accounting for the social dimension of sustainability: The case 
of biotechnology  

This section presents the application of the above described methodology in the specific 

case of biotechnology and focuses on the social dimension of sustainability. The 

development of an indicator set and its integration into a practical software is described.12 

4.1 Biotechnology and social aspect of sustainability  

While the debate and accompanying research efforts covered the economical and 

environmental component of sustainability extensively and have reached broad consensus 

(Global Reporting Initiative, 2000, 2002), the social dimension has not attracted much 

attention. As a result, the work on indicators for social sustainability is still ongoing (see also 

                                                
12

 This task has been addressed by the research group “Sustainable Production and Consumption” at the Wuppertal Institute 
within the project “BioBeN: Assessing social sustainability of biotech products”, which is part of the “Sustainable Bioproduction” 

programme of the Federal Ministry for Development and Research (Grant number: 0312752E). Within a complementary project 
part the partner DECHEMA e.V. (Karl-Winnacker-Institut, Biotech process engineering workgroup) and its subcontractors 
(Johannes-Gutenberg-University Mainz (CMPP), University of Saarland (Technical Biochem, and ifu Hamburg GmbH) elaborate 

on the ecological and economical assessment of biotechnological productions and the programming of the software. Here only 
the social dimenstion is presented. For more information see Geibler et al. (2005) or www.sabento.de. 



 12

UNCSD, 2001; Schaltegger and Burrit, 2005; Geibler et al., 2005). First broad attempts to 

specify the social dimension of sustainability were undertaken by the Enquête Commission of 

the German parliament (1994), which identified three focal areas: 1. health protection, 2. 

securing social stability, and 3. securing the society’s functioning and ability to develop. 

However, specifically, for the biotech sector the relevant social aspects and indicators of 

sustainability have not yet been identified.  

At the international community, biotechnology has been recognized to be of exceptional 

importance for the sustainable and environmental friendly development in the Agenda 21 

agreement. The potential to contribute to the prevention, detection and removal of damages 

caused to the environment has been acknowledged in a number of publications (see e.g. 

Heiden et al., 2001, BMU, 2004, Task Force on Science, Technology and Innovation, 2005, 

OECD, 1998). Nevertheless, biotechnology is – especially in Europe – reason for ongoing 

controversial discussions, which involve numerous societal stakeholders. (European 

Commission, 2001, European Commission, 2002) Public concerns concentrate to a great 

extent on genetically modified organisms related to food and agriculture (European 

Commission, 2003, EGE, 2000, COMETH, 2001). The following table highlights examples of 

possible effects of biotechnological processes in a systemised way, distinguished three 

levels of effects.  

Table 1: Potential social effects of biotechnological processes and products.  

(Source: Geibler et al., 2005, 22) 

Effects Causes  Examples  

Technology 

development 

effects  

(direct effects)  

Effects caused by the development of 

biotechnological processes 

(upstreaming, product creation, 

downstreaming) 

• Risk of hazardous substance  

release  

• Contribution to education and 

training  

Application 

effects 

(indirect effects) 

Application of biotechnological 

Processes (raw material extraction, 

production, transport, use and end- 

of-life) 

• Change in working conditions 

(Reduced health and safety 

protection measures for rost removal) 

• Health improvements through 

biotechnologically produced  

Hepatitis B serum  

• Contribution to food security  

Systemic  

effects  

Change of individual and collective 

life styles induced by biotechnological 

innovations, adoptions of work and 

consumption pattern  

• Cheaper and more accessible  

drugs  

• Promotion of sexual equality  

 

As the table highlights the effects can be positive and negative for the social dimension. It is 

also apparent how far reaching the effects of biotechnological effects can be.  

4.2 Considering stakeholder demands in the biotech sector 

Two surveys covering internal and external stakeholder demands have been conducted to 

identify significant social aspects of biotechnological production processes. The identified key 

social aspects and related indicators should enable the evaluation already in the research 

and development phase. An assessment at such early stages is of major importance as the 

majority of far-reaching decisions affecting the product’s costs and application throughout the 

lifespan will be made in this phase. 
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The interviews with internal stakeholders were conducted with six project partner 

representatives from the biotechnology sector. The interview design aimed at the 

identification of internal, meaning sector and organisation specific, views of the social 

dimension of sustainability. The interview addressed the existing knowledge and practical 

work on social issues, the degree of involvement in social activities as well as interrelations 

between organizational characteristics and social policies.  

The external stakeholder survey was designed on the basis of an extensive literature 

research, which incorporated numerous international and national sustainability agendas. It 

covered the contribution of biotechnology satisfying human needs as well as the relevance of 

social aspects in different life-cycle-phases as well as the central challenges and options for 

improvements in the social area. Participants of the survey where selected based on the 

stakeholder analysis and following the principle of completeness. The following groups were 

addressed: suppliers, customers, companies, unions, industry associations, NGOs, financial 

institutions, academia and research, regulatory and legislative bodies, intergovernmental 

bodies. A stakeholder survey under involvement of larger samples of citizens did not seem 

reasonable as public opinion is still evolving. The survey was mailed to 149 recipients, all 

members of the identified interest groups, with a response rate of reasonable 22 percent. 

Nearly all respondents indicated interest in the results and a future dialogue.  

An in-depth analysis of the obtained results from both surveys has been conducted to identify 

the relevant issues for the concept specification. The identified social issues have been 

grouped into eight aspects considering the indicated significance to the internal and external 

stakeholders. The classification of aspects has been lead by the criteria of coverage of 

significant issues as well as non-overlapping of aspects. Furthermore the classification 

considered existing classifications in the area of corporate sustainability accounting and 

reporting such as the standard for social accountability SA 8000 or the guidelines of the 

Global Reporting Initiative. The following eight aspects with significant relevance to the social 

impact of biotechnology have been identified:  

1. Health and safety 

2. Quality of working conditions 

3. Employment 

4. Education and training 

5. Knowledge management 

6. Innovation potential 

7. Product acceptance and societal benefit 

8. Societal dialogue 

The following section describes the developed indicator set covering these eight aspects of 

social sustainability.  

4.3 A set of social indicators  

The surveys highlighted the limited data availability in the biotech companies, especially 

regarding the technology application phase. While data availability regarding social impacts 

of the process development phase is often sufficient, knowledge regarding application phase 

impacts appeared to be limited and blurry, due to the fact that the applications of the 

developed processes concretise in the future. Thus, it should be differentiated between 

technology development and technology application in the set of social indicators.  
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For each of the eight aspects indicators have been identified, covering the two layers of 

evaluation, technology development and technology application (see table 3). For each 

aspect and layer of evaluation there are four indicators. The indicators for the technology 

application, which is less certain and might even be in the future, require lower levels of 

knowledge compared to the technology development phase.  

 

Table 3: Indicators used to describe and assess the different aspects of social sustainability. 

Aspect Indicators 

 Technology Development Technology Application 

Health and 
safety 

- Risk group for biological substances 

- Risk factors for health and safety 

- Voluntary health measures taken 

- Quality of health & safety management 

- Expected share of risk workplaces  

- Expected amounts of hazardous substances  

- Planned voluntary health measures  

- Voluntary health measures during usage 

Quality of 
working 
conditions 

- Working time arrangements 

- Degree of psychological demands 

- Share of women in leading positions 

- Measures taken to improve working 
conditions 

- Planned working time arrangements 

- Expected degree of psychological demands 

- Expected share of women in leading positions 

- Planned measures to improve working 
conditions 

Employment 

- Safeguarding of jobs 

- Job Creation Effects 

- Regions of Job Creation 

- Continuity of Job Creation 

- Expected Safeguarding of jobs 

- Expected Job Creation Effects 

- Possible Regions of Job Creation 

- Expected effects on related labour markets 

Education 
and training 

- Offered areas of employee training 

- Quality of human resource management 

- Identification of training needs 

- Consideration of employee expectations 

- Planned apprenticeships 

- Planned training activities  

- Identification of training needs 

- Consideration of employee expectations 

Knowledge 
management 

- Quality of personal knowledge exchange 

- Review of personal knowledge exchange 

- Information systems in use 

- Employee involvement in decision making 

- Planned personal knowledge exchange 

- Review of personal knowledge exchange 

- Planned information systems 

- Expected employee involvement  

Innovation 
potential 

- Existing commercial exploitation potential 

- Contribution to scientific debate  

- Management of patents & licences 

- Number and types of patents 

- Anticipated degree of innovation 

- Product readiness and marketability 

- Estimated market penetration 

- Expected number and types of patents 

Product 
acceptance 
and societal 
benefit 

- Client and stakeholder involvement  

- Use of genetic engineering methods 

- Social standards in supply chain 

- Contribution to societal benefits 

- Anticipated product acceptance 

- Planned use of genetic engineering methods 

- Social standards in supply chain 

- Contribution to societal benefits 

Societal 
dialogue 

- Voluntary reporting activities  

- Communication with local community  

- Stakeholder involvement in decision 
making 

- Engagement in political dialogue 

- Reporting channels planned 

- Planned communication with local 
community  

- Targeted dialogue partners 

- Measures planned to promote societal 
dialogue 



 15

4.4 Integration in a tailor-made software tool  

Within the project, the sectoral set of social Indicators has been integrated into a tailor-made 

software tool, called “sabento”.13 The development of the software aimed to consider the 

specific demands of the small and medium enterprises (SMEs) in the sector.  

The interviews with SMEs of the sector revealed the general need and potential demand for 

social indicators within biotechnological research and development. Furthermore, it turned 

out that most of the interviewed practioneers could be described as novices in the field of the 

social sustainability. This can be explained by the lack of resources to employ a specialist, 

the relative novelty of social accountability as well as the absence of accepted standards in 

this area. It became also apparent, that most of the organisations in the biotech sector are 

small and medium-sized enterprises with a strong research emphasis.  

The direct implications of these observations are that a practical tool addressing the social 

dimension of sustainability in this sector has to provide explanatory content and fulfil an 

educational purpose. Furthermore, the tool should appear as cost and time effective 

assessment method as well as easy to handle and understand with a high level of 

transparency regarding the assessment process and the results. The recognized widespread 

profound IT-skills among practioneers in the biotech sector advocate the development of a 

software tool that incorporates the above mentioned requirements.  

The assessment software developed during the project guides the user with an assistant 

through a step-by-step assessment procedure. Explanations are given for all areas as well 

as for the underlying assessment method to avoid misunderstandings and misleading 

interpretations of results as a consequence of lack of knowledge.  

For the assessment the software provides one question for each indicator. The answer is 

given by choosing from given answer choices. Thus, the responses allow to generate metrics 

for each indicator in a reasonable timeframe. A numerical value (0-3) is assigned to each 

indicator depending on the selected answer. As a result, each indicator can enter with the 

maximum value of 3 points into an aggregation, which ensures that each aspect is covered 

and weighted equally. Eventually the software generates a sum based on the given answers 

and calculates the resulting score for each aspect. The maximum score for each application 

phase is 96 points (resulting from 8 aspects, 4 indictors per aspect and a maximum of 3 

points per indicator, see figure 2).14 

                                                
13

 The software tool supports the modelling of biotechnological production processes in early stages of process development 

and enables the subsequent evaluation of environmental, economic and social aspects of sustainability. The software is 
prepared for the assessment of production with micro-organisms, cell cultures and enzymes. The tool “sabento” is being 
marketed by the project partner ifu Hamburg. For more information see www.sabento.de 

14
 The linear aggregation of the indicator values has been chosen as aggregation method with respect to the target group. For 

corporate practioneers transparency and simplicity of the aggregation method is crucial for the practical use of the software and 
its results. Due to their complexity alternative aggregation methods, such as fuzzy modelling, would be not suitable for the target 

group. To limit the risk of biased aggregation the indicator set has been constructed aiming at non-overlapping of social aspects. 
Furthermore, the results are presented in a disaggregated manner. 
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Social 

Dimension 

Dimension of

Sustainabilty

Content of Dimension

Aspects Indicators

Employment

Education and

Training

Health and 

Safety 

Quality of 

Working Conditions

Product Acceptance 

and Societal Benefit

Societal Dialogue

Knowledge 

Management

Innovation Potential

Technology Development                Technology Application

Estimated

Market Penetration

Existing Commercial 

Exploitation Potential 

Contribution to 

Scientific Debate

Management of 

Patents & Licences

Number and 

Type of Patents

Anticipated Degree of

Innovation

Product Readiness  

and Marketability

Expected Number and 

Type of Patents

3

3

3

3

3

3

3

3

max. number of points:    96

… …

5)

4)

6)

7)

8)

3)

2)

1)

Indicators for Assessment

max. number  of points:   96

 

Figure 2: Indicator set for the evaluation of social sustainability 

of biotechnological processes. Source: Geibler et al. (2005).  

The results of the evaluation are presented in a condensed graphical form using traffic light 

coloured symbols and a spider web diagram (see figure 3). Furthermore, a detailed text 

report is given presenting the single choices in the assessment process, the evaluation 

method as well as the results for each indicator, aspect and phase (process development 

and process application). In this way, the results are presented in a transparent way, can be 

used for external and internal stakeholder communication and can be integrated with existing 

assessment models.  
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Figure 3: Graphical illustration of the evaluation results in a 

spiderweb diagram (Source: Geibler et al. 2005, 66) 

By addressing the comprehensive selection of social aspects defined as critical by various 

relevant stakeholder groups, the results can show what aspects of social sustainability 

require more attention as they may include current or future risks or neglected opportunities 

for innovation. Used as inherent part of the research and development process, the software 

application can raise awareness among researchers and managers of important 

perspectives beyond their usual working focus. Thus, the software can assist the 

development of marketable biotechnological applications and support informed management 

decisions. This is of major importance as it significantly contributes to reducing the risk of 

long-term investment decisions. 

The prototype of the software has been tested in actual biotechnological research and 

development environment by two pilot partners of the project. Interviews have been 
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conducted to assess the practicability, relevance and benefits of the software. The interviews 

highlighted the high practicability of the software tool as well the completeness of the aspects 

covered. The interviews confirmed increased awareness towards aspects that were 

previously not regarded as being part of the company’s influence and responsibility. The 

analysis showed that the neglected aspects would have had a great potential of being 

negatively perceived by stakeholder groups with potentially harmful consequences for the 

company. The results were considered to be beneficial for internal and external 

communication, specifically in the area of financing and marketing.  

5 Conclusions 

Governance of new technologies goes well beyond traditional, state-centred policy-making 

due to the speed of technology diffusion as well as due to its global dimension. The paper 

points out that the sectoral initiatives by international organisations from government, civil 

society and financial institutions can influence technological developments at different levels. 

Beside the influence on the policy level, sectoral initiatives can involve business actors in 

policy implementation and enable corporate actors to play a public role while doing business 

on competitive markets.  

The paper has highlighted the consideration of international organisations and stakeholders 

to identify relevant fields of assessment and promote accountability for sustainability in new 

technology industries. Due to uncertainties with respect to emerging technology effects 

meaningful assessments of biotechnology and other evolving technologies should draw on 

the precautionary principle and start at early phases of technology development. This is of 

major importance since in this phase most cost (i.e. production costs, maintenance costs and 

end-of-life costs) as well as most of the environmental and social effects are determined.  

The paper has presented a methodology to identify sectoral sustainability indicators in a 

participatory approach and to govern emerging technologies in a more sustainable way. A 

case study addressing the social aspects of sustainability in the biotech sector highlighted an 

integrated approach addressing the process development and process application level. 

Addressing the implementation gap, the indicator set has been integrated with a practical 

software assessment application. Making the soft social dimension qualitative assessable, 

companies of the biotech sector get practical support for technological developments for the 

consideration of stakeholder demands. This reduces the risk of neglecting critical aspects of 

current or future relevance.  

The development of accounting tools such as the presented software application intends to 

promote continuous evaluation of social sustainable performance in combination with an 

ongoing stakeholder dialogue. Thereby, the tools can be considered as a first step towards a 

more comprehensive, quantitative incorporation of sustainability in the new technology 

sectors. The application of a singular assessment tool at the business level alone will not be 

sufficient for sustainable development in the biotech sector. Along with internal evaluation 

and reporting tools it is necessary to develop a responsibility-minded culture of organisational 

learning (Hartmann, Brentel and Rohn, 2005); a culture that enables companies to actively 

and productively harmonise their economic objectives and (social) sustainability 

requirements.  

The presented case study can be an impulse to further research activities in this field. The 

methodological approach used can well be transferred to other emerging technologies. This 

is particularly appropriate as far as the identification of adequate indicators and their 

systemic arrangement are concerned. Ultimately, this could lead to a transition from the 

present practices, focusing exclusively on the continuous performance improvement of 
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individual technologies, towards the emergence of sustainable technologies. The presented 

approach may appear challenging to implement on a broader scale, but it provides hints on 

how to broaden the monitoring and governance of technology development towards a more 

sustainable development. 
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