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Climate Change Geological

A. M. Haywood et al.
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Climate Change x Technology
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Greenhouse gases emissions by gas since 1860. Various data.




Climate Change x time
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Gross domestic product (GDP) by world region

This data is adjusted for inflation and differences in the cost of living between countries.

Sub-Saharan
Africa (MPD)

. Latin America

Energy x Economy

$100 trillion (MPD)

Middle East

(MPD)

South and :
$80 trillion Dy Asi
$60 trillion East Asia (MPD)

Horsepower
1 hp = 7457 walls
$40 trillion Hsdforn
Offshoots (MPD)
i Eastern Europe
$20 trillion (MPD) .
Western Europe
(MPD)
$0
1820 1850 1900 1950 2018
Source: Maddison Project Database 2020 (Bolt and van Zanden, 2020) OurWorldInData.org/economic-growth « CC BY

Note: This data is expressed in international-$' at 2011 prices.

1. International dollars: International dollars are a hypothetical currency that is used to make meaningful comparisons of monetary indicators of living
standards. Figures expressed in international dollars are adjusted for inflation within countries over time, and for differences in the cost of living between
countries. The goal of such adjustments is to provide a unit whose purchasing power is held fixed over time and across countries, such that one
international dollar can buy the same quantity and quality of goods and services no matter where or when it is spent. Read more in our article: What are
Purchasing Power Parity adjustments and why do we need them?



Emissions x Economy

Cumulative CO2 emissions

Cumulative emissions are the running sum of CO: emissions produced from fossil fuels and industry’ since 1750.
Land use change is not included.

United States

400 billion t
350 billion t
300 billion t —— European Union (27)
250 billion t China
200 billion t
150 billion t
100 billion t
United Kingdom
50 billion t .
Canada
—— South Africa
0t — —_——— | Prazil
1750 1800 1850 1900 1950 2021
Source: Global Carbon Budget (2022) OurWorldInData.org/co2-and-greenhouse-gas-emissions « CC BY

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO-) emitted from the burning of fossil fuels, and directly from industrial
processes such as cement and steel production. Fossil CO: includes emissions from coal, oil, gas, flaring, cement, steel, and other industrial processes.
Fossil emissions do not include land use change, deforestation, soils, or vegetation.
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Fossil fuels accounted for
78% of the global energy
mix in 2020.

Global Primary Energy Consumption by Source 1800-2020

180K Terrawatt-hours (TWh)

Renewables
160K
0il demand surged Nuclear
as gasoline vehicles
140K took off, accounting
for 40% of global energy
consumption by 1970. Gas
120K
& A s
1930
R Coal usage increased
with the growth of
steam power and
coal-fired power plants.
80K
hoK The first commercial oil
well was drilled in Titusville,
Pennsylvania, U.S.
before
L g’“g 1800
Coal
Prior to the Industrial
Revolution, humans
20K mainly relied on biomass
for heat and muscles for
kinetic energy. v
Traditional
i Blomass
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Since 2020

Instead of
decrease 6 - 7%, we
increased 4 - 5%
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Global greenhouse gas emissions and warming scenarios SUSELE
Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario. Aeld
Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt

No climate policies
4.1-48°C

5 expected emissions in a baseline scenario
if countries had not implemented climate
reducion polsCies

100 Gt

Current policies

2.5-29°C

= gmissions with current chimate polices in
place result in warming of 2.5 to 2.9°C by 2100

50 Gt

Greenhouse gas emissions
up to the present

Pledges & targets (2.1 °C)

< EmMISsI0NS if all countries deleerned on reducton
pledges result inwarming of 2.1°C by 2100

2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Lkata souwr Clhmate Action | wased an nabonal polic nd pledpes as al Mowember A0 ]

OurWorldinData.org - Fesearch and data to make progress against the world's largest problems. censed under CC-BY by the aut



OIL AND GAS NEWS

Despite Government Pledges, Fossil Fuel
Subsidies Reach Record $1.3 Trillion,
Casting Doubt on Climate Commitments

Posted 25/08/2023 12:49 m



Energy Revolution




New Energies

Buildings 230 TWh

fe

Industry 700 TWh

’

Transport 845 TWh






Hydrogen
1.00794

Periodic Table of the Elements

H

13 14
Hydrogen WA NA VA VA VIA

15 16

5 6 7 8 9 10 1 12
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Adobe Stock | #138386628




H, on Earth




H, Production




H, Production




GLOBAL HYDROGEN CONSUMPTION
BY INDUSTRY

Methanol Production
10%

Petroleum Refining
25%

Ammonia Production

550/ Data from Hydrogen Europe (hydrogeneurope.eu/hydrogen-applications)
0

[llusiration © WHA International, Inc. (wha-international_com)
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Synthetic fertilizer and
pesticides are fossil fuels
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Hydrogen produced by
electrolysis of water, using

PURPLE/PINK

Hydrogen produced by

THE COLORS OF HYDROGEN

GREEN BLUE GREY

Hydrogen produced from fossil Hydrogen extracted from natural

fuels (i.e., grey, black, or brown gas using steam-methane

hydrogen) where CO, is captured reforming. This is the most

and either stored or repurposed. common form of hydrogen
production in the world today.

ty from renewable
like wind or solar. Zero
issions are produced.

BROWN/BLACK

Hydrogen produced by thermal Hydrogen extracted from coal
splitting of methane (methane using gasification

pyrolysis). Instead of CO,, solid
carbon is produced.

ysis using nuclear power.

YELLOW WHITE
Hydrogen produced by Hydrogen produced as a
electrolysis using grid electricity byproduct of industrial processes.
from various sources (i.e., Also refers to hydrogen occurring
renewables and fossil fuels). in its (rare) natural form.

plied Economics Clinic /

Hidrogénio Azul




H, on Earth




‘ - Water Electrolysis
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Renewable Electrolyzer Storage

electricity
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Water Electrolysis

+1 -2 0 ()
2H,O —— 2H, + O,
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L Oxidation
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Fuel Cell
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Sustainable H,
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Clean energy Add water

generation This energy is fed
Hydro.and wind are into the electrolyser ! |
with water al

used to generate clean
renewable energy

renewable

(3)

The electrolyser splits the
water molecules to create

hydrogen and oxygen
Use Storage
Once stored, the gas can be The hydrogen gas
transported to anywhere in the is compressed :
world for domestic or industrial use and stored OO0 P
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Brazilian Energy Mix

RENEWABLES

Brasil (2020) 48,4%
Brasil (2019)
World (2018) [ &4

OCDE (2018) [ulEeF

0% 20% 40%

ERenovaveis B NA&o renovaveis

60%

80%

100%

GDP (US$ million) by country

IMEL10112]
$
Country/Territory Region Estimate ¢ | Year + |
1 | = United States Americas = 25,346,805 2022
2 | il China Asia 19,911,593 | [N 22022
3| @ Japan Asia 4.912,147 2022
4 | HE Germany Europe 4,256,540 2022
5 | mam India Asia 3,534,743 2022
6 | Ef= United Kingdom Europe 3,376,003 2022
7 || ] France Europe 2,936,702 2022
8 | I+l Canada Americas 2,221,218 2022
9 | N taly Europe 2,058,330 2022
10 Brazil Americas | 1,833,274 2022
11 | mmm Russia Europe 1,829,050 2022
12 | @ South Korea Asia 1,804,680 2022
13 | &5 Australia Oceania 1,748,334 2022
14 | == Iran Asia 1,739,012 2022
15 | === Spain Europe 1,435,560 2022

epe)



Brazilian Energy Mix

RENEWABLES 48,4%

T o= 343

191% 12,6%

3,9% 1,7%

hydro

2020
NON RENEWABLES 516%

©

11,8%

33,1%

L5\ :f‘g :
3
=P ’

1,3% 0,6%

/

Carvao Mineral

4,9%

(epe)



Electricity in Brazil

Brazil has a clean generation infrastructure with only ~15% of installed
capacity from fossil

Brazil electricity in stalled capacity by source (%)

113 175 251
2% 0%
1 |

7% B Hydropower

B Fossil*

[ Biomasst

B Wind

B Solar
Others

XX Installed
capacity (GW)

2010 20 2030P

2021
180 GW
84% Renewable




Renewables in Brazil

Wind Photovoltaic
Poténcia Instalada Acumulada (MW) da Fonte Solar Fotovoltaica no Brasil e
26.000.0 Projecdo para 2022
Mais de 15 TWh adicionais em relagdo a 2021 se devem a evolugdo da geragao edlica (GWh), que teve sucessivos Y 24.927,6
incrementos ao longo dos anos. 24.000,0
22.000,0
I Geragdo Edlica (GWh) 20_000,0
=0=Geragdo a Biomassa (GWh) - 18.000,0
=(=Geracdo Nuclear (GWh)
- S 16.000,0
< 14.000,0
£ 12.000,0
= 10.000,0
o
D PN 14.705 ,§ 8.000,0
& 6.000,0
- _’—’o 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 4.000,0
a 663 1.183 1.238 2177 2.705 5.050 6.578 12210 21.626 33.489 42373 48.475 55986 57.051 72.286
“% 20000 .3 132 214 420 931
0,0 —_——

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Projegdo

Total potential for renewable energy should not be an issue in 2040, as by then the main potential sources, wind
and solar, should be able to supply 100% of the demand for green hydrogen.



Figure 1: Global PV installation estimate and forecast, as of January 2022
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Solar PV and Wind

Wind

ATLAS DO POTENCIAL Colivbls
EOLICO BRASILEIRO
Stowdagis 2018
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Ubajara/CE
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Pecém - CE
Hidrogénio

Secretaria do Desenvolvimento
Econdmica e Trabalha

GREEN HYDROGEN HUB IN THE PECEM COMPLEX
£ . % pecem

Residential Area

Transport and Mobility

H: Storage

Fortaleza
International
Airport

Desalination
Plant

Transmission
Power Lines

Port of Pecém

Wind Turbines

Electrolysis

Industrial Area Offshore Wind Power

\ Solar Panels




North
‘

’
Central America &
Caribbean f‘ T

"

Privileged Geographic
Localization:
Best location in Brazils North and

Northeast. Close to the most important
world markets.

Mercosul

FONTE: SEDET / CE
www.sedet.ce.gov.br



http://www.sedet.ce.gov.br/

Price H,

Brazil 1s among the most competitive green H2 export players globally

[LCOH Benchmark, 2030 US D/ kgH2

LO 1.5 2.0 2.5 3.0
. s | al a0
— OL= ] = .
i '.'
Countries deep dives

(specific sites with internal studies from each country)

Source: Team Analysis

McKinsey
& Company



H2Brasil

USD 15 — 20 billion opportunity

by 2040

Up to 2030, € 430 billion invested in H, in Europe



Programa Nacional

do Hidrogénio ‘

y

FIGURE 8 - PILLARS OF THE NATIONAL HYDROGEN PROGRAM

AXIS 3 AXIS 4
Energy Legal and Regulatory
Planning Framework

AXIS 2 AXIS 5
Training and @ Market Growth and
Capacity Building Competitiveness
AXIS 1 Programa Nacional AXIS 6
Strengthening do Hidrogénio International

Technological
Bases

Cooperation
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A Roadmap for.the “,
Global EnergiiSectors

‘e
g
% «
£

W : |

: | .
o ER
d «
. -



Global hydrogen use expands from less than
90 Mt in 2020 to more than 200 Mt in 2030

Figure 2.19 > Global hydrogen and hydrogen-based fuel use in the NZE

Onsite
Other
[ Refineries
M Iron and steel
H Chemicals
Merchant
Other
M Refineries
Industry
= Shipping
Aviation
M Road
Buildings
M Electricity generatior
M Blended in gas grid

100%

80%

60%

40%

20%

2045 2050

2020 2025 2030 2035 2040 Low-carbon share

IEA. All rights reserve:

The initial focus for hydrogen is to convert existing uses fo low-carbon hydrogen;
hydrogen and hydrogen-based fuels then expand across all end-uses

Figure 2.12 = Emissions reductions by mitigation measure in the NZE, 2020-2050

Activity
Mitigation measures
M Behaviour and

avoided demand

Energy efficiency
B Hydrogen-based
M Electrification
M Bioenergy
I Wind and solar

Other fuel shifts

] = CCUS
II -100%

2050

Gt CO,

30 ed eeersessessernieeenees

15 e eeeiieeccesniiicaeensiicnetsentiinanase

2020 2030

IEA. All rights reserved.
Solar, wind and energy efficiency deliver around half of emissions reductions to 2030
in the NZE, while electrification, CCUS and hydrogen ramp up thereafter

Note: Includes hydrogen and hydrogen contained in ammonia and synthetic fuels.

Notes: Activity = energy service demand changes from economic and population growth. Behaviour = energy
service demand changes from user decisions, e.g. changing heating temperatures. Avoided demand = energy
service demand changes from technology developments, e.g. digitalisation. Other fuel shifts = switching from
coal and oil to natural gas, nuclear, hydropower, geothermal, concentrating solar power or marine.



FIGURE 5.1

Global hydrogen demand by sector

Units: MtH,/yr

1.

==
990 2000 2010 2020 2030 2040 2050

Does not include hydrogen use in residual form from industrial processes. Historical data sources: |EA Future of Hydrogen (2019),
IEA Global Hydrogen Review (2021), USGS Mineral Commodity Summaries (1990-2022), IFA (2022)

Other energy uses
Electricity & heat generation
Production of e-fuels
Production of ammonia as fuel
Rail & pipelines

Aviation as direct fuel

Road

Buildings as blended
Buildings in pure form
Industrial heat as blended
Industrial heat in pure form
Direct reduction of iron
Refining

Production of methanol

as feedstock

Production of ammonia

as feedstock



Ethanol and Hydrogen




- Non -toxic

- Efficient and available biofuel

- No composition variation

- No sulphur contamination



Ethanol in Brazil

.

AW i

b,: "4///

- Renewable
- No competition with food crops

- Much more eficiente than other feedstocks
- Productivity/area
- Cost
- Energetic balance (7J/ 1))



Ethanol in Brazil

SIGNIFICANT REDUCTION IN EMISSIONS

| nature -N\x\_

COMMUNICATIONS

Reduced ultrafine particle levels in Sao
Paulo’s atmosphere during shifts from
gasoline to ethanol use

- 90% of new cars are fuel-flex



“Ethanol, with its high energy density, likely production from

renewable sources and ease of storage and transportation, is nature

materials

almost the ideal combustible for fuel cells...”

A. Kowal, et al (2009)
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Ceélulas a Combustivel
Fuel Cells

Conversao direta da energia quimica
de um combustivel em eletricidade




Células a Combustivel




FACILITIES




Ethanol to Electricity

SOFC
600-800 °C

EFFICIENCY




D Al 'S

SOFC system [/ 100% Etthnol
(Fuel cell systqm) Or Ethandi-blended

H;
Refo !
Battery SOFC ‘ iz Air !/
stack \_ l,
; ‘_ =,
Charge

Rotational power
transmitted to wheels

SOFC : Solid Oxice Fuel Cell

C,H;OH + 3H,0 — 2CO, + 6H,

Ethanol Steam Reforming




Direct Ethanol Fuel Cell Vehicule

ON BOARD ELECTRICITY GENERATION FROM A LIQUID RENEWABLE FUEL

ETHANOL+% 0, — ELECTRICITY + H,0
HIGH.PURITY H,
Distriblited H2

Fast recharge

CO, neutral

High efficiency




Direct Ethanol Fuel Cell Vehicule

ON BOARD ELECTRICITY GENERATION FROM A LIQUID RENEWABLE FUEL

ETHANOL+ 720, — ELECTRICITY + H,0
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Instituto de Pesquisas Energéeticas e Nucleares

Fuel Cell and Hydrogen Center

Fuel Cell and Hydrogen Center
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H, e Ethanol

36:- -‘.‘ )
Ml *

- Biomass + etanol = H, Sustainable

- Biogas / bio CO, = e-fuels

- Sustainable Aviation Fuel (SAF)



Pre-sal
Oleo e g3

Maiores produtores de petroleo em 2020
Mil barris por dia

1o EUA |, 16476
2° Arabia Saudita |, 1. 039
3° Russia [, 1 0.667

4° Canada N 5. 135 Brasil
5° Iraque |HNEEEEEEN +.114 3% Outros
o hi . 34%
6° China [ NG :.501 Emirados
7° Emirados Arabes Unidos [N :.¢57 Arabe'zgt.lnidns.
g>ira NN 3.084 _ Producao mundial
9° Brasil [N 3.026 China total
4%
10° Kuwait [N 2.¢86 88,4
11°Noruega [ 2.001 Iraltjq%ue - milhoes de
12° México | 1.910 barris/dia
13° Cazaquistio [ 1.811 Canada
6%
14° Catar [HIEEEE 1.809 Arébia
15° Nigéria | 1.798 Saudita —

12%
Mota: inclui condensado e LGN
Atualizagdo - Julho 2021
Fonte: Elaboracio IBP com dados BP



Paises com maior acimulo de emissoes
de 1850 a 2021

Bilhoes de toneladas de CO, de combustiveis fosseis,
desmatamento e uso do solo

- Queima de combustivel féssil . Manuseio do solo

-50 0 100 200 300 400 500

Razaoentre C / H

EUA
China
Rassia

Brasil

Indonésia
Alemanha
india

Reino Unido
Japdo
Canada
Ucrania

RazaoentreC/H

Franca
Australia
Argentina
México

o = N

Africa do Sul Lenha/Madeira Carvao Oleo Gas Natural Hidrogénio
Poldnia
Tailandia
Italia

Ird

-50 0 100 200 300 400 500

@ NEOENERGIA
Fonte; Carbon Brief 8]B|C] Internal Use |



As EmissOes Brasileiras

Em 2021, o total de emissdes de CO, antropicas associadas a matriz energética brasileira atingiu 445,4 milhdes de

toneladas de CO, equivalente.

Emissdes totais (2021) em Mt COz-eq

% Transportes

{Lk  197,8 Mt CO,-eq

\.

2020

. Industrias
396,3 Mt CO,-eq Bl 77,8 Mt CO,-eq
2021

445,4 Mt CO,-eq

Residéncias
. 18,8 Mt CO,-eq

Outros setores’

151,0 Mt CO,-eq

epe

" Inclui os setores agropecudrio, servicos, energético, elétrico e as emissdes fugitivas
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Células a Combustivel

Electric Energy

(

Fuel Cell

Electric Energy

Electrolyzer with
Hydrogen Storage Tank




Hl Oil Hl Hydropower Bl Bioenergy Bl Grid 8 Low-carbon " Non-decar- BN Methanol

Il Coal " Wind power Geothermal slectricity orranewable bonized Ammonia
hydrogen hydrogen
Bl Natural gas Solar power Bl Nuclear fuels
PRIMARY HYDROGEN
ENERGY CONVERSIONS END USES
v v v

Refineries

Direct reduction
of iron

Chemical feedstock

Marine fuel

Gasoline blend or
biodiesel feedstock

Natural Aviation fuel
gas
Geothermal _ o - i | Fertilizers

Nichear f i — Industrial applications

Marine fuel

seaborne trade

Inter-regional
pipeline trade o
Buildings heat

in pure form

Industrial heat
in pure form

Dedicated nuclear
awer stations

Aviation fuel

Other energy uses
Electricity generation

Dedicated i Fuel cell road vehicles

ower r Blended with
4 1 natural gas

DNV




Brazilian
Wind Offshore

~130 GW?




CO, Emissions

Emissoes de CO, per capita

Emissdes de CO, per capita (2019) em t CO,/hab.
Fonte: Agéncia Internacional de Energia. Elaboracio: EPE

2021
Emissdes per capita
brasileiras

19 2,1t CO,-eq/hab.

Brasil

EUA China Unido Europeia

Fonte: EPE

Em média, na produgdo e no consumo de energia, cada brasileiro emite o equivalente a 13% de um americano, 32% de um cidaddo da Unido
Europeia e 27% chinés.
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People

- 4 Principal investigators

- 6 Staff

- 35 students and post-docs

Research

- Polymer-based fuel cells

- Ceramic-based fuel cells

- H2 purification/production



- NISSAN
e-Bio Fuel Cell

® Uses 100% ethanol, which is already widely available in Brazil, as fuel

Specifications of research prototype vehicle

Features Specs.
Base vehicle e-NV200
Battery Capacity 24kwh

. Electricity
Powertrain 100% Ethanol
Fuel tank capacity 30L
SOFC power 5kw
Driving range Over 600km

Note: specifications are for Nissan's research
prototype vehicle, and are subject to change.

2018




Oferta Interna de Energia 2012-2021

100%

M

0%
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

M Outras Renovaveis

@ Solar

@ Edlica

M Derivados da Cana

M Lenha e Carvdo Vegetal

O Hidrdulica

M Outras N3o Renovaveis

[ Uranio (U308)

O Carvdo Mineral e Coque
O Gas Natural

O Petréleo e Derivados

Petroleo e derivados
(%)

39,3
’_\\jfﬁ
Gas natural (%)

133

11,5

Lenha e carvdo
vegetal (%)

9,1 87
\_.._-'-—-—-

Outras renovaveis
(%)

3,4 58

Hidraulica (%) Derivados da cana
o) 16,4
13,8 15,4 g
‘ 11,0 —_
e —— . !
Edlica (%) Solar (%)
21 0.8
0'2—./
0,0
Carvdo mineral e Urdnio (%)
coque (%)
5,4 5.6 1,5 13
\..Jh———\_’
Outras ndo

renovaveis (%)

0,5 0,6

m—

Nota-se que houve uma redugdo da participagdo das renovaveis na matriz energética entre 2012 e 2014 devido a queda da oferta hidraulica.
A partir de 2015, as fontes renovaveis retomam uma trajetdria de crescimento com a expansao das ofertas de derivados da cana, edlica e

biodiesel, atingindo 48,5% em 2020. No entanto, com a escassez hidrica de 2021, o patamar das renovaveis recuou para 44,7%.
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Emerging Industry

Electrolyser

NEA GROUP

GROUP

FIGURE 6 - PATH OF COST REDUCTION OF GREEN HYDROGEN AS A FUNCTION OF ELECTRICITY PRI-
CE AND THE CAPEX OF ELECTROLYZERS

6.0

Electrolyser cost in 2020:
USD 1000/kW

Electricity price
USD 65/MWh

Electricity price
USD 20/MWh

5.0

-~
o

Electrolyser cost in 2050
USD 307/kwW @
1 TW Installed capacity

Electrolyser cost in 2020:
USD 1 000/kW

w
o

Fossil fuel range

|
o

Hydrogen cost (USD/kg H,)

Electrolyser cost in 2050:

Electrolyser costin:2020; USD 307/kw @

USD 650/kW 1 TW Installed capacity
Electrol cost in 2050
W UsD 130 )
5TWin d capacity
0
2020 2025 2030 2035 2040 2045 2050

Note: Efficiency at nominal capacity is 65%, with a LHV of 51.2 kilowatt hour/kilogramme of hydrogen (kWh/kg H2) in 2020 and 76% (at an LHV of 43.8 kWh/kg
H2) in 2050, a discount rate of 8% and a stack lifetime of 80 000 hours. The electrolyser investment cost for 2020 is USD 650-1000/kW. Electrolyser costs
reach USD 130-307/kW as a result of I-5 TW of capacity deployed by 2050.
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Mensagem Final

* Atransicdo energética € um grande desafio
* ha esperanca

e O Brasil tem um enorme potencial para ser um protagonista na economia
do H2

* Eletricidade renovavel e etanol

* Pesquisas terao papel fundamental na viabilizacdao das novas tecnologias
* materiais, componentes, pessoal, etc

H4 pesquisa de ponta no pais para continuar os avangcos em curso!



- NISSAN
e-Bio Fuel Cell

® Uses 100% ethanol, which is already widely available in Brazil, as fuel

Specifications of research prototype vehicle

Features Specs.
Base vehicle e-NV200
Battery Capacity 24kwh

. Electricity
Powertrain 100% Ethanol
Fuel tank capacity 30L
SOFC power 5kw
Driving range Over 600km

Note: specifications are for Nissan's research
prototype vehicle, and are subject to change.

2018




Ethanol as a Hydrogen Carrier

Advantages of Using Ethanol for H, Production

* Renewable fuel

e Easy storage and transportation (usual for the Brazilian case)
* value chain established

* Itis not a toxic fuel

* Peak shaving production of Green H, (without itermitence)

* Enables local production of H, close to consumption

* Non toxic



Ethanol as a Hydrogen Carrier

Some Numbers from Ethanol Industry

INPUT QUANTITY UNITS

Ethanol 1G + 2G 15 kgH,/t( .. cane)
Biogas 1,84 kgH,/t . .. cane)
E. Energy 0,92 kgH,/t . cang
Total 17,76 kg H, / t (sugar cane)

198,91 Nm®H, / t uzar cane)

NEA GROUP



CHARACTERISTICS WITH THE USE OF ETHANOL

Hydrogen Fuel Cell Electric Vehicle

Thermal System (cooling)

Battery (auxillary)

v’ 7.6 liters of ethanol produces 1 kg of H, (Hytron Reformer)
v H, storage in the car ranges from 5 kg to 7.5 kg H,

v Autonomy: 1,360 km with 5,65 kg H, (Toyota Mirai Record)
mmr v ETHANOL Consumption: ~43 liters

v’ 43 liters of Ethanol > 1,360 km (~31,6 km/L)

atdc energy gov

v Refueling time: 6 min

THIS IS JUST THE BEGINNING!

NEA GROUP
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Materials critical for transition to a low-carbon economy, Importance

by technology type ow to none ¢ High
[ . ’ FIGURE S1 Critical materials are fundamentally different to fossil fuels
Concen- Solar

Geo- Bio-  Electrici trated Wind hoto-  Electri
thc::wl Hydro  Nuclear en::gy nee::w’t;:::sy s:Iar Hydrogen po:r‘er 50!23?0 ve:i:ﬂz:‘ FOSS". FUELS CRIT'CAL MATERIALS
see @) ® o o

® e @ @ — e
Copper e ° Large mining quantities
op 9 ® O o o & -arg g quantities ewmutonna
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Terbi: ° o ° o ° o
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Includes energy storage
Source: Critical raw r
minerals in clean energ)

for strategic technologies and sectors in the EU, A foresight study, European Commission, Mar 9, 2020; The role of critical
sitions, IEA, May 2021; Mc )( insey "smhﬂrt.
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