4 ProQR

COMBUSTIVEIS ALTERNATIVOS
SEM IMPACTOS CLIMATICOS

Alternative Fuels
for Aviation in Brazil

Introduction and Global Context
&
Overview of HCD modules

Por ordem da Por mei‘o da: SECRETARIA DE MINISTERIO DA ” PATRIA AMADA
B | e e, st da Natwres | Z fir nternationale EMPREENDEDORISMO  CIENCIA, TECNOLOGIA B R AS I L
' e Seguranca Nuclear Zusammenarbeit (G12) GmbH DLR E |NOVA(;AO E |NOVACOES ' GOVERNO FEDERAL

da Republica Federal da Alemanha



% ProQr

COMBUSTIVEIS ALTERNATIVOS
SEM IMPACTOS CLIMATICOS

Introduction and Global Context

Por ordem da Por meio da: SECRETARIA DE M INISTERIO DA ” PATRIA AMADA
B | e e, st da Natwres | Z fir nternationale EMPREENDEDORISMO  CIENCIA, TECNOLOGIA B R AS I L
' e Seguranca Nuclear Zusammenarbeit (G12) GmbH DLR E |NOVA(;AO E |NOVACOES GOVERNO FEDERAL

da Republica Federal da Alemanha



Nations Unies
Paris Agreement COP21 UNFCC 2015

= Article 2 .1 (...) aims to strengthen the global response to the threat of climate
change, in the context of sustainable development and efforts to eradicate poverty,
including by:
* (a) Holding the increase in the global average temperature to well below 2°C above pre-industrial
levels and pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels,

=5

,  (b) Increasing the ability to adapt to the adverse impacts of climate change and foster climate ;

g resilience and low greenhouse gas emissions development, (...) ‘
© & * (c) Making finance flows (...) \
:‘, = Article 4.1 (...) aim to reach global peaking of greenhouse gas emissions as soon as 5

possible, (...) , so as to achieve a balance between anthropogenic emissions by =
sources and removals by sinks of greenhouse gases in the second half of this century,

(/B

Bl = Aviation must make its contrlbutlon to achlevmg mternatlonal cllmate target
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https://unfccc.int/sites/default/files/english_paris_agreement.pdf

Erﬂissi_oﬂof Aviation - Global Distribution &

—

Aviation Fuel: 169 - 213 Tg/a (about 2 % of all CO,-emissions)
NO,: 2.6 -3 Tg(NO,)/a (about 1.5 % of all NO,-emissions)

Source: DLR AREO2K (2005) 4
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Climate and Aviation: the conflict Al

Global Climate-neutral Targets Energy Demand of Aviation

By when have countries committed to net zero 1200 000
greenhouse gas emissions?
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= Historic Development - Boeing CMO (2017) - High Efficiency
o ———Boeing CMO (2017) - Low Efficiency = |CAO CAEP/11 Low Scenario - High Efficiency
*net-zero carbon emissions == |CAQ CAEP/11 Low Scenario - Low Efficiency “ICAO CAEP/11 Most Likely Scenario - High Efficiency

w—|CAQ CAEP/11 Most Likely Scenario - Low Efficiency  =====|CAQ CAEP/11 High Scenario - High Efficiency
e | CAQ CAEP/11 High Scenario - Low Efficiency

26.10.2021 DLR, Oko In5|tut CE Delft, Study in Publication 5
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https://www.dw.com/en/joe-bidens-climate-pledges-are-they-realistic/a-56173821

IATA Technology Roadmap

Main aims:

* Improvement of fuel efficiency
about 1,5 % p.a. until 2020

= Carbon-neutral growth from
2020

= 50 % CO2 emissions reduction
by 2050

issions
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Source: FuelsEurope “Statistical Report® 2010
26.10.2021

** Forecasted CO, emissions without reduction

European Aviation energy demand in
2010: ~ 56.5 Mtlil
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Planned Measures:

Improvement of technologies, operations and airport

-
-
-

Expected demand for Europe 2050:
= 56 - 60 Mt green kerosene equivalent

No action
chnology

eration
frastructure

-50 % CO, by

B CO,-certificates and other economic measures 2050
.. Radical technology transitions and alternative fuels
2005 2010 2020 2030 2040 2050
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Ap_proic_hes to reduce emissions &

= Taxation

e Kerosene tax
o VAT
 Ticket charges

= Carbon taxing
e EU Emission Trading (ETS)
* CORSIA

= voluntary compensation
o AtmoskFair, ...

Source: Oko-Institut
26.10.2021 7
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Ac_tivi’ge_s for Alternative Fuels &

\‘* ’I
* [nternational / Global
* ICAO Vision SAF 2050 / CAAF/Z www.icao.int/environmental-protection
e |CAO Environmental Committee > SAF working groups www.icao.int/environmental-protection/SAF
* |CAO Global Framework for Aviation and Alternative Fuels (GFAAF)
= Furope
° European Green Deal: Action Plan ec.europa.eu/info/files/annex-roadmap-and-key-actions_de
« EU Hydrogen Strategy ec.europa.eu/energy/topics/energy-system-integration/hydrogen_en
* ReFuelEU Aviation
= National Level Germany
* Climate Action Plan 2050 / Program 2030 > BMU www.bmu.de/.../greenhouse-gas-neutral-germany-2050/
* National Hydrogen Strategy 2050 > BMWI/BMBF www.bmwi.de/.../die-nationale-wasserstoffstrategie.html
« Several program and action to develop climate-neutral Sustainable Aviation Fuels (SAF)
= National Level Brazil
* ANAC: Brazil Action Plan for CO, reduction in Aviation to ICAO (2013) Www.anac.gov.br
 RBQAV. A Rede Brasileira de Bioquerosene de Aviacao (RBQAV) www.rbgav.com.br

26.10.2021 8
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‘Technological Routes - Certification (ASTM)

26.10.2021

Certification][ Input ] [ Product ] [ Drop-in ]

D 1655

D 7566
Annex IV

D 7566
Annex |

D 7566
Annex i

D 7566
Annex V

D 7566
Annex Il

5
@@ Fischer-Tropsch with Aromates (FT-SKA)

@6 Fischer-Tropsch (FT-SPK) =— 50 %

’ Hydro-proc. Esters and Fatty Acids (HEFA)
’ Alcohol/Ethanol <50 %

’ Synthetic Iso-Paraffine (SIP) 10 %
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‘Hydrogen as the key to PtL )
Power-to-Liquid (generic scheme

Electricity Hydrogen Synthesis &
Generation Production Conditioning

]
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Water CO, ]

4

Source: German Environment Agency / Umweltbundesamt (UBA): Power-to-Liquids: Potentials and Perspectives for the Future Supply of Renewable Aviation Fuel, Sept 2016
26.10.2021 10
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The HCD concept: Train-the-trainer

Overview of modules

S~




O\Lervi_ev_v of available modules Al

26.10.2021

prepared by...

0. Introduction on ProQR - Project and Global Context DLR-VE ESY GIZ

1. Brazil - Infrastructure and Future energy strategies DLR-VE ESY GlZ

2. Renewable Energy Potential DLR-VE ESY ANEEL

3. Feedstocks for PtL (Water and CO,) DLR-VE ESY UFRJ

4. Electrolysis & Syngas production DLR-VE ESY Hytron

5. Synthesis DLR-VE ESY UFPR

6. Post-Processing (Refinery) DLR-VE ESY UFRJ

/. Certification DLR-VT ANP

8. Engineering, Procurement, Construction (EPC) ENOLCON DLR/Hytron
9. Operation & Maintenance (O&M), End of Life ENOLCON DLR/ISI-ER
10. Products DLR-VT ANP

11. Energy Planning DLR-VE ESY EPE

with support...
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The ProOR vision and approach

Concept and Benefits

S~
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Legenda

Refineria
Hidrovia
Armazenagem (Max. QAV m?)

77739 - 143336
@ 0 - 6658
Terminal (Max. QAV m?)
255768 - 525385
125687 - 255768
64773 - 125687

26000 - 64773
0 -26000

Legenda

Aerédromos Publicos
* Aerodromos Privados
* Aerodromos Militares

* Aerédromos Publicos /Militares S
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K e S S R

DigiedClialbs, Gzodys, Eathszr Gsegraphlss, CHESIAKG DS,
Ussr Commnuniy 4

VAW O FT. IrA — g

l‘-l ’. -



\\. -
Gas Renewables Integrated
Wind Mix
Solar lo}i
Renewables
BioFuels
Power2X REfuels
ProQR
> 1970 > 2025
26.10.2021 15
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ProQR Team &

MCTI:

mcti.gov.br

GlZ:

www.giz.de

DLR:

www.DLR.de
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Eduardo Soriano esoriano@mcti.gov.br

Rafael Menezes

Tina Ziegler tina.ziegler@giz.de
Marcos Oliveira Costa

Ruth Horstmann Barbosa

Jurgen Kern juergen.kern@dlr.de

Josua Braun

Ying Deng (Ph.D. student)
Andreas Meurer (Ph.D student)
Bruna Wanke (student)
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Zusammenarbeit (G1Z) GmbH
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