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Our Outlook publications

Global Opportunity
Report

The GPS system directing
you to opportunities

Technology Outlook

The technology landscape
of the next decade

Future of Spaceship

Earth

The stress test for our

planet
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Energy Transition
Outlook

The independent forecast
of energy demand and

supply

7

DNV GL ©

DNV:-GL



Suite of publications available on

eto.dnvgl.com

/

RS

A

ENERGY
TRANSITION
OUTLOOK
2020

A global and regional forecast to 2050

SAFER, SMARTER, GREENER

ENERGY TRANSITION
OUTLOOK 2020
POWER SUPPLY

AND USE

A global and regional forecast to 2050

ENERGY TRANSITION
OUTLOOK 2020
| OIL AND GAS

Aglobal and regional forecast to 2050

MARITIME
FORECAST TO 2050

Energy Transition Outlook 2020

eto.dnvgl.com/forecast-data

THE 2018 SERIES:
> 100,000 downloads
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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

* NDCs = Nationally Determined Contributions
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THE APPLIED " DNV GL has designed a model ef the world’s energy system encoMpaSsing

_ demand and supply of energy globally, and the use and exchange of energy
M ET_HODOLOGY within and between ten: world reg/ons . .
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A global and regional forecast
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COVID-19 reduces global energy demand by 8%

World final energy demand - with and without COVID-19

Units: EJ/yr

- o o o
- - - .
- - -
- - - - -
-

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

—— Base
-==- No COVID-19
Avoided
emissions
=75 Gt CO,
\_/
1980 1990 2000 2010 2020 2030 2040 2050
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Population and economic growth is decoupling from energy use and emissions

The decoupling of economic growth from other key parameters

Units: Percentages

200% 5 GDP
B Population
: Bl Primary energy
o supply
150% B Energy-related
CO, emissions
100% —
50% :
0% : : : : :
1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: UN (2017), World Bank (2018), Gapminder (2018), IMF (2020), IEAWEB (2019)
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Final energy demand peaks in 2034

World final energy demand by sector

Units: EJ/yr
500 -
: Transport
: Buildings
; Manufacturing
400 Non-energy
Other

300-
200

100

0 : : :
1980 1990 2000 2010 2020 2030 2040

2050
Historical data source: IEAWEB (2019)
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Primary energy supply peaks in 2032

World primary energy supply by source

Units: EJ/yr

700 - ;

600 = 5 e
N |

500 -
.

400 . =

300 =

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEA WEB (2019)

Wind

Solar PV
Solar thermal
Hydropower
Biomass
Geothermal
Nuclear fuels
Natural gas
Oil

Coal
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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
500 ~

400 =

300 -

200

Off-grid PV
Solar thermal
Electricity
Direct heat
Hydrogen
Biomass
Geothermal
Natural gas
Oil

Coal

100
0
1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEA WEB (2019)
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Sources of increasing electrification

World electricity demand by sector

Units: PWh/yr

1980 1990 2000 2010 2020 2030 2040 2050

Historical data source: IEAWEB (2019), IEAETP (2016), Harvey (2014), I}_.Iakiéenovié et al (1996),
EIA RECS (2015), Urge-Vorsatz et al (2015)

Transport

Residential
appliances & lighting
Commercial
appliances & lighting
Space cooling

Space & water
heating, cooking
Industrial machines,
motors, appliances
& vehicles

Industrial heat
Hydrogen
production

Energy sector

own use

Other
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Solar PV and wind will dominate electrical generation

World electricity generation by power station type

Units: PWh/yr

Solar PV + wind
= 62% share

Bl Oil-fired
Bl Coal-fired

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: IEA WEB (2019), IRENA (2019)
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Fast expansion of solar PV and wind, but starting from a low base

World electricity generation from solar PV and wind

Units: PWh/yr

Solar PV
Wind onshore

Bl \Wind offshore

/

2010 2020 2030 2040 2050
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Energy storage will play an increasingly important role in future power systems

North America hourly electricity demand by segment in 2050, example week North America hourly electricity supply by technology in 2050, example week

Units: GWh/h Units: GWh/h

Long duration storage

I Li-ion battery storage
B Pumped hydro Long duration storage
EV storage charging I Li-ion battery storage
Bl Hydrogen production I Pumped hydro
Rail, aviation, shipping EV storage
I Road vehicles Solar PV
B Resid. appl.& lighting Il Floating offshore wind
I Comm. appl.& lighting B Fixed offshore wind
Space cooling Onshore wind
B Space & water heating, I Solar thermal
4 cooking Bl Oil-fired
Il Base materials, I Biomass-fired
iron & steel production 0 Geothermal
) Hl Manufactured goods N Gas-fired
- production Hl Coal-fired
B Energy sector own use Hl Hydropower
0 - : : : 2 Other 0 Bl Nuclear
Julos Julo7 Jul08 Jul0o9 Jul10 Jul11 Jul12 Jul13 Jul0é Julo7 Jul08 Jul09 Jul10 Jul11 Jul12 Jul13
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We predict significant growth in energy storage

World utility-scale storage capacity

Units: TWh
12:5= '
: ~ Long duration storage
: : : : : ; - B Li-ion battery
10 - ﬁ : 5 : | : B Pumped hydro
Fi-

1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: GlobalData (2020), US DOE (2020)
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Hydrogen growth comes late, but reaches over 5%
of global energy demand in 2050

World hydrogen demand by sector

Units: EJ/yr
25 -

I Road

0 Maritime

B Buildings

Manufacturing:

Bl Base materials

Iron and steel

B Manufactured
goods

2025 2030 2035 2040 2045 2050

Only includes hydrogen as energy carrier. Maritime sythetic fuels are counted as hydogen.
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In 2050, the electricity system will be dramatically different than today

3,000 1.3 billion

utility scale onshore wind offshore wind passenger
PV plants farms farms - electric vehicles
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Huge increase in the capacity of electricity grids is needed
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1980 1990 2000 2010 2020 2030 2040 2050
Historical data source: NRGExpert (2013), Eurelectric (2017), EIA (2013), national sources

System operation | Networks will need A Expansion of grids
will become to operate closer to will move from
more complex their thermal limits | interconnection
” to super grids
%
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The impact of energy storage on the grid
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Adding new storage
technologies to the grid
may result in different
fault conditions,
moving from classical
short-circuit currents to
short high-current pulses

28 DNV GL®©

DNV:-GL



New technologies and trends impacting deeply future electricity grids
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Large and small = Internet —= Proliferation of data =~ Al c
Distributed : Mobile = Decreasing cost Machine learning |
Cloud 5G of sensors Big data
Edge ' IoT Blockchain
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Change to NEW DIGITAL GRID OPERATIONS MODEL - Building the MACHINE

+++4+ Data - Complexity — Real Time How to MIGRATE to - which steps to define

CURRENT
Monolith

Y Single Vendor

f

)

~

Market Exchange

Real Time Operational Processes Data & information Security

Balancing - Forecasting - Intraday Exchanges

Secure Architecture
Secure Applications
Secure Communications

Grid Edge Technologies

NEXTGEN Grid Operations

Multi-vendor Application Data Integrated System
Architecture - Modular and Service Oriented
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Investment in transmission and distribution infrastructure
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investment investment at from grid ! investments in
behaviour almost double 8 operators around = transmission
continues 2015 levels the world to invest infrastructure will

especially among in renewables _, increase with
European 8 integration and grid % European offshore
TSOs and DNOs modernization f wind ambitions

R e D—— e _ o T

JE—————

32 DNV GL® DNV-GL



HIGHLIGHTS

COVID-19 Rapid Decarbonization Existing
reduces energy electrification, of hard-to-abate technologies
demand by 8% dominated by N sectors remains can deliver the

and places solar PV and ‘ too slow -> 1.5°C ambition,
peak emissions wind, transforms g we are set but stronger

behind us the energy mix to miss the policies are
Paris Agreement B needed to scale
i = E targets _ uptake
reot L I - —_— ;s e __:_ :—:—‘_\uw —..__a § ? ﬁ ' ! ;
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Solutions to close the gap

Improve Decarbonize

energy efficiency hard-to-abate sectors
8 I tnaam

Increase electrification Deploy carbon capture

and renewable share and storage — =
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We exhaust the 1.5°C carbon budget already in 2028

Carbon emissions and carbon budget

— 50 I
1.5°C carbon budget
I 1 2°C carbon budget

1
1.5°C budget exhausted 2028

2°C budget exhausted 2051

40

30
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ETO
model
framework

POPULATION
000
uan

GDP PER
PERSON

\Z

Source of
demand

TRANSPORT

Measured in
tonne-miles,
passenger-
kilometres
and vehicles

BUILDINGS

Space heating & cool-
ing, water heating,
cooking, and appli-
ances & lighting

MANUFACTURING

Tonnes

of goods I
and base
materials

Final energy

demand

TRANSPORT

Maritime
Road
Aviation
Rail

BUILDINGS

Residential

Commercial

MANUFACTURING

Manufactured
goods
Base materials

NON-ENERGY

» Feedstock

OTHER

ENERGY SECTOR'S
OWN USE

Energy

transformation

POWER GENERATION

Electricity
Direct heat

HYDROGEN

OIL REFINERIES

DIRECT USE

Primary

energy supply

Solar PV
Wind
Hydropower
Nuclear

Biomass
Geothermal
Solar thermal

FOSSIL FUEL
EXTRACTION

Crude oil
Natural gas
Coal
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Key assumptions

Population

Projected global
population in 2050
of 9.4 billion

* 3.5% lower than
the UN median
population forecast
at 9.8 billion

Economic growth

Global economy will
grow by 101% to
2050

« Reaching USD 270
trillion in 2050

« CAGR 2.2%/year
from 2018-2050 (incl.
2020 COVID effects)

Learning Curves

Average % cost
reduction per
doubling of installed
capacity

« Solar panels 28%,
reducing to 18%

« Wind turbines 16%

» Batteries 19%

Policy

Carbon prices will be
regional and in 2050
range between $20-80/t
(USD 2017)

Other policy examples:

« Air pollution measures

* RE power support

* EV support

* Maritime environmental
regulations
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IMPLICATIONS FOR TNOs and DNOQO’s

Major
investments
required

Digitalization
enables smart
distribution

Increase in skilled
staff & contractors
required

More
sophisticated
grid equipment
required

Better demand
control via
real-time data

TSO responsible for
managing relations

between generators,
DSO & prosumers

s A w o,

Much greater
variations in
power flow

Grids will become
‘inverter rich’
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IMPLICATIONS FOR TNOs and DNQO’s

Digitalization & new

Greater need for business models allow
cyber secure systems greater interactions
with consumers

Energy storage

offers new solutions

o ? :

Understanding New operating and

% network behaviour security skills, % New competitive : Grid constraints
8  will become even 5 tools & market mechanisms &= limit expansion
more important *‘@&gx\“‘\procedures required
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