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DNV GL’'s Energy Transition Outlook 2017

ENERGY OIlL AND GAS RENEWABLES, POWER MARITIME
TRANSITION FORECAST TO 2050 AND ENERGY USE FORECAST TO 2050
O UTLO O K Encegy Transition Qutlook 2017 FORECAST TO 2050 Energy Transition Outlaok 2017
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“ An era of abundant and cleaner

energy lies ahead of us... ,,

DNV:-GL



5 DNV GL®© 2018 DNV-GL



2017 2050 2017 2050

Non-fossil
Fossil
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Global electricity production in 2050

Onshore wind
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Growth of Solar PV and wind by 2050

Units: PWh/yr
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Cost no longer Continued Intelligent Learnings from
significant technology ELELEINEL] analysis and
constraint developments of turbines experience
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Today, we are at the start of tomorrow’s industry

' FEASIBILITY X | DEVELOPMENT ENGINEERING | CONSTRUCTION | OPERATION
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The area for offshore wind with fixed foundations is limited

" 0-50 m
B 50-100 m
M 100-500 m

Source: Acciona,
1Tech, DNV GL

Share of offshore wind resource Potential floating wind

Country/Region in deep water locations [>60m capacity

depth]
Europe 80% 4,000 GW
USA 60% 2,450 GW
Japan 80% 500 GW
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North Sea Wind on the Drawing Board

A Ddgaer LIRS, Standardisation key for Borssele and HKZ
fi
Vo
/

IJmuiden Ver |

AC grid connections

/\
| Borssele -

Hollandse Kust TOMORROW

Conventional electrical connections to

shore will no longer suffice
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Shift of offshore wind to ocean space

TODAY

The industry focusses on cost reductions

and standardization of the civil structures
\
7

N as fixed foundations.
Dogger Bank
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TOMORROW

Floating wind will allow for scale at global
level. This changes the nature of offshore
works.
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DNV GL & Floating Wind

Hywind Scotland, World’s First
Floating Wind Farm,

Performing Better Than
Expected Industry rules and standards

m EeReot

February 16th, 2018 by Joshua S Hill

The workd's first floating wind farm, t nd, is outperforming
seabound offshore

Concept design support
Hywind Scotland trumpets

65% capacity factor

February 15 (Renewables Now) - The world's first .

floating wind farm, the 30-MW Hywind Scotland [
installation off Aberdeenshire, Scotland, achieved an o

average capacity factor of about 65% during

S e ' Floating wind market studies &

Norway's Statoil (STO'STLO), which operates the wind
farm together with partner Masdar, said today Hywind

et showed b s enpsced patumance AR technical due dili gence
during its first three full months in operation. This is in

spite hurricane Ophelia in October and storm Caroline in early December, when wind

speeds reached 160 km per hour (100 mph) and wave heights 8.2 metres (26.9 ft). Wind

turbines shut down during the strongest winds, but operation resumed automatically
promptly afterwards, the company said.

“Hywind Scotland's high availability has ensured that the volume of electricity generated is
substantially higher than expected,” said Beate Myking, senior vice president of offshore
wind operations at Statoil. According to the Norwegian group, Hywind Scotland's capacity

e e Verification & independent analysis
of several floaters and wind farms

BLADED software: 20 different
floating wind projects in last 10 v.
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Offshore industry outlook

Offshore wind is here to stay and will fuel a different _
nature of offshore business. To facilitate this growth, | :
other opportunities/challenges arise. -
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Source: TenneT
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Meanwhile; a Variability Challenge is to be solved...

Power (GW)
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' Peak variability 2015
High RES scenario
Low RES scenario
Hour Day Week Month Year
Time scale

Example for The Netherlands, based on e-highways 2050
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ENERGY ISLAND
An energy hub in the North Sea

= Provides generation adequacy in 2050

- 458 GWh pumped hydro storage
- Vast P2G potential re-utilizing far-shore O&G infra
- 4GW onshore wind farm

= Connecting far-shore wind farms

19 DNV GL © 2018



www.dnvgl.com
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