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Bioeconomy and regional challenges




The Bioeconomy Challenges...

Systems thinking

resourceN | 1o ~ By 1o
| ErFizieNZ 3 %,
f .

TecHMOLo6ISCHE |
{. wfs g

FOSSILEN RESSOMRCEN .|

o




Challenges from a regional perspective
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The life cycle thinking - life cycle management




Systems analysis and LCM




Systems analysis and LCM
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Case study of a regional bioeconomy
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Research questions

Particularly from a climate protection

point of view, we asked ourselves:

of a bioeconomy region?
e L\ Schkopau{ﬁ

What are the advantages of a
bioeconomy region?

_ @ Research
Source. Bioeconomy e.V. bioeconomy.de



How to measure and monitor sustainability of value chains in
UFZ DBFZ

a bioeconomy Region?
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How can the overall system How to define the system Which approaches to
efficiency be evaluated ? boundaries ? How do chains preference-based
and networks differ ? assessment can be
integrated ?

Which transformation Which socio-economic What emission parameters

coefficients are characteristic indicators can and should be can and should be collected ?
for the investigated collected ?
processes ?
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Establishment of a monitoring tool for the
system analysis of the sustainability of
bioeconomy regions

- Establishment of a sustainability index
for value chains in a bio-economy
region

- Establishment of a regionally-
differentiated social Life Cycle
Assessment method

> Sustainability-Index

Source: Hildebrandt 2017, UFZ Final Workshop Bioeconomy
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The SUMINISTRO framework

Sustainability monitoring Index for assessing regional bio-based industry networks
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Bezama, A.; Siebert, A.; Hildebrandt, J.; Thran, D. (2016). Integration of LCA, LCC and social LCA for assessing a bioeconomy
Region: In book: Life Cycle Approaches to Sustainable Regional Development, Chapter: 37, Publisher: Taylor & Francis Ltd,

Editors: Stefania Massari, Guido Sonnemann, Fritz Balkau, ii? |258 -264



Assessing the complexity of a

bioeconomy region

Upstream processes: Forest Production processes: wood processing, Downstream processes: Use phase, Waste
management, Harvesting & engineered timber production, biorefineries treatment, recycling and cascade use
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Source: Hildebrandt 2017, UFZ Final Workshop Bioeconomy
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Product basket & The Reference System

g/ Functional capacity vs Mass
= Product basket - Reference
Bioeconomy Region Product Basket
Energy (MJ grid) 40,000 Biomethane Methane 40,000
Expanded

W/m2+K 50,000 Expanded Polystyrene | 50000

PLA (EPS)

Fibre reinforced
W/m2*K 10,000 composite and Polyurethane L
bio-foam

Reinforced cocrete (load-
i Cross-laminated bearing structure) +
Load bearing 50,000 Al caloareous sandsione | 325,000
(excluding EPS)

Woeod fibre Expanded
W/m2*K 5,000 insulation Polystyrene 1,750
board (EPS) board
Annual production Annual production
volume (t/a) volume (t/a)
Biobased Fossil based
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Estimation of future material and energy flows

Data sources along value chains and ag_gregation levels
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Product desigh - LC-optimization

Resources, Conservation & Recycling 141 (2019) 455-464

: s N o Resources
Contents lists available at ScienceDirect Conservatio

Resources, Conservation & Recycling

ELSEVIER journal homepage: www.elsevier.com/locate/resconrec

Full length article

Assessing the technical and environmental performance of wood-based fiber = M)
laminates with lignin based phenolic resin systems i
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Daniela Thran™®, Alberto Bezama®
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Product desigh - LC-optimization
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Fig. 2. System boundarles and alternative product compositions.

Fig. 4. LCIA results for the impact categories ODP, POCP, TETP, AP and GWP with and without biogenic carbon for comparing the impact of the six alternative
product compositions.



Calculation of the overall effects

Individual product chains Product basket

- —— # - rier. Lk
—— Global warming potentisl Mg €02- Eq.]
X, - (Depletion potestial of the stratedphericomne layer kg CFC11Eq ]
e Acidification potential of land and water

e pri—

——

Renewable primary enerpy s energy oo r
Mon renewable primary energy aenergy camier  ([wi] 378
Use of net frash_water

Cross-laminated Timber .

mm _
Wood-Fibre Insulation Boards #. .

Regional product  XIF

basket <e-ep>
biorefinery

— 3 =

Natural fibre reinforced -

composite materials
o . -

e m— [-— [——=.

PLA products .
o= —

————

—_ .

pr—

F—— Pna s BN e B Rt

e Bl [imimaiA
e
T

e . - .
ey —
f===

="

E L m—
ey
e S

B W — 1

23.10.2020




for our Regional product basket

Overview of Potential Future Production Scenarios

I Product basket - Reference
RESEARCH AND ANALYSIS Bioeconomy Region Product Basket
Revealing the Environmental Advantages IS | e e Ligaite ——
of Industrial Symbiosis in Wood-Based
- 40,000 Biomethane Methane 40,000
Bioeconomy Networks
An Assessment From a Life Cycle Perspective e Erpnded PLA Expanded Polysiyrene| 97,000
Jakob Hildebrandt 1} Sinéad O'Keeffe (2," Alberto Bezama \®),! and Daniela Thran (2
Fibre reinforced
! Department of Bivenergy, Helmholty Centre for Enviroromental Research — UFZ, Leipzig, Germany 4,500 composites and bio- Polyurethane 5,400
Deutsches Biomasseforschungsyentrum gGmbH — DBFZ, Leipzig, Germany foam
Cross-laminated R“;zm:::“
0,000 tim ber‘buillﬂng structure) & sand-lime 520,000
Sywems brick building systems
Laminated veneer
12,500 lumber (LVL) beams Hieel beams 31,500
‘Wood fibre insulation Expanded polystyrene
NN boards boards 1A%
Annual preduction Reference

production volume
with equality of benefits
lin t/a]

volume |in t/a]

Figure 3 Annual production volume of wood-based materials in the baseline case, Scenario 2 (medified from Hildebrandt and colleagues
[2017b]).
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Overview of Potential Future Production Scenarios

for our Regional product basket

Scenario 1: Bioeconomy reaion is getting in shape
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..................... |
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|

Figure 4 Scenarios |1-3 life cyde impact assessment comparison of the relative advantage of bio-based products in minimizing the
environmental impacts over fossil-based references (green highlights benefits for the bio-based products, and red highlights benefits for the
fossil-based references) (Scenario 2 was modified from Hildebrandt and colleagues [2017b]). (See Table 4 for explanation of acronyms.)

Figure 2 Systern boundaries and scenarios for the integration of value-added chains in the wood-based biceconomy (Scenario Sc | was
modified from Hildebrandt and colleagues [2017b]). (For each scenario the upstream and downsiream processing paths where integration
takes place are highlighted with blue and dashed lines.) See Table 2 for explanation of acronyms,




Stakeholder involvement in setting management goals

| Kontinuierliche Verbesserung der Nachhaltigkeitskennzahlen
~_ des Produktportfolios im ,Spitzencluster BioOkonomie®
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Quelle: Hildebrandt 2018, Promotionsschrift, “Monitoring the of added-value networks in regions
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Scenario analysis of industrial integration in

a Bioeconomy Region
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Scenario analysis of industrial integration in

a Bioeconomy Region

I Supply systems  Wood processing industries Basket of regional Substitution and
for fresh wood wood-based resource decoupling of Multi-Criteria Sustainability Performance Scores
and waste wood products thelregional systerm of three selected regional Bioeconomy scenarios for Central Germany
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T ——. ‘+bio-bas. Polymers +Composites)
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category | : : " resins & fozms ¢ bt SIEEEITESEE

Min_cumulative carbon footprint g Min_fatal accidents

mpacts and socio-
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i Substitution of natural gas for"
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. impregnation resins
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hJ

Environmental
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Scenario 1: Bioeconomy region is getting in shape —_— ) o ) . . » . ) )
®Scenario 1: Getting in shape: LCF-Biorefinery starts its operation, capacities for composites and engineered wood products are installed
; ©Scenario 2: Thermal Cascades: Waste-Wood-based heat substitutes natural gas, increase of renewable electricity share and PLA production
- + Scenario 2: Bioeconomy region integrates thermal cascades —» + == v — @ Scenario 3: Fully bio-based: Resin supply is fully bio-based and PLA secondary raw materials recycling established
I Systam
+ e dans Figure 9. Multi-Criteria Sustainability Performance Scores of three selected regional wood-based
Seenario 3: Bi Y region fully bio-based —rt -t { I, . . .
bioeconomy scenarios for the case study region of Central Germany.

Figure 3. Substitution pathways in the wood-based production networks for the three scenarios.




Key aspects of SUMINISTRO U@ n@

= A management tool based on sustainability indicators has been developed for a
cluster region.

» The set of indicators covers the entire product life cycle and the three dimensions
of sustainability.

= Their results can be used by managers for setting the cluster/ Network/ regional
strategies.

= The methodology was implemented in the web tool D-Sight and can be used as
Sustainability Dash Board.
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Lessons learned




What have we learned?




Take home messages...

Bioeconomy is not per
se sustainable

Bioeconomy must not
be regarded as a
substitution approach; it
IS rather an “innovation
approach”

Great chances for
climate protection, if the
technologies are
regarded within a more
complex system

A better understanding

i nNASHANGIG KEIT VON |
| FOSsILEN RESSONMRCEN

In order to achieve highest
environmental
advantages, technologies
must be optimized and
implemented with a
coupled and cascade use
orientation

of the Bioeconomy
System is necessary to
be able to recognize
and shape its
opportunities and risks



Thank you for your attention !

Department Bioenergie (BEN)
AG ,Systemanalyse der Biookonomie“ (SABE)

XX alberto.bezama@ufz.de

®  +49 341 2434579

Q Helmholtz-Zentrum fur Umweltforschung GmbH - UFZ
Permoserstr. 15
04318 Leipzig
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