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Our Hydrogen Future

Meeting the Leading sectors Greener than blue

Paris Agreement and regions HeeEl e ¢loe!
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Safety Moment
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The barriers for policies to overcome

I Costs and financial support Demand and competition I
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/Hydrogen
— {3 — barriers
Technology and 6 6 which policies A Safety and hazards
manufacturing must
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I MRS EUs Standards & Certification

Indirect enablers
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The world’s total future hydrogen demand
IS broadly divided into three categories

Decarbonizing existing Fuel switching to New use
use of hydrogen hydrogen with blending of hydrogen
Replacing fossil hydrogen with Retrofitting and modification of Where new infrastructure
renewable and infrastructure has to be established

low-carbon hydrogen
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Energy use of hydrogen will overtake
feedstock use in 2040

Global demand for hydrogen as energy carrier and non-energy feedstock

Units: MtH,/yr

=== Energy carrier
Non-energy
¢ feedstock

1990 2000 2010 2020 2030 2040 2050
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Hydrogen share of global energy mix
0.5% 2030 and 5% in 2050

Global demand for hydrogen and its derivatives as energy carrier by sector

Units: MtH,/yr

Transport - NH; & e-fuels
Transport - hydrogen
Electricity generation
Buildings

Manufacturing

Other energy uses

2020 2025 2030 2035 2040 2045 2050

All non-transport uses are pure hydrogen.
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Hydrogen share of global energy mix
0.5% 2030 and 5% in 2050

Global hydrogen demand by sector

Units: MtH,/yr

oy E B Other energy uses
Bl Electricity & heat generation
300 ; " Production of e-fuels
: Production of ammonia as fuel
250 - Rail & pipelines
; Aviation as direct fuel
200 - B  Road
B  Buildings as blended
150 - B Buildings in pure form
: Industrial heat as blended
100 B ndustrial heatin pure form
: : B Direct reduction of iron
50 : . Bl Refining
; : : : Production of methanol
y | | | asfeedstock
1990 2000 2010 2020 2030 2040 2050 | Froduction of ammonia

as feedstock
Does not include hydrogen use in residual form from industrial processes. Historical data sources: IEA Future of Hydrogen (2019),

I[EA Global Hydrogen Review (2021), USGS Mineral Commodity Summaries (1990-2022), IFA (2022)
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Hydrogen in manufacturing
/% of sector’s energy demand in 2050

Global hydrogen demand in manufacturing by subsector

Units: MtH,/yr

Petrochemicals
Manufactured goods
Iron and steel
Construction

and mining

Cement

B Base materials

_ A
High temperature
heating processes
will dominate
_ \. y,

2020 2025 2030 2035 2040 2045 2050
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By 2050, % of hydrogen from electrolysis

Global production of hydrogen and its derivatives for energy purposes by production route

Units: MtH,/yr

B Dedicated renewable
electrolysis
Grid-connected

electrolysis
Bl Fossil-based with CCS

2020 2025 2030 2035 2040 2045 2050
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In 2050, 85% renewable and low-carbon hydrogen

World hydrogen production by production route

Units:  MtH,/yr

o0 : : : : : : Dedicated nuclear electrolysis

' : : Dedicated offshore wind electrolysis
Dedicated onshore wind electrolysis
Dedicated solar electrolysis

Grid connected electrolysis

Methane reforming with CCS

Coal gasification or oil-based with CCS
Methane reforming

Coal gasification or oil-based

1990 2000 2010 2020 2030 2040 2050

Historical data source: IEA Future of Hydrogen (2019), IEA Global Hydrogen Review (2021). Does not include hydrogen use in residual form from industrial processes.
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Regional differences
INn renewable hydrogen shares and export/import

Production of hydrogen by production route and region

2030 2050

MtH./yr O 10 20 30 40 50 60 70 MtHz/yr O 10 20 30 40 50 60 70

B Coal gasification or oil-based
NAM -| NAM - . B Methane reforming
I Coal gasification or oil-based with CCS
LAM .‘ EXpOI"[ > LAM - I B Methane reforming with CCS
Grid-connected electrolysis
B Dedicated solar electrolysis
EUR - I ‘ > Import FUR . - I Dedicated wind electrolysis
Dedicated nuclear electrolysis
SSA I SSA .I | B Netimport

MEA -| Export > MEA _ I NAM North America
LAM Latin America
NEE - NEE _ EUR Europe
SSA Sub-Saharan Africa
CHN _ . EXDOF'[ > CHN - _ MEA Middle Eastand
North Africa
IND - | > Import IND - .I NEE North East Eurasia
CHN Greater China
SEA -‘ SEA - I IND Indian Subcontinent
SEA South East Asia
OPA -I > Im PO rt ora . - I OPA OECD Pacific
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Ammonia scaling as a global hydrogen carrier

Transport of hydrogen and ammonia

Units: Mt/yr
|
H NH; for  NH; for
energy feedstock

2020

All numbers displayed in mass terms:

15 DNV © WEDNESDAY, JUNE 15,
2022

EE— I I
H, NH; for  NH; for H, NH; for  NH; for H, NH; for  NH; for
energy feedstock energy feedstock energy feedstock

2030 2040 2050

Mt of H, or Mt of NH;. The mass of ammonia converted from H, is ~5.6 times the mass of H..

Seaborne
interregional
transport
Pipeline
interregional
transport
Produced

and consumed
within region
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Ammonia scaling as a global hydrogen carrier

Transport of hydrogen and ammonia

Units: Mt/yr

H, NH; for  NH; for H, NH; for  NH; for H, NH; for  NH; for H, NH; for  NH; for
energy feedstock energy feedstock energy feedstock energy feedstock

2020 2030 2040 2050

All numbers displayed in mass terms: Mt of H, or Mt of NH;. The mass of ammonia converted from H; is ~5.6 times the mass of H,.
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interregional
transport
Pipeline
interregional
transport
Produced

and consumed
within region
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More than 50% of global hydrogen pipelines
will be repurposed from natural gas pipelines

Global hydrogen pipeline capacity

Units: TW-km

oU : Newly built
Repurposed
: from natural

100 gas pipelines

300 -

200 -

100 -

2020 2025 2030 2035 2040 2045 2050
Includes transmission, distribution and trade pipelines.
WE
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Competition on costs, < 3 6 4 9

and emissions China

Levelized cost of hydrogen after support by production route kg COZ/ kgH,
Units: USD/kgH,
O  Weighted
world
| average
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2020 2030 2050 - 2020 2030 2050 : 2020 2030 2050 - 2020 2030 2050 - 2020 2030 2050 - 2020 2030 2050 : 2020 2030 2050

Coal Methane Dedicated Dedicated
Coal gasification Methane reforming renewable  Grid-based nuclear
asification with CCS reformin with CCS electrolysis  electrolysis electrolysis
g 9 y Y
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Low cost hydrogen?

« Solar PV from Southern Spain will be the

cheapest source of hydrogen for North-
West Europe

Levelized cost of hydrogen in 2030
from four value chains in Europe
Units: USD/kgH;

Solar PV Wind offshore  Geothermal

Nuclear

Hydrogen logistics B8 Electricity transport
Bl Electrolysis Bl Input electricity
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Global irradiation [kWh/m’]

Yearly sum of global irradiation incident on
optimally-inclined south-oriented photovoltaic modules

BT [ |

Geothermal + <450 600 750

electrolyser + -
liquefaction Solar electricity [kWh/kWpeak]

Ecoca

<600 800 1000 1200 1400 1600 1800 2000 >2200
900 1050 1200 1350 1500 >1650

Yearly sum of solar electricity generated by optimally-inclined
1kWp system with a performance ratio of 0.75

Wind + cable
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Solar PV + electrolyser +
storage + 2000 km pipeline

Irradiation map courtesy of Photovoltaic Geographical Information System (EU)




Hydrogen future highlights

Meeting the
Paris Agreement

Hydrogen is essential to
reach the Paris
Agreement,

...but global hydrogen
uptake is low and late, at
5% in 2050, it is only a
third of what it should be

.
.
------
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Leading sectors
and regions

Direct use of hydrogen
will initially be dominated
by the manufacturing
sector,

...while hydrogen carriers
will be important in

shipping

i

Greener than blue

Green hydrogen from
dedicated renewables
and grid will dominate
production for high
emission reductions,

...but blue hydrogen will
contribute to low carbon
hydrogen

Local or global

Hydrogen will be
transported between
countries within regions,
and not between
continents,

...while ammonia as a
hydrogen carrier will be
transported globally

@
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HYDROGEN
FORECAST
TO 2050

Energy Transition Outlook 2022

Go to: eto.dnv.com
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MARITIME
FORECAST
TO 2050

Energy Transition ool

Enargy Transition Outlook 2021
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Energy Transition Outlook 2021
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Energy Transition Outlook 2021
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