University
' 7 VIto l ’ of Antwerp

e
B e ot
'ﬁ\: e
o~~

SUSTAINABILITY INDICATORS FOR

BIOBASED CHEMICALS: A DELPHI STUDY

Sophie Van Schoubroeck
icRS Beijing
28/06/2018

3 N |

>

UHASSELT




INTRODUCTION



CHEMICALS IN EUROPE

GREEN CHEMISTRY
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BIOBASED CHEMICALS

BIO-BASED
SUSTAINABLE

PRODUCTS AND
SOLUTIONS

- A systematic and interdisciplinary assessment approach is needed s
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ARTICLE INFO ABSTRACT

Keywords: Compani with chemical cope with of nd due
10 the use and production of toxic substances. Against this background, increasing attention is being paid o
“green chemistry” and the translation of this Given the economic,
environmental and societal impacts that the production and use of biobased chemicals have on sustainability,
assessment approaches need (o be developed that allow for measurement and comparison of these impacts. To
«uw:ummymmmormmmmmmm;mmamm
However, exist for low-value applications in the bioeconomy,

ENVIRONMENT

Biobased economy
Green chemistry
Biobased chemicals
Sustainabllity Indicators
Environmental indicators
Economic indicators
Social indicators

identify indicator development
mum-mumamnymmmmmmdmmmum-mmmmm-mm
wmmmwmﬂmﬁmmm indi account for
pacts (50%), whereas i issues with economic mdluun
(34%). wmm.mmmmmmngaumuumm:ymusummommmmm
dynamics and interlinkages between the environment, economy and society. Using results from the literature
review, an indicator list is presented that captures all indicators currently used within sustainability assessment
of biobased chemicals. Finally, a framework is proposed for future indicator selection using a stakeholder survey
10 obtain a prioritized list of sustainability indicators for biobased chemicals.

® ECONOMY

1. Introduction

The chemical industry must cope with large amounts of waste and
environmental risk due to the use and production of toxic substances.
About 60% of chemicals are hazardous to human health or the en-
vironment in the EU [1]. Legislations like REACH (Registration, Eva-
luation and Authorization of Chemicals) and RoHS (Restriction on
Hazardous Substances) have been introduced to stimulate the use of
less hazardous chemicals. The concept of ‘green chemistry’ corresponds
to these policies and is defined as “the design of chemical products and
Processes that reduce or eliminate the use and generation of hazardous
substances” (2]. The definition of green chemistry is based on twelve
principles, designed to help achieve sustainability, formulated by
Anastas and Warner (1998) [3]. One of these principles is the use of
renewable feedstocks, which can be translated into practice by the use

SOCIETY
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and production of biobased chemicals, such as bioplastics and specialty
chemicals.

Biobased chemicals belong to the biobased economy, where organic
matter (ie. biomass) is converted into materials and energy. Biomass as
a feedstock offers opportunities to deal with i prices of fossil
feedstocks and their decreasing availability [4]. The focus in the bio-
based economy is currently shifting from bioenergy and biofuels to the
production of high value biobased products, including biobased che-
micals [5]. Biobased products are products wholly or partly derived
from biomass, such as plaats, trees or animals, with the biomass po-
tentially undergoing physical, chemical or biological treatment [6]. In
2014, the EU turnover of manufacturing biobased chemicals, pharma-
ceuticals, plastics and rubber was 130 billion euros, compared to 30
billion euros for liquid biofuels and 10 billion euros for biobased
electricity [7].
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AIM OF THE STUDY

1. Identify indicators needed to evaluate sustainability of biobased chemicals

2. Construct a ranking of preferred sustainability indicators for biobased chemicals

== Sustainability tool X
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DELPHI STUDY

Iterative feedback technique

Reach experts by e-mail ——— DELPHI STU DY —

Aims for consensus E—

Different rounds

All over Europe

Indicators needed and
preferred



DELPHI STUDY

ROUND 1 ROUND 2
Aim: identify indicators = ——— — Aim: rank indicators
open questons —— DELPHI STUDY ——  Closed questions
71experts ——— ——  46experts
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MaxDiff Exercise



MAXDIFF EXERCISE: EXAMPLE

X Q
Q Q
BEST? WORST?
Q M|
Q a
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MAXDIFF EXERCISE: ADVANTAGES

v’ Stimulate discrimination
v’ Easy for the respondents

v" Reduce scale use bias

GOAL: to achieve preference scores for each sustainability indicator
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MAXDIFF EXERCISE: ANALYSIS

Counting analysis
v’ Best / worst probability

Hierarchical Bayes (HB)
v' “Borrowing” information from other respondents

v’ Estimates a set of scores for reach respondent
v’ Iterative method (many iterations)

v' Sawtooth software m
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RESULTS: ENVIRONMENT

GHG emissions

Raw material efficiency

End of life options
Ecotoxicity

Waste generation

Energy efficiency
Eutrophication

Natural land transformation
Agricultural land occupation
Abiotic Fossil depletion

Organic carbon depletion

Indicators

Water consumption
Management practices in crop production
Soil Erosion
Acidification
Abiotic Mineral depletion
PM formation
Stratospheric ozone depletion
photo-oxidant formation
lonising radiation
Rescaled average scores 14



RESULTS: ECONOMY

Indicators

Price

Raw materials cost
Process Innovation
Land Productivity
Product Innovation
Technical Risks
Energy cost

Capital Productivity
Product efficiency
Subsidies
Transportation cost
Labour Productivity

Waste disposal cost

Rescaled average scores
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RESULTS: SOCIETY

Human toxicity

Product transparency

Job creation

Acceptance of biobased materials
Fatal work injuries

Community support and involvement
Workplace accidents and illnesses

Income levels

Indicators

Education and training
Child labor
Social security
Security measures
Discrimination
Working hours
Cultural heritage
Rescaled average scores
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CASE 1: ALGAE BIOREFINERY
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. Cosmetics
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Algae biomass
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Other components
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CASE 2: FROM CCU TO BIOPLASTICS

Fermentation process

Applications

e .\"
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N-source
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