A systematic identification of relevant processes

and upscaling approaches for biobased
technologies.
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Turnover - EUR 2.3 trillion

Previous Research &

C 187 bn

 In 2018, the European Commission (EC) vaiue added - eur 621 biiion
released their updated Bioeconomy
Strategy

- Consider the bioeconomy to be a necessity if
Europe is to develop a carbon neutral society

Jobs - 18 million people
- Economic potential - growing ~5% yearly

1.4 million

0.6 million
0.5
Q million
0 Agricukture @ Manufacture of wood products and furniture
o Forestry G Manufacture of paper
o Fishing and aquaculture Manufacture of bio-based chemicals,

pharmaceuticals, plastics and rubber (excluding biofuels)
Manufacture of food and beverages -
and other agro-manufacturing (%) Manufacture of iquid biofuels

O Manufacture of bio-based textiles 9 Production of bioelectricity

Turnover, value added, and jobs provided metrics for bioeconomy
sectors in 2015. From European Commission, 2018
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Previous Research

* In the same year, the EC identified their top emerging bio-based
products (BbP).

- Natural rubber, vegetable fibres, renewable oils and fats, lignin, terpenes,
polyelectrolytes, urban biowastes

. /NN
 Primary feedstocks used: : A
: 7 /AN
- Food processing waste : I
- Agri-based feedstock %
= Urban biowaSte ’ 0 20 40 60 80 m 100 120

TRL distribution of emerging technologies reviewed. From European Commission,
2018
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Our Research

* Does a growing bioeconomy guarantee environmental benefits?

- Need for systematic environmental assessment to further understand the
impacts of emerging technologies in the bioeconomy.

* AppI'OEICl:l from all prospective LCA / Life cycle assessment framework \
perspective [ rSwp—p— ]: \
- Focus on Inventory Analysis defintion
- Food processing waste from the EC top emerging — |
BbP report used as a case study [ analysis ]: Interpretation
* Objective: Develop a methodological framework '
to standardize inventory modelling in [ _ompact ]:
prospective LCA of biobased systems. \ - ~ )

LCA framework diagram
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Inventory Analysis

* Reviewed the technologies used to produce BbP from food processing

waste.
TRL Range
A B Fermentation _ 3-5
swe [ 4
Water Extraction - 4
HveD [ A
Distillation [ 3
0 2 4 6

B Physical ® Biological ® Chemical Use cases
Distribution of technologies utilized by main processes A. distributed by pathway and B.
distributed by type. MAE: Microwave Assisted Extraction, UAE: Ultrasound Assisted Extraction,
HVED: High Voltage Electrical Discharges, SWE: Subcritical Water Extraction.
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Inventory Analysis

* No technologies found in LCI databases (LCA commons, eco-invent 3.7)
» Identify upscaling strategies for each technology based on available data

» Operational Parameters at different
scales:

Operational Parameters
- Including: temperature, pressure, yield,
energy input, etc....

e Proxies:

- Identified based on function, reaction
parameters, kinetics, and product quality

Governing eguations

« Governing equations: 0 ; : ; : : :

=e caszes

- Engineering based approach
Upscaling strategies identified for technology
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Inventory Analysis

Ultrasound Assisted Extraction governing equations. From Boukroufa et al., 2015

Description Formula Variable Identification

Power, P (W) P=mC,dT/dt (m) mass of solvent, (C,) heat
capacity of solvent, (dT/dt)
temperature variation over time

Ultrasonic Power, Ul (Wcm™2) Ul = 4P / mD? (D) internal diameter of
ultrasound reactor

Identification of potential proxies

Process Proxy Description Databases

Ethanol production from Ethanol production from grass fermentation  Ecoinvent
pomegranate peels fermentation

Ethanol production from wheat Ethanol production from rye Ecoinvent, LCA
bran Commons

Operational parameters of sub-critical water extraction of flavonoids from mandarin peel. From Ko et al., 2016

System Temperature  Extraction Pressure Solute/Solvent  Yield Input Biomass Input
Scale (°C) Time (min)  (MPa) ratio (mg/goee)) (kgow) Solvent (L)
Laboratory 170 1 3 1:34 118 0.001 0.0022
Pilot 130 15-20 3 1:22 113 0.1 2.2
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Upscaling Strategies — Process vs System Scaling

2 Plant flow chart 3 Separate scale- Linkanes
with scale and up of each & 9 5 Perform LCA
. process steps
reactor sizes process step

Overview of scale-up procedure. From Piccinno et al., 2016
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Upscaling strategies. From Parvatker and Eckelman, 2018 Manufacturing processes of 1,4-butanediol from biomass. From Clark et

al., 2015
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Future Work

 Standardise our foreground system approach and expand to background systems

» Identifying alternative functions of the technology
- MAE* can be used to produce pectin, essential oils, or polyphenols

- Function may change over time based on policy maker expectations, hierarchy of value, feedstock
availability, etc...

* Identify key background system hotspots
- Electricity production
- Water production
- Feedstock production

e How to estimate emissions?

B Physical m Biological ®m Chemical
*Microwave Assisted Extraction Distribution of technologies by pathway
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Inventory Analysis

* Proxy by function:
- Grass fermentation to produce ethanol
- Pomegranate peel fermentation to produce ethanol

 Proxy by parameters:
- Chemical / Enzymatic Hydrolysis
- Water extraction
- Key parameters: heating energy, stirring energy
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Biorefinery possibilities

—ﬂ Animal Feed

[—C | Mixing with existing food

| 1

-+ o =
Direct >

—4 Energy production ‘—4 Briquette, direct burning, etc. ||
L

1 ees SIaon- |

—-[ Medicinal Uses }-—’l Aqueous decoction, extracts or powder form FPW I

—-[ Nutritional Food |—’ Peel flour, jelly, dilatory fiber, noodles or bakery products, etc. I

FPW — Fruit Peel Waste

|0

Splid- lignin, coke, briquette, direct burning |
Liquid- Ethanol, methanol, bio-oil (obtained by pyrolysis of
FPW)

o o

ﬂ Biorefinery approach ‘—'—'{ Bio-Chemicals }—-’

©0000O0O

Protein

Enzymes (cellulose, a-Amylase, polygalacturonase and xylanase,
lipase, etc.)

Phenolic compounds

Aroma compounds

Cosmetics

Bioactive compounds (polyphenols, dopamine, gallocatechin, etc.)
Fatty acids

Organic acids (acetic, butyric, propionic, valeric, citric, lactic, etc.)

Specialty chemicals (Flavonoid, lipids, Vitamin A, Vitamin E, Sterols,
amines, etc.)

Nano-materials
Metal-carbon composite

> Antimicrobial edible film

Bio-polymers
Bio-fertilizer

o Activated carbon

Adsorbents
Adhesives

o Dyes, pigments, inks, paints, etc
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Inventory Analysis

* Reviewed the technologies used to produce BbP from food processing
waste.

M Physical m Biological m Chemical

Figure 8. Distribution of technologies utilized by upstream and downstream processes
distributed by pathway
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