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Abstract

Considering its potential impacts on development, biobased industries require to be assessed according to the
positive and negative effects they can bring to the society. Typically, the implications of biobased industries are
considered in terms of economic, environmental and technical indices while social factors are usually neglected
in the majority of impact assessments. This is mainly due to the fact that social issues are not easy to be
quantitatively analyzed, measured and monitored. Indeed, the following issues need to be addressed: (i) how
the social dimension is understood from different stakeholders’ perspective; (ii) how the social pillar can be
properly integrated into sustainability evaluation methodologies which are mainly focused on environmental
performance and (techno)-economic assessments of biobased industries. This review paper aims to answer
these questions firstly through identifying the main social impacts and indicators of the biobased industries at
local level in order to find an answer for the second question by analyzing and comparing the current
methodologies for assessing social impacts in bio-industries. These methods mainly include Social Impact
Assessment (SIA), Socio-economic Impacts Assessment (SEIA) and Social Life Cycle Analysis (SLCA). The
latter, although is in its early steps of development, has been considered to have substantially promising
methodological attributes for bio-industries’ social sustainability assessment. Although ongoing research tackles
the incorporation of the environmental dimension into extended techno-economic assessments, no integration
of the social pillar into such assessments has been made. Given that, this review focuses on the social
dimension for integrated sustainability assessments of biobased industries to assess the main social impacts
resulting from each operation or from the bioenergy sector. The current review focuses on the importance of
social sustainability indicators and evaluation techniques. By discussing the methodologies for evaluating social
impacts, a systemic methodology for assessing and integrating the social dimension into the sustainability
assessments of bio-industries is developed, considering the four main iterative steps of an SLCA framework and
three useful SLCA-based approaches including Product Social Impact Assessment; Prosuite and the UNEP
SETAC Guidelines for SLCA of Products. It is concluded that the term systemic analysis implies that the whole
approach needs the capacity to understand different subsystems and relations between them. Accordingly, the
systemic assessment of biobased technologies should simultaneously include technological, economic, social
and environmental dimensions. The result of this study identifies social impacts in the bio-economy and
particularly highlight the importance of considering social issues in biobased industries’ design and innovation.

1 Introduction

Biobased products are products that are entirely or in some parts extracted from biomass WhICh may have been
converted to a biobased product through some chemical, physical or biological processes Biobased industry
has assisted Europe to meet the target of an actual sustainable economy considering |ts contribution in a total
employment of 520,000 direct and indirect jobs and a yearly turnover of around €78 billion®. Therefore, biobased
product supply chains (Fig. 1), can play a critical role in turning the economy of Europe into a biobased
economy. Given that, sustainability evaluation approaches that examine economic, environmental, and social
impacts are required for the biobased industries® as there are numerous concerns with regard to the
environmental (such as biodiversity, soil, water and air quality), social (such as labour and human rights, health
issues, food safety) and economic (such as local welfare, job creation) impacts of producing biomass at large
scales.
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Fig 1. Schematic overview of a general biobased product value chain.

The majority of the existing models assess the economic impacts of biomass supply chains**® and

environmental aspect of bio- mdustry 8910 15 contrast to the environmental and economic pillars of sustainability
evaluations of the bio-industry, the somal assessment yet lacks a comprehensive agreement on sufficient
indicators or a consistent methodology Since the clear distinction between social and economic impacts of a
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biobased project is not possible and such an analysis would present an incomplete result'>", socio-economic

indicators are considered in this study to be applied on a supply chain of bio-industry. Accordingly, there is a
lack of social(economic) data regarding the use of biomass for bioproducts that mainly considers environmental
dimensions™°. Although some efforts have been made to integrate social dimensions into sustainability
assessment of bio-industries'®'""®"°, there is no consensus on a standardized methodology to evaluate the
impact of a process or a product on local and regional levels. Moreover, most of the social elements that are
utilized so far are qualitative and thus not so easy to embed in the sustainability assessment’s tools. Therefore,
there is a need for developing an approach to integrate social aspect into sustainability assessment of biobased
industries to be sure that the technology development is sustainable and can contribute to the consistency of
the industry and society. This study provides a review study on the existing methods and tools for assessing the
social impacts of the biobased industries. Moreover, based on the current methodologies, this study aims to
come up with a systemic approach for social impact assessment of the biobased industries in order to
incorporate it into sustainability assessments.

2 Currently available approaches and methodologies for social impact assessment of
bio-industry supply chains

Various evaluation methods have been developed to measure the social impacts of projects, programs and
policies. As Valente® et al. stated, it is quite challenging to define social sustainability since its meaning is not
obvious. In general, according to Black®', social sustainability is “the extent to which social values, social
identities, social relationships and social institutions can continue into the future”. According to the literature, the
main approaches related to the social sustainability assessment of bio-industries include Social Impact
Assessment (SIA), Socio-economic Impacts Assessment (SEIA) and Social Life Cycle Analysis (SLCA). SIA
provides knowledge regarding the social aspects of an implement, into the designing, decision-making and
management procedure related to that implementationzz. It is worth to mention that SIA is a principally
qualitative approach which is not easy to be completely precise or predictive, particularly because it depends on
the fairness of the practitioner and the experience and knowledge or commitment of the involved stakeholders in
telling the truth®®. Besides, the definitions of the SIA and those of SEIA can be compared as both approaches
have a lot in common in a way that both assessment types are mixed at some points. However, a clear
difference is that in a suitable SEIA both economic and social impacts are investigated. According to
Mackenzie®, the SEIA is the systematic analysis to identify and evaluate the potential socio-economic and
cultural impacts of a proposed development of biofuel/bioproduct conversion chains on the local well-being, their
families’ lives and their communities as a whole. In comparison with the other two mentioned approaches, SLCA
provides a more comprehensive picture of the product life cycle, encompassing multiple value chains in its
evaluation. Nowadays, there is a growing interest to expand SLCA approaches in bio-industry researches®**%.
An important reason of such growing interest for applying SLCA is related to the difference in scope and level of
the social impact addressed by SLCA since it uses data collected at company and process levels through
considering the entire product life cyclezs. Thus, SLCA provides the possibility to evaluate a wide range of
socio(economic) effects in a systematic context within the life cycle of bio-industries, however, enhancements in
methodological approaches are needed?.

The same four main iterative stages of the life cycle assessment (LCA) procedure is followed in SLCA based on
which various evaluation tools have been developed in order to quantify the socio(economic) impacts of
bioprojects. Two important tools include: Prospective Sustainability Assessment of Technologies
(Prosuite3°) aimed to introduce a large LCA framework, considering the three aspects of sustainability:
environmental, economic, and social and the Product Social Impact Assessment’’ which is a quantitative
methodology designed to evaluate the social impacts of a product on stakeholder groups involved throughout
the life cycle of the product. In the following section, this review utilizes a common assessment SLCA framework
and the two mentioned SLCA methodologies for identifying indicators and assessment of social impacts through
the whole life cycle in order to develop a new comprehensive tool that can be used to estimate socio-economic
impacts of bio systems for the production of bioenergy and bioproducts and to integrate them into sustainability
framework for bio-industries.

3 Towards the development of a systemic assessment approach for social impacts
and its integration into sustainability assessment of biobased industries

Figure 2 shows the proposed Socio(economic) impact assessment framework developed based on the four
general Ehases of SLCA taking three SLCA-based approaches including;2 Product Social Impact Assessment’’;
Prosuite® and the UNEP SETAC Guidelines for SLCA of Products™ into consideration. At the end, the
integration of social aspects into overall sustainability assessment was proposed via Multi Criteria Analysis
(MCA). Recommendations provided by corporate level standards® ** for life cycle assessment were also
considered for the development of different steps of the proposed framework.
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Fig 2. The proposed socio(economic) impact assessment framework & its integration into overall sustainability
assessment

As the figure shows, the main part of SLCA approach are the impact categories which in our case comprise
social and socio-economic impacts of bio industry supply chains, and are associated to particular stakeholder
groups , throughout the life cycle of the bio-industry. After the first stage, for inventory analysis, in order to
effectlvely quantify and evaluate the socioeconomic attributes of bio-industry options, the proposed framework
in this study uses Materiality test®® for identifying the relevant impact categories and performance indicators
through presenting a comprehensive and universal set of indicators already existing in I|terature to the
stakeholders identified to be involved in the bio-industry under consideration (see ESMAP® et al.) for the
potential stakeholder groups for biofuel projects). Among the available frameworks, the Global Bioenergy
Partnershrp (GBEP) the EU funded Global-Bio-Pact pro;ect and Oak Ridge National Laboratory (ORNL) by
Dale® et al (2013) specrﬁcally focused on the biobased and b|oenergy sectors These frameworks along with
other international references and case studies (e.g., Carrera and Mack*® who reviewed literature from the last
twenty years and looked for proper parameters for the assessment of social impacts of energy systems and van
Dam®*' (2010) who introduced a list of socio-economic impacts related to biomass production), offer a set of
socio-economic sustainability criteria and indicators for biomass production chains to cover the entire
biofuel/biomass/bioproduct life cycle.

The materiality analysis is conducted via four main steps including (i) identification of social topics and
respective performance indicators; (ii) their prioritization; (iii) their alignment with available time and resources
and (iv) checking their validation to see whether the social (economic) topics and indicators selections made in
the prior steps are stable and reliable, and if not, modify (Fontes, 2016). Afterwards, data will be collected either
through quantitative or scale-based approaches proposed by the Product Social Impact Assessment
methodology and the quality of data will be examined using Prosuite matrix>. In the third stage, the impact
assessment will be conducted through weighting the impacts via stakeholder scores and performance indicators
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scores to finally come up with the overall socio(economic) impacts score of the bio product. Sensitivity analysis
also can be performed during the evaluation process and at the end of the sustainability assessment to provide
a better insight about the significance of the impact of the assumptions for a specific case study.

Finally, the socio(economic) score needs to be integrated into the sustainability approach for bio-industries.
Nowadays, there is a wide range of various methodologies conducted to integrate socio-economic impacts in
the overall assessment framework of bio-industry use. A commonly applied methodology is the MCA, which has
been broadly utilized in the bioenergy associated fields over the past 15 years*’. For example, Elghali* et al
conducted a case study on UK bioenergy systems using the Multi-attribute utility (MAU) method as an Multi
Criteria Decision Analysis (MCDA) tool. Furthermore, several studies present technology assessment of clean
energy technologies applying the Analytic Hierarchy Process (AHP)44’45. AHP is also combined with other
methods, for example Antunes® et al used AHP in combination with Social Multi-criteria Analysis principles to
make a comparison between irrigation technologies in Portugal. Moreover, Halog and Manik*’ suggested a
comprehensive framework applying life cycle thinking methods including LCA, LCC, and SLCA; AHP and
dynamic system modelling for sustainable assessment of biofuels supply chain. In this regards, Prosuite®®
provides a comprehensive review on the application of MCA-tools for the sustainability assessment of
technologies for environmental, economic, and social indicators. Accordingly, in the suggested framework here,
aggregation for the total sustainability assessment can be done through the appropriate MCA-tools considering
the scopes and goals of the impact assessment for the case under consideration.

4 Conclusions

By supporting the assessment of social(economic) performance of bio-industries, this review can assist these
industries to achieve more clarity on the social impacts of their products. We believe that the proposed social
impact assessment framework and its integration to sustainability assessment can become the basis for
innovation technologies management to consider social(economic) life cycle sustainability assessment of bio-
systems at various organization levels.

3 References

1. The European Committee for Standardization (CEN), 2014. European standards supporting the market
for bio-based products. CEN — European Committee for Standardization, Brussels, Belgium.

2. Salimbeni, A. 2015. Half a million jobs, €78 billion per year: The socio-economic impact of the European
Bio-based Industry. EUBIA, Belgium. http://bioenergy-nw.eu/socio-economic-impact-of-european-bio-
based-industry/#.Vr2oZDa Nok, Viewed March 2016.

3. Kruse, S.A, Flysjo, A., Kasperczyk, N., and Scholz, A.J. 2009. Socioeconomic indicators as a
complement to life cycle Assessment an application to salmon production systems. Int J Life Cycle
Assess, 14:8—-18. doi: 10.1007/s11367-008-0040-x

4. Bowling, I.M., Maria Ponce-Ortega, J., and El-Halwagi, M.M. 2011. Facility location and supply chain
optimization for a biorefinery. Industrial & Engineering Chemistry Research, 50(10), 6276- 6286.
doi:10.1021/ie101921y

5. Krishnahumar, P., and lleleji, K.E. 2010. A comparative analysis of the economics and logistics
requirements of different biomass feedstock types and forms for ethanol production. Applied Eng. in
Agric. 26(5), 899-907.

6. Carolan, J.E., Joshi, S.V., and Dale, B.E. 2007. Technical and financial feasibility analysis of distributed
bioprocessing using regional biomass pre-processing centers. Journal of Agricultural and Food
Industrial Organization, 5(2).

7. Mu, D., Min, M., Krohn B., Mullins, K.A., Ruan R., and Hill, J. 2014. Life cycle environmental impacts of
wastewater-based algal biofuels. Environmental science & technology, 48, 11696—-704.

8. Grierson, S., and Strezov, V. 2012. Life Cycle Assessment of the Microalgae Biofuel Value Chain: A
critical review of existing studies. BIONATURE 2012: The Third International Conference on
Bioenvironment, Biodiversity and Renewable Energies. 2012. p. 6.

9. Clarens, AF., Nassau, H., Resurreccion, E.P., White, MA., and Colosi LM. 2011. Environmental
impacts of algae-derived biodiesel and bioelectricity for transportation. Environmental science &
technology, 45, 7554-60.

10. Agusdinata, D.B., Zhao, F., lleleji, K., DeLaurentis, D. 2011. Life cycle assessment of potential biojet
fuel production in the United States. Environmental science & technology, 45, 9133-43.

11. Geibler, J.V., Walbaum, H., and Liedke, C. 2006. Development of Sustainable Bioprocesses: Modelling
and Assessment, John Wiley & Sons, Ltd: Chichester, UK, pp: 82—113.

12. Kulshreshtha, S., McConkey, B.G., Liu, T.T., Dyer, J. A., Vergé, X.P.C., and Desjardins, R.L. 2011.
Biobased Economy — Sustainable Use of Agricultural Resources. doi: 10.5772/19989. In Environmental
Impact of Biofuels. Edit. dos Santos Bernardes, M.A. ISBN 978-953-307-479-5.

13. Domac, J., Richards, K., et al. 2005. Socio-economic drivers in implementing bioenergy projects.

4




Submitted communication — SLCA 2016 — June 2016 — Cambridge (USA)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.
37.

Biomass and Bioenergy, 28 (2), 97-106.

Global-Bio-Pact. 2013. Global-Bio-Pact Global Assessment of Biomass and Bioproduct Impacts on
Socio-economics and Sustainability. FP7 EU funded project. http://www.globalbiopact.eu/. Accessed
September 2014.

European Union. 2016. Final Report - GLOBAL-BIO-PACT (Global Assessment of Biomass and
Bioproduct Impacts on Socio-economics and Sustainability). Project reference: 245085, Funded under:
FP7-KBBE. http://cordis.europa.eu/publication/rcn/16662 en.html, Viewed at March 2016.

Sujatha Raman, Alison Mohr, Richard Helliwell, Barbara Ribeiro, Orla Shortall, Robert Smith, Kate
Millar. 2015. Integrating social and value dimensions into sustainability assessment of lignocellulosic
biofuels. Biomass and Bioenergy, 82, 49-62.

Santoyo-Castelazo, E., and Azapagic, A. 2014. Sustainability assessment of energy systems:
integrating environmental, economic and social aspects. Journal of Cleaner Production, 80, 1, 119-138.
Zhang, Y., White, M.A., and Colosi, L.M. 2013. Environmental and economic assessment of integrated
systems for dairy manure treatment coupled with algae bioenergy production. Bioresource technology.
130, 486-94.

Weidema, B. 2006. The integration of economic and social aspects in life cycle impact assessment. Int
J Life Cycle Assess 11(Special Issue 1), 89-96.

Valente, C., Modahl, I.S., and Askham, C. 2013. Method development for Life Cycle Sustainability
Assessment (LCSA) of New Norwegian Biorefinery, Ostfold Research, ISBN 978-82-7520-711-9.

Black, A. 2004. The quest for sustainable, healthy communities. Effective Sustainability Education
Conference, NSW Council on Environmental Education, UNSW, Sydney, 18-20, February, 2004.
Joyce, S.A., and MacFarlane, M. 2002. Social Impact Assessment in the Mining Industry: Current
Situation and Future Directions. The International Institute for Environment and Development (lIED) and
the World Business Council for Sustainable Development (WBCSD). England. December 2001, No. 46.
Tiwari, S., Harrison, J.A., and von Maltiz, G .2010. Chapter 6 Assessing Social Impacts of Bioenergy
Projects. pp. 119-147. In Amezaga, J. M., G. von Maltitz and S. Boyes (edits.). 2010, “Assessing the
Sustainability of Bioenergy Projects in Developing Countries: A framework for policy evaluation”,
Newcastle University, 179 p.

Mackenzie. 2007. Issues and recommendations for social and economic impact assessment in the
Mackanzie Valley. Yellowknife, Canada, Mackenzie Valley Environmental Impact Review Board.
http://www.reviewboard.ca/upload/ref library/SEIA paper.pdf.

Hunkeler, D. 2006. Societal LCA methodology and case study. Int J Life Cycle Assess, 11(6), 371-382.
Jagrgensen, A., Le Bocq, A., Nazarkina, L., and Hauschild, M. 2008. Methodologies for Social Life Cycle
Assessment. Int J LCA 13 (2) 96 — 103.

Macombe, C., Feschet, P., Garrabé, M., Loeillet, D. 2010. Reporting the social indicators to the
functional unit for food product. Theoretical contribution regarding the collection of relevant data. In: 7th
International Conference on Life Cycle Assessment in the Agri-Food Sector, 2010.

Benoit, C., Norris, G.A., Valdivia, S., Ciroth, A., Moberg, A., Bos, U., Prakash, S., Ugaya, C., and Beck,
T. 2010. The guidelines for social life cycle assessment of products: Just in time!l. International Journal
of Life Cycle Assessment, 15(2), 156 163.

Ekener-Petersen, E., Hoglund, J., Finnveden, G. 2014. Screening potential social impacts of fossil fuels
and biofuels for vehicles. Energy Policy, 73, 416-426.

Prosuite. 2013. Handbook on a novel methodology for the sustainability impact assessment of new
technologies. www.prosuite.org

Fontes, J et al. 2014. Handbook for product social impact assessment. Version 2.0 - September 2014.
PRé Sustainability Stationsplein, The Netherlands. More background information about the handbook
and the development process is available on www.product-social-impact-assessment.com/handbook,
viewed at march 2016.

UNEP-SETAC. 2010. Methodological Sheets for 31 Sub-categories of Impact — Draft for Consultation.
UNEP-SETAC Life Cycle Initiative, Available online:
http://Icinitiative.unep.fr/default.asp?site=Icinit&page_id=A8992620-AAAD-4B81- 9BAC-

A72AEA281CB9, viewed March 2016.

GRI. 2013. G4 Sustainability Reporting Guidelines Implementation Manual,
https://g4.globalreporting.org/introduction/how-to-use-guidelines/Pages/default.aspx, viewed March
2016.

International Organization for Standardization (2011). 1SO 26000 Social Responsibility.
http://www.iso.org/iso/iso_catalogue/management and leadership standards/social res
ponsibility.htm, viewed March 2016

Palme, U. 2011. Social aspects in work towards sustainable supply chains, TOSCA report. April 2011.
ESMAP., The World Bank., and ICMM. 2005. Community Development Toolkit. ISBN: 0-9549954- 3-0.
FAO. 2011. The Global Bioenergy Partnership (GBEP) Sustainability Indicators for Bioenergy. First
edition, December 2011. 223p.




Submitted communication — SLCA 2016 — June 2016 — Cambridge (USA)

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Diaz-Chavez, R.A., Rettenmaier, N., Rutz, D., and Janssen, R. 2012. Global-Bio-Pact set of selected
socio-economic sustainability criteria and indicators. WP8 — Task 8.2 — D8.2. October 2012.
www.globalbiopact.eu, viewed March 2016.

Dale, V.H., Efroymson, R.A., Kline, K.L., Langholtz, M.H., Leiby, P.N., Oladosu, G.A., Davis, M.R.,
Downing, M.E., and Hilliard. R.E. 2013. Indicators for assessing socioeconomic sustainability of
bioenergy systems: A short list of practical measures. Ecological Indicators, 26, 87-102.

Carrera, D.G., and Mack, A. 2010. Sustainability assessment of energy technologies via social
indicators: Results of a survey among European energy experts. Energy Policy, 38, 1030-1039.

Van Dam, J., Faaij, A., Rutz, D., and Janssen, R. 2010. Socio-economic impacts of biomass feed- stock
production, Global BioPact project. Utrecht: Utrecht University.

Buchholz, T., Rametsteiner, E., et al., 2009. Multi Criteria Analysis for bioenergy systems assessment.
Energy Policy 37, 484-495.

Elghali, L., Clift, R., Sinclair, P., Panoutsou, C., and Bauen, A. 2007. Developing a sustainability
framework for the assessment of bioenergy systems. Energy Policy, 35, 6075-6083.

Daim, T., Yates, D., Peng, Y., and Jimenez, B. 2009. Technology assessment for clean energy
technologies: The case of the Pacific Northwest. Technology in Society, 31, 232—4-243.

Nigim, K., Munier, N., and Green, J. 2004. Pre-feasibility MCDM tools to aid communities in prioritizing
local viable renewable energy sources. Renewable Energy, 29, 1775-1791.

Antunes, P., Karadzic, V., Santos, R., Bega, P., and Osann, A. 2011. Participatory multi-criteria analysis
of irrigation management alternatives: The case of Caia irrigation district, Portugal. International Journal
of Agricultural Sustainability, 9(2), 334-349.

Halog, A., and Manik, Y. 2011. Advancing Integrated Systems Modelling Framework for Life Cycle
Sustainability Assessment. Sustainability, 3, 469-499; doi:10.3390/su3020469

Prosuite, 2012. Approaches to integration in sustainability assessment of technologies. Lisbon, 01
February 2012. Report prepared within the EC 7" framework project.
http://www.prosuite.org/c/document library/get file?uuid=c378cd69-f785-40f2-b23e-
a2e676b939212&groupld=12772 , viewed March 2016.




