WHEN TRUST MATTERS

DNV

Energy Transition Outlook
World Energy Systems by 2050

— Lo ’; 1 ook | o A
1z 13 May 2021 a LT e e g

Power Supply & Use

Graham Slack, Country Manager Australia, Energy Systems at DNV




Highlights

COVID-19 reduces Rapid electrification, Decarbonization of Existing technologies
energy demand dominated by solar A hard-to-abate sectors can deliver the 1.5°C
by 8% and places PV and wind, ) remain too slow; we ambition, but
peak emissions transforms the are not on track to stronger policies
behind us energy mix meet the Paris are needed to
Agreement targets scale uptake
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Our approach
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Our best estimate,
not the future we want

Continued development
of proven technology, not
uncertain breakthroughs
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Long term dynamics,
A single forecast, not scenarios not short-term imbalances

Main policy trends included; Behavioural changes: some
caution on untested assumptions made, e.g. linked
commitments, e.g. NDCs, etc. to a changing environment
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100+ internal experts

across oil and gas ~30 external
focusing on the energy Jis collaboration partners
renewables and

transition . iIn business and academia
transport infrastructure

Dedicated research unit
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A global and regional forecast

North America(NAM)
B Latin America (LAM)
Bl Europe (EUR)
B Sub-Saharan Africa (SSA)

Middle East
and North Africa(MEA)

B North East Eurasia (NEE)
Bl Greater China(CHN)

B Indian Subcontinent (IND)
Bl South East Asia(SEA)

Bl OECD Pacific (OPA)
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COVID-19 reduces global energy demand by 8%

World final energy demand - with and without COVID-19

Units: EJ/yr
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No COVID-19
B Forecast

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEAWEB (2019)
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Emissions have peaked, but COVID-19 has limited
long-term effects on the climate

World energy-related CO, emissions - with and without COVID-19

Units: GtCO,/yr
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The share of electricity in the final energy demand

mix will more than double

World final energy demand by carrier

Units: EJ/yr
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400 -

300 -

200

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEA WEB (2019)
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Off-grid PV
Solar thermal
Electricity
Direct heat
Hydrogen
Biomass
Geothermal
Natural gas
Oil

Coal
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Wind grows to 31% of electricity generation by 2050

World electricity generation by power station type

Units: PWh/yr

Wind = 31% share

Hydropower
Biomass
Geothermal
Nuclear
Gas-fired
Oil-fired
Coal-fired

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEA WEB (2019), IRENA (2019)
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Wind grows to 31% of electricity generation by 2050

World electricity generation by power station type

Units: PWh/yr

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEA WEB (2019), IRENA (2019)
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Floating offshore wind
Fixed offshore wind
Onshore wind
Solar PV

Solar thermal
Hydropower
Biomass
Geothermal
Nuclear

Gas-fired

Oil-fired

Coal-fired
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We predict a huge shift in the electricity system

World electricity generation by power station type

Units: PWh/yr

Wind + solar =
62% share

Bl Oilfired

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEA WEB (2019), IRENA (2019)
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Solar and wind will dominate electrical generation

World electricity generation by power station type
Units: PWh/yr

Bl Floating offshore wind
B Fixed offshore wind
Onshore wind

Solar PV
I SQalar thermal

Solar = 31% share
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; Oil-fire::I“

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEA WEB (2019), IRENA (2019)
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Solar PV generation grows to be 46% of the total

Installed capacity by 2050

World power station installed capacity

Units: TW

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: GlobalData (2020), Platts WEPP (2018), IRENA (2020), WNA (2020)
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Floating offshore wind
Fixed offshore wind
Onshore wind
Solar PV

Solar thermal
Hydropower
Biomass
Geothermal
Nuclear

Gas-fired

Oil-fired

Coal-fired
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Reg ry and policy implications

Growth in subsidy-free renewables will be less Shorter term commitment still needed for
policy driven and more market driven post-pandemic economic stimulus packages
and new focused policies and regulation
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Preparing for a large volume of renewables
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For other sectors, such
as Evs, the right balance
of ‘pull’ and ‘push’ factors

2 will be key to reducing
— emissions

Electricity market regulators Dynamic, closer to real-time
should give greater 8  market operation should

consideration to how power = remunerate resources for

markets should be designed providing network services
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The investment required for a successful transition
IS huge
N
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Substantial opportunities for investment in: ;':
= New generation 8
= New and upgraded grid infrastructure %\

= New applications in energy use
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WHEN TRUST MATTERS

Thank you

Graham Slack, Country Manager Australia, Energy Systems at DNV

graham.slack@dnv.com
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