~~ BIOPALIVA

Ceska Technologicka Platforma pro uziti Bioslozek
v dopravé a chemickém primyslu

/‘ BIOFUELS

EVOLUCE BIOPALIV

Ing. Leos Gal }
Pfedseda fidiciho vyboru CTPB Hustopede 15.11.2018



Pribéh ropy




EU 2030 - climate & energy framework

3 klicové cile pro rok 2030:

1.) 40% snizeni emisi GHG (proti urovni roku 1990)
2.) 27% podil OZE dne 14.6. 2018 zvysen na 32%
3.) 27% zvyseni energetické efektivity

1.) 40% snizeni GHG

EU ETS - Emission Trading System

- musi snizit emise o0 43% (v(ci 2005)

- bude reformovan a posilen

- Sektor nespadajici pod povolenky musi byt snizen o 30% (vUci 2005)

To se musi promitnout do individualnich zavaznych cilt ¢lenskych stat(

https://ec.europa.eu/clima/policies/strategies/2030 en#tab-0-0
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EU 2030 - climate & energy framework

3 klicové cile pro rok 2030:

1.) 40% snizeni emisi GHG (proti Urovni roku 1990)
2.) 27% podil OZE dne 14.6. 2018 zvySen na 32%
3.) 27% zvyseni energetické efektivity

2.) 27% podil OZE zvySen na 32%

Renewable energy

Moving towards a low carbon economy

Renewable energy directive National action plans Progress reports
The Renewable Energy Directive sets rules EU countries' plans for meeting their 2020 EU countries publish progress reports every
for the EU to achieve its 20% renewables renewable energy obligations. two years to show how they are moving
target by 2020. towards the EU's 2020 renewables' goals.
Support schemes Biomass Biofuels
Guidance for EU countries when designing Using biomass as an energy source can lower The use of biofuels made from biomass
and reforming support schemes for the EU's external energy dependence and provides a renewable alternative to fossil
renewables. reduce greenhouse gas emissions. fuels in the EU's transport sector.

https://ec.europa.eu/clima/policies/strategies/2030 en#tab-0-0
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EU 2030 - RENEWABLE ENERGY DIRECTIVE RED II. e

RED - definuje kritéria udrzitelnosti pro kapalna biopaliva

RED 2009 -2020

European Commission (EC) upravuje kritéria udrzitelnostit v Indirect Land Use Change (ILUC) Directive:
- B1G — (food based) do 7%
- Pokrokova paliva (non food based) 0,5% z celkové spotieby ( zavazné)

RED 11 2021- 2030

Se intenzivné pripravuje - oCekava se ke konci roku 2018 , platnost od 1.1.2021:

Dne 14.6.2018 - dohoda nového zavazku podilu OZE na 32% do roku 2030.

Podil OZE v dopravé — 14%

RED |l pravdépodobné stanovi zavazné cile pro pouziti pokrocilych (non-food) biopaliv na 3,5 %

Zaroven se ocekava uprava pravidel Common Agricultural Policy (CAP) zatim s nejasnym dopadem na
biopaliva.

EU ETS - vétsi roli - silnéjsi signdl pro investice do technologii s nizSimi emisemi uhliku, véetné OZE a
zajistit lepsi vyuzivani synergii mezi OZE a politikami v oblasti klimatu.

https://eur-lex.europa.eu/resource.html?uri=cellar:3eb9ae57-faa6-11e6-8a35-01aa75ed71a1.0020.02/DOC_1&format=PDF

https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Biofuels%20Annual The%20Hague EU-28 7-3-2018.pdf
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Srovnani podilu ,,obnovitelnych”
zdroju energie v dopravé v EU
(2015)
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Biopaliva je nutné vnimat v sirsim kontextu e

Limity dostupnosti

PEZ -Primarni energeticky zdroj TEPELNA ENERGIE

TECHNOLOGICKY

vstupni surovina ELEKTRICKA ENERGIE
Fosiini zdroje TRANSFER MOBILITA
OZE
Zivotni prostredi
Efektivita a ucinnost

Vyhled-perspektivy (pramys! 4.0)

Zakladni schema energetiky a spolecensko-ekonomicke viivy



UDRZITELNOST BIOPALIV v DOPRAVE o —
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NARIZENI VLADY
ze dne 15. srpna 2018
o kritériich udrzitelnosti biopaliv a snizovani emisi sklenikovych plyni z pohonnych hmot

USPORA CO,: biopaliva musi vykazovat tsporu emisi sklenikovych plyni

a) 35 % do 31. prosince 2017 v pfipadé biopaliv vyrobenych ve zpracovatelském zafizeni uvedeném do
provozu do 5. fijna 2015 vcetné,

b) 50 % od 1. ledna 2018 v pfipadé biopaliv vyrobenych ve zpracovatelském zafizeni uvedeném do provozu
do 5. fijna 2015 vcetné, nebo

c) 60 % v pripadé biopaliv vyrobenych ve zpracovatelském zafizeni uvedeném do provozu po 5. Fijnu 2015
B1G EtOH z cukrové fepy=52%, MERO=38%, HVO tepkovy olej =47%
B2G EtOH slamy=85%, HVO slunecnice=62%......

PUVOD BIOMASY:

- nesmi pochézet z lesli — puvodni druhy, rozmanitych TTP, mokradd, vysoce biologicky rozmanitych
travnich porost(i, biomasy z plid nasycenych vodou,...

- péStOVénl' - v souladu s pravidly pro dotace - v ramci spole¢né zemédélské politiky EU — CAP.

DZES - DOBRY ZEMEDELSKY A ENVIRONMENTALNI STAV PUDY

DZES 6: Zachovani urovné organickych slozek pldy
Kazdorocné 25 t/organickych hnojiv zpatky do pldy, nebo zbytky zaorat nebo osev predepsanych plodin...

https://www.epravo.cz/ dataPublic/sbirky/2018/sb0092-2018.pdf http://eagri.cz/public/web/mze/zivotni-prostredi/ochrana-pudy/eroze-pudy/gaec/shrnuti-informaci-k-podminkam-standardu.html
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CTPB stavi na perspektivnim a dostupném PEZ OZE
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1. Komundlni odpad [&)Enerkem
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1. KOMUNALNI ODPADY — TERMOCHEMICKY PROCES +—

ENERKEM ALBERTA BIOFUELS

Capacity: 38 million litres per year
(i.e. 1 X standard Enerkem system)

Feedstock:  25-year agreement with City of Edmonton
for 100,000 dry tonnes of MSW per year

Products: Biomethanol. cellulosic ethanol

=
-,

~



An efficient “carbon-recycling” process

Feedstock Gasification Cleaning and Catalytic synthesis

preparation conditioning process and product purification

Sorting, shredding, Conversion of Primary syngas Conversion of chemical-grade syngas
drying (if required) carbon-rich purification into final renewable products

and feeding residues into

synthetic gas

100k MT . —

A
A
of RDF SYNGAS a
Bubblin A
fluidiz A

bed gasifier y % ‘
: Product : -
towers purification Biofuels

Chemicals®

Water
treatment

v ~50k MT per year

A i of methanol
2 LLLLLLLLN of residues 1 Omm gpy Of

Solids/inerts to market

for aggregates and ethanol

construction materials

* Municipal solid waste

We're building the biceconomy. | © Enerkem, 2016 Enerkem




B
Modular approach

« Modular manufacturing approach enabling global expansion
« 43 pre-fabricated modules for standard facility (e.g. Edmonton):
« 15 process-driven modules

« 28 structural modules

We're building the bioeconomy. | © Enerkem, 2015




2. Kaly COV 7 —

actc vortrnst @ ENERGY




2. TECHNOLOGICKY TRANSFER — HTL Hydrothermal liquefaction

HTL —|Hydro|thermal|liquefaction

.............................................................................

250-450°C

50-250 bar

Bio-crude

Pritomnost vody je nutna !!! (odpada proces sugeni)
Voda pusobi jako rozpoustédlo - rozpousti slozky biomasy.

Vzhledem ke komplikované strukture biomasy musi voda pri reakci lepsi
rozpoustéci vlastnosti, coz je dosazeno zvysenim teploty a tlaku.



2. HTL - COV - KALY - Velky projekt USA-Kanada P

TECHNOLOGIE — - )'g
2 R7Z7 g s oeparTuENT OF
Hydro-termalni (vysokotlaké) skapalnovani pacitc nortivest @) ENERGY 7 hdobe

- Termalni depolymeriza&ni proces N S
il
- vhodné pro kasovity vstup (slurry) o

2. Licence

Genife

.ﬁiﬁW

~kalyCov 1 Aeraaas R
- ‘r’a sy sinice 3. Aplikace HTL - €OV Vancouver
| DEMONSTRATION &3 metrovancouver
- kejda
PRODUKTY

HTL -Hydrothermal liquefaction

suitable for slurry type of feedstock

- pyrolyzni plyn (SYNGAS)
- pyrolyzni olej (BIOOIL) | |
- odpadni uhlik (BIOCHAR/HYDROCHAR) | Waste Biomass BioEnergy

Algae Wood
f -

Biocrude Oil

UZITi
- plyn KVET Sewage Manure

- olej - petrochemicky pramysl | -
- uhlik ? @

- vyroba aktivniho uhli- pida
- drevéné uhli
- zvySeni vyhrevnosti paliva

https://www.youtube.com/watch?v=ER4C6EapZQ4



http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25464.pdf
https://www.youtube.com/watch?v=ER4C6EapZQ4
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3. Pyrolyzni jednotky na bio / ne bio uhlovodikové odpady S

TECHNOLOGIE
Stfedné-teplotni pyrolyza - kontinualni proces s vykonem 1-3 t/hod
— dle potrebné kapacity jsou jednotky fazeny do kompaktniho celku
— proces bez pfistupu vzduchu, za mirného podtlaku
— pyrolyza zpracovava veskeré latky na uhlikaté baze:
- biomasa
pneumatiky
odpady z papiren
kaly z COV
komunalni odpady (resp. BRKO) FP - FLASH PYROLYSIS

p I a Sty suitable for solid type of feedstock

\ " MGW Sample

PRODUKTY
- pyrolyzni plyn (SYNGAS)
- pyrolyzni olej (BIOOIL)
- odpadni uhlik (BIOCHAR)

UZITi
- plyn KVET
- olej - petrochemicky primysl
- uhlik - k vyrobé aktivniho uhli- ptuda, dfevéného uhli, zvySeni vyhrevnosti paliva

Bio-oil Bio-char Syn-gas




BIO OLEJ - TECHNOLOGICKE CESTY VYROBY

Vstupni surovina
SUCHA

FP - FLASH PYROLYSIS

suitable for solid type of feedstock

g  MGW Sample

Bio-oil Bio-char Syn-gas

Vstupni surovina
VLHKA

HTL -Hydrothermal liquefaction

suitable for slurry type of feedstock

Waste Biomass

BioEnergy
Algae
‘g _ Wood Biocrude Oil
LOF
1 ;'J,'I.L ?
‘ - i £
DA ) = -‘

Sewage Manure

.1 w7

= |

Regionalni proces zhutnéni energie pro nasledné vyuziti:
KVET - energetické uziti teplo a elektricka energie

PETROCHEMIE - transport (19 GJ/t) k technologickému upgrade (hydrogenace)

/‘ BIOPALIVA
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BIO OLEJ- BIOOIL — BIOCRUDE technologické cesty vyroby “#=—

1. Komundlni odpad (& Enerkem

2.KalyCoOV ' ouirsy

3. Rezidua — bio/ne bio {.;

Thermochemical | Biochemical
‘ Pretreatment
Pyrolysis Gasification Hydrothermal (< 22[_! o
(450-600°C) (600-1000°C) Liquefaction == Physical
(250-350°C) Physio-chemica
| Sugars Chemical
Chemical Hydrothermal
Pyrolysis oil I Fischer-Tropsch = vd
= Synthesis
a Enzymatic
Pyrolysis oil Snpert:ritica_l water Hydrolysis
. oxi £ Fermentation
i Hydrocarbons
Suchd cesta Hydrogen —
Chemicals ‘.,WL.
Mokra cesta
Hydrocarbons
Hydrogen

Chemicals




Pozice BIOOIL v B2G matrixu

FP

— Flash pyrolysis

HTL — Hydrothermal liquefaction

——>{ Gasification [>  Syngas wGs ﬂ
F MTO
5| Anaerobic < Catalytic G Mﬁ' MT6
Digestion > > Reforming >
Catalytic
MOGD
N High T Catalytic Synthesis n
i) |  catalytic
_E ;E ; Reforming
= i Active
IR5 -
=)
-
° }5 a n
3 .o
T < Catalytic
E =) Reforming
c -]
‘m g |
E >3
Se e
., . & Catalytic
/ Phenols
BTO
I—) Fermentation BTG
Catalytic Catalytic
5! Hydrolysis Sugars | Dehydration Reforming
L Aqueous
Processes

" BIOPALIVA
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Stavajici projekty BIOOIL upgrade pro vyuzitiv PETROCHEMII S

PROJECT |  GOAL §PER|GD§ FUNDING

Hy Fuel & i from TRL2-4to TRLS zm? zngl s Mio €

b4refinery §fmmTF-:L3-4mTRL4-5 2017 - 2021 6 Mio €

- biofuel pri
- ; Diofuel prices below 2017- 2021 5,9 Mio € -
£1 [liter

\‘ IEIIIIIIIII| upgrading TRL 5 2016 2020 : 5 9 Mio €

|NB|DM}L HTL plastics, willows | 201? 2[#19 [ler"lr‘narl-f. . -

Click on logo to know more

Upgrade do kvality ropy pro primou nahradu ropy v rafineriich

24
https://projects.ncsu.edu/mckimmon/cpe/opd/tcs2016/pdf/oral/Day%202%20Plenary/0915%20Biller Plenary Day2.pdf



https://projects.ncsu.edu/mckimmon/cpe/opd/tcs2016/pdf/oral/Day 2 Plenary/0915 Biller_Plenary_Day2.pdf
https://cmt.eurtd.com/serve-file/e0/l1529931673/di/c0/NZqeykVDMINsV_QIwc3fErLE2th4nAFLtUY3TkaKhVc/115000/116978/__cmtfield_15290741422902/2018_EUBCE_Konstantinos_AU_final.pdf
https://www.sintef.no/projectweb/4refinery/
http://www.heattofuel.eu/
https://www.et.aau.dk/phd/ongoing-phd-projects/hydrothermal-liquefaction-of-organic-waste-sources-for-biocrude-production/
https://ec.europa.eu/inea/en/horizon-2020/projects/h2020-energy/biomass/biomates

ZAKLADNI FAKT — nevyéerpatelny vstupni surovina

SUN POTENTIAL

finks
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Natural Gas

SOLAR®
23,000 TWy/year

OVERNMENTAL PANEL ON
climate chanee

WATER POTENTIAL
Q O
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CO, POTENTIAL

Global Mean Sea Level (mm)

GMSL from TOPEX/Poseidon, Jason-1 and Jason-2 satellite altimeter data
50 r T
Seasonal signal removed
Inverse barometer correction applied

40 - -

GIA correction applied
9 Monthl L
20—3-"‘!0"( running mean

Trend = 3.2 mm/year

10;

Time span: Jan 1993 -> Mar 2013
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Silné varovani — GLOBAL WARMING

Nutna cesta - LOW CARBON ECONOMY

Soucasny emisni trend - narust globalnich emisi CO2
priblizné 0 60% do 2050 (1 700 giga tun kumulativniho CO2 emisi).

» ___\ International
1€a’ Energy Agency

Zvyseni prumeérné celkové hodnoty teploty o cca 6 °C

http://makingoftomorrow.com/wp-content/uploads/2017/06/EB _web 28.6 vs6.pdf
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BIOFUELS EVOLUTION in terms of CO, S

CO, IMPACT FACTOR

15t BIOFUELS GENERATION (food crops)

24 BIOFUELS GENERATION (waste)

374 BIOFUELS GENERATION (algae)

CO;~equivalents [g/km]
& welk-towhesl

"~ 16% €O,

provision - BA% L0,
of fuel

€ 20
Gasoline  CNG Aupdi
e-gas

ZERO CO, EMISSION

Global warming potential
C0,-equivalents [g/km]

Audi e-gas Use

https://docplayer.net/20716171-Audi-e-gas-project-life-cycle-assessment.html

https://player.slideplayer.com/9/2528707/# https://www.audi-mediacenter.com/en/press-releases/new-audi-e-gas-offer-as-standard-80-percent-lower-co2-emissions-7353
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CARBON CAPTURE STORAGE — CCS Capturing €O,  ‘“Z

Gasoline, Jet Fuel, Diesel Fuel, Methane, Propane, Butane

Emitovano 66 000 000 tun

EU ETS (&/tunu) 19,56 &/t

Celkova hodnota 1290960000 €

Kurz K&/€ 2592 KéfE

CELKEM 33461683200 K
. e A .

1

Fossil Fuel Cement Industrial
Power Plants Factories Factories

https://markets.businessinsider.com/commodities/co2-emissionsrechte
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Smart COz Transformation

A VISION for Smart CO,
Transformation in Europe

Using CO, as a resource

Enabling European industry to become more
resource-efficient, sustainable and competitive

»

Smart COz Transformation

http://www.scotproject.org/images/SCOT%20Vision.pdf
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Climate-Kic - PROGRAM

A Strategic European Research and
Innovation Agenda for Smart CO2
Transformation in Europe (SERIA)

A Strategic European Research
and Innovation Agenda for Smart

CO, Transformation in Europe

CO. as a resource

Policy & Requlatory: FEconomics & LCA
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x» Smart COz Transformation ?
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Joint Action Plan for Smart CO2
Transformation in Europe (JAP)

Joint Action Plan for Smart
CO, Transformation in Europe
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RECOMMENDATIONS

The main research and innovation recommendations from this SERIA are:

SHARED EUROPEAN
MODULAR PILOT PLANTS

and
VERIFICATION CENTRES




CO, CZECH VERIFICATION CENTRE - FUNDAMENTS for GREEN CARBON INDUSTRY ‘2
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CO, TRANSFER - stav R&D a komercionalizace

£
Smart COz Transformation
Stadium Trini Intenzita Potencial
vyvoje potencil vyvoje redukce CO,
Cement
% Mineralizace | Stavebni material
Odpadni betony
METANOL
i || Chemikalie "
. .. KYSELINA MRAVENCI
intermediaty
SYNGAS
METAN
il] PALIVA e-DIESEL
DME
Polyoly
A Polkarbonaty
) A Polymery Cyklické karbonéty
PET Polyakrylat sodny
Kyselina akrylova
TRLdo 3 TRL7-8 Low TRL< 6
na trhu predkomeréni faze cileni trhu nejasné
pocet wvojarl =50 pocet wyvojafh 10-50 potet vyvojaih < 10
dlouhodobé snizovani CO2 snizovani CO2 nahradou fosilu snizovani CO2 minimalni

http://www.scotproject.org/images/SCOT%20Vision.pdf http://makingoftomorrow.com/wp-content/uploads/2017/06/EB_web 28.6 vs6.pdf
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CCS and CCSU cooperation

1. France: Aicha El Khamlichi, Aicha.elkhamlichi@ademe.fr

3. Greece: Paraskevi Afentaki (GSRT), pafe@gsrt.gr
4. The Netherlands: Gerdi Breembroek (RVQ), gerdi.breembroek@rvo.nl

ACT - international initiative (era NET cofound 2016-2020) ég—seleraﬁng
R&D&I - CO, capture, utilization and storage (CCUS)

2. Germany: Wolfgang Korner (Pt), w.koerner@fz-juelich.de; Heiko Gerhauser (P}, h.gerhauser@fz-de

5. Norway: Ragnhild Renneberg (RCN), rr@ren.no; Aage Stangeland (RCN), ast@ren.no;
6. Romania: Nicoleta Dumitrache (UEFISCDI), nicoleta.dumitrache @uefiscdi.ro

Technologies

~~ BIOPALIVA

International cooperation
ACT - Accelerating CCS

8. Switzerland: Gunter Siddiqi (DETEC/SFOE), guntersiddigi@bfe.admin.ch
9. Turkey: Ufuk ATAY (TUBITAK), ufuk.atay@tubitak.gow.tr

Due date for proposalsis 12 September 2018

7. Spain: Severino Falcon Morales (MINECO), severino.falcon@mineco.es; Daniel Ruiz, era-energia@aei.gob.es

10. United States: Mark Ackiewicz (DOE), mark.ackiewicz@hg.doe.gov; John Litynski, john.litynski@hg.doe.gov
11. United Kingdom: Brian Allison (BEIS), Brian.Allison@beis.gov.uk; Hannah Lord, hannah.lord@beis.gov.uk
First Call for project proposalsin June 2016 with due date for proposalsin September 2016.

The budget for the first call was € 41.2 million. Eight new Projects were started autumn 2017

A second ACT Call was published 4th June 2018. The budget up to €30 million.

Technologies

10 countries cooperating

Knowledge sharing
Call in 2016:

8 new projects last year supported
36 M from ACT

New call June 2018

ommission for 21

www.act-ccs.eu

ACT - international initiative (ErRa NET cofound 2016-2020) éécseleraﬁng
R&D&I - CO, capture, utilization and storage (CCUS)

=

Eentract signed %lRéilélOand the European

Technologies

ACT

el -
e

CLIMIT

GLOBAL CCS INSTITUTE

The world’s leading authority on carbon capture and storage (CCS)

2017 — 2022 Five-Year Strategic Plan:
Accelerating the deployment
and commercial viability of CCS 2017-2022

[DUR MISSIDN:] To accelerats the deployment and

commercial viability of CCS globally

Pilot & en
demonstration other init

CARBON CAPTURE COALITION # CARBON CAPTURE afb oL URLUE

» COALITION
formerly National Enhanced Oil Recovery Initiative (NEORI) launched 2011

2t
- GREAT PLAINS
INSTITUTE

Organized by the Center for Climate and Energy Solutions (C2ES) and the Great Plains Institute (GPI)
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Zaver-rekapitulace

Hlavni sméry orientace CTPB z pohledu vstupni suroviny

1. Komunalni odpad [&Enerkem

2.KalyCOV " @iieray
3. Rezidua - hmfne bio ﬁ’\\

4. Demonstracni centrum - transfer CO2




CZECH BIOFUELS TECHNOLOGY PLATFORM

/‘ BIOFUELS

Thank you for your attention

Leos Gal
The head of Steering Committee
Czech Biofuels Technology Platform

leos.gal@seznam.cz
00420-736505012
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