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Biorefining

Definition 1EA Bioenergy Task42

Sustainable processing of biomass into a portfolio of
marketable biobased products (food and feed ingredients,
chemicals, materials, fuels, energy, minerals, CO,) and
bioenergy (fuels, power, heat)
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Task 42 EESEREoIS =RE

Vision
Biorefining is the optimal strategy for large-scale
sustainable use of biomass in the BioEconomy resulting
In cost-competitive co-production of food/feed ingredients,
biobased products and bioenergy with optimal socio-
economic and environmental impacts, viz.

-> efficient use of resources

-> reduced GHG emissions
Mission
To facilitate the commercialisation and market
deployment of environmentally sound, socially acceptable,
and cost-competitive biorefinery systems & technologies,
and to advise policy and industrial decision makers.
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Concept of current Economy

NSRS Production system is not sustainable Global
depletion ! Warming !

Reduce emissions &
harm to environment
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Recycle to
certain extent

Emissions

Valorise
production waste

-=> Oil refinery
Array of
:Res?urces -> bulk & end products, Prod‘:Jcts use
mostynon _
renewable) z energy & fuels Services

Recover energy
content

Optimize processing
efficiency

Disposal
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Concept of future Economy

Circular Economy

Recycle of materia

Recycle resources
nutrients, water
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carbon bulk chemicals
Re-use of
products
Renewable ﬁrr%y of )
Resources Sro !JCtS g
ervices
_BIOENERGY
(FUELS, POWER, HEAT)
CHEMICALS i MATERIALS
Re-think
products &
needs

Bio-Economy
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Task 42 Activities 2016 — 2018

Countries represented:
AT, AUS, CAN, DEN, GER, IRE, IT, NL, USA
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Scope involve 4 different Activity Areas (AAS)
« AALl - Biorefinery Systems
Analysis and assessment of biorefining in the whole value chain
« AA2 - Product Quality
Reporting on related biobased products/ bioenergy
standardisation, certification and policy activities
« AA3- Evolving BioEconomy
Analysing and advising on perspectives biorefining in a Circular
BioEconomy
« AA4 - Communication, dissemination & training
Knowledge exchange, stakeholder involvement,
reports & dissemination

. ENERGIE
IEA Bioenergy !:EI?E%! INSTITUT O Ceios




Results of Task 42
2016 — 2018

Deliverables
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 Biorefinery Assement -> Biorefinery Fact Sheets

o Strategic Reports on Biobased Chemicals, Fiber
Materials and Proteins

 Updates of national Country Reports

« Thematic Stakeholder Workshops together with
IEA IETS, FAO and OECD, JRC, other Tasks

« Conference & training contributions, ...
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Thematic reports...

Proteins for Food,
Feed and Biobased
Applications

Bio-based
Chemicals

Biorefining of protein
confaining biomass

W

DEVELOPING THE
GLOBAL BIOECONOMY

Biofuel-driven
Biorefineries

v

i

F)q,

Value Added
Products from
Biorefineries

A Selection of the Most Promising
Biorefinery Concepts to
Produce Large Volumes of Road
Transportation Biofuels by 2025

IEA Bioenergy

Country Reports
AT, AUS, CAN, DEN, FRA, GER, IRE, IT, JAP, NL, NZ, TUR, UK, US
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Coming up soon...

Natural Fibers
and
Fiber-Based
Materials
in Biorefineries
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Report
Coordinator
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Tobias Stern & Team
Universitat Graz
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g -
12 The report. on; natuml fibers and
= fiberd hased mMiaterials was issued on

relevance

status in  scientific fiterature and :
o BT Available for download
& a Promising . application areas. are
further described and illustrated by
i examples. . The , report. aims at
informing a broader audience about y en

opportunities to  sustainably . add

value to biorefineries by considering
fiber, . applications - as-  possible

alternative  to  other utilization
pathways.
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Sustainability assessment
challenged

= Biorefinery concepts in development!

= Emerging technologies SN IS I

. different TRLSs @ ? ﬂ ? a m
| .
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9 Data ava.i Iab i I ity iS I i m ited : ‘ Research to !Jro\.re- \ 'Ilechnolog\.r Ma ketl
- feasibility davalopmant and commemalization
= Especially at low TRLs potaypes
. . . Basic technology Technology Pilot plant and
] Due to CO nfldentlal Ity research demonstration scale up

- Stakeholder participation is restricted:
* Due to confidentiality
= or conflicting interests (e.g. collaboration)

Challenges in LCA & technoeconomic approach
experienced: So far only totally aggregated and highly
specific results are available
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IEA Bioenergy Task42
Biorefineries in a future BioEconomy

Sustalnablllty assessment

National Stakeholder Day 2017: Research and
development needs
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Objectives of Assessment

Underpin sustainability claim of integrated biorefineries

Via Technical, Economic and Environmental (TEE) Assessment

>
E
o~ 2
< ©
X 7
02

oo
e
oD
=3
2,
(TS
S
-
5_5
i 5
S
oo

—>provide an open access data platform

- quantitative environmental and economic assessment approach

—>with generic initial biorefinery models for iterative refinement

—->encourage stakeholders for the technology valuation of
emerging biorefinery technologies

= Expert review/assumptions

New experiences/results

New concepts/process pathways

Verify/improve data
Share data and extend models and assessment
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Biorefining Classification
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platform
I product, energy
l ‘ upstreamfinter-
mediate products
conversion/ conversion/
finishing flnlslhlng food/feed
l ‘ ; primary refining
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Reference: VDI Richtlinie 6310, part 1 (2016), Joanneum Research
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Standardized approach to
assessment

Calculation rules are intended to be In line
with state of the art LCA methodologies:

« CEN TC 383 Sustainably produced biomass for energy
use

 1SO 14040 Life Cycle Assessment
 ISO/TS 14067 Greenhouse gases - Carbon footprint of
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p rOd UCtS Definition of goal and scope >
® (system boundaries, impact assessment |
methodology, allocation,...) [

A

A4

. » | Interpretation
Lite Cycle Inventory
Life Cycle Inventor > and

(Input/Output balance) Improvement

A

A

A 4

Life Cycle Impact Assessment
(grouping and weighing of environmental
effects)

\ 4

A
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efineries in a

Use of published information

= | CA & techno-economic studies

= BAT documents
= National inventories/statistics

* various open access databases for
default/standard values for GHG emission
coefficients, heating values, fuel efficiency for
agro inputs, fuels, electricity, ...
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Annex:

Methodology of sustainability assessment and data with references

Reference: Joanneum Research (2014)
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Biorefinery Fact Sheets

Biorefinery Assessemet & Fact Sheet
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4-platform biorefinery using grass silage and food residues for bio plastic, insulation
material, fertilizer, electricity

3-platform biorefinery using wood chips for pulp, paper, turpentine, tall oil, bark,
electricity and heat

1-platform biorefinery using starch crops for bioethanol and feed

3-platform biorefinery using wood chips for bioethanol, electricity, heat and phenols

1-platform biorefinery using oilseed crops for biodiesel, glycerine and feed

1-platform biorefinery using oil based residues for biodiesel, glycerine, bio oil & fertilizer

2-platform biorefinery using wood chips for FT-biofuels, electricity, heat and waxes

3-platform biorefinery using straw for FT-biofuels and methanol

2-platform biorefinery using wood chips for FT-diesel, FT-gasoline, heat and waxes

3-platform biorefinery using straw for FT-diesel and methanol

3-platform biorefinery using wood for renewable gasoline/diesel, biochar and pyrolysis oil

é'For detalls see Task 42 webpage
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Biorefinery assessment ongoing
and Fact Sheets In the pipeline

3-platform biorefinery (pulp, lignin, energy) using woodchips
for pulp, lignin and energy; (LignoBoost process)
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2-platform biorefinery (C5 & C6 sugar, lignin) using corn straw
for the production of bioethanol and electricity & heat

2-platform biorefinery (C5 & C6 sugar, biogas) using sugar
beet or cane for the biopolymer PHB and electricity & heat

2-platform biorefinery (C5 & C6 sugar, biogas) using maize for
the production of biopolymer PLA and electricity & heat

...and more to come!
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TEE analysis - System boundaries

tbw’ @Hﬁ_—ﬁ%ﬁﬁ woeos, Results | Sensitivity Analysis | Standard Values Env. | Calc.-Env.

Yy
P Y e

IEA Bioenergy Task 42 Biorefinery System Boundaries andard Value 0 3 0

Balancing scope ! System boundary:

Development status of biorefinery concept Technological maturity (TRL)

g Systemin sucoesshul Commercial phase

- - operation (TRLS)

O % -System insuccessful oparation

a Cualified and complete
O & - Quslified and complete system (referance) system (reference)
[¥] 7 - Demonstration in aperation 7  Demonstration in operation ‘mﬁﬂf:‘llil:l:::
O & - Demonstration in a relevant operational environment g Demonstration n n a relevant reference phase
O 5 - Technica] validation in = relevant operstions] e Leny (TRL 5~}

- W in & relevant oper,

3 Technical validation in a relevant
0O 4 - Validationin the lzboratory operational environment
O 3 - Proof-of-concept 4 Validation in the laboratary

O 2 - Desaiption of a techrology concept Laboratory-/
3 Proof-of-concept pilot plant stage
[ 1 - Description of the functional principle [TRL 2-4)
3 Desariptionof a
technology concept

1 Description of the
functional principle

Biorefinery concepts
B = Sugar-BR = Vegetable oil-BR = Lignocellulose-BR (pulp) m Synthesis gas-BR
L w Strength-BR = Algal lipid-BR Lignocellulose-BR (fermentable CH) Biogas-BR

KH: Kehlerbydrote = Green BR

Source: Federal Gowvernment of Germany [2012) Eiorefineries Roadmap -
ax part of the German Federal Government action plans for the material and energetic utilisation of renewable raw materials
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Environmental /7 Economic evaluation
primary data in tabular form along the process

OVERVIEW RESULTS operating result unit EtOH production cost  unit
13.716.693 €/a 0,61 €/1

Biorefinery CAPEX & OPEX" value unit value unit
No. Parameter
A Investments
A.l Investment sum 422.500.000 € duration period 30 a

revenues 140.672.196 €/a

B Investment costs discount rate 6%
B.1 Write-offs 14.083.333 €la EtOH production 4.400.365.952 MJ/a
B.2 Imputed interest 25.350.000 €/a EtOH production 164.131.516 kg/a
B.3 Maintenance 3.760.033 €/a EtOH production 208.024.736 lla
B.4 Taxes €la
B.5 Insurance & Tax 3.341.912 €/a
B.6 Administration €la

Fixed Operating Costs 46.535.278 €la
C Material and energy stream costs
C.1 Raw material supply 48.808.036 €/a Feedstock + Handling, Feedstock cost 56 €/t
C.2 Auxiliary and operating material 26.824.930 €/a

Energy supply is on-site (lignin &biogas); costs are integrated in total CAPEX and
(OPEX; accounted for excess electricity to grid

C.3 Energy supply -161.650 €/a

C.4 Disposal costs 1.654.025 €/a disposal of ash

C.5 Transport costs €la included in raw material supply
C.6 Water supply costs 346.105 €/a

E Labour costs 2.948.780 €la

F other costs €la

G overheads €la are i &

overall evaluation
H.1 operating result 13.716.693 F3kS

H.2 overall EtOH production cost . 126.955.504 |3

H.3 EtOH production cost osifel
H.4 1st generation EtOH production cost €/I

1) Humbird, D. et al (2011). Process Design and Economics for Biochemical Conversion of Lignocellulosic
Biomass to Ethanol. Technical report. NREL.

2) Jolesson, E. et al (2016). Techno-economic evaluation
of integrated first- and second-generation
ethanol production from grain and straw. Biotechnology for Biofuels, 9:1, pp.1-16
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Biorefinery TEE Analysis
Results communication

economic sensitivity analysis

250% -
200% -
150% Total
100% investments
50% = Raw material
0% | | supply
-50% Energy costs
-100%
150% = Others
-200% - - .
— Administration
-250% =
L EREEREERREREEREEEEREEEESE
& © & O 0 & 0O O 6 & oo o o & o o o o o o
©O O ® N~ O WM F M A o - N ®mF Hm e~ 060
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Evaluation of biorefineries
TEE Analysis

(Technical, Economic and Environmental Assessment)

e Supports update of biorefinery evaluation in the future
(e.g. by further developments of the technology)

e Supports modular combination of biorefinery pathways
to generate new value chains

: . raw material e S ,
PLA raw material options eg. sugar cane, ...
g LA f—‘-’f.'-’- e S :.:’T
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35,00 A
E sugar cane

30,00 A
~ Yz m sugar beet
8 2500 -
> Hcorn
2 20,00 A o
- H potato
" 15,00 - 119 9 P
g 10,00 - 5 = wheat Fermentation Conversion e
£ 500 - / "

0,00 — 1/
prOdUCt SyStem elecglcny I.” iz g ’”"I‘.
e.g. PLA heat
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Outlook Collaborative Inter Task Project

Technical, Economic and Environmental
Assessment of Integrated Biorefineries

stakeholder involvement

TOPIC

gross-listing of potential
biorefinery cases

'

characterizing pathways via
biorefinery classification system

}

pre-selection of relevant
biorefinery pathways for TEE

'

selection of most promissing
biorefinery pathways for TEE

'

setting up TEE for selected
biorefinery pathways

complete database for selected
biorefinery pathways

|

TEE for selected biorefinery
pathways

METHOD

Joint (Tasks) Workshop
(Task 34, 37, 39, IEA IETS, etc.)

biorefinery classification system

evaluation of biorefinery
pathways according to their
current TRL

intertask expert online survey
using qualitative evaluation criteria

data-input specification for
relevant stakeholders to compile
data on mass and energy balance,
CAPEX, OPEX, etc...

filling data gaps by literature
research and LCA databases

quantitative indicators: net
present value, carbon footprint
calculation

RESULT

gross-list of potential biorefinery
cases for TEE

!

comprehensive systematic
overview of biorefinery
pathways

|

biorefinery pathways with a TRL >
4 are selected

|

approx. 10 selected biorefinery
pathways for TEE

}

biorefinery factsheets data
assessment

comprehensive biorefinery
factsheets

}

open access dissemination via
assessment platform

Technical, Economic and Environmental Assessment

biorefinery factsheet development
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Networking

IEA Bioenergy and its Tasks work on an international level to push
ahead and progress within specified topics. The work model for

this is co-operation and interaction between the participating

countries to create additional momentum and utilise synergies.

Interaction between Task 42 and national stakeholders is
vital and can create significant value on both sides!

Herzliche Einladung zum Stakeholderworkshop
22. November, 12:30-16:00, BOKU Wien

tbw) ENERGIE wo oD
W. INSTITUT Pl
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Michael Mandl Johannes Lindorfer Franziska Hesser
m.mandl@tbwreserach.org lindorfer@energieinstitut-linz.at f.hesser@wood-kplus.at

IEA Bioenergy -
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I[EA B ioenergy Results so far .... Classification Scheme

Task 42 Biorefining
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Source: Joanneum Research, Austria
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