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' Climate targets t0  cos it neicomemisin
2 959 Billio tonnes of CO/yr

- Unprecedented GHG reductions in the
upcoming decades

- Biomass will play a crucial role
Four illustrative model pathways —

- Industry sectors with limited substitutes | |
(aviation, chemical) .

- IRENA REmap - quadrupling of | r
bioenergy by 2050

P4

(IPCC, 2018)



@:Eioenergy power generation scenario by the IEA until
200

Doubling in a decade
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A sustainable European bioeconomy is necessary to build a carbon
neutral future in line with the Climate objectives of the Paris
Agreement’ * (EC, 2018)



Large differences in the potential and size of

BBE

" (...) low bioeconomy added value in the Central and
Fastern European countries is at odds with their high, and,
compared to other European regions, yet underutilized
biomass potential” " (EC, 2018, p. 43)

The turnover per person in the Czech bioeconomy is
approximately 40 % lower than the EU average (Ronzon &
Barek, 2018)

Currently 80 % of renewable energy covered from biomass

and a
40 — 50 % increase expected until 2030 (Ministry of

Industry, 2018)

RED Il targets for advanced biofuels and bioenergy

Large pull of
biomass

Value added in the bioeconomy
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Hetemaki et al. (2017) warns that without
the consideration of circularity aspects,
the bio-based economy could risk
becoming too much of a ‘business-as-
usual’ scenario.



* Towards Circular Bioeconomy

Circular
Economy

Circular

Bioeconomy

Biobased
Economy

Utilization of organic waste
streams

Resource-efficiency
(leakages)

Renewable & bio-based
products

R-strategies
Cascading use

Organic recycling, nutrient
cycling

Carus & Dammer (2018)



Questions?

What does the concept of Circular
Bioeconomy mean to you?

Do you find it as
(un)important/illustrative/useful?



" Research Question

How can the bio-based economy and circular economy be aligned so that they
contribute to climate-change mitigation while creating new high-value added business
cases in the Czech Republic?

— What is the current state of play in terms of size, utilization and processing of the
agricultural biomass?

— How large is the circularity gap in the agricultural sector and which interventions
could reduce this gap?

— What are the barriers that hinder the mobilization of regional biomass feedstock into
high-value added bio-based industries and what strategies might help overcome
these barriers?

— What is an optimal utilization of residual biomass in the Czech Republic considering
climate targets, economic feasibility and circularity?



@nalytical framework: CBE focus on biomass
(agricultural) residues

Theoretical Availability

Optimal use of
mobilizable biomass?

—_— e

Primary residues (straw) o

Secondary residues (husk) —— oo

Tertiary residues (food waste) R

Barriers to
mobilizing the
biomass
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CBE focus on biomass (agricultural) resi

Absence of coherent

Un-level playing field: Lack of support ) .
long-term national across the board from financial Risky/uncertain
energy strategies comparison of one-time sector investment,

Absence of Power of costs and benefits of gfdngr?graft?orn
i energy sources
;ﬁgg?g‘:gtmw T centralized v \ T technologies
guidelines energy firms ﬂ
=~ Availability
i . i of cheap &—
. . Ambiguous policy definitions fossil fuels High set-up
P m Complicated €= Institutional — of sustainable energy and > costs
rl a ry re S | U regulations for unclear trade-offs
abtaining
permits \J \I/
High
Uncoordinated policies Unstable markets g::tf;m“ﬂ"ﬂn
: across departments
e C O n a ry re S (energy, agriculture, .
forestry, environment) Barriers
& Linking supply
. Chicken-and- roble
Constraints regions with o Ir? eue\rnp?ar;wtse\%r?ﬂfom "
Hostile environment f:g'lcfln';d feedstock, no feedstock
Lack of created by lobby groups production without
. . transparency/public markets
Tertiary residu sreesomes o 1
fossil fuels and bioenergy /l
~ Lack of existing supply Immature
chains to support - supply chains
emerging businesses 6_-_' Technical - caﬁgzeep up
Sustainability concerns with growth in
Deforestation demand
Biodiversity loss \I/
Food vs Fuel

Labour rights

Risk aversion

Sustainability requirements
limit feedstock supply

\

Seasonal variafions in Maintaining Combustion issues:
demand and supply consistent slagging, fouling, ash
feedstock quality disposal

ues

Optimal use of
mobilizable biomass?

3

Smith (2017)



3
‘ ? W
~

\

CBE focus on biomass (agricultural) residues

Optimal use of

Theoretical Availability obilizable biomass?

Primary residues (straw) o

Secondary residues (husk) —— oo

Tertiary residues (food waste) R

Barriers to
mobilizing the
biomass



" Research Question

How can the bio-based economy and circular economy be aligned so that they
contribute to climate-change mitigation while creating new high-value added business
cases in the Czech Republic?

— What is the current state of play in terms of size, utilization and processing of the
agricultural biomass?

— How large is the circularity gap in the agricultural sector and which interventions
could reduce this gap?

— What are the barriers that hinder the mobilization of regional biomass feedstock into
high-value added bio-based industries and what strategies might help overcome
these barriers?

— What is an optimal utilization of residual biomass in the Czech Republic considering
climate targets, economic feasibility and circularity?



Research Design & Methodology

Biomass Availability Biomass Mobilization Op?)lcj)ilt:i?tsies
& Uses (RQ 1,2) (RQ 3) (RQ 4)
MFA Literature Review Literature Review
Survey SWOT

Expert Roundtable Workshop

f

Overarching research question: Combination of CE and
BBE



round visits

Date Place Person met / Event attended / Short description

Action group on Circular Economy at the City of Prague on tertiary
4.12.2019 Prague . . .

residues (biogenic waste)

Farmer - visit at the farm and a semi-structured interview on straw and
52420189 Chotovice . . .

on biomass use in agriculture

Mayor of a village Kné€Zice - visit at the local waste biogas plant and a
5.12.2019 KnéZice . . . .

small straw biomass incineration plant

Lead author of the Bioeconomy report for the Czech Republic - debate on
19.12.2019 Brno : : : : :

the different biomass potentials in agriculture

Supply chain director of a straw incineration plant EC Kutnd Hora -

Kutné
29.1.2020 visit at the straw incineration plant and a semi-structured interview on
Hora

straw supply chains and sustainability guidelines

Director of a company Ekopanely - visit at a company manufacturing
28 i3 2020 Prelouc construction desks from straw and a semi-structured interview on straw

supply chains

Director of the Czech Technological Platform for Biofuels - discussion
28.1.2020 Prague on the Restep project that analyzed the potential of bioeconomy in the

Czech Republic

Event: Best practices in bioceconomy. Organized by the Czech University
26.9.2019 Prague . .

of Life Sciences

Event: Conference on biodiversity and agriculture under the Czech
17.10.2019 Prague o .

Ministry of Environment

Event: ''Break through the droughts'' Conference organized by the Czech
3.11.2019 Brno . . .

parliamentary group on droughts and the impact on agriculture

Event: Seminar in the Czech parliament organized by the Institutue of
13.12.2019 Prague Circular Economy on the Circular Economy legislative package from the
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(1) Methodology: MFA

117

Systematic assessment of flows and stocks of
materials within an arbitrarily complex system
defined in space and time! ' (Cencic &
Rechberger, 2008, p.440).

- Based on mass balance in a predefined space
and time

- According to Brenner & Rechberger (2016)

- A production-based approach which uses
physical inputs as opposed to monetary inputs
(consumption-based approach)

- Scope: main agricultural crops (>95 %) and
their residues, year 2018

- Open system (import / export)
- E-Sankey programme and an Excel sheet

HANDBOOK OF
MATERIAL FLOW

ANALYSIS

For Environmental, Resource,
and Waste Engineers

Second Edition
= SSne >

- B

Paul H. Brunner e Helmut Recht');erger




" (2) Methodology: MFA

1. Literature search
2. Preliminary structure

3. Id

entification of relevant data

sources and data collection

4. Fi
(

5. 1o

ing in the preliminary structure
ry weight vs. moisture)

entification of redundant data

and inconsistent flows
6. Interpretation

Flow y
Source of flow Sink of flow Commodity / Biomass type Mt
e Mt [wet)
dny)
F bl 1 6.062 6,368
{ lall= 1 Silzeed 1283 1410
“rop Arable Lond 0156 0710
_rop Arable Land ruit 0.030 0.200
rop Arable Land d Si 2342
“rop Arable Land ble fodder 3572 3967
rop Arable Land Fod Q01 1060
Crop Arable Land T 1 2989 3674
port | ] 0420
mports il al 0.262 0.288
gleluly 0z faLe
mporis 040 1182
mipor 065 1 F48
mports m 1.740
Harvest / Crop Supply 1764 050
larvest / Cr pply 59
Harvest / Cr el

0,755
0.255

- Circularity Gap Analysis

- Ratio of materials returned to the
(eco)system / extracted e wit et al, 2018)

- 0-100 %

44%




\¢
Survey

- Literature review for overview of barriers

- Farmers’  Survey on the use of straw — Czech
specific

- Aim was to identify the perception of farmers on
straw and on their agricultural practices

- Open and closed questions
- Largest farmers association
- Sample group questions

- Straw specific questions

- 360 responses via google forms

© (3) Methodology: Biomass Mobilization /

What association are you a part
of?

91%

Agrarian Chamber

Association of Private Farming
Association of Local Food Initiatives
Agricultural Association

The Young Agrarians' Society

Other



Questions?



z
=S
O

I\

Resu

lts - MFA

in dry weigh

== Biomass recycling flows
Metabolism
Manure

Processed Plant & Animal
biomass

== Raw Biomass
Imports
Export
Secondary & Tertiary Residues
== End-of-life
Loss of carbon by incineration
Straw

w5 Unknwon

Impot Extraction Production Consumption End-of-life
¥ )
Plant Food Ton, .
Production ?sec%d Ajoerqblc
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Waste Water
\ Crop b Technical Consumption Total Secondary & Treatment Plants
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Animal Feed & Landfilling
Pastures Food Production
Incineration
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Export
Scale
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Results - MFA

== Biomass recycling flows
Metabolism
Manure

Processed Plant & Animal
biomass

== Raw Biomass
Imports
Export

Secondary & Tertiary Residues

== End-of-life
== Loss of carbon by incineration
Straw

Import Extraction

in ‘as received’ weight

Production Consumption End-of-life

Crop
(Arable) Harvest / Crop
Land Supply
Pastures =

Maoss

Plant Food Yo, 5 .
Production “ongy, naerobic
"y Reg, Digestion
Idue
y
Waste Water
Technical = . ~ TreatmentPlants
Production ‘consumption — Total Secondary &
Tertiary Residues
0% ~—  Composting
Vi
W
o
N(\((\o O“\)(@%
Animal Feed & Landfilling
Food Production
Incineration
Scale
Export
n—

30 Mt 5Mt 1Mt




E Potential of

“ Results - MFA dry weight secondary & tertary

Raw biomass
exported

Extraction Production Consumption End-of-life

== Biomass recycling flows Import
Metabolism
Manure

Processed Plant & Animal
biomass

== Raw Biomass

Imports
Export 7 = \}
Secondary & Tertiary Residues v
-Ene-ofife Plant Food Pl )
Loss of carbon by incineration Production Sec"ﬁdc, Anaerobic
- g Ny
Straw Y S Digestion
s
# Unknwon Thse
Waste Water
i Treatment Plants
\ Crop Technlcgl Consumption Toto!‘ Second_ary &
-, — (Arable) Harvest /|Crop Production Tertiary Residues v
Land Supply
A / o™
eé\““BS Composting
o oY
@ Awt
lxd‘m()v\AO“°(e
Animal Feed & ; Landfilling
Pastures Food Production :
Incineration
Unknown
Export

Importance of Straw Largest sink of

biomass —_—

20 Mt 3Mt 08 Mt



Level of circularity =43 %

Primary Residues (Straw) = 11 Mty (1.5 - 2
Mtdry)

Secondary Residues = 0.9 Mty

Tertiary Residues = 0.35 Mt



|
@ Straw as the most abundant residual

SGHFGG > Constant
Theoretical Technical Sustainable Considering Removal

potential potential potential competing uses Rate!

11 Mtdry 6.5 Mtdry 3.5 Mtdry 1.5 - 2 Mtdry Must be
regionally

based!
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- Survey Results (1)

How much straw do you think should stay on the field
after its been harvested?

10%
10%
38%
17%
13% 12%
All straw should stay on the field All straw can be removed from the field

At least 75 % of straw should stay on the field = At least 50 % of straw should stay on the field
At least 25 % of straw should stay on the field = | don’t know
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- Survey Results (2)

Do you perceive straw as a valuable
commodity?

3%
8%

88%

Absolutely yes Rather yes Rather no Absolutely not
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~ Survey Results (3)

Are you concerned about the use of straw after
sale?

6%

15%

49%

30%

Yes, greatly  Yes, partly  No, not really = Not at all



" Conclusion & Limitations

RQ: How can the bio-based economy and circular economy be aligned so that they
contribute to climate-change mitigation while creating new high-value added business

cases in the Czech Republic?

- MFA (primarily CE tool) can be highly insightful on biogenic systems - Untapped
potential in biomass residues (1.5 Mty,,, T Mty,, 0.3 Mty

- To align CE and BBE = regional and bottom up focus is needed(local soil characteristics
and local uses)

- Risk-averse approach of the farmers towards providing straw = Reluctance to provide it
as a main barrier

- The Circular Bioeconomy needs to include social dimension (e.g. focus on the farmers)

- Limitation: MFA based on assumptions + conversion to dry weight is reliant on difficult
to retrieve data

- Limitation: Sample group from questionnaire is fairly homogenous
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What’s next?

- Regional focus is a key (regional (circular) bioeconomy strategies)
- Work on the ground with local stakeholders (again, more regional focus...)
- More detailed analysis of primary, secondary and tertiary residues (narrower scope)

- What is the optimal (most valuable) utilization of biomass? Strategic question and
difficult to answer

- INCIEN is working on the biowaste topic



Questions?
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Renewable Jet Fuels

Renewable Road Transport
Fuels

Biochemicals

Biocomposites &
construction

Strengths

Lower carbon footprint

Low competition from
Other than biomass-based RJFs

High growth industry

Lower carbon footprint
Policy support (RED Il targets)

Large biofuel know-how within
the EU

Experience with 1G
Biorefineries in the Czech

Republic

More competitive than RJFs

Lower carbon footprint
High value added
Higher employment
Higher circularity

performance
(especially for solid materials)

Lower carbon footprint
Relatively simple
technologies compared

to fuels or biochemicals

Already competitive

Weaknesses

Low technical maturity
High production costs

Low price premium compared
to biochemicals or RRFs

Big-scaled plants needed
Lack of aviation fuel standards
and of international
coordination

No target set for blending

Very costly R&D

Higher competition from non-
biomass fuels (BioCNG, E-fuels)

High production costs although
lower than RJFs

Technically still immature (TRL
less than 8)

Low reputation of biofuels

Dynamic policy and market
development

Limited policy support
(bioenergy over chemicals)

Higher production costs
Low TRL (especially for
lignocellulosic pathways)

High development costs

Often lower performance
than fossils

Applying for REACH
regulation is costly

Lower value

Often unrecycled (mixed
cycles)

Often lower
performance

For lignocellulose still
limited uptake

Limited attention to
biocomposites

Opportunities

Threats

High carbon tax

High policy support that would
incentivize R&D and faster
commercialization

High oil prices

Establishment of a common
and stable policy for aviation

Cost reductions &
technological development

Competition from high value
added markets (biochemicals)
Worsening perception on
biofuels
Risk aversion of investors due
to unsuccessful
commercialization

Non-biobased alternative

Technological breakthrough

Establishment of a cost-
effective and reliable
technology (e.g. cellulosic
ethanol)

High oil prices
Even More stringent targets by
the EU

Carbon tax on fuels

Competition from other
renewable fuels (BioCNG. EV)
Worsening perception of
biofuel

Biomass will be prioritized to
jet fuels or to biochemicals due
to limited substitutes

Future changes in regulation
that would support biobased
chemicals

Market pull (tax credits,
binding targets, procurement)

CO2 tax
EU policy and guidelines

Higher demand from
consumers (e.g. cosmetics)

Low public perception /
awareness

Prioritization to biofuels,
bioenergy, jet fuels

Higher stringency of REACH
regulation

Environmental benefits will
be lower than expected

Higher importance of
biocomposites

Shortage of
construction materials

Market pull (tax credits,
binding targets,

procurement)

EU policy and guidelines

Low public perception /
awareness

Prioritization to biofuels,
bioenergy, jet fuels

Limited progress in
recyclability




@ Biomass use
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m Technical ® Animal = Plant = BG plants = Export




\¢ Expert Roundtable Workshop

Stakeholders Invited

- Renewable energy specialist, Alliance of Energy Reliability
- Director of the Biofuel platform of the Czech Republic

- Sustainability specialist, Glopolis - think tank on the environment and energy provision
- Food security specialist, the Institute of Circular Economy

The process of the workshop was following:

- General overview into high-level climate goals (e.gh RED Il advanced biofuels and energy targets)
and on the potential of biomass to fulfill some of these goals was presented by the author.

- This was followed by a presentation of the preliminary MFA model showing the availability and
use of biomass in the Czech Republic as well as by the_questionnaires thatTllustrated the

perception of the farmers towards providing biomass. The potential barriers to biomass
mobilization were also introduced.

- Every participant than had a dedicated time to_express their opinion on the role of biomass in the
Czech context as well as on their view on mobilizing biomass.
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