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Abstract 

This work concerns studies related to strategic development of products in which bio-based plastics are or will be applied, referred 
to as bio-based products. The studies cover (1) current and potential benefits of bio-based products in extended value chains 
including activities after end-of-life of products, (2) value communication between stakeholders in extended value chains, and (3) 
creating an integrated development approach for optimized bio-based products. Most existing models for value chains were found 
to be one-way single-flow models to which iterations and interactions have been added to obtain realistic representations of best 
practices. Interviews of thirteen professionals clarified some barriers between the current implementation of bio-based plastics and 
the ideal sustainable value chain fulfilment. The most noticeable barriers included trustful information sharing, information and 
knowledge gaps, sub-optimum application of bio-based plastics, and the need for facilitating product design. The main designers' 
needs are increased integrated literacy related to bio-based materials, eco-effeetiveness and a more effective communication 
competence in value chains. Based on all findings, six approaches of design tasks integration into value chains have been 
proposed. These approaches encourage designers to think and act widely across value chains and particularly help implement life 
cycle thinldng to achieve profitable sustainability. 
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1. Introduction 

A major sustainability objective is to achieve 
fully cyclic flows of all materials in societies. In the 
ideal situation there would be (1) no depletion of 
resources, at least not in time frames within human 
imagination, and (2) no creation of useless materials 
or material combmations, currently called waste. 
Achieving such a set of cyclic flows wil l be 
challenghig for some materials and material types. 
Mamtaining cyclic flows for several materials based 
on non-renewable resources is technically feasible; 
energy requirements and costs, however, may be 
prohibitive in many situations. 

Bio-based plastics are an emerging group of 
materials enablmg a unique combination of 
oppoitunities. The basic characteristic of bio-based 
materials is that they are based on resources that are 
renewable within time trames matching material 
needs and consumption. This characteristic does not 
apply to any fully synthetic or inorganic material. A 
sustainable balance between growth and consumption 
of resources requires responsible practices avoiding, 
for example, depletion of soil nutrients and 
interference with food production or food prices. 
Such interferences, accordmg to available documents, 
do not occur at present for bio-based plastics (Carus 
and Piotrowslcy, 2009), partly because of the low 
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volume of current markets. The use of non-food 
resources not requhing agricultural land is being 
addressed (Bioplastics Magazine, 2008a, 2008b; 
Femyhough, 2008; Verbeek and Van den Berg, 
2008). Such activities should result in sufficient 
alternative resources for large volumes of bio-based 
plastics so as not to disturb food availability and 
prices. Renewable resources can be used for unique 
plastics unavailable through oil-based routes, as well 
as for currently known plastics (Ball, 2006; Baumann, 
2007; Van Haveren and Schennink, 2007; Rosato, 
2007; Thielen, 2008; Urethanes Technology, 2007) 
and a broad material variety as for oil-based plastics 
is achievable. The current application potential of 
available bio-based plastics - still having less variety 
than oil-based plastics - is not fully utilized yet. The 
latter issue is among our research topics and results 
have been and w i l l be published elsewhere (Koster et 
al., 2008). 

Another issue that have been started to address 
is the set of strategic challenges associated with rapid 
and considerable growth of bio-based plastics 
applications hi the future, requiring economically 
competitive achievement of sustainability goals in the 
fu l l value chains. Historically, new plastics have 
required almost 10 years average from 
commercialization to adoption according to 
McICinsey studies (Weihe, 2009). This was because 
value chain barriers and technical deficiencies needed 
to be resolved. These were generally overcome by 
leammg to work with new materials' properties, and 
by improving materials, respectively. These studies 
refer to short-term developments needed before value 
chains themselves can be addressed with more 
strategic approaches. A basic advantage of bio-based 
plastics over oil-based ones is that the materials 
themselves, not considering energy consumption, do 
not contribute to additional greenhouse gas creation in 
the Earth's atmosphere. End-of-life issues for products 
are major strategic challenges, as is obvious for the 
current oil-based plastics. They wi l l be no less 
challenging for bio-based plastics. Several prmciples 
are technically feasible to give bio-based as well as 
oil-based plastics a usefiil destination after the end of 
a product life. These end-of-life scenarios are not 
always financially attractive as compared with the 
costs of generating waste in current societal contexts. 

Technical prhiciples and processes wil l need 
hnprovements and new ones may need to be 
developed. Such technical developments wi l l make 
most sense i f they wi l l become part of integrative 
value chain improvement, which may be an 
evolutionary development. A related fiiture-oriented 
vision is that product design should evolve into life 
cycle design, to contribute to more sustainable value 
chains. In an exploratory study (Koster, 2009), in 
which ten professionals were interviewed, it was 
found that bio-based plastics are expected to keep 
growing rapidly in the near flimre while remaining a 
niche market and primarily replacing oil-based 
plastics in existing products. It was also noted that 
market development has not kept up with material 

developments for bio-based plastics. These fmdings 
are obviously applicable to the time period in the 
quoted McKinsey studies in which short-term value 
chain barriers and technical deficiencies need to be 
resolved. The strategic challenges facing designers for 
a more long-term scenario beyond mere material 
replacement are the focus of the studies reported 
below. 

2. Method 

The key research questions within this work 
were: 

- what is or could be the value of bio-based 
plastics (in qualitative terms)? 

- what would be key requhements for value 
chains to best achieve the benefits of bio-based 
plastics? 

- How can designers best integrate their 
contribution into value chahis for maxunum value 
creation? 

The research questions were expanded into six 
categories of interview questions related to 
stakeholders' activities, forecasts and perception: 

1. current and future involvement in 
applications of bio-based plastics; 

2. business drivers for applying bio-based 
plastics; 

3. implementation of bio-based plastics 
applications in value chains; 

4. upstream and downstream relationship 
management within value chains; 

5. market communication approaches; 
6. near-future market opportunities. 

In-depth interviews based on these research 
questions were held with thirteen relevant 
stakeholders in The Netherlands, Belgium, Germany 
and Taiwan. These professionals are involved or 
consider getting involved in one of the following: (1) 
bio-based plastics production or other 
biotechnological activity, (2) bio-based plastics 
application, (3) studies or consultancy related to bio-
based plastics or biotechnological activities. Some of 
the applicators among them are also involved in the 
production or application of oil-based plastics. The 
core activities of the respondents' companies or 
institutes are: 

- bio-based plastics production or supply: 2; 
- product manufacturing: 3; 
- design and development: 4; 
- network platform (NGO): 1; 
- umovation and creativity consultancy: 2; 
- academic research: 1. 

3. Results and discussions 

3.1. Current and future involvement in application of 
bio-based plastics 

The current professional involvement of the 
respondents m bio-based plastics or their application 
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varies between veiy little (one of inany activities) to 
ftilltime. Bio-based plastics were considered by all as 
having good future potential, although many did not 
consider themselves sufficiently up-to-date yet to 
unagine more than material replacement. Regardmg 
their flimre involvement in bio-based plastics or theii-
application, most of the respondents who do not 
currently work on it full-time considered it difficuh to 
make a prediction other than stating that they wil l 
remain interested in fmding application opportunities. 

3.2. Business drivers for applying bio-based plastics 

All respondents are obviously capable in theh 
professional activities and explained them clearly. 
Nevertheless it mmed out to be challenging to 
objectively assess theh business drivers for applymg 
bio-based plastics. In a generic sense the reasons for 
adopting these materials are mainly market-driven or 
innovation-driven or both, mnovation being 
considered a necessity by all. "Green" positionmg in 
the market was perceived as an important company 
attribute expected by the market. Application of bio-
based plastics, no matter how limited yet, was 
reported as one of the responses to market 
expectations. 

3.3. Implementation of bio-based plastics applications 
in value chains 

The respondents reported several challenges 
for implementation of bio-based plastics in value 
chains. The need was seen to further optimize product 
manufacturing with these partially new materials, as 
weU as to conduct other experiments to expand the 
materials' application potential. The need for more 
creative application of bio-based plastics as well as 
unique designs was also mentioned. It was perceived 
that Society needs understanding and acceptance of 
the materials' qualitative values. The respondents 
assumed that ongoing material improvements wi l l 
lessen baiTiers for application. Resolving all these 
challenges was expected to facilitate a clearer value 
creation by bio-based plastics, an issue also relevant 
for relationship management within value chains. 

3.4. Upstream and downstream relationship 
management within vahte chains 

Regardmg relations within value chains, 
developmg profitable applications requhe mtense 
communication with Icnowledge sharmg, according to 
most respondents. A materials-related knowledge gap 
between material suppliers and downstream product 
manufacturers was mentioned. Because of 
uncertainties and the current limited scale of bio-
based plastics application, h was expected that 
process mnovation across the value chain wil l 
increase. A l l respondents have observed a basic 
willingness to share knowledge. Hesitance to share 
technological and market-related information, 
however, is commonly encountered, which was 

attributed to mcompletely developed value chains. 
Regarding trust building as well as infonnation 
sharing, personal meetings and contacts were 
identified as much more valuable than electronic and 
written communication. Well-known complex issues, 
as confirmed by the respondents, are life cycle 
analyses or other envhonmental characterizations. 
Working with these is time-consuming and learning 
experience is clearly needed. Simplified programs 
exist but are not broadly applied either, partly because 
additional knowledge is still needed before such a 
program can be usefully applied. A challenge in the 
current situation is that different stakeholders have 
different perspectives on economical, environmental, 
social and technical factors. 

3.5. Market commitnication approaches 

The respondents, except the materials 
suppliers, did not have market communication 
specific for apphcations of bio-based plastics. 
Specific green marketing would not make sense for 
them yet because of many uncertainties across value 
chains. These uncertamties were also considered 
challenges to be resolved before bio-based plasfics 
application can extend beyond packaging, the 
currently dominating field. Envhomnental aspects are 
generally not the most important factors in market 
communication, or may not even be included in it. 
The challenge is to convey appropriate environmental 
information and other benefits for bio-based plastics, 
while assuring product quality and proper pricing. 

3.6. Near-future market opportunities 

Regarding future market opportunities, the 
respondents forecasted higher profits by increased 
production volumes, better material quality and more 
variety. Better intangible material and product 
qualities were considered important factors for 
consumer satisfaction and brand loyalty, all of which 
would be beneficial for bio-based plastics 
applications i f envhomnental advantages wil l be 
achieved. More generally, process innovation across 
value chains was considered essential for enhancing 
envhonmental, social and economical sustainability. 

Involvement of customers would mcrease even 
more by havmg them participate m new product 
development activities. A l l respondents agreed that a 
larger role of the current design sector would 
facilitate development of bio-based plastics 
applications by increased response to all requirements 
of different stakeholders and customers 
simultaneously. 

4. Conclusions 

Regarding the sustainability objective of cyclic 
material flows, it is interesting to analyze value chain 
models m hterature. The benefits of such models are 
theh systematic description, reflectmg proven best 
practices or proposmg desired situations. The value 
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chain by Porter (Lehmann and Winer, 2005) is clearly 
a one-way single-flow model, not mtended to include 
cyclic material flows. The envhopreneurial value 
chain model (Hartman and Stafford, 1998) is 
represented as a cyclic model with a gap between 
post-use processing and the start of product 
development-related activities, making it essentially a 
linear single-flow model because it contains not even 
a proposal for the most challenging part of the value 
chain, i.e., end-of-life scenarios, and related 
professional involvement. 

The supply chain oriented model of materials 
flow (Tsoulfas and Pappis, 2006) goes a step further 
in including useful destinations for materials after end 
of product life. This model, however, is still 
represented in a one-way fashion. These analyses of 
value chain models combined with our results make 
us conclude that an integrative approach to achieve 
cyclic material flows and other life cycle optimization 
still need fiirther development and broad adoption. 

Most respondents, which have been 
interviewed in the research at hand, stated that life 
cycle optimization requires involvement of all 
stakeholders in a value chain. Most stakeholders need 
to become more familiar with such close cooperation. 
Building more trust is an obvious requirement noted 
by many respondents, similar to fmduigs from 
previous work on design support for applying 
innovative nano-structured materials and associated 
technologies (Koster et al., 2007). These combined 
findings make us conclude that trust-based close 
cooperation is a major requhement in creatively 
fmding appropriate applications for new materials and 
technologies beyond mere material replacement. 

Based on these conclusions, it is proposed six 
approaches of relevant design tasks: 

1. Create a shared platform whose content wi l l 
continually be kept up-to-date by users and experts, 
so it wi l l serve as an insphational knowledge base as 
well as contribute to avoiding knowledge gaps; 

2. Inhiate or broaden cooperation between all 
relevant experts and involved non-experts, to broaden 
everyone's view and facihtate stretchuig design limhs; 

3. Involve stakeholders and consumers as co-
designers, to maximize creative ideas and cultivate 
benefits of serendipity; 

4. Promote or reward sustainable life styles and 
product uses by objective and subjective product 
attributes; 

5. Emphasize all aspects of life cycle thinking 
contmuously across value chains and among 
consumers; 

6. Emphasize vakie creation and re-creation 
continuously and broadly, and develop an idiom to 
communicate effectively about non-quantifiable value 
creation. Such approaches should contribute to optimized 
life cycle design across value chains, for which we aim to 
provide proof of principle in future work. 

Acknowledgments 
The cooperation and contribution of the thirteen 
interviewees are gratefully aeknowledged. Since some of 

these valuable contributors preferred to remain anonymous, 
it had been decided not to reveal any names. The European 
Erasmus Life Long learning was gratefully used for student 
exchange between University College Ghent and Delft 
University. The work reported here is part of the MSc 
graduation research project of one of the authors (J.W. Lin), 
chaired and coached by the other authors. 

References 

Ball P., (2006), Plastics get fruity; Sugar can provide the 
raw materials for polystyrene. Nature Materials online 
edition. On line at: www.nature.com/materials/news 

Baumann M., (2007), PolymerPlace Notes, G.H. 
Associates, On line at: www.polymerplace.com 

Bioplastics Magazine, (2008a), PHA from switchgrass - a 
non-food-source alternative, Bioplastics Magazine, 5, 
36-37. 

Bioplastics Magazine, (2008b), Sustainable "zoom-zoom" 
with non food-based bioplastic, Bioplastics Magazine, 
5, 38-39. 

Carus M., Piotrowsky P., (2009), Land use for bioplastics, 
Bioplastics Magazine, 4, 46-49. 

Femyhough A., (2008), Bioplastic products from biomass 
waste streams, Bioplastics Magazine, 5, 32-35. 

Hartman C.L., Stafford E.R., (1998), Crafting 
"enviropreneurial" value chain strategies through green 
alliances, Business Horizons, 41, 62-72. 

Haveren van J., Schennink G., (2007), Biobased polyesters 
aiming at enhanced thermal and mechanical 
properties. Presentation at annual plastics fan*. 
Veldhoven, Netherlands 26 September, 2007. 

Koster R., (2009), Towards Quality Products from Bio-
Based Plastics, ANTEC 2009 - Proceedings of the 67* 
Annual Technical Conference & Exhibition, Chicago, 
IL, June 22- 24, Society of Plastics Engineers, 1216-
1221. 

Koster R., Cardon L., Gereels N., Moerman M., Ragaert K., 
Harten P. Van, (2008), The Bio-Molding Test Program 
- A Collaborative Activity of Industry and University, 
Proceedings of the PMI 2008 Conference, Ghent, 
Belgium, 17-19 September, 232-239. 

Koster R., Tüfek9ioglu E., Vlasveld D., (2007), Product 
Design Support for Nanocomposite Materials 
Application, ANTEC 2007 - Proceedings of the 65* 
Annual Technical Conference & Exhibition, Cincinatti, 
OH, May 6-11, Society of Plastics Engineers, 864-868. 

Lehmann D., Winer R.S., (2005), Competitor Analysis, 
Product Management, 4"" Edition, McGraw-Hill, 97-
138. 

Rosato D., (2007), Bioplastics technology and trends. On 
line at: www.omnexus.com. 

Thielen M., (2008), Bioplastics - die Zukunft? Presentation 
at Hausmesse - Ferromatik Milacron, Malterdingen, 
Gemiany, 10 June 2008. 

Tsoulfas G.T., Pappis CP., (2006), Environmental 
principles applicable to supply chains design and 
operation. Journal of Cleaner Production, 14, 1593-
1602. 

Urethanes Technology, (2007), Soya-based isocyanate 
alternatives coming? Urethanes Technology 
International, April/May 2007. 

Verbeek J., Berg van den L., (2008), Proteinous bioplastics 
from bloodmeal, Bioplastics Magazine, 5, 30-31. 

Weihe U., (2009), Biopolymers - Identifying and Capturing 
the Value, Worldbiofiiels Markets Congress and 
Exhibition, Bioplastics Forum, Bmssels, March 16. 

1080 


