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SUMMARY

Although waste management in the EU has improved considerably in recent decades,
over a quarter of municipal waste is still landfilled and less than half is recycled or
composted, with wide variations between Member States. Improving waste manage-
ment could deliver positive effects for the environment, climate, human health and
the economy. As part of a shift towards a circular economy, the European Commission
made four legislative proposals introducing new waste-management targets
regarding reuse, recycling and landfilling, strengthening provisions on waste
prevention and extended producer and

reporting obligations and calculation methods for targets. The agreement reached by
Council and Parliament is to be submitted for a vote in plenary in spring 2018.

Proposals for a Directive of the European Parli of the Council
*  amending Directive 2008/98/EC on waste
*  amending Directive 1999/31/EC on the landfill of waste
*  amending Directive 94/62/EC on packaging and packaging waste
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Background and rationale:
urban biowaste availability

= COD in wastewater: = Current management:
» 100-120 g COD/capita/day » Separation of streams, e.g. source-
= 250-350 L diluted segregation
wastewater/capita/day = Carbon stabilization, e.g. through
= Mostly in primary/secondary sludge composting
= COD in municipal biowaste: " Energy recovery in biogas
= Food waste: 130-140 % more than = Limitations:
wastewater = Regulation on soil application
» Garden waste = Quality of compost, digestate

»= COD in agro- and food-industry = Economy
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RES URBIS focus and objectives

1) To integrate the treatment of all relevant flows of biowaste (sludge, food waste, garden
waste)

2) To develop an urban bio-waste biorefinery including related bio-based products

Urban Urban wastewater treatment plant (WWTP) - Water line N
wastewater Clean water to
Primary »| Activated sludge with > Secundary s discharge
Settling nutrient removal Settling
A :
H H J
Primary Secundary & \
Organic fraction sludge sludge H Bio-energy
of urban waste e ws = = = G e o= - o - ——— C ¥ _
4 ol P Anaerobic
—| e |reeessssssssasase
7 Acid * \ > digestion
. Y >
l\ Fermentation } 1
Selected food-"* mm B = o ! \‘ ? Nutrients
processing bio- [ S 1 7 - -
L TN ry K WWTP - Sludge line »
v i) v 1} 1
——— 1
7 Pretreatment il PHA ! PHA PHA
Urban bio-waste : \‘ Production "l_’ Extraction processing
with higher A I A Bio-b
; : L L T — - io-based
lignocellulosic v ! lactics
fraction Concentration/ Bio-based ! P
Z Esterification P solvents |~ Fibers
Urban Bio-Waste processing | Plastic industry
Biorefinery =t

* The acid fermentation step could be splitted into separate reactors for fine tuning of C and N balance in the process and/or sludge pretreatment could
be also included

—eeip- W ater stream - S|udge or solid stream ————————— Gas stream
Internal water recycle not reported =~ =0 = = = = =~ =» Integration with WW treatment =~ —cccccmea== # Solvent stream

30 April 2019 DTU Environment



=
—
—

i

30 April 2019 DTU Environment

RES URBIS mandate

3) To address the entire technology chain and with respect to regional conditions
4) To address the relevant technical and non-technical constraints

Res Urbis structure

~

WP1 Territorial challenges ‘

T1.1 Mapping territorial clusters
T1.2 Life Cycle Assessment

Challenges

WP3 Technical challenges
(product)

T3.1 Purity and impurities
(including microcontaminants)
T3.2From PHA to bioplastics

WP2 Technical challenges \

(process)

T2.1 Acidogenic fermentation
T2.2 PHA production

T2.3 Bio-based solvents

T2.4 PHA extraction

T2.4 Process integration

-

WP4 Regulatory challenges
T4.1 Regulatory constraints
T4.2 End of waste criteria

T4.3 Work safety and health

N

—

7 WP5 Exploitation WP6 Dissemination
© *T5.1 Stakeholder platform T6.1 Dissemination plan
g *T5.2 Portfolio Development T6.2 Web site
= *T5.3 Cost-benefit analysis T6.3 General communication
- *T5.4 Integrated strategy roadmap T6.4 Technical communication
T6.5 Workshop/Conference
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WP1 (DTU, WP Leader)

Task 1.1 Assessment of territorial
clusters
Task 1.2 Life Cycle Assessment (LCA)

Activities:

Framing data collection
Material/energy balances
Preliminary LCA

Full LCA for 5 clusters

Metropolitan Area of Barcelona
(ES)

Metropolitan Area of Copenhagen
(DK)

Metropolitan Area of Lisbon (PT)
South Wales (UK)

Province of Trento (IT)

WP4 (DTU)
» Regulatory aspects of waste
handling

= Definition of end-of-life criteria
for bioplastic

WP5 (DTU)

= Life Cycle Costing

= Value Chain analysis
= Stakeholder platform
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Why focus on PHA?

= Product:

— PHA is a family of copolymers
(polyhydroxyalkanoate)

— RES URBIS portfolio:
» Biodegradable films
» Packaging
» Specific functionalities and products

HB HV
\(\CH,C,H E czusc,u E;\PHB
J \cuz/ » J \cnz/ y \
(R)-3HB (R)-3HV

= PHA: 3 x “Bio”
— Renewable feedstock (but not food)
— Biological process
— Easily and “truly” biodegradable

= PHA production process:
— A novel process: open microbial cultures
— Easier integration into existing facilities
— Based on waste feedstock
— Significant cost reduction of PHA

= Applications and economics:
— Large market potential
— Virgin polymers, not recycled

— Higher profits with decreasing PHA
costs, economy of scale

— Higher value than biogas and compost
— Already at TRL 6
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TRL9: Full commercial. Available to customers.
TRLS8: 15t commercial. Manufact. issues solved.

C u rre nt s ca I e : T R L6 TRL7: Demonstration. Pre-commercial.

TRL6: Prototype. Environment, performance.

TRLS: Large scale prototype. Environment.

TRL4: Small scale prototype. Lab.

TRL3: Applied research. Lab test, concept proof

TRL2: Technology formulation.

TRL1: Basic research. No exp proof.
TRLO: Idea. Unproven concept.

W

Pilot scale platform of
Universities of Venice
and Verona at the
wastewater treatment

plant of Treviso (Alto Joint PHA
Trevigiano Servizi, ATS) production Extracting
pilot plant, agent
With Rome _ . Tre]]
University L,
«Sapienza» Storage of Storage
P grinded OFMSW P1 of acid PHA
Extraction
\ 4 Separation
g Recovery
- Storage
= Anaerobic
digestion
Acidogenic
fermentation = = —
v
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Project status

Project finish: 31 December, 2019

v Acid fermentation process optimized

v"PHA produced in the order of kg’s

v"PHA tested in products: films and furniture

v Extraction method established (patent pending)

v Customer interest surveys completed

v"Review of legislative barriers

v"Economy: retrofitting (integration) on existing plants viable, no new plants foreseen
v LCA: global sensitivity (preliminary)

30 April 2019



DTU

W

Biobased vs fossil plastic

Definitions

Economy

Feedstock Synthesis |EOL______[Examples |

Bio-based polymers: Evolution of worldwide production capacities
from 2011 to 2022 (without PUR)

Oil Chemical Non- PVC, PC, PS, PE, - _
8 Prisniveau 2016 (€/t
biodegradable PP, PA, PET Traditionel plast Bioplast
W Aliphatic polycarbonates CA 5000
c (APC) - cyclic
Biodegradable PCL, PBS, PBAT, = e PA +10-20%
= coow poretine | PE 1200-1500 +20-40%
PBTS, PES, o whomanen  PET 850-1050 No info
. = = rotne PP 1000-1200 +40-100%
S Biomass Non- PE, PP, PET, PA, R4 S PBAT 3500
. -V tylene succinate
Q.8 biodegradable PEF, o al o PBS 4000
(U [2] 9 lgmmtﬂ;;mmwm PHA 3000
8 8 Biodegradable PLA 2 SEEEE O 3000
o) . . . " s Starch blends 2000-4000
BIOIOgICaI BIOdegradabIe StarCh-based’ PHA 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Bio-based & durable Biodegradable & compostable Land use estimation for bioplastics 2018 and 2023
plastic products plastic products
o 0 o Global land area
Biop/astics 13 billion ha = 100%
granulates L ... Global agricultural area
Bi \ 4.9 billion ha = 38%
Bio- GLOBAL AGRICULTURAL AREA
——
»‘- Plasti reﬁneryﬂ Biowaste S
Mechanical E ecyclin, Organic bin i.3|§>ll||llon:a = 67%
_...Arable land*>*
recycling * recycling e e e
..Food & Feed Bioplastics
T 1.24 billion ha = 259 [
Plans m VN5 .51 million ha=0016%+
!ﬁ. fertilizer \ K (i) 106 million ha = 2%* T
i Separate Biofuels illi -
‘ 0/;7"052 : coé(ectrortl of 53 million ha = 1%* LA L DD B
owaste

© European Bioplastics

DTU Environment
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Biowaste treatment
industrial compost plant

Source: European Bioplastics (2018), FAO Stats (2014), nova-Institute (2018), and Institute for

* In relation to global agricultural area
** Including approx. 1% fallow land

Bioplastics and Biocomposites (2016). More information: www.european-bioplastics.org

Source: European Bioplastics (2017, 2019), nova-Institut Gm

van den Oever et al. (2017)




=
=]
—

i

Biodegradability of plastic

Type Expected time Microplastic
horizons formation
Non-degradable Nature 100 - 1000 years Yes
Industrial bioprocesses 5 -10 years? ?
Degradable Nature Weeks — years ?
Industrial composting 3 — 6 months ?
Anerobic digestion 1 month — years ?
Degradation processes Factors affecting degradation
= Abiotic (photodegradation, mechanical, oxidative, = Chemical composition, bonding
hydrolitic) = Molecular weight, size
= Biotic (microbial, enzymatic) = Hydrophilicity
= Additives
» Polymer stress
= Environmental conditions (moisture, T, O,, etc)
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Biodegradability: in-reactor experiments at DTU

—Virgin LDPE 25-27  «oxee Virgin LDPE 28-30 ++x+PCL 61-63 PCL 64-66 ——PCL 43-45
Bio-LDPE 34-36 Bio-LDPE 37-39 PCL 49-51 —Control 13-15  «-x+PCL 46-48
2200 *—Control 13-15 +%- Control 16-18 PCL 52-54 ++xe+ Control 16-18 PCL 58-60
1950 2200
1700 1950
g 1700 X
= 1450 B ko
80 v 1450 -
2 1200 >
z . % 1200
—E‘ eanes 5 950 ) . .o ’ o
z E 700 -
Z 450 ¢ ) :
200 K s : 2
. SSSve B - -50 o TR Xooevanss >
= 80 300 10~ 20 30 40 B0 600X 80
Time (days) Time (days)
(a) (b) (g) Sample no. 40 (h) Sample no. 40 (i) Sample no. -
—<Virgin LDPE 2527 o Virgin LDPE 28-30 e igt g;-gi zghgzlﬁg s —'—igt 32'22
Bio-LDPE 34-36 Bio-LDPE 37-39 : B T B
—>=Control 13-15 «3+ Control 16.18 PCL 52-54 +%+ Control 16-18 PCL 58-60
2200 => Control 22-24
1950 2200
1950
1700 1700
:'; 1200 B _, z :E’ 1200 (j) Sample no. 55 (k) Sample no. 55 (1) Sample no. 55
950 A . .
z =00 T st 2 950 Figure 4.13: Fluorescent microscopy images of Nile Red stained filtered sludge samples.
700 / ; Sample no. 7: Bacillus licheniformis; Sample no. 31: UV-treated virgin LDPE and
450 K 450 Bacillus licheniformis; Sample no. 40: UV-treated bio-LDPE and Bacillus licheniformis;
200 4 200 o~ Sample no. 55: UV-treated PCL and Bacillus licheniformis.
-50 -50
300 10 20 30 40 50 60 70 80 300 10 20 30 40 50 60 70 80
Time (days) Time (days)

(c) (d)
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Thanks for your attention!
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