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An independent assurance and risk management
company

advisory, certification, Management system
classification and advisory verification, inspection and supply chain and
monitoring product

5% R&D

of annual revenue

Software, platforms and solutions
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In the energy industry
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Our core global services

* Energy markets and strategy

» Risk management

« Renewables advisory and monitoring

* Renewables certification

» Technology advisory and testing
 Verification and marine warranty services
* Inspection

 Grid advisory

» Cyber security

« Energy management
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The world's leading resource of independent
energy experts and technical advisors

4000 experts 90+ years 24 170

provide local access to global serving the energy industry, laboratories and test centres industry standards, guidelines
best practice delivering safe iIncluding the oil and gas, wind including facilities for full-scale and recommended practises,

and effective energy systems and solar sectors testing and approx. 30 joint industry
projects per year

65% 42 GW >100 World 15t

of offshore pipelines designed ggﬁ?gl'gepzpaﬁtéogﬁgdata large power utility companies hydrogen full-scale testing
and installed to DNV e s tr(‘;s_t us as their technical facility supporting safety,
standards management aavisor infrastructure and policy
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DNV
Energy Transition Outlook

A global and regional forecast to 2050

1 September 2021
Main presentation




COVID-19 recovery Electrification is Fossil fuels slowly Much more H, and
spendingis alost surging ahead. - losing position. ¥ e-fuels needed in
opportunity.  Variability andlow ' pecarbonization . hard-to-abate
We are far from prices are not of gas and = sectors.
- achieving Paris roadblocks to > deployment of CCS %  MostH,to come
i Agreement - solar and wind \ are slow 4  from dedicated

ambitions dominance renewables
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Our approach

PearseaaN

Our best estimate, Long term dynamics,
not the future we want A single forecast, not scenarios not short-term imbalances

Continued development Main policy trends included; Behavioural changes: some
of proven technology, not caution on untested assumptions made, e.g. linked
uncertain breakthroughs commitments, e.g. NDCs, etc. to a changing environment
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Policy factors influencing our Outlook

Renewable

power support

Bans and

phase-out plans
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Energy storage
support

Carbon-pricing
schemes

Zero emission
vehicle support

TAX

Fuel-, energy-and
carbon taxation

Hydrogen
support

Air-pollution
interventions

448

CCS
support

VUN
Plastic pollution
interventions

Jel®

Energy efficiency
standards

Sustainable aviation
fuels support
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Hydrogen Forecast to 2050
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Hydrogen highlights

Meeting the

Paris Agreement SEELnE) SEElE

More green than Mainly regional
blue transport

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

Hydrogen is essential
to reach the Paris
Agreement,

...but global hydrogen
uptake is low and late,
at 5% in 2050, itis derivatives will be
only a third of what it important in heavy
should be transport
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...while hydrogen

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

Hydrogen will be
transported between
countries and not
between continents,

...while ammonia will
be transported
globally

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

(9 @
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Policy categories shaping the hydrogen transition

14

National H, strategies

Plans / roadmaps

E

Targets
Timelines
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Technology-push

Government funding to
CAPEX investments
Supporting H,
technologies from R&D,
pilot, to scale-up

RE power buildout
CCS for blue hydrogen
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Demand-pull

Measures stimulating
end use / offtake
CAPEX support for
conversions (e.g.,
industrial process tech,
equipment upgrades,
new H, uses in
transport)

Fiscal policies

= Carbon pricing (to make
renewable and low-
carbon hydrogen
competitive)

= Energy taxation (to
encourage ‘switching’)
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The world’s total future hydrogen demand

IS broadly divided into three categories

15

Decarbonizing existing
use of hydrogen
replacing unabated fossil
fuels with lower-emission
alternatives
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Fuel switching to
hydrogen and its
derivatives
retrofitting and modification
of infrastructure

New use of hydrogen
where new infrastructure
has to be established

DNV



Direct use of hydrogen will be mainly in manufacturing,
derivatives will be key in decarbonizing transport

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 ener gy uses

2020 2025 2030 2035 2040 2045 2050

All non-transport uses are pure hydrogen.
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Energy use of hydrogen will overtake
non-energy use in 2040

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

Units: MtH,/yr

=== Energy carrier
Non-energy

s feedstock
p
P2
P2
¢
y
R
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’
S
S
’
.
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»
’O
o"’
----- - -"
1990 2000 2010 2020 2030 2040 2050
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Hydrogen production an

Sourcing

.
Solar @
Dedicated RE
=0 production
=
Wind
£ ;
Hydro
Elactricity
generated
MNuclear

Fossil

[

Yy = size of CO, footprint
1 :footp
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Four leading regions will together consume two-thirds
of the global hydrogen demand for energy purposes

Regional comparison of hydrogen uptake

Units: PJ/yr Final energy demand for H, & derivatives
0 1000 2000 3000 4000 5000 6000
2030
R 0.9 % H 2040
I 5 % 0%
I N | ¢ %
- T pr
- I
DN - -
JEM
_- 3.3 % Percentages show
_ 239 share of H2 &
' derivatives in the
_ 2.3 % regional final energy

demand in 2050.
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Hydrogen for buildings, typically blended with natural
gas, will be 1.3% of sector’s energy demand in 2050

Global buildings hydrogen demand by end use

Units: MtH,/yr
15~

B Water heating
" Space heating
1 Cooking

10 -

2020 2025 2030 2035 2040 2045 2050
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Hydrogen in manufacturing will be mostly used in high-
heat processes: 7% 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

—

2020 2025 2030 2035 2040 2045 2050
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H, should be prioritized for hard-to-abate sectors:
Elsewhere, It is inefficient and expensive compared
with direct use of electricit

Final Usable energy 16%
Pri Internal combustion
) . . energy engine 72% Losses
energy source Energy carrier Energyservice content
............................... . 2% Rt .o or i e
Boil Useful heat 57% 2
Renewable electricity Electrolysis SEICEE N > ofter > e Usable energy 27%
| 33%losses 4% Transportation losses 6% Losses g el F :Iiz:;(lhcagg reforming F Hydrogen > Fuel cell engine f 38% Losses
b+ | 24% losses 4% Transportation losses
| Useful h a59% g 6% Processing & transportation losses
. Boiler sef eat -
Natural gas ;S% Transportation = Renewable electricit
0S585
- 99 L osses g’ | b Power generation Grid electricity >E|ectric engine P Usable energy 35%
@ Fossil, nuclear, biomass . .
g Renewable electricity 3% Transportation losses @ (2020 world avg mix) E1% losses 3% Transportation losses 11% Losses
]
k= Grid electricity o
L] . N Power generation
_g Fossil, nuclear, biomass (2020 world avg mix) . Heat pump ) Useful heat 135% - N
o Ambienthea (2020 avg efficiency) Renewable electricity Power generation Grid electricity Electric engine Usable energy 63%
o - - (2050 world avg mix)
‘g_ Fossil, nuclear, biomass 22%losses 4% Transportation losses 11% Losses
4% Transportation losses
= Usable ener 39%
Renewable electricity Power generation Grid electricity Internal combustionengine i
(2050 world avg mix) 49% Losses

Fossil, nuclear, biomass

22%losses
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Heat pump

2050 avg efficienc
Ambient hez ¢ 9 )

Useful heat 307%

Renewable electricity

Renewable electricity

Electrolysis& (oDl
ammonia synthesis I R s
Electrolysis & . EHre

methanol synthesis I 51% losses

12% Refining & transportation losses

Usable energy

> Internal combustion engine f 27% Losses

3% Transportation losses

Usable energy

> Internal combustion engine f 26% L osses

3% Transportation losses
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By 2050, 72% of hydrogen and its derivatives
used as energy carrier will be 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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Hydrogen mix will vary due to differences in fuel prices,
local conditions, availability of support, cost of capital

Production of hydrogen by production route and region

2030

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

o .
cor [N | N |
SSA I SSA .I|
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50

60

70

Coal gasification or oil-based

Methane reforming

Coal gasification or oil-based with CCS
Methane reforming with CCS
Grid-connected electrolysis

Dedicated solar electrolysis

Dedicated wind electrolysis

Dedicated nuclear electrolysis

Net import
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Hydrogen transport will be mostly limited to medium
distances, not between continents

Transport of hydrogen and ammonia in 2050
Units: Mt/yr

Bl Secaborne interregional
transport

Bl Pipeline interregional
transport
Produced and consumed
within region

H, NH; for energy

Interregional transport only covers transport between 10 regions defined in this report.
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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Ammonia Is cheap to transport by ship: 59% of NH;
used for energy will be traded inter-regionally by 2050

Transport of hydrogen and ammonia

Units: Mt/yr

Seaborne
interregional
transport
Pipeline
interregional
transport
Produced

and consumed
within region

H, NH; for  NHs; 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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More than 50% of global hydrogen pipelines
will be repurposed from natural gas pipelines

Global hydrogen pipeline capacity

Units: TW-km
500 5 | ; 5 5 : - I Newly built
: : : : : : ' Repurposed
: from natural
400 gas pipelines
300 -
200 -
100 -
O . . . :
2020 2025 2030 2035 2040 2045 2050

Includes transmission, distribution and trade pipelines.
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Global spend on producing hydrogen & derivatives
for energy purposes by 2050 will be USD 6.8trn

Global annual average expenditure for production of hydrogen and its derivatives for energy purposes

Units: Bn USD/yr

B OPEX
Bl CAPEX

I

2021-2030 2031-2040 2041-2050

Does not include expenditures related to non-enerqgy feedstock use.
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Electrolysis costs will decrease significantly towards 2050 and reach an average
price of 1.5-2 USD/kg

Average cost for blue H, will fall to USD 2.2/kg in 2050, in regions with cheap gas,
costs are already USD 2/kg

Levelized cost of hydrogen

Units: USD/kgH,

O  Weighted
world
average

0]

0
__— O
0]
2020 2030 2050 2020 2030 2050 2020 2030 2050
Methane Dedicated Grid-based
reforming renewable electrolysis
with CCS electrolysis

Levelized cost of production after support.
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Aglobal and regional forecast to 2050 Energy Transition Outlook 2021

HYDROGEN
FORECAST :
TO 2050

Energy Transition Outlook 2022

LA ——

Energy Transition Outlook 2021

MARITIME 4 FINANCING TECHNOLOGY
FORECAST Dl "4 THE ENERGY X PROGRESS
TO 2050 it TRANSITION REPORT

e
Energy Transition Outlock 2021 9 ¢ Energy Transition Outlook 2021
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I
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« Q : A of 10 technol
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. " R the paca of theenergy transkion
the next five

Go to: eto.dnv.com
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https://eto.dnv.com/

A global and regional forecast
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Breakdown of barriers for policies to overcome

1. Costs and financial support

No carbon costinternalization and
limited supportto first phase scaling
and commercialization

Technology and manufacturing

Limited manufacturing for green and
blue H,technologies, and offshore PtX
needs maturing

5. Infrastructure and indirect enablers

Renewable power production with robust
grids onshore and offshore, and CCS

value chains
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Hydrogen
barriers which
policies must

overcome

¥

2.Demand and competition

Competition between 1) low-carbon blue
and renewable green hydrogen
2) electrification, and 3) fossil alternatives

4.Safety and hazards

Acceptance criteria and
documentation varying from
country to country

6.Standards & certification

No GoO certification with traceability and
LCAframeworks, standardsfor large-scale
safe design needs updating

DNV



Avalilable funding not always matching regional targets

Available public funding and production target for hydrogen by region

Units: Bn USD/yr Units: MtH,/yr
Non-targeted funding
available for H,
Bl Targeted funding
O for H,
Right axis:
O  New H, production target
'®) in 2030
O
O o O
O
= H = .
Europe OECD  Middle East  Greater North Latin Indian  Sub-Saharan North East South East
Pacific & North Africa  China America America Subcontinent  Africa Eurasia Asia

Sources: DNV analysis; IRENA (2022)

Note on funding: The figure provides an overview of the funding support potentially available for hydrogen projects in the 10 regions as of April 2022. More funds might be
available.

Note on production targets: The production targets represent outspoken targets on new (renewable or low-carbon) hydrogen production per year in 2030. Where targets are

based on installed electrolyser capacity from dedicated renewables, such as for some countries in LAM, NEE, CHN and SSA, yearly production is calculated using an efficiency
of 65% and 5000 full load hours per year.
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Great variation among regions in policy ‘completeness’

Regional production targets and policy comprehensiveness

High From left to right:

SEA: South East Asia
NEE: North East Eurasia
SSA: Sub-Saharan Africa

$ IND: Indian Subcontinent

'5 LAM: Latin America

g MEA: Middle East & North Africa

@ CHN: Greater China

S OPA: OECD Pacific

- NAM: North America

g NAM EUR: Europe

7))

Q9

.! @

©

o

=]

a.

SEA NEE .
o
Low
Low Push policies and measures High
Bubble area is proportional to new H; production target in 2030.
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Policies exert influence on our forecast

— In three main areas

« Supporting technology development and
stimulating market uptake of clean
technologies

* Restricting the use of inefficient or
polluting products/technologies by means
of technology requirement or standards

* Providing economic signals (e.g. a price
Incentive) to reduce carbon-intensive
behaviours
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TAX

e o

Carbon-pricing schemes

Taxation of fuel, energy, carbon
and grid connections

Hydrogen support

Renewable power support
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The journey begins today,
and may close the gap to 1.5°C

Barriers for scaling
can be overcome

m 1) Frameworks for

e guaranteeing the
Policies must origin or traceability of

hydrogen;

@ Regulation is target multiple 2) Renewable power and
sectors CCS capacity must

complex, .bUt : scale while reducing
can be tailored Hydrogen can assist costs

_ decarbonization where 3) Support mechanisms
Early start Retrofit and electrification is difficult, such as CiDs and
: - modification for fuel ki : "
Decarbonize existing switching. and new Maxing higher carbon pricing
hydrogen production infrastrug"ture for sustainable end_ on fossil hydrogen will
and use B products, materials and make renewable and
Accelerate production chemicals low-carbon hydrogen

storage are needed

competitive

and offtake
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