Vybér z prezentaci konference

3rd Annual European Biofuel

June 17-18, 2014, Prague

Zpracoval: Ing. Jaromir Hynek



Major biofuel related challenge for a refinery [especially in the CEE
region] is the fragmented regulatory environment

Biofuel obligation in some of the CEE countries — There are no two identical ...

pooled
liter by liter
pooled
pooled
pooled**
SLO pooled
pooled
pooled
pooled
u liter by liter

Obligation type Fuel ar;d *

Gasoline (e%)

Diesel (e%)

Gasoline (v%)*

Diesel (v%)

e%
e%
e%
e%
v%

Gasoline (e%)

Diesel (e%)
e%

Gasoline (v%)
Diesel (v%)

Blending and logistics

14%

12% -

10%

8%

6%

4%

2%

0% -

HU (petrol)

/ | | | |

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

(Un)expected game changers

w— H U (diesel)
s SK (petrol)
SK (diesel)
s HR
IT
AU
SLO
o DE
w7 (petrol)
s CZ (diesel)
PL
s RO (petrol)
= RO (diesel)

» Refinery optimisation is significantly hindered
by fragmented bio obligations

» Very complex and flexible logistic system is

required

P Increasing significance of waste based biofuels

» Increasing obligation can result the need of

higher blending walls (E10, B10 etc.)

» Uncertain regulatory envir. (i.e.: ILUC, GHG)



Mandatory targets in CEE vs rest of EU

CEE countries- not top of the ¢l

lass but not stragglers
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CEE Mandatory targets and penalties

Poland and Hungary as most rigorous, Poland with the

most ambitious target

Poland
7,.10% (E)

Czech Republhe

% (E)
~ biodiesel

or ethanol s
Slovakia

5,75% (E)

Hungary
4.40% (E)

Penalties are to ensure the
effectiveness in meeting
admixture obligation

Romania
(Y for biodiesel

CEE penalties for not fulfilling the

biofuels mandate

Member state Penalty
Poland ~4100 EUR/Cbm of E-tha-nol or
~4100 EUR/Mt of Biodiesel
~0.11 EUR/M]
Hungary ~2270 EUR/Cbm of Ethanol or

~4497 EUR/MT of Biodiesel

Czech Republic

.50 EUR/litre of Biofuel

Slovakia

no penalty (tax concessions are
available)

Romania

up to 3540 EUR fine

Bulgaria

up to 10'000 EUR fine

National mandates starting period:

Bulgarla

Poland January 2008
Czech Republic September 2007
Slovakia January 2007
Hungary June 2009
Romania July 2007
Bulgaria January 2008




UPM Lappeenranta Biorefinery ’

commissioning in summer 2014 The Biofore Company UPM

=

Commercial scale investment

« 150 MEUR investment

« 100 000 tons/a of renewable diesel

« 150 UPM patents & applications
Commissioning in summer 2014
Employs 200 persons

Contributes to 25% of Finland’s
2020 biofuel target




ABENGOA

Our landmark project:
Biofuel

A global production capacity of more than 2,500 ML/year of
bioethanol

2nd generation bioethanol from biomass Other examples

= Location: Spain (2008)
= 200,000 t biodiesel

= | ocation: Netherlands (2010)

= 480 MU/year 360,000 t DDGS
(Dried Distillers Grains with
Solubles)

= Largest biofuel plant in Europe

= | ocation: US (2010)
= 333 MUl/year, 230,000 t DDGS

= |ocation: US (2014)
= 95 MU/year from agricultural waste

= [ocation: Uruguay (2015)
= 70 MUyear, 49,000 t of DDGS




1994 d— 2003

/ Acquisition of High Plains
Corporation in U.S.

« B30 ML (170 MG) capacity in US
and EU

« Enzymatic Hydrolysis technology
selected for 26

ABENGOA

2004 f— (13

Abengoa Bioenergy Evolution

Abengoa has developed simultaneously its 1G and 2G business since 1994

2014 Forward se—

« Acquisition Dedini Agro, Brazil

< Assets in 5 countries, three continents;

global 3175 ML capacity

< 26 technology program developed; 26

ethanol pilot & demo plants built

< Construction of 1** cellulosic ethanol

commercial scale plant started

< Startup of first cellulosic ethanol

commercial scale plant in Hugoton
Kansas

/ 16 technology licesed to 3¢

parties

< Waste-to-biofuels technology

developed + commercialized

« Develop new sugar-based

applications for fuel and chemicals
market e.g. butanol, jet fuel, diesel




ABENGOA

Significant Installed capacity in first and second generation

Main Installed Cag

Yark, NE
08 ML
since 2001 since 2001 since 2001

Global production

Ethanol (ML): 2.950 mﬂﬂ biomass piant Hugoton (S5, US)
Sugar (KTPY): 570 ) sovse
Feed (KTPY): 1.B65
Eleciricity (MW): 259 Biomass demonstration plant in BOyL
Biodiese! (ML}): 225 ) (Salamancs, Spain)
Corn oil (Ki) 30 . SMIL

since 2009

Biomass pitot plant in York (NE. US)
8.1 ML
since 2007



Paolo Corvo, Group Biotechrology, 1bo&2m4 ..‘l

CLARIANT
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Munich & Straubing — the two Biotech &

Renewables sites

Munich Straubing

— Since 2006 — Since 2011

— 79 employees — 16 employees

— Main Research & Development Center — sunliquid demonstration plant
— Lab and office space: 3,300 m? — Area: 2,500 m?

— Pilot plant since 2009

-




11 Public, Double Counting - Bare or Boon?

Dr.Gloria Gauprnarm, Public & Regulatory Affairs Mansger, Group Biotechnology, 17082004

Status of cellulosic ethanol development (sunliquid®)

——e 2006
Start of the
development
(Sud-Chemie)

L 2009

Pilot plant
operational,

e

2012
Demo plantin
Straubing (DE)

operational
\—0 2013 L Next step
ISCC certification First commercial
License package ready production plants

L 2014

Fleet test E20
with Mercedes-
Benz

1

CLARIANT



7

Paolo Corwo, Group Biotechnology, 16062004 -l

CLARIANT

sunliquid® is the ideal technology platform for highly
sustainable bio-based products

=== Biotechnology
=== Catalytic conversion

Cellulosic
Sk I CONVETrSION

Cellulosic
Sugars

Biotechnolog

Bio-based

sunliquid® chemicals

Catalytic conversion

= Sugar platform standalone

* Development opportunities for
biobased products

= Extensive know-how in
biocatalysis, strain optimization
and heterogenous catalysis




1 Public, Double Coumfing - Bare or Boon?
Dr.Gloria Gauprrenn, Public & Regulatory Affairs Mansger, Group Biotechnology, 17.08.2004
CLARIANT

Scheme of commercial scale plant
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European

ILUC proposal =

Cap 5%o - food-crop 6% - land based (food and 7% - food-crop based
based biofuels energy crops)- FQD and RED
>6% # sustainable

Sub- 2.5% advanced biofuels, Non-legally-binding sub-target of
(0,5% by 2016) 0,5% advanced biofuels

targets 7,5% renewables in petrol (excl. UCO/ TME)

Multiple 2x - non-food  1x - waste and residues, 2x - non-food cellulosic material

Einting cellulosic cascading principle and ligno-cellulosic material,
material and 2x - UCO and animal fat, cannot incl. UCO and animal fats
ligno-cellulosic be counted towards 2,5% 53X - RES_E in road transport (2,5%
material sub-target - now)
4x - non-land  4x - algae, RE of non-biological 2,5x - RES_E in non-road
based biofuels origin; CCU for transport

ILUC Reporting for ~ ILUC-factors in the FQD Reporting for information purpose in

factors  Information accounting as of 2020 FQD and RED, including a range.
purpose in FQD o be accounted towards 6%  December 2017: review of both,
and RED GHG target under FQD. effectiveness of measures and best

By 2016: review of ILUC values available science on ILUC factors



Long term growth is broadly expected, but projected future
supply will come from non-food based biofuels

Demand by mm Current Policies 450 Scenario
—esne e | 2020 | 2035 | 2020 | 2035 | 2020 | 2035

OECD 446 40.8 39.4 32.8 40.1 37.1 38.0 24.9
Non-OECD 26.5 39.6 48.3 59.2 49.2 64.2 45.6 45.6
Bunkers 2.2 7.0 7.8 9.3 7.8 s 7.5 7.7
World Oil 76.3 87.4 95.4 101.4 97.1 111.0 91.1 78.2
I N I - - I S S S S S S S S S S S S S B S .
World biofuels 0.2 1.3 2.1 41 1.9 3.3 26 7.7

+ Market potential: according to the latest IEAWEQO, biofuels use more than triples in the New Policies Scenario, to 4.1
mboe/d in 2035 (market equating to ~$140bn pa (@3%$0.6/litre)).

+ Biofuels meet 37% of road fuel demand in 2035 in Brazil, 19% in US and 16% in EU.
+ Legislative support remains, focus on advanced biofuels.

+ Governments appear committed to biofuels - looking for supply to come from advanced (non-food based crops) with vi
specific targets and support mechanisms.

Drivers remain the same:

+ Government have concluded that biofuels offer one of the few solutions to decarbonising the transport sector, whilst
supporting economic development and energy security.

+ Whilst electric vehicles, natural gas and other renewable transport fuels will all play a part in the overall solution, biofue
represent the main technology available at reasonable scale and cost in the medium term.

+ As you move from geography to geography the reasons are always the same — a wish for energy security, economic
development or carbon reduction - it is just the emphasis that changes.



(20-30 MGY) 2914 Msw
2014 Com

Hope springs eternal: Selected active and planned
advanced biofuel plants worldwide (Existing / Planned)

Fiberight (6 MGY)
2014 MSW

Enerkem (12 MGY)
-

!

Copyright ® 2013 Accenture All

rights reserved

Mascoma (20 MG* gojena (16 MGY)
2014 Woody

Biomass

2014 MSW

waste

e

Ineos (8 MGY)
2015 Organic

Inbicon (1.4 MGY)

2009 Wheat Straw__ UPM (30 MGY)

Source: Ethanol Producer magazine, BNEF

O‘.

2014 Tall oil

Preem (26 MGY)

2011 Tall Qil

Mossi & Ghisolfi
(13 MGY)
2013 Corn Stover

Neste (2"54 MGY)
| 2007-09 Palm Qil,
stearin, waste

e Neste
KIOR (33 MGY) (240 MGY) animal fat
2014 Forestry ‘s #2011 Palm Qil, '
residues ? ~u stearin, waste Sinopec (15 MGY)
animal fat 2014 Corn Stover
Jianye Greentech
DCE (25 MGY) Chemtex (40 I}\,IIeGY)
2014 Corn Stover - (24 MGY) 4
=1 2014 Non-foo ) 2014 MSW
Ay e
v : ¥
: Abengoa L _ ‘J a UPM (32 MGY) ek -', b Cellulosic
Dynamic (25 MGY) BioMCN skl R etranal
2014 Corn Stover (67 & 132 M .’{
(75 MGY) 2010 &2016 ’ .| @ e
2010 Animal G Glycerine, ‘ o
J' forestry Waste
'* . Pyrolysis
KiOR (11 MGY) v /
2012 Yellow Pine Ineos (8 MGY) Abengoa (2 MGY)  Abengoa (13 MGY)
Raizen Energie 2015 Ag Waste & 2009 Wheat Straw 2014 Ag Residue ~ Neste (240 MGY)
Petrobras (4 MGY) 10 MG 9€ psw 2010 Palm Qil,
2014 Bagasse 201 5 CY) Stearin, Waste
-ane Animal Fat
material



Advanced biofuels expand - slowly

80
" Project (adv. bio-gasoline)
10
40 M Project (adv. biodiesel)
) £ 1 Under construction {adv. bio-
g 40 < gasoline)
30 = M Under construction (adv. biodiesel)
20 I Operating (adv. bio-gasoline)
10
M Operating (adv. biodiesel)
0
2013 2014 2015 2016 2017 2018 2019

Note: Does not include hydrotreated vegetable oil (HVO)

Industry currently enters large-scale production with first commercial plants coming
online

Operating capacity at 2 billion litres in 2013 could grow to 4 billion litres (65 kb/d) in
2019

However: projects continue to get cancelled, or companies go bankrupt

Perceived investment risk is most important barrier to more rapid deployment

long-term policy framework is needed to spur growth

@ OECC



Biofuels production falling behind
targets of IEA Biofuel Roadmap

Global biofuels production

Advanced

2DS target
Biodiesel

Ethanol

_____ Conventional
B Biodiesel

w
e
=
| =
k=]
—

Ethanol

O Biofuels share in
transport energy
consumption

In a low CO2 scenario (IEA 2°C Scenario) biofuels’ share in total transport increases to 27% in 2050

Advanced biofuels play key role = only low-carbon fuel alternative for long-distance, heavy
transport modes

Without significant improvements of the policy framework for advanced biofuels, targets in the

2DS will not be met! i




Existing roadmaps: focus on powertrain and efficiency technologies
but lack a cross-cutting view on fuels

Passenger Cars Roadmap gy fieet Average

) 130 95 TBD
Source: Auto Council CO, Targets (g/km)

W m— Fuel Cell venicie | | ] ||

H, Infrastructure Fuel Cell & H, Supply/Storage Breakthrough

S Mass Market EV Technology _§ | § §_

Charging Infrastructure Energy Storage Breakthrough

Plug-In Hybrid
Energy Storage Breakthrough

Full Hybrid
Micro/Mild Hybrid
IC Engine and Transmission innovations (gasoline/diesel/gas/renewabl

Vehicle Weight and Drag Reduction
2000 2010 2020 2030 2040

«  Efficiency improvements, driven by EU level tailpipe emissions targets and air quality regulations,
underpin the roadmap.

*  The 2020-2030 period is the decade when EVs (PHEVs, BEVs and/or FCEVs) become a
mainstream offer — under energy storage breakthrough condition, assuming adequate grid capacity.
Development of these technologies driven by the need to meet the long term EU CO, targets'.

+ The EC transport goals are also expected to become a driver for Zero Emission Vehicles, e.g.
CO.-free city logistics in major urban centres by 2030 and phasing out conventionally fuelled cars in

cities by 20502
Low

Slide 8 1 - A Roadmap for moving to a competitive low carbon economy in 2050, 80%-95% GHG emisdon reduction by 2050 compared to 1990 Low Carbon Vehicle Partnershic




Fuel roadmap, including fuel types and blends fulfils this objective LowC‘W

2016 - E10 becomes the Possible introduction in % Carbon Vehicle Partnership
certification fuel, latest late 2020s; dependant
introduction date for E10 on EClevel decisions
( BLEND ) E10 (EN228)
o GASOLINE (Ethano)) Food crop based) _____ ) ) Increase use of lignocellulosic feedstock )
and E N ; K ;
vans ( Drop-in ) !____J> Possible development of drop-in gasoline >
Use of domestic production )) possible development of bio-LPG )

All
vehicles

BLEND up to B7 (EN590)2
DIESEL Max use of waste oil & fats? Increasing use of HYO over FAME
Drop-ln Increase use of drop-in diesel (BTL, HVO)

Vans,
HGVs
& buses

Fuel Pathways 2015 2020 2025 2030

Slide 11 Source: Element Energy, Fuels Roadmap, a report for the LowCvP, 2014




European Biofuels | -
" it \/alue Chain 1-4 (Thermo-chemical

Renewable transport

Synthetic fuels / hydrocarbons from fuels forjetand _ o
biomass via GASIFICATION diesel engines ____

Lignocellulosic
feedstocks 1

Substituting
natural gas and
other gaseous
fuels

Bio-methane and other gaseous fuels
from biomass via GASIFICATION

Power and heat

i

X 3 High efficiency power generation via
sASIFICATION of biomass

Bioenergy carriers via other Fuels for heating,
thermochemical processes (e.g POWET QN SuIcrT OF

intermediates f
PYROLYSIS, TORREFACTION) undrading ot

transport fuels

A

Source : EBTP




European Biofuels
TECHNOLOGY PLATFORM

The Forest BtL Project, Fl

1. Synthetic fuels (oxygenates or
Hydrocarbons) through gasification

480 MW, / FT products / 2016-1 ??!

Gasification technology: Carbo-V

88 million € NER300 grant

FEED contract for Gasification, gas
cleaning, synthesis and OSBL
signed.

Biolig® Project, DE

2 MW, / Synthetic Gasoline /2013

Pyrolysis and gasification in oper.
Synthesis in commissioning

Fast pyrolysis of straw+Gasification
(5MW,) + DME/gasoline synthesis

18th June 2014 PLATTS 3" European Biofuels Conference

www.biofuelstp.eu



t European Biofusls 4 1. Synthetic fuels (oxygenates or
Hydrocarbons) through gasification

Chemrec Projects, SE

The BioDME Project

a. BioDME project
~3 MW, / DME /2011

b. Domsjo and Vallvik mil

~200 MW, / Methanol and DME / On hold (Currently e
awaiting new national regulation on biofuels) v e

UPM Project
a. Pilot testing at GTI, Chicago, USA
~5 MW, / syngas production / Ongoing

b. Commercial Demonstration, FR

P
|: _ ;’

~300MW, / FT products(100 000 t/a) / ! h IH

Investment decision by 2014; L .
P - _ Full sized plant

170 million € NER300 grant | Source: UPM, Andritz,

18th June 2014 PLATTS 34 European Biofuels Conference www.biofuelstp.eu



( P P 2 1. Synthetic fuels (oxygenates or
& Hydrocarbons) through gasification

b i

The Woodspirit Project. NL
Forest resid / Methanol / Dec 2016
>225 000 tpa Biometnanol

Biomass feedstock into entrained flow gasif.

199 million € NER300 grant L 3% * '
Consortiun of BioMCN, Siemens, Linde and VS Hanab Site for the Woodspirit Plant
GﬁSSinq’ AT Gussing FT productionflow scheme

Fossil products
{e.g. LGO, HGO, VGO)

Raw Syngas Pure Syngas

8 MW, / Heat and Power/ 2002 |
Wood chips H2/C0=15 H2/co=2 Fl-wax Purge G

H&P plant but also test site for = ...
FT. SNG, higher alcohols and H2 ! tu ' e

Hydrogen
(pure/ recycled)

18th June 2014 PLATTS 3'9 European Biofuels Conference www.biofuelstp.eu



European Biofuels £ 1. Synthetic fuels (oxygenates or

@ === 4 Hydrocarbons) through gasification

Wood |
- - - Gase|™

BioTfuel Project, FR ——— 1 CO-Shin Fischer-
~12 MW, /FT products / 2014 5 : i

Coal
Fuel mix of fossil and renewable Miling - AGR
Including torrefied biomass PRENFLO™

Residues e Source: Uhde

Integrated Process Chajin for the Production of Bio-Methanol

Varmlandsmetanol, SE Footsiont | Pveamon [PGRINERHGA™] cas esimom | Sy
~ 111 MW, / Methanol / 2017 AL oo
—_— . Methanol
CFB Gasification Domestic | | grinding, | | | I .
Residues e b J fuel grade
3 F : AGR
¢ -
HTW Source: Uhde

18th June 2014 PLATTS 3" European Biofuels Conference www.biofu t_‘-ISTp,u u




" iz 2. Bio-methane through gasificatio

GobiGas — Gothenburg Energy, SE
a. Phase 1
Wood pellets / 20 MW, of SNG /2013

FICFB techn. (type Giissing)
b. Phase 2
Biomass / 80 — 100 MW, of SNG /2016’)

59 million € NER300 grant &
E.On Bio2G Project, SE

a. Pilot testing at GTI, Chicago, USA

~5 MW, / syngas production / Ongoing
b. 1st Commercial plant, Landskrona or Malmé e
~200 MWgne/ SNG /2018 : _
PreFEED performed - 4 years to plant completion e
after decision. Ccurrently awaiting new national
_regulation on biofuels.

18th June 2014 PLATTS 3'd European Biofuels Conference



Q) B e Value Chain 5-7 (Bio-chemical)

Main markets:
Lignocellulosic Renewable transport
feedstocks fuels as gasoline
= \ components, EBS

5 Ethanol and higher alcohols
from sugar via FERMENTATION ‘ ‘
§ -

‘
-

SUGARS

Sustainable
energy crops Renewable hydrocarbons from
sugar-containing biomass
via BIOLOGICAL PROCESSES f"'}“"f‘“"’,"i"*’;“’"’”
and/or CHEMICAL PROCESSES bbbl asden

Main markets:

diesel engines

Aquatic biomass (e.g.

macroalgae, microalgae) HIOSNENGY CMIILS

from CO; and light through
MICRORGANISM -BASED
PRODUCTION and upgrading
into transport fuels and
valuable bioproducts




<

18th June 2014

European Biofuels
TECHNOLOGY PLATFORM

5. Ethanol and higher alcohols
from sugars through fermantatio

Main cellulosic EtOH running demos (>1000 t/y) in EU

: Output
Input capacit .
Plant Owner Location d R capadity
(t/year) (t'year)
Clariant (ex Sud Straubing, Agriculture residues, 1 000
Chemie) Germany wheat straw
Abengoa Bioenergy, Babilafuente, 25 000 t/year
Biocarburantes Castillay | Salamanca, Spain | (barley/wheat straw, corn
Leon, Ebro Puleva stover) 4 000
Inbicon (Dong Energy) Kalundborg, 30 000 t/year (wheat 4 300
Denmark straw, other
lignocellulosics)
Chempolis Oulu (Chempolis | 25 000 t/year (non-wood, running, ?
R&D Center), non-food raw material)
Finland
formicobio ™ process
Beta Renewables (JV Crescentino, Italy | Non-food biomass (giant 40000
Chemtex (M&G), TPG, cane and wheat straw)
Novozymes)

PLATTS 39 European Biofuels Conference

www.biofuelstp.e



c. il 6. Hydrocarbons from biomass via

Biological and / or chemical processes

Pitea, SE

Close to100 000 tpy /2012
(capacity increase announced)

Tall oil (residue of chemical pulping)
via hydrotreatment to HQ diesel
using the Sunpine technology

Lappeenranta, Fi
100 000 tpy/ 2014

Tall oil (residue of chemical pulping)
via hydrotreatment to HQ diesel
using the UPM BioVerno tecnology

18th June 2014 PLATTS 39 European Biofuels Conference \_',“;-;w,biofugls‘[p,e_-u



Domestic Consumption of Biodiesel 2007-2013

Biodiesel pure fuel
in 1,000t

Biodiesel blend
3,500 —

Total: 2,695 ™ Total: 2,517 |

3,000 —

1

Total: 2,:555 | Total: 2,436 |  Total:2,475 = | Total:2,192

N

I} —

=

2,500 — 293 N

2,000 —
1500 —
1,000 — 1,423 1,613 2,276 2,262 | 2,339 | 2,344

500 —

0_|

2007 2008 2009 2010 2011 2012 2013

07 / 03 / 005 Mio.tveq. Qil (rape seed oil)

ufop

Source: BAFA




Increasing share of HVO and UCOME in Biodiesel

Consumption in Germany 2007-2013

PME (Plant Oil Methylester)®
VO (Hydrotreated Vegetable 0il)
OME (Used Cooking Oil Methylester)

total: 2,436 | total: 2,475 total: 2,192

—— e ———

2,000—

total:3,244  total: 2,695
1,500 —

1,000 —

2007 2008 2009 2010 2011 2012 2013

1)PME - Plant Oil Methylester: Rapseed Qil-, Soy Qil-, Palm Oil Methylester Ufép

Source: BAFA, BLE, UFOP
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