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Is there enough biomass for a
100% circular economy

e We can replace all fossil fuels by renewable energy but

e what about the use of fossil fuels for materials & products (plastics,
rubber, fertilisers, chemicals, ...) ?

- is non energy use of fossil fuels < sustainable bioenergy resources ?
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World & Europe energy situation Bl | Bl E

Supply side Consumption side
2018 2018

Othel" Other4

Biofuels
and waste

Nuclear _—
4.9%

14 282 Mtoe 9 938 Mtoe
1034 Mtoe

EU28: 120 Mtoe EU28 1260 Mtoe




Non-energy use of fossil fuels

2018

Other’

Non-energy 0.9%

use
12.0%

Commercial
and pub\lc —
services

1611 Mtoe

NATURAL GAS : 193 Mtoe

2018

Non- Industry

energy use
16.7%

Residential
5.4%

Other' _
5.5%

Navigation

6.8%
Rail_/

0.8%

4 051 Mtoe

OIL: 677 Mtoe

2018

Services,
agriculture _
and fishing

46%

petrochemical

994 Mtoe

COAL: 52 Mtoe

Non energy use: 922 Mtoe i.e. 9,3% of the world energy consumption
- In theory biomass & renewable waste should be sufficient to replace fossil-
fuel based materials worldwide
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The case of Europe

Non-energy consumption by fuel, EU-27, 1990-2018
(million tonnes of oil equivalent)
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m Oil and petroleum products mNatural gas = Solid fossil fuels = Peat and peat products  Oil shale and oil sands
Source: Eurostat (online data code: nrg_bal_c) eurostat#



The case of plastics in Europe

PLASTICS CONVERSION AND CONSUMPTION

Plastics conversion in the EU27+3

lastics consumption in the EU27+3
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The conversion refers to the
manufacturing of plastic products
and parts by plastics converters.

!

Imports/
Exports

Except for packaging, the
EU27+3 is a net importer
of plastic products and
parts, in tonnage, and
mainly in the following
sectors: electrical and
electronics, automotive,
houseware, leisure and
sports.

16.1 4.4% 4-9%
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Plastic products and parts sold
to end-users.

https://plasticseurope.org/knowledge-hub/plastics-the-facts-2019/
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From an oil refinery to a
biorefinery

Syngas

4= Biocrude oil

€= Biochar
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Inventory of plastic wastes locally
sourced (CH-F) near Lausanne

Plastic origin Quantities Moisture
(t/year) (%)

Electric meters 33 0
(EM)

Food packaging 1'200 — 2’400 67120
(F)
Agricultural ~ 150 —
(A)
Electric cable 2’500 0
(CAB)



Chemical characterization of the . |
wastes

Characteristics _
Agricultural and

Electric meters
food packages

Cable coating

Ash material A [% dry] 56x0.7 41.1+£5.0 11.6£0.3
[Hljgi‘;r_f]a'o”ﬂc R 38154 + 863 16'000 + 606 23'977 + 774
[LkoJ"_"fgr_f]a'o”ﬂc MR LU 35607 + 863 15'284 + 606 22'921 + 774
C [% dry] 72.3+2.0 241+1.2 60.0+ 1.5

H [% dry] 11.5+0.3 33+0.1 49+0.2

N [% dry] 1.2+0.1 0.1+0.1 22+0.2

O [% dry] 12.9+1.4 19.6+0.5 22.6+0.6
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Secondary elements contained in W |
the raw materials before pyrolysis
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Main Technologies identified

Temperature Batch process Continuous process
ranges

Average reactor
temperature
400°C - 450°C
Plastic to Fuel

High temperature
750°C —1000°C
Plastic to gas

1 to 5 t/day
* Greenlina
(Switzerland)

R-ONE (Taiwan)

Cycle of 4 to 6 hours
Normally 2 batch/day

Plans for semi-batch or
continuous

Not commercially
applicable

1-30 t/d

e Biofabrik (Germany)
TCC-Energy
(Switzerland)

e APchemi (India)

30 - 50 t/d

e Valoren (BR)
Recycling Technology
(UK)

e Nexus Fuel (USA)

15t/d at > 50 t/d :
e Plastic Energy (Cynar
process)

e Quantafuel

> 25 t/d: Powerhouse (UK)
12 t/d: Metal Expert (Poland)
Up to 5 t/d: ETIA/VOW
(France)
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Molecules from biomass

In addition to tainabl the energy

Torrefaction and gasification

Innovative and scalable technologythat produces a
sustainablesynthetic gas

wide range of base chemicals,

The Torrgas process

The torrefied blofuel, which has 3 stable quality, = gazified, first st

Waste streams as feedstock

e

wet

Scrapwond d

Soaymas A Crich as alow thenat 3 high Thisinnevative
o e twe-stage gasification technology doss N0t produce tar and slag,

procarsng culturs

e eesiduts A% With traditicnal waste stream gasification, This oeates the

Basis for o flesible, scalable, low-cost production of green
chemicalsand fusis.

Torretaction processas use 3 wide range of waste streams that would otherwiza be burmed or left
to perish. This greatly increases the amount of waste that can be reused,

Torrefaction

Tomefaction converts heterogencous. low quality
WASIe STreams ialo homogeneaus, high-quality
Eicluels that are around ten Limes as energy
Gorre w5 the aoginet fesditocks. This
enables efficient transport and means
tometaction Iz a ital link in enabling
rguacale reuse of protbenate

,(:

waste slreams.

Biecharfoctvated  Carbos
This almost sure ferm of carkas

cas e wsed for highcushity
AFplications Tuch a5 water
puritication sns e gas clasnicg.

o 85 o 35il eshincer of biscompraie.

0times
Tmalier

Uses of green gas Benefits of the Torrgas process

Scalable
Thwe Torrgas procesy produces green gas fram syngas. This gas s ransported through A Tomgas plant can be scaled up 1o
[ 10 users @ the. d {for use a5 4 fandstock and for prooess 100 MW,
heating) and o the bt emwironment.

Atfordable

Activities such as the scaling up and
markating of biochar and green £O, make It
Incressinghy cheaper to produce synges. 5o
much 30, in fact, that it can even compete
with fossil alternatives on price.
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Tranagart Bmobility

also requires more and more renewable gas. The Torrgas
process converts waste streams into synthetic gas (syngas), more sustainable and efficient than combustion. The
resulting syngas is a good alternative for fossil fuels and feedstocks. Besides, it enables the sustainable synthesis ofa

Product

sustalnabie
molecules

Green gos

Geoen,
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© ome
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inte high-vaboe molecules (syngas and green
€O ) ane procucts (blocharf.

€0, reduction
Waste streams are converted into wsable
procucts, This pravents combustion and
carban emissions, sffectively removing €O,
fromthe atmosphere.
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Gasunle, Jure 2020

http://torrgas.nl/
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Concluding remarks

e Lotsof studies, data, and information available

e Conflicting priorities and point of views of stakeholders

e Short term (economy, security) vs long term (sustainability) needs
differ

e Need prioritize and agree on criteria of choice

e - focus of processes and applications with greatest bioeconomy
impact

e Integrated, transdisciplinary, approach absolutely vital
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